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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 remaining issues on beam management from 52.6GHz to 71GHz for new SCSs, which includes BFR mechanism enhancements, beam switching gap handling for signals/channels 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][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK15][bookmark: OLE_LINK16]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. But 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, which is difficult to realize. 
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
The maximum number of SSBs supported by a cell is 64 for FR2 and frequency range above 7 GHz.  The maximum number of RSs configured for beam management is 10. In RAN#90-e meeting,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 and the beam management and CSI-RS configuration for beam management need to be enhanced.  

2.2 Beam switching gap
UE capability signalling for beam switch time
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. 
Different UEs may have different capabilities on beam switching time. Without capability reporting, the gNB will have to always reserve a maximum number of symbols for the worst case UE, which will result in a waste of resources. That is why UE capability for Tx/Rx beam switching time needs to be reported. To reduce information overhead, the time of beam switching X (ns) is the same for different SCSs of one UE, and is same for uplink/downlink transmission.
Proposal 3: Support a UE capability signalling for beam switch time X (ns). The value is same for SCS=480/960 kHz, and is same for uplink/downlink transmission.
The issue related to beam switching will occur between any two signals/channels that have two different QCL-D assumptions. For downlink, the scenarios that should be considered firstly are: 
· PDCCH and PDCCH 
· PDSCH and PDCCH
· PDSCH and PDSCH
Because there is not enough time to switch, the UE does not expect to receive adjacent DL channels which have different QCL-typeD assumptions within the reported beam switching time.
Proposal 4: The UE does not expect to receive adjacent DL signals/channels which have different QCL-typeD assumptions within the reported beam switching time, at least for the following DL signals/channels:
· PDCCH and PDCCH 
· PDSCH and PDCCH
· PDSCH and PDSCH
Beam switching gap for PDSCH
There are two possible solutions of beam switching gap for PDSCH shown in Figure 1:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Avoided by gNB scheduling
The first potential solution is relying on 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. 
Generally, the reserved symbol for beam switching gap is not always needed. There are two scenarios for the beam switching gap: one is when the beam switching time exceeds CP length, the other is when the QCL-D assumptions are different for adjacent PDSCHs.


Figure 1: Beam switching gap solutions for PDSCH
Observation 2: In order to guarantee the reception performance of PDSCH, additional beam switching gap need to be reserved between PDSCHs for the following conditions: one is when the beam switching time exceeds the CP length; the other is when the QCL-D assumptions are different for adjacent PDSCHs.
Proposal 5: For PDSCH, the beam switching gap can be implemented by gNB scheduling or by defining extra gap symbol (s) between PDSCHs for the following scenarios:
· Beam switching time exceeds the CP length
· QCL-D assumptions are different for adjacent PDSCHs.
Beam switching gap for PDCCH
As shown in Figure 2, another scenario for beam switching gap is PDCCH monitoring. If two adjacent PDCCH monitoring occasions in different CORESETs have different QCL-D assumptions, for 480/960 kHz SCS, there will not be enough time for the UE to switch Rx beam. In this case, the UE can only monitor one of the CORESETs.

 
Figure 2: Beam switching gap for PDCCH monitoring
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In Rel-16, the similar scenario is overlapping PDCCH monitoring occasions in multiple CORESETs that have different QCL-assumptions. The solution is as below:
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have been configured with same or different qcl-Type set to 'typeD' properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs that have been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of a cell from the one or more cells 
-	the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
…
In Rel-17 for 120 kHz, the same solution can be reused because the beam switching time is less than the normal CP length.
But in Rel-17 for 480/960 kHz SCS the solution should be changed because the beam switching time is more than the normal CP length. To include the cases where there is not enough beam switching time, for simplify the specification impact, the “overlapping PDCCH monitoring occasions” could be redefined as below: 
Overlapping means the time between the last symbol of a PDCCH monitoring occasion and the first symbol of the following PDCCH monitoring occasion is less than the beam switching time supported by the UE.
Proposal 6: For beam switching between PDCCH monitoring occasions in different CORESETs that have different QCL-assumptions for 480/960 kHz, the same mechanism in R15/R16 can be reused with the definition of “overlapping” redefined to include the cases where the gap between PDCCH monitoring occasions in multiple CORESETs is less than the UE reported beam switching time. 

2.3 Beam management enhancement for random access procedure
[bookmark: OLE_LINK20]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 transmits 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. 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 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, beam forming operation with narrow beam would be the common deployment scenario. If the beam width 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 LOS signals. The static DL/UL beam correspondence assumed by UE during random access procedure might not work as expected. UL beam of different RACH transmission during initial random access procedure may need dynamic adjustment. More precise beam can be reported in Msg3 for initial access to enhancement of beam adaptation which is extended from Rel-16.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In Rel-16, UE can report a new beam in Msg3 of RACH initiated for SCell and SpCell BFR when the UE is in connected mode. The precedure is as below [3]:
For the PCell or the PSCell, if BFR MAC CE [4] is transmitted in Msg3 or MsgA of contention based random access procedure, 
……
The BFR and Truncated BFR MAC CE [4] are shown in Figure 3. They include a bitmap which is in ascending order based on the ServCellIndex, beam failure recovery information i.e. octets containing candidate beam availability indication (AC) for SCells indicated in the bitmap. 


Figure 3: BFR and Truncated BFR MAC CE with one octet Ci field


The fields in the BFR MAC CEs are defined as follows (copied from [4]):
-	SP: This field indicates beam failure detection for the SpCell of this MAC entity. The SP field is set to 1 to indicate that beam failure is detected for SpCell only when BFR MAC CE or Truncated BFR MAC CE is to be included into a MAC PDU as part of Random Access Procedure, otherwise, it is set to 0;
-	Ci: This field indicates beam failure detection and the presence of an octet containing the AC field for the SCell with ServCellIndex i. The Ci field set to 1 indicates that beam failure is detected, the evaluation of the candidate beams according to the requirements has been completed, and the octet containing the AC field is present for the SCell with ServCellIndex i. The Ci field set to 0 indicates that the beam failure is either not detected or the beam failure is detected but the evaluation of the candidate beams according to the requirements has not been completed, and the octet containing the AC field is not present for the SCell with ServCellIndex i. The octets containing the AC field are present in ascending order based on the ServCellIndex;
-	AC: This field indicates the presence of the Candidate RS ID field in this octet. If at least one of the SSBs with SS-RSRP above rsrp-ThresholdBFR amongst the SSBs in candidateBeamRSSCellList or the CSI-RSs with CSI-RSRP above rsrp-ThresholdBFR amongst the CSI-RSs in candidateBeamRSSCellList is available, the AC field is set to 1; otherwise, it is set to 0. If the AC field set to 1, the Candidate RS ID field is present. If the AC field set to 0, R bits are present instead;
-	Candidate RS ID: This field is set to the index of an SSB with SS-RSRP above rsrp-ThresholdBFR amongst the SSBs in candidateBeamRSSCellList or to the index of a CSI-RS with CSI-RSRP above rsrp-ThresholdBFR amongst the CSI-RSs in candidateBeamRSSCellList. Index of an SSB or CSI-RS is the index of an entry in candidateBeamRSSCellList corresponding to the SSB or CSI-RS. Index 0 corresponds to the first entry in the candidateBeamRSSCellList, index 1 corresponds to the second entry in the list and so on. The length of this field is 6 bits.
-	R: Reserved bit, set to 0.

The fields in the BFR MAC CEs can be used to report a suitable beam in Msg3 during initial access and the fields can be set as following:
· The SP field is set to 1, since initial access only can occur in SpCell.
· And all of the Ci and the fields associated with them need to be set to 0.
· The first field of AC is set to 1, and Candidate RS ID is SSB index that is the best beam for following channel/signal transmission;
· And all of others AC is set to 0.
 
The procedure of beam re-selecting for initial access is shown in Figure 3, which is described as below:
When UE receives the RACH Msg2, the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block that UE used for RACH. Then, UE can report a new valid beam in Msg3. Finally, the gNB instructs UE to receive Msg4 on new beam by DCI.


Figure 3: Procedure of Msg3/Msg4 beam re-selecting
[bookmark: OLE_LINK14]Proposal 7:  In initial access, the beam adaptation for Msg3 and Msg4 transmission can be based on the valid beam report from UE which is extended from Rel-16.

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: In order to guarantee the reception performance of PDSCH, additional beam switching gap need to be reserved before the PDSCH that satisfy both of the following conditions: one is the beam switching time exceeds the CP length, the other is the QCL-D assumptions are different for adjacent PDSCHs.
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 and the beam management and CSI-RS configuration for beam management need to be enhanced.  
Proposal 3: Support a UE capability signalling for beam switch time X (ns). The value is same for SCS=480/960 kHz, and is same for uplink/downlink transmission.
Proposal 4: The UE does not expect to receive adjacent DL signals/channels which have different QCL-typeD assumptions within the reported beam switching time, at least for the following DL signals/channels:
· PDCCH and PDCCH 
· PDSCH and PDCCH
· PDSCH and PDSCH
Proposal 5: For PDSCH, the beam switching gap can be implemented by gNB scheduling or by defining extra gap symbol (s) between PDSCHs for the following scenarios:
· Beam switching time exceeds the CP length
· QCL-D assumptions are different for adjacent PDSCHs.
Proposal 6: For beam switching between PDCCH monitoring occasions in different CORESETs that have different QCL-assumptions for 480/960 kHz, the same mechanism in R15/R16 can be reused with the definition of “overlapping” redefined to include the cases where the gap between PDCCH monitoring occasions in multiple CORESETs is less than the UE reported beam switching time.
Proposal 7: In initial access, the beam adaptation for Msg3 and Msg4 transmission can be based on the valid beam report from UE which is extended from Rel-16.
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