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1. Introduction
The work item on supporting NR from 52.6 GHz to 71 GHz was updated and approved in RAN 90 meeting [1], and objects of WI are listed as in the following.
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]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. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480 KHz to 960 KHz
· 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 120 KHz 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., 480 KHz and/or 960 KHz), 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
· [bookmark: _Hlk58595024]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.
· [bookmark: _Hlk58594915]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, issues on initial access aspects for up to 71GHz operation are discussed, which include SSB/Type0-PDCCH subcarrier spacing, SSB pattern, DBTW issue and PRACH design. 
2. Discussion on initial access aspects
2.1 SSB design issue for 120 KHz or 480 KHz/960 KHz
Remaining SSB subcarrier spacing related issues
The issue of SSB subcarrier support was discussed in RAN1#106e and RAN#92e, and the following is agreed:
	Agreement:
In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESTE#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)
· Note: Dependency or lack thereof for a UE supporting 480kHz and/or 960kHz numerology for data and control to also support 480kHz SSB numerology for initial access is to be tackled as part of UE capability discussion.
· Support ANR and PCI confusion detection for 120, 480 and 960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 120, 480 and 960kHz SSB
· FFS: additional method(s) to enable support to obtain neighbour cell SIB1 contents related to CGI reporting
· Only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· Note: From UE perspective, ANR detection for 480/960kHz SCS based SSB is not supported if the UE does not support 480/960 SCS for SSB.
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.


One remaining FFS issue is if any additional method is needed to enable support for obtaining neighbour cell SIB1 content related to CGI reporting. The purpose of ANR function is to relieve the operator from the burden of manually managing neighbour cell relations (NCRs), which are mainly used for mobility purpose. Any other CGI reporting method via dedicated signalling will require some level of manual configuration of neighbour information, which defeats the purpose of ANR. Considering ANR functionality is rather elementary for the system operation, thus the simplest and most straight forward method to support it is to provide the CORESET#0/Type0-PDCCH configuration in MIB. Therefore, we propose there is no need to further study this issue.
Proposal 1:  There is no need to study additional method(s) to enable support to obtain neighbor cell SIB1 contents related to CGI reporting in Rel-17.
SSB patterns for licensed and unlicensed bands
In RAN1#106e meeting [9], the SSB patterns for SSB 480 kHz/960kHz were discussed and agreements were reached,   but some detailed scheme is still FFS as shown followings.

	Agreement (in RAN1#106e)
For 480kHz and 960kHz sub-carrier spacing, first symbols of the candidate SSB have index {2, 9} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame.

The  FFS in RAN1#105e:
· Values of n for 480kHz and 960kHz for ALT 1 and 2
· FFS: whether number of values for ‘n’ depend on LBT operation (i.e. LBT vs no-LBT)
· FFS: exact values of ‘n’ for each SCS
· Values of ‘n’ for one mode of operation shall be strictly a subset of values for another mode of operation, if two mode of operation exist for number of candidate SSBs
· FFS: whether values of ‘n’ shall not be all consecutive integer values (i.e. non-candidate SSB slots are positioned every few candidate SSB slots)



· On value n for SCS 480/960 KHz

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]If the operation is performed on NO-LBT mode including shared and not shared spectrum, the current Rel-15/Rel-16 total number of candidate SSB is enough for supporting up to 64 SSBs deployment, since all SSBs can be transmitted and there is no failure issue on idle channel detecting. The details n value depends on number of slot that reserved for uplink transmission and not used to SSB transmission. The legacy case D for 120KHz can be as base line where in Case D - 120 kHz SCS, the first symbols of the candidate SS/PBCH blocks have indexes . . As agreed in last meeting, for the SSB pattern of 480/960 KHz SCS, first symbols of the candidate SSB have index {2, 9} + 14*n, the n value can be extended to 37, which is listed as following table.
Table 1 n value for NO-LBT operation
	n value
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	note
	
	
	
	
	
	
	
	
	N
	N
	
	
	
	
	
	
	
	
	N
	N

	n value
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39

	note
	
	
	
	
	
	
	
	
	N
	N
	
	
	
	
	
	
	
	
	N
	N



Note N means that the corresponding slot is not transmitted SSB and reserved for uplink transmission.
If the operation is performed on LBT mode, especially DBTW is supported , more than 64 SSB candidate index is needed ,since  LBT may not be successful at beginning  of  first candidate  SSB  location, and more SSB candidate  positions can be allocated to give more chance for a actual  SSB transmission, total number  128 of candidate  SSB is preferred. The additional n value is suggested as following table.
Table 2 additional n value for LBT mode / DBTW enable case
	n value
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59

	note
	
	
	
	
	
	
	
	
	N
	N
	
	
	
	
	
	
	
	
	N
	N

	n value
	60
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78
	79

	note
	
	
	
	
	
	
	
	
	N
	N
	
	
	
	
	
	
	
	
	N
	N


One of the WI objectives in [1] is to support up to 64 SSB beams for licensed and unlicensed operation. In Rel-15, up to 64 SSB candidate positions are allocated within SSB burst set for operation in FR2 licensed spectrum. The SSB index is jointly indicated by 3 LSB bits from DMRS sequence of PBCH and 3 MSB bits from PBCH payload. For unlicensed operation in FR2, supporting 64 SSB beams needs more than 64 SSB candidate positions within SSB burst set since LBT failure requires additional SSB transmission opportunities. The SSB index is used to indicate the position of SSB transmission within the 5ms SSB burst set. When the SSB transmission is not continuous due to LBT failure, UE would decode the SSB index based on the exact transmission position within the 5ms SSB burst set. For indicating more than 64 candidate positions of SSB transmission, the information that carries SSB index needs to be extended to 7 bits in order to support up to 64 SSB beams for beam sweeping with consideration of skipped transmission opportunities due to LBT when operation is in unlicensed spectrum. 


There are two kinds of bits information are carried in PBCH payload, one is the MIB message that comes from high layer, and the minimize period is 80ms, it means that the MIB content will repeated within 80ms, this part information is labeled as  in TS 38.212. The other part is additional timing related PBCH payload bits, which will be varied by different SSB and different sub-frame within 80ms period.
For obtain 1 additional bit to indicate up to 128 candidate SSB indexes, there are following three possible schemes:
· Option 1: Borrowing the unused bit in MIB such as subCarrierSpacingCommon
As discussed in section 2.1.3， since only one   CORESTE#0/Type0-PDCCH SCS is supported for each SSB SCS, and the value of  Type0-PDCCH can be known from SSB SCS, the bit of subCarrierSpacingCommon can be saved. From cell level view, this scheme will cause MIB content change for each SSB during the 80 ms period , however, for a specific SSB, the MIB content still is same and is repeated within 80ms.
· Option 2：Borrowing the 4th LSB of SFN in the PBCH payload

In shared spectrum, this scheme borrows the 4th LSB of SFN in the PBCH payload to indicate the 7th bit of the candidate SSB index, and also moves 4th LSB of SFN to MIB payload, such as subCarrierSpacingCommon interpret as 4th LSB of SFN. For this scheme, the  MIB can kept 80ms period  from cell view, but this scheme will introduce extra complexity for determine  SFN value. Note, 4th LSB of SFN is  in PBCH payload.

· 
Option 3: Borrowing half frame bit 


In shared spectrum, when DBTW is indicated as enabled, half frame bit can be used to indicate the 7th bit of the candidate SSB index. For this case, all candidate SSBs are assumed to be put in first half frame. The benefit of this scheme is that it minimizes modification on specification, and the MIB can be kept during 80ms period from cell view. The limitations is that 5ms period of SSB is not supported when DBTW is enabled. It is noted  is the half frame bit.

Proposal 2: DBTW for 480/960 kHz SSB SCS can be supported with up to 128 candidate SSB index.
Proposal 3:  To indicate 7th bit of the candidate SSB index for 480/960 kHz SSB SCS, following schemes can be further considered and down-selected:
· Borrowing the subCarrierSpacingCommon in MIB
· Borrowing the 4th LSB of SFN, and  move  4th LSB of SFN  to  subCarrierSpacingCommon in MIB
· 
Borrowing half frame bit  , with all candidate SSBs are assumed to be put in first half frame when DBTW is enabling.
	Conclusion:
· RAN1 will continue discussions to develop solutions for supporting DBTW
· Working assumption:
· For 120kHz SSB, the number of candidates SSBs in a half frame is 64.


In Rel-15, SSB with 120 KHz SCS already supports 5ms SSB burst duration. The total number of slots is 40 slots in 5ms duration, and within this period 32 slots are used for candidate SSB transmission. Only 8 slots are left for uplink signal/channel transmission. With the agreement in the previous meeting, the Rel-15 SSB pattern for 120 KHz SCS is reused for SSB with 120 KHz SCS for up to 71 GHz operation.  One of the WI objectives in [1] is to support up to 64 SSB beams for licensed and unlicensed operation. If the number of candidates SSBs in a half frame is 64  for  unlicensed  operation , it is very difficult to transmit the all 64 SSBs if DBTW is enabling,  from additional “n” vew, up to 16 additional candidates SS/PBCH index can be included within the 5 ms window as shown in the following figure.


Figure 1 Possible candidate SSB of SCS=120 KHz
For providing more SSB candidates for DBTW operation, the additional n value such as #4, #9, #14, #19 can give more transmission opportunity if LBT/DBTW is needed for SSB transmission. In last meeting, the number of candidate SSB index was discussed, and the 64 for 120 kHz SCS is agreed as the working assumption. Since there is no conclusion on 480/960 KHz SCS, we can wait for the agreement on 480/960 kHz SCS. If more than 64 SSB candidate index was agreed for 480/960 KHz, the work assumption for 120 KHz can be discussed again.
Proposal 4: Confirming the working assumption of candidate SSB index number of 120 kHz SCS can be postponed to after the decision on maximum number of can SSB index supported for 480/960 kHz.

In previous RAN1 meeting [4] [9], it was agreed to further study the necessity and corresponding scheme of supporting DRS mechanism. The agreements are shown as follows.
	Agreement (in RAN1#106e) 
For DBTW with 120kHz SCS (if supported), support DBTW lengths {0.5, 1, 2, 3, 4, 5} msec
Note: this should be the same as Rel-16 NR-U DBTW lengths.
Agreement (in RAN#105e):
If DBTW is supported,
· Working assumption: MIB signaling to support
· Alt A) indication of  at least for 120kHz SSB 
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this case, the total number of values of  to not exceed 4
· Alt B) Explicit indication of SSB index and/or SSB candidate location 
· FFS on the details of signaling
· FFS between Alt A, or B, or supporting both
· Supported DBTW lengths 
· Alt 1) 0.5, 1, 2, 3, 4, 5 msec 
· Note: same as Rel-16 FR1 NR-U
· Alt 2) maximum 5 msec 
· FFS other values
· FFS between Alt 1 and 2
· Number of candidate positions when DBTW is enabled 
· For 120kHz SSB 
· FFS between 64 or 80
· If DBTW is additionally supported for 480/960kHz SSB 
· FFS between 64 or 128


· On DBTW scheme
In Rel-16 NR-U, SSB pattern is same for operation in licensed and unlicensed spectrum. Considering occasional loss of SSB transmission opportunity due to LBT failure for NR operation in unlicensed spectrum, additional slots are allocated for SSB transmission within DRS period to provide more transmission opportunities for SSB(s). When the first SSB transmission opportunity fails due to LBT, the SSB can be transmitted at the next transmission opportunity with successful LBT. For example, in TS 38.213 section 4.1, for case A (15 KHz SCS), the first symbol of the candidate SS/PBCH blocks with indexes of [image: ] are used for both unlicensed and licensed spectrum (n=0,1 is used for carrier frequencies smaller than or equal to 3 GHz in condition of licensed operation, n=   is used for unlicensed spectrum). 
For up to 71GHz operation on unlicensed spectrum, both LBT and no-LBT operation are supported [1]. The requirements of LBT for NR operation in unlicensed spectrum depend on the regulations for the given region. As agreed in the last meeting, if LBT is mandatory and the SSB transmission doesn’t comply with short control signaling exemption rules, the LBT procedure shall be performed before SSB transmission. The associated DRS window mechanism in NR-U can also be used by gNB/UE for handling LBT failure, i.e., the DBTW (discovery burst transmission window) in up to 71GHz operation.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]According to 802.11ad rules, the restriction of short control signaling transmissions is that the signaling duty cycle is less than 10% of overall transmission, i.e., the signaling duration is not over 10% of 100ms observation window. For SCS=120 KHz SSB transmission, it is assumed that period of 20ms is supported for initial access procedure. Actual total number of SSB transmission has different duty cycle with the details as shown in the following table.  
Table 3: Duty cycle for transmission with SCS=120 KHz/20ms period
	SSB number 
	duration (ms) 
	duty cycle
	LBT exemption

	64
	2.29 
	11.43%
	NO

	62
	2.21 
	11.07%
	NO

	60
	2.14 
	10.71%
	NO

	58
	2.07 
	10.36%
	NO

	56
	2.00 
	10.00%
	YES

	54
	1.93 
	9.64%
	YES

	52
	1.86 
	9.29%
	YES

	50
	1.79 
	8.93%
	YES

	48
	1.71 
	8.57%
	YES



As shown in the table above, the actual number of SSB transmission can satisfy the restriction of short control signaling transmissions of 10% duty cycle over the 100 ms observation window if the number of SSB is less than or equal to 56. When gNB transmits more than 56 SSBs, gNB shall perform LBT for that SSB transmission exceeding the 10% duty cycle constraint. For example, when gNB needs to transmit 64 SSBs within a 5ms period duration, gNB shall perform LBT for 8 SSB transmissions, and the other 56 SSBs can be transmitted without LBT. In RAN1#104b-e, it was agreed to support discovery burst (DB) and reuse the corresponding Rel-16 specification.
As described above, for case D SSB pattern, if additional n including #4, #9, #14, and #19 are used for SSB transmission, the maximum number of candidate positions can be up to 80.
For SSB with 480 KHz/ 960 KHz SCS, the duty cycle is less than 10% of the short control signaling transmission if up to 64 SSBs are transmitted for 20ms transmission period. Therefore, DBTW is not needed for SSB transmission of 480 KHz/ 960 KHz SCS if the exempt Short Control Signaling rules can be applied by local region rule, and DBTW can be supported if the exempt Short Control Signaling rules is not applied by local region rule.,
Proposal 5:  For NR operation in 60 GHz unlicensed spectrum, the discovery burst transmission window (DBTW) shall be supported for 120 KHz SSB at least when gNB configures more than 56 SSB transmissions.
As described above, even all the available positions are used for SSB transmission, the maximum number of SSB candidates is 80 for 120 kHz SCS. This is still not enough for candidates SS/PBCH of all 64 SSB shifting as in NR_U.  if the work assumption for candidate SSB index number is confirmed by RAN1，there are 64 SSB candidate index and at most 32 SSBs can be transmitted if DBTW is enabling, One possible solution to improve number of transmission SSB is that DBTW is performed only for a sub-set of SSBs and not for all the transmitted SSBs if the exempt Short Control Signaling rules can be applied. For example, if gNB would transmit 48 SSBs within the 20ms period, the first 32 SSBs are sent directly as short control signaling with no-LBT. The gNB would transmit the remaining 16 SSBs by DBTW operation and the number of candidate SSB index for DBTW operation is 32.Which is shown following figure  


Figure 2 sub-set SSBs are transmitted by DBTW
As shown in above figure, the total candidate SSB position is 64， the first 32 SSBs are transmitted on first 32 candidate SSB positions, and the latter 16 SSBs are transmitted on later 32 candidate  SSB positions.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: sub-set of SSBs can be transmitted as NO-LBT and the other sub-set SSBs are transmitted as DBTW if the exempt Short Control Signaling rules can be applied by local region rule.
· On  the number of   
To support DBTW operation in NRU, the value of   shall be indicated to UE in MIB, so the UE can determine SS/PBCH block index accordingly. The  is associated with value and different SSB SCS has different  value as shown following table. 
Table 3: Mapping between the combination of subCarrierSpacingCommon and ssb-SubcarrierOffset to 
	subCarrierSpacingCommon
	LSB of ssb-SubcarrierOffset
	

	scs15or60
	0
	1

	scs15or60
	1
	2

	scs30or120
	0
	4

	scs30or120
	1
	8



For up to 71GHz DBTW operation,  shall be indicated so that UE can determine the SSB index according to  and the candidate SSB position index. The total number of values of  is two just like NR-U operation and the indication scheme of NR-U may not be enough due to more SSBs transmission are supported, the total number of values of   4 is suggested. For example, the four states {16, 32, 64, reserved/DBTW disabled} is recommend.  For 16/32 value of  , the UE compute SSB index as NRU rule. For reserved/DBTW disabled, UE compute SSB index only according to SSB candidate index as licensed spectrum operation and up to 64 SSB can be support. For 64 value, UE can be assumed that sub-sets of SSB are transmitted as NO-LBT (e.g 32), the other sub-sets of SSB are transmitted as DBTW (e.g 16), and SSB index can be computed as following 
· If candidate SSB index is less than 32， SSB index  = SSB candidate index
· Else  SSB index  = 32+ mod (SSB candidate index,32)
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 7:  For number of   ，four states {16, 32, 64, reserved/DBTW disabled} is recommend...

· On DBTW length for SCS 480/960 KHz
Similar to SCS 120 kHz DBTW length design, the DBTW length for SCS 480/960 KHz can be indicated by SIB-1，the parameter discoveryBurstWindowLength includes six candidate duration, considering the duration of a slot is only one fourth of 120 kHz SCS, the DBTW length can be scaled, for example, if at most 64 candidate SSB index is supported, the scale factor for SCS 480 kHz is 4 , e.g., 0.5/4, 1/4, 2/4, 3/4, 4/4, 5/4 msec. and if at most 128 candidate SSB index is supported, the scale factor for SCS 480 kHz is 2，e.g., 0.5/2, 1/2, 2/2, 3/2, 4/2, 5/2 msec. as the same reason, for the scale factor of SCS 960 kHz  two value {4 or 8} is needed, the details value depend on maximum number of candidate  SSB index supporting.

Proposal 8：On DBTW length for SCS 480/960 KHz (if supported), scale factor is applied comparing to value of SCS 120 KHz,

For DBTW indication, the following is agreed in previous meeting:
	· For 120 kHz SSB, enable/disable of DBTW is indicated by one or more of the following methods: 
· Option 1) signaling in MIB 
· Option 1-1) disabling DBTW is jointly coded with 
· Option 1-2) indicated by other bit fields in MIB
· FFS: among options 1-1 and 1-2
· Option 2) distinct GSCN used by the SSB
· Option 3) By comparing the value of   in MIB and DBTW length after UE reads SIB1 or by comparing the value of   in MIB and default DBTW length of 5 ms before UE reads SIB1.
· FFS: whether to support option 1, 2, 3, or any combination of the options.
· Note: enable/disable signaling of DBTW by MIB or GSCN does not preclude other signaling methods



Option 1) uses explicit indication in MIB/PBCH for DBTW enabling/disabling. For example, one extra bit field can be used, or, joint coding with  can be used. The main principle of joint coding with  is when there are several candidate values of; one value is reserved to indicate disabling DBTW and another value of  is used to indicate enabling DBTW. This scheme depends on the assumption that there is spare state of   . As agreed in last meeting, the total number of values of  should not exceed 4; this means that only if the number of  value is 3，joint coding scheme can be applied.
Option 2) use GSCN (global synchronize channel raster) to indicate DBTW enabling/disabling. This is a very restrictive scheme. Firstly, different areas may have different requirement or policy. For example, for a given frequency band, one area may require that LBT is mandatory and the other area may require LBT is optional. Secondly, for a given transmission node, LBT mode may be determined according to interference level, and LBT/NO-LBT will be changed from time to time. So, using GSCN may not fulfill the requirement of DBTW enabling/disabling indication.
For option 3), UE cannot know the disabling /enabling indication until UE reads the SIB1. More ever, whether/how this scheme will work needs FFS when UE performs RRM measurement and disabling /enabling indication changes frequently.  
Proposal 9： For 120 kHz SSB, signaling in MIB can indicate enable/disable of DBTW.
 
In RAN1#105b-e, the following is agreed:
	· For 120kHz SSB, support mechanism to distinguish at least the following scenarios: 
· Case 1) (Unlicensed with LBT off) + DBTW disabled
· Case 2) (Unlicensed with LBT on) + DBTW enabled
· Case 3) (Unlicensed with LBT on) + DBTW disabled
· Case 4) (Licensed) + DBTW disabled
· FFS: Whether/how LBT on/off is indicated in MIB 
· If not indicated in MIB, then FFS whether/how the UE determines different sizes of DCI 1_0 with CRC scrambled by SI-RNTI
· FFS: whether any case(s) can be combined for DBTW signaling design and how to handle implications to DCI 1_0 size ambiguity if is not distinguished in signaling
· FFS: whether all above cases need an explicit indication
· FFS: Whether a single indication can be used for combination of more than one cases


Generally, there are three possible schemes for LBT ON/OFF indication: Using MIB/PBCH, DCI 1_0 scrambled by SI-RNTI, or SIB1. The pro and con of these schemes are discussed as follows. 
· Alt 1： LBT ON/OFF is indicated in MIB/PBCH 
Alt 1 needs one bit field in MIB/PBCH. As discussed above, both the DBTW enabling/disabling and explicit indication of candidate SSB index are possible via indication in MIB/PBCH. Because this information is dependent on each other, joint coding can be used as in following table.
  Table 4：Combination indication using 2bits (b0, b1)
	DBTW disabling/enabling 
	LBT ON/OFF
	7th information bit for candidate SSB index

	b0=1 indicates DBTW enabling
       
	  LBT_ON 
	Using b1 

	b0=0 indicates DBTW disabling
	b1 indicates LBT ON/OFF 
	Using 0 



As shown in the above table, when DBTW is enabled, LBT is ON, so the second bit b1 in {b0,b1} can represent explicit indication for the 7th   information bit to indicate candidate SSB index, as more than 64 candidate SSB index may be needed for supporting DBTW in SCS 480/960 KHz operation. When DBTW is disabled, the second bit b1 in (b0, b1) can represent the LBT ON/OFF, and total 64 candidate SSB index is already enough for DBTW disabling operation. At the same time, LBT may be on or off, and the ON/OFF state is indicated by b1.
When LBT ON/OFF is indicated in MIB/PBCH, the DCI 1_0 size can be determined according to LBT ON/OFF indication. For example, if LBT is ON, there is an additional bit field to indicate LBT type for uplink scheduling, and if LBT is OFF, there is no additional bit field to indicate LBT type for uplink scheduling just like licensed spectrum operation.
It is noted that the b0 indication for DBTW enabling/disabling can be replaced by one state of  as described in above section.

Proposal 10: If LBT ON/OFF state is indicated in MIB/PBCH, joint coding can be used for indication of LBT ON/OFF, DBTW enabling/disabling and one bit information for candidate SSB index.

· Alt 2： LBT ON/OFF is indicated in DCI 1_0 scrambled by SI-RNTI
This alternative needs one bit field to indicate LBT ON/OFF. To align DCI size of format 1_0 and 0_0, the DCI 1_0/0_0 scrambled by C-RNTI/P-RNTI/TC-RNTI/RA-RNTI also needs one extra bit field just like in the shared spectrum operation in NR-U.

· Alt 3：  LBT ON/OFF is indicated in SIB-1
When the LBT ON/OFF is indicated in SIB-1, UE shall detect DCI 1_0 scrambled with SI-RNTI.  Before decoding DCI 1_0, the DCI size shall be determined firstly. There are two possible options for this purpose:
· Determining DCI size as in NR-U
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]UE shall regard the bit fields of LBT type indication for uplink scheduling is included if the operation is on shared spectrum, and blind detecting is performed according to one DCI size. In fact, for this option, alt 2 can be used; that the LBT ON/OFF is indicated in SIB-1 is just for supplementary.

· Blind detection of DCI for two DCI size
This option will increase the processing load of PDCCH detection, especially when UE is in connected state. The additional DCI size will introduce new problem on candidate PDCCH allocation and alignment of DCI size procedure. 

Proposal 11: If LBT ON/OFF state is not indicated in MIB/PBCH, it can be indicated in DCI 1_0 scrambled by SI-RNTI.

CORESET#0  and Type0-PDCCH 
· Issue on  SCS  indication for CORESET#0
It was agreed that only one CORESTE#0/Type0-PDCCH SCS is supported for each SSB SCS  in RAN1#92[5], this agreements can be shown in the following table.
Table 5: SCS of Type0-PDCCH associated with SSB
	SCS of SS/PBCH in extended FR2
	Associated Type0-PDCCH SCS in extended FR2

	120 KHz 
	120 KHz

	480 KHz
	480 KHz

	960 KHz
	960 KHz



In Rel-15, one bit is included in MIB to indicate the SCS of Type0-PDCCH when the subcarrier spacing of Type0-PDCCH and SSB are different. For operation on up to 71GHz, this bit fields of subCarrierSpacingCommon in MIB can be saved and repurposed.
Proposal 12: The subCarrierSpacingCommon field in MIB can be saved and repurposed.

· Issue on SSB and CORESET#0 and other signal multiplexing 
The OCB requirement in draft version v2.1.20 of EN 302 567 implies that physical layer signal/channel transmission shall occupy at least 70% of the nominal channel bandwidth. Pattern 2 /3 enables CORESET#0 and PDSCH carrying RMSI transmission in FDM mode. Moreover, if some other signals (such as periodic CSI-RS, paging PDCCH/PDSCH) are allowed to be FDMed with SSB, there are more RBs occupied in the nominal channel bandwidth to meet the 70% requirement of OCB.
Proposal 13:  Multiplexing pattern 2 or 3 can be used for further multiplexing SSB/CORSET#0 with periodic CSI-RS/paging PDCCH&PDSCH in frequency.  

For minimum channel bandwidths for NR operation in 52.6 GHz to 71 GHz, RAN4 agreed that 100MHz is used for 120 KHz SCS in [5]. For 100 MHz bandwidth operation, the maximum number is about 64 PRB for 120 KHz SCS, so the bandwidth of CORESET#0 needs to be less than 64 PRB. For this reason, 96 PRB for CORESET#0 is not supported. Moreover, considering the channel condition for 52.6GHz to 71GHz band operation, the CORESET#0 of 24 PRBs cannot provide enough CCE aggregation, therefore 24 PRB is not a preferred option. With these consideration, when SSB, COREST#0 and Type0-PDCCH are used for 120 KHz SCS, combinations of SSB/CORESET multiplexing pattern, the number of RB and the number of symbols for CORESET can be chosen from the following choices,
{mux pattern 1, 48 PRB CORESET, 1 symbol CORESET}
{mux pattern 1, 48 PRB CORESET, 2 symbols CORESET}
{mux pattern 3, 48 PRB CORESET, 2 symbols CORESET}
Any others combinations can be FFS.
Proposal 14: For SSB and CORESET#0/Type0-PDCCH with 120 KHz SCS, support the following combinations of SSB/CORESET multiplexing pattern, number of RB and symbols for CORESET.
· {mux pattern 1, 48 PRB CORESET, 1 symbol CORESET}
· {mux pattern 1, 48 PRB CORESET, 2 symbol CORESET}
· {mux pattern 3, 48 PRB CORESET, 2 symbol CORESET}

In last meeting, it was agreed that first symbols of the candidate SSB have index {2, 9} in slot, the major benefit of this scheme is that it can reserve enough time for SSB beam switching when the duration of beam switching gap is larger than the CP length for 480 KHz/960KHz.  For pattern 1 of SSB and CORESET#0 multiplexing, the reserved symbol for beam switching is shown in following figure for index 1 of Table 13-12 in TS 38.213.



Figure 3:  480/960 KHz SSB pattern
Table 6: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR2
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	2
	2.5 
	1
	1
	0

	3
	2.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	6
	0
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}



As shown in figure 3, the CORESET#0 of SSB-1 is located on symbol #7/#8, symbol#6 is reserved for SSB-1 and its CORESET#0 beam switching, the CORESET#0 of SSB-2 is located on symbol #0/#1, symbol#13 of previous slot  is reserved for SSB-2 and its  coreset#0  beam switching. Since both symbol#6 and symbol#13 is reserved for beam switching, the PDSCH is not expected to be scheduled during this period, and default TDRA in [10] shall be enhanced. For example, at least {S=6, L=7}, {S=2，L=11} is supported if the second SSB is not transmitted in a slot as shown following figure.

.
Figure 4 Additional SLIVs in default TDRA for SCS 480/960 KHz
Proposal 15: Symbol #6 and symbol #13 can be reserved for beam switching. Neither PDCCH nor PDSCH can be transmitted on the reserved symbols.
Proposal 16: The default TDRA table for pattern 1 in TS 38.214 can be enhanced, e,g  at least {S=6 ,L=7}, {S=2，L=11}  is supported.

For index 6 of above table, the two CORESET#0 location of candidate SSB i and SSB i+1 are neighbor and there is no symbol gap, if gNB configure this parameter is MIB, there are two possible cases for actual transmission.
 


Figure 5 two cases of actual transmission
· CASE A:  Two SSBs are transmitted 
Generally, when UE is configured with two candidate SSB positions in as above, gNB will transmit two SSBs actually in a slot, it will cause performance loss on first symbol of SSB-0 and CORESET#0 of SSB-1 as there is no symbol gap between two different beams.
· CASE B:  Only one SSB is transmitted 
When UE is configured that there are two candidate SSB positions in as above, gNB still can transmit only one SSB actually in a slot, and there is no beam switching gap issue.

Because this table is used by both SCS =120 KHz and 480/960 KHz, we prefer that index 6 can be kept in table, gNB shall avoid both index 6 is configured and case A occurring simultaneously for SCS 480/960 KHz.
Proposal 17: The configuration of {0, if [image: ] is even}, {[image: ], if [image: ] is odd} can be supported, considering for SCS=120 KHz use case, the gNB could use implementation to avoid beam switching gap issue if it choose to.

2.2 PRACH design issue 
· Issues on RO configuration for larger SCS
	
Agreement:
For 480 and 960kHz PRACH:
· At least the same RO density in time domain (i.e. number of specified RO per reference slot according the PRACH configuration index) as for 120kHz PRACH in FR2 is supported
FFS: Support gap between consecutive ROs in time domain and the details to derive the gap 

Agreement:
For 480 and 960kHz PRACH,
· When a PRACH slot can contain all time domain PRACH occasions corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching,
· and when number of PRACH slots in a reference slot is 1,
·   for 480kHz and  for 960kHz PRACH
· and when the number of PRACH slots in a reference slot is 2,
·  for 480kHz and  for 960kHz PRACH 
· FFS:  values, when a PRACH slot cannot contain all time domain PRACH occasions, corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching.
· FFS: whether to allow for additional  values if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation)



The preamble format, starting symbol, and PRACH duration etc. can be obtained by PRACH Configuration-Index according to the cell configuration. PRACH SCS support 60 KHz or 120 KHz in FR2. To be specific, there is only one PRACH slot within a 60 KHz slot (0.25ms) when SCS is 60 KHz, and one or two PRACH slots within 0.25ms duration when SCS is 120 KHz.
[image: ]

Figure 6: RO configuration of SCS=120 KHz based on SCS=60 KHz

Observation 1:  The current RO configuration of FR2 is based on the 60 KHz slot and supports two slots configuration when SCS is 120 KHz.

For supporting 480/960 kHz SCS, the reference slot duration corresponding to 60 kHz SCS can be used. The effect on specification is marginal.  Table 6.3.3.2-4 for random access configurations for FR2 [3] can be used directly. More ever, similar scheme can be used to indicate the slot location as follows.
RO slot indication for 120 kHz SCS 
 [image: ] is given by
-	if  kHz, then [image: ]
-	if  kHz and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to 6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then [image: ]
- otherwise, [image: ]
The above text is copied from PRACH section in [3]. Based on the text, if there is only 1 RACH slot, the RACH slot location is first slot. If there are two RACH slots, the RACH slot location is on first and second slot.

RO slot indication for 480 kHz SCS (if configured 1 or 2 RO slots)
If RAN1 decides that the RO slot density is not increasing and has the same density as R15/R16, then RO slot location can be expressed as in following text:
-	if   then  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, and  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 2.
For SCS 480 kHz RACH slot configuration, the above text means that if there is only 1 RACH slot, the RACH slot location is 8th slot. And if there are two RACH slots, the RACH slot location is on 4th and 8th slot.

RO slot indication for 480 kHz SCS (if configured 4 or 8 RO slots in a 60KHz SCS slot)
If RAN1 decides that the RO slot density is increasing, for example, 4 or 8 RO slots in a reference slot of SCS 60 kHz, then RO slot location can be expressed as following text:
-	if   then  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, and  if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 2.
For SCS 480 kHz RACH slot configuration, if "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, it means there are 4 RACH slots and the location is   2nd, 4th , 6th, 8th. If "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 2, it means there are 8 RACH slots, the location is on all of 8 slots.

Proposal 18: The reference slot duration corresponds to 60 kHz SCS. PRACH slot index   corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.

In previous meeting, the density of RACH slot and RACH occasion for SCS=480/960 kHz was discussed, and most companies believes that the same RACH access occasion is reasonable for up to 71GHz operation as compare to R15/R16 FR2 operation. When SCS=120KHz RACH slot is configured, same density of RACH slot can enable UE to obtain the same random access occasion opportunities. But for SCS=480/960kHz RACH slot, the available RO number may be reduced for the following two reasons.

Reason #1： Bandwidth limitation on FDM 
In R15/R16, the available RO number depends on two factors.  One is the RACH slot density of time domain which is defined by Table 6.3.3.2-4 for random access configurations for FR2 [3]; the other is the number of PRACH transmission occasions FDMed in one time instance, which is configured as msg1-FDM ENUMERATED {one, two, four, eight} in RACH-ConfigGeneric information element. For a given bandwidth part, the value of msg1-FDM will become smaller when larger SCS is used, and an example is shown as following table.

Table 7  Msg1-FDM for 400MHz BWP (L=139)
	Use  case 
	Preamble width (MHz)
	Msg1-FDM number

	SCS = 120KHz
	139*0.12MHz 
=16.68MHz
	8

	SCS = 480KHz
	139*0.48MHz 
=66.72MHz
	4

	SCS = 960KHz
	139*0.96 MHz =133.44MHz
	2



Table 8  Msg1-FDM for 400MHz BWP (L=571)
	Use  case 
	Preamble width (MHz)
	Msg1-FDM number

	SCS = 120KHz
	571*0.12MHz 
=68.52MHz
	4

	SCS = 480KHz
	571*0.48MHz 
=274.08MHz
	1





As shown in the above table, for a given 400MHz uplink BWP, for L=139 case, when SCS = 120 KHz is configured for RACH slot, maximum number of Msg1-FDM is 8. When the SCS = 480/960 KHz is configured for RACH slot, maximum value of Msg1-FDM is 4 and 2. For L=571 case, when SCS = 120 KHz is configured for RACH slot, maximum number of Msg1-FDM is 4. When the SCS = 480 KHz is configured for RACH slot, maximum value of Msg1-FDM is 1.

 So the available number of RO will be decreased when larger SCS is used for RACH slot.
 
Reason #2： LBT/beam switching gap will reduce available number of RO
In Rel-15/Rel-16, the RACH occasion is consecutive in time domain within a RACH slot. But for operation on shared spectrum, LBT procedure may be needed. Some symbols are reserved for UE performing LBT, and the available number of RO will decrease. For the same reason, beam switching gap also may cause RO number to decrease. To minimize specification modification for 480/960 KHz, one or more ROs can be disable by RRC in a 60 KHz reference slot, and UE can perform LBT or beam switching on these RO. In addition, because one UE will select only one RO to transmit msg-1 according to R15/R16 rule, it is not necessary to configure gap for each RO even these ROs are consecutive in time domain. 

[bookmark: _GoBack]Observation 2: The available number of ROs for SCS 480/960 KHz RACH slot configuration may decrease for larger SCS.

Proposal 19: For 480/960 kHz PRACH slots configuration, higher PRACH slot density or higher RO density in time domain can be supported to compensate the impact from MSGS –FDM decreasing and LBT/beam switching GAP. 
· For 480KHz SCS,  PRACH slot density can be 2 or 4 times comparing to than 120KHz SCS
· For 960KHz SCS,  PRACH slot density can be 4 times comparing to 120KHz SCS
Proposal 20: If gap for LBT or beam switching is needed before UE transmit a msg-1, one RO can be disabled by RRC in a 60 KHz  reference  slot, and UE can perform  LBT or  beam switching on the disable RO.

· Issues on  RA-RNTI for supporting SCS=480/960 KHz
After sending msg1 or msgA, the UE will detect the DCI scrambled by RA-RNTI within RAR windows. For licensed spectrum operation, the longest window duration can be long as 10ms. Considering the maximum number of slot is 80 in a radio frame for 120 KHz SCS, the RA_RNTI is computed with the following formula:   
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
· s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14)
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80)
· f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8)
· ul_carrier_id is the UL carrier used for preamble transmission (0 for NUL carrier, and 1 for SUL carrier)
For up to 71GHz operation with larger SCSs (e.g. 960 KHz), the maximum number of slots in a radio frame is 640.   The number of RA-RNTI values will increase 8 times for 960 KHz SCS. This will exceed the 16 bits range of RA-RNTI. The solution to this issue is that RA-RNTI can be divided into two parts. One part of RA-RNTI can be carried by DCI, and the remaining part could be used to scramble DCI. Two possible options are shown below.

Option A: 

For 480/960 KHz SCS,   t_id is increased to 320/640; RA-RNTI computing formula could be modified.
RA-RNTI = (1 + s_id + 14 × t_id + 14 ×× f_id + 14 ×  × 8 × ul_carrier_id) mod  
       inDCI_bit = floor ((1 + s_id + 14 × t_id + 14 ×× f_id + 14 ×  × 8 × ul_carrier_id) /)
· s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14)
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 640)
· f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8)
· ul_carrier_id is the UL carrier used for preamble transmission (0 for NUL carrier, and 1 for SUL carrier)
Where µ is the uplink subcarrier spacing parameter, µ=5 for 480 KHz SCS and µ=6 for 960 KHz SCS. The RA_RANI value has 16 bits and is used to scramble the CRC of DCI. The inDCI_bit is included in the payload of DCI of format 1_0. The bit width of inDCI is 2 for 480 KHz SCS and 3 for 960 KHz SCS.
Option B:
For SCS=480/960, t_id is increased to 320/640, RA-RNTI computing formula is modified to keep the maximum parameter of slot number being 80. 
RA-RNTI = 1 + s_id + 14 ×(t_id mod 80) + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
 inDCI_bit = 
· s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14)
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 640)
· f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8)
· ul_carrier_id is the UL carrier used for preamble transmission (0 for NUL carrier, and 1 for SUL carrier)
The RA_RANI value scrambles DCI as in the current specification, and the inDCI_bit is included in DCI format 1_0. The bit width is 2 for 480 KHz SCS and 3 for 960 KHz SCS.
Proposal 21:  For supporting Msg1 transmission with 480 KHz/960 KHz SCS, RA-RNTI is divided into two parts. One part of RA-RNTI is carried by DCI, and the remaining 16-bit of RA-RNTI could be used to scramble CRC of the DCI1. Two possible options are: 
· Option A:
RA-RNTI = (1 + s_id + 14 × t_id + 14 ×× f_id + 14 ×  × 8 × ul_carrier_id) mod  
inDCI_bit = floor ((1 + s_id + 14 × t_id + 14 ×× f_id + 14 ×  × 8 × ul_carrier_id) /)
· s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14)
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 640)
· Option B:
RA-RNTI = 1 + s_id + 14 ×(t_id mod 80) + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
inDCI_bit = 
· s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14)
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 640)

3. Conclusion 
This contribution discussed the initial access aspect for the support of NR operation up to 71 GHz. We have the following observations and proposals.

Observation 1:  The current RO configuration of FR2 is based on the 60 KHz slot and supports two slots configuration when SCS is 120 KHz.
Observation 2: The available number of ROs for SCS 480/960 KHz RACH slot configuration may decrease for larger SCS.
Proposal 1:  There is no need to study additional method(s) to enable support to obtain neighbor cell SIB1 contents related to CGI reporting in Rel-17.
Proposal 2: DBTW for 480/960 kHz SSB SCS can be supported with up to 128 candidate SSB index.
Proposal 3:  To indicate 7th bit of the candidate SSB index for 480/960 kHz SSB SCS, following schemes can be further considered and down-selected:
· Borrowing the subCarrierSpacingCommon in MIB
· Borrowing the 4th LSB of SFN, and  move  4th LSB of SFN  to  subCarrierSpacingCommon in MIB
· 
Borrowing half frame bit  , with all candidate SSBs are assumed to be put in first half frame when DBTW is enabling.
Proposal 4: Confirming the working assumption of candidate SSB index number of 120 kHz SCS can be postponed to after the decision on maximum number of can SSB index supported for 480/960 kHz.
Proposal 5:  For NR operation in 60 GHz unlicensed spectrum, the discovery burst transmission window (DBTW) shall be supported for 120 KHz SSB at least when gNB configures more than 56 SSB transmissions.
Proposal 6: sub-set of SSBs can be transmitted as NO-LBT and the other sub-set SSBs are transmitted as DBTW if the exempt Short Control Signaling rules can be applied by local region rule.
Proposal 7:  For number of  of  ，four states {16, 32, 64, reserved/DBTW disabled} is recommend.
Proposal 8：On DBTW length for SCS 480/960 KHz (if supported) , scale factor is applied comparing to value of SCS 120 KHz, 
Proposal 9： For 120 kHz SSB, signaling in MIB can indicate enable/disable of DBTW.
Proposal 10: If LBT ON/OFF state is indicated in MIB/PBCH, joint coding can be used for indication of LBT ON/OFF, DBTW enabling/disabling and one bit information for candidate SSB index.
Proposal 11: If LBT ON/OFF state is not indicated in MIB/PBCH, it can be indicated in DCI 1_0 scrambled by SI-RNTI.
Proposal 12: The subCarrierSpacingCommon field in MIB can be saved and repurposed.
Proposal 13:  Multiplexing pattern 2 or 3 can be used for further multiplexing SSB/CORSET#0 with periodic CSI-RS/paging PDCCH&PDSCH in frequency.  
Proposal 14: For SSB and CORESET#0/Type0-PDCCH with 120 KHz SCS, support the following combinations of SSB/CORESET multiplexing pattern, number of RB and symbols for CORESET.
· {mux pattern 1, 48 PRB CORESET, 1 symbol CORESET}
· {mux pattern 1, 48 PRB CORESET, 2 symbol CORESET}
· {mux pattern 3, 48 PRB CORESET, 2 symbol CORESET}
Proposal 15: Symbol #6 and symbol #13 can be reserved for beam switching. Neither PDCCH or PDSCH can be transmitted on the reserved symbols.
Proposal 16: The default TDRA table for pattern 1 in TS 38.214 can be enhanced, e,g  at least {S=6 ,L=7}, {S=2，L=11}  is supported.
Proposal 17: The configuration of {0, if [image: ] is even}, {[image: ], if [image: ] is odd} can be supported, considering for SCS=120 KHz use case, the gNB could use implementation to avoid beam switching gap issue if it choose to.
Proposal 18: The reference slot duration corresponds to 60 kHz SCS. PRACH slot index   corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.
Proposal 19: For 480/960 kHz PRACH slots configuration, higher PRACH slot density or higher RO density in time domain can be supported to compensate the impact from MSGS –FDM decreasing and LBT/beam switching GAP. 
· For 480KHz SCS,  PRACH slot density can be 2 or 4 times comparing to than 120KHz SCS
· For 960KHz SCS,  PRACH slot density can be 4 times comparing to 120KHz SCS
Proposal 20: If gap for LBT or beam switching is needed before UE transmit a msg-1, one RO can be disabled by RRC in a 60 KHz  reference  slot, and UE can perform  LBT or  beam switching on the disable RO.
Proposal 21:  For supporting Msg1 transmission with 480 KHz/960 KHz SCS, RA-RNTI is divided into two parts. One part of RA-RNTI is carried by DCI, and the remaining 16-bit of RA-RNTI could be used to scramble CRC of the DCI1. Two possible options are: 
· Option A:
RA-RNTI = (1 + s_id + 14 × t_id + 14 ×× f_id + 14 ×  × 8 × ul_carrier_id) mod  
inDCI_bit = floor ((1 + s_id + 14 × t_id + 14 ×× f_id + 14 ×  × 8 × ul_carrier_id) /)
· s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14)
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 640)
· Option B:
RA-RNTI = 1 + s_id + 14 ×(t_id mod 80) + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
inDCI_bit = 
· s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14)
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 640)
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- CaseD - 120 kHzSCS: the first symbols of the candidate SS/PBCH blocks have indexes {4,8,16,20}+28-n.
For carrier frequencies within FR2, n = 0,1,2,3,5,6,7,8,10,11,12,13,15,16,17,18.
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