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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN # 92 the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] an optional numerology (480 kHz) will be supported for initial access in addition to mandatory numerology of 120 kHz:
· [bookmark: _Hlk58583563][bookmark: _Hlk78300286]In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/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 CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 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 CORESET#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).
· Prioritize support SSB-CORESET#0 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.
...
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.
In RAN # 92 meeting was decided that the FR2 frequency range to be extended as FR2-1 for 24.25 to 52.6GHz and as FR2-2 for 52.6 to 71GHz.
Initial Access 
The initial access comprises several steps such as synchronization, acquiring system information, random access that requires specification of SS/PBCH block (SSB), CORESET 0, PDCCH for SIB1 and PRACH. In this contribution we address some of the relevant issues related the initial channel access in beyond 52.6 GHz band.
Discussion of SSB scheduling and signaling
In RAN1 #105 [2] the group reached the following agreement.
Agreement:
For 480kHz/960kHz SSB, select one of the following alternatives:
· ALT 1) First symbols of the candidate SSB have index {X, Y} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame
· value of X and Y are identical for 480kHz and 960kHz
· FFS: exact value of X and Y
· ALT 2) First symbols of the candidate SSB have index {4, 8, 16,20} + 28*n, where index 0 corresponds to the first symbol of the first slot in a half-frame
· 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)

We note that ALT 2 is based on the SS/PBCH block indexes for 120kHz SCS as specified in TS 38.213. The duration of SSB is 4 symbols, therefore there will be a gap between second and third SSB, and respectively fourth and first, sufficient for a beam adjustment/switching. There is no gap between first and second and respectively between third and fourth. For 120 kHz and 480 kHz SCS the CP =570 ns and respectively CP=147ns durations are sufficient for beams switching, however for 960 kHz SCS where CP=72 ns may be insufficient time for a beam switching. The agreement asks to select a single alternative for both 480 kHz and 960 kHz SSB, therefore ALT 1 is more suitable with at least a symbol gap between any two consecutive SSBs i.e. Y >X+4. For instance, a solution may be {2, 8} + 14*n, where index 0 corresponds to the first symbol of the first slot in half frame.  Therefore, 32 slots are necessary for 64 SSB potential locations in a half frame (5ms).   The SSB distribution during the 5 ms half-frame (160 slots @ 480 kHz SCS and 320 slots @ 960 kHz SCS) should accommodate gaps necessary for the schedule of low latency traffic.   Examples possible choices for one slot and respectively four slot gaps between some SSBs are for the following n values:
n=0,1,2,3, 5,6,7,8, 10,11,12,13, 15,16,17,18, 20,21,22,23, 25,26,27,28, 30,31,32,33, 35,36,37,38 or 
n=0,1,2,3, 8,9,10,11, 16,17,18,19, 24,25,26,27, 32,33,34,35, 40,41,42,43, 48,49,50,51, 56,57,58,59  
Currently there is no decision on the COT support of maximum allowed gaps between consecutive transmissions. If there are no gap restrictions between consecutive transmissions during the same COT, there are no constraints on the gaps between consecutive SSBs. In other words, SSBs can be further apart with no LBT necessary between consecutive SSBs. It would be preferable if for higher SCS larger gaps with no LBT to be tolerated during a COT.
Proposal 1: In 60 GHz shared spectrum band, where the LBT is enabled, allow a COT a gap between consecutive transmissions of at least one slot 480 kHz SCS duration (32us) without LBT.
We note that such gap (32us) is larger than the gap allowed at 5GHz shared spectrum (16us), however it is anticipated that the use of narrow beams will reduce substantially the contention for channel access and therefore allowing larger gaps without LBT.
Agreement:
For the case agreed in RAN1 #104bis-e where 480/960 kHz SSB location and SCS are explicitly provided to the UE (non-initial access) 
· Support configuring CORESET#0/Type0-PDCCH for the purpose of ANR/PCI confusion detection by down selecting from the following two alternatives
· Alt 1) Using dedicated signaling
· Alt 2) Using configuration in MIB
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.
· 
Observation 1: RAN # 92 decided to support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB, which corresponds to Alt 2.

Discussion on PRACH design
In RAN1 #105 [2] the group reached the following agreement on PRACH design:
Agreement:
For 480kHz and 960kHz PRACH, 
· Down-select among option 1 and 2
· Option 1) The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index,  , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.
· FFS: supported values of the starting PRACH slot index  within reference slot and whether or not the ROs for a given PRACH configuration can span more than one PRACH slot if gaps between consecutive ROs are supported for LBT and/or beam switching purposes
· Option 2) Each 120kHz RO corresponds to 4 and 8 candidate RO positions for 480kHz and 960kHz PRACH, respectively. Information about the number and locations of 480/960kHz candidate RO(s) are configured or pre-selected within each 120kHz RO. The reference 120kHz RO is determined by the current PRACH configuration method in Rel-15/16 specification.
· Following alternatives are considered on PRACH density
· ALT 1) At least the same density (i.e. number of PRACH slots per reference slot) as for 120kHz PRACH in FR2 is supported
· FFS: support for higher PRACH slot density (number of PRACH slots per reference slot) 
· ALT 2) at least the same RO density (i.e. number of RO per reference slot) as for 120kHz PRACH in FR2 is supported 
· FFS: support for higher RO density
· An “example” illustration of PRACH slots for 480/960kHz is shown below:
[image: ]
· FFS: whether and how to account for LBT in RO configuration (if needed)
· FFS: whether and how to account for beam switching gap in RO configuration (if needed)

We prefer to reuse the Rel 16 reference slot duration of 60 kHz SCS, where the PRACH slot index   corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot. The 120 kHz RO is determined by the current PRACH Rel-15/16 specifications for FR2-1 (Table 6.3.3.2-4, TS 38.211). For higher SCS (480/960 kHz) we prefer to support gaps between consecutive RO to allow beam switching for LBT purposes.
Proposal 2: For the reference slot duration support Option 1.
For the PRACH density use the same PRACH slot density as for 120 kHz SCS. It is not expected a higher density of devices that would compete for channel access at higher SCS. Therefore, the density of PRACH on time unit (per frame) at 480/960 kHz SCS can be the same as for 120 kHz SCS, that is the ALT 1. In this case the latency is comparable with latency of PRACH @ 120 kHz SCS. The slot indices   will have corresponding values for instance for 480 kHz SCS will be {3,7}
Proposal 3: For PRACH slot density use the same density (i.e. number of PRACH slots per reference slot) as for 120kHz PRACH in FR2-1 is supported (ALT 1).
In RAN1#104-e most companies showed their support for having all available PRACH formats in 60GHz band.  RAN4 proposed that the minimum channel bandwidths are 100 MHz for SCS 120kHz, and 400 MHz for SCS 480kHz and 960kHz.
Higher SCS (480 kHz and 960 kHz) corresponds to shorter OFDM symbols and cyclic prefix (CP) (145ns and respective 72 ns), which make them suitable for deployments within smaller cells coverage that usually have small channel delay spreads (<40 ns). Therefore, it is preferable that only short sequence length to be supported for PRACH sequences at 480kHz and 960 kHz.  
Proposal 4:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, support 480 and 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.

Discussion on DBTW design and signaling 
During RAN1# 104b-e [4] it was agreed to support discovery burst (DB) for 60 GHz unlicensed band, the support for the while the discovery burst transmission window (DBTW) and additional details were left for FFS.
Agreement:
· For operation with shared spectrum channel access of NR 52.6 – 71 GHz, support discovery burst (DB) and define the DB same as in Rel-16 TS 37.213 [9] Section 4.0
· FFS: Support discovery burst transmission window (DBTW) at least for SSB with 120 kHz SCS with the following requirements
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· FFS: applicability of DBTW design for 120kHz to SSB with 480kHz and 960kHz SCS
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· FFS: details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· FFS: details of how to inform UEs of the configuration of DBTW

Discovery burst (DB) is defined for NR-U in TS 37.213 as a DL transmission burst including a set of signal(s) and/or channel(s) confined within a window and associated with a duty cycle. The DB consists of transmission(s) initiated by a gNB that includes at least an SS/PBCH block consisting of a primary synchronization signal (PSS), secondary synchronization signal (SSS), physical broadcast channel (PBCH) with associated demodulation reference signal (DM-RS) and may also include CORESET for PDCCH scheduling PDSCH with SIB1, and PDSCH carrying SIB1 and/or non-zero power CSI reference signals (CSI-RS).
For shared spectrum (<7 GHz) the SS/BCH transmissions are confined in a transmission window, named DBTW, that can take values in {0.5, 1, 2, 3, 4, 5} ms with the default value 5ms (half of frame), starting with the first symbol of the first half of frame. The duration of the discovery burst transmission window is provided per serving cell by DiscoveryBurst-WindowLength. During a DBTW, only a subset of SS/PBCH indexes, indicated by the bitmap ssb-PositionsInBurst, are selected for possible transmissions. Moreover, a NR-U UE assumes that SS/PBCH blocks in a serving cell that are within a same discovery burst transmission window or across discovery burst transmission windows are quasi co-located with respect to average gain, quasi co-location 'typeA' and 'typeD' properties.
For the cases without shared spectrum the transmissions of SS/PBCH are spread over a half-frame with SS/PBCH indexes provided by the symbol index where SS/PBCH are transmitted. UE assumes that all SS/PBCH indexes are transmitted. 
The DBTW was introduced to deal with possible LBT failures prior to SS/PBCH transmission. This solution offers additional flexibility for gNB to selectively broadcast SS/PBCH with particular indices and particular spatial filters. 
To decide on the DBTW applicability for higher SCS we need to consider the likelihood of LBT failure. It is expected that use of higher SCS, which are associated with wider bandwidth and higher throughput, to be attractive only when the channel contention is reduced, and wider bandwidth is available. These use cases make DBTW less necessary. 
Proposal 5: For 480/960 kHz SS/PBCH DBTW should not be supported.
For shared spectrum access in <7 GHz the CORESET#0, PDCCH SIB1 support the same SCS as the SCS for SS/PBCH. The subCarrierSpacingCommon field in MIB together with LSB of ssb-SubcarrierOffset TS 38.213 , Table 4.1-1, indicate the  value used determine an SS/PBCH block index according to  or according to  where  is the candidate SS/PBCH block index.
We propose to use a similar approach for beyond 52.6GHz initial channel access CORESET#0, PDCCH SIB1 SCS.
Proposal 6: In FR2-2 CORESET#0, PDCCH SIB1 support the same SCS as the SCS for SS/PBCH.
Under this proposal, the subCarrierSpacingCommon field in MIB will be available to be reused for other purposes.
In our view DBTW is not necessary for higher SCS, that is the SS/PBCH index is directly mapped to the transmission symbol index and therefore the MIB does not need to indicate  value.
For 120 kHz SS/PBCH SCS when using DBTW a smaller set of values for  should be considered for instance only three values instead of four e.g. {2,4,8}. In this case one value of combinations subCarrierSpacingCommon field and LSB of ssb-SubcarrierOffset may be reused to indicate the LBT disabled, case when DBTW will be also disabled.
In RAN1 #105-e [2] the group reached the following agreement on DBTW.
Agreement:
FFS: Support DBTW at least for 120kHz 
· FFS whether DBTW will be applicable for 480/960 kHz SSB SCS 
· If DBTW is supported for 480/960kHz SSB: 
· For the case agreed in RAN1 #104bis-e where 480/960 kHz SSB location and SCS are explicitly provided to the UE (non-initial access), indication of DBTW configuration (e.g. enable/disable of DBTW,  , and DBTW length) are supported by dedicated signaling.
· 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
· 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

Agreement:
If DBTW is supported,
· Working assumption: MIB signaling to support
· Alt A) indication of  at least for 120kHz SSB 
· 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

Both LBT and NoLBT modes for channel access will be supported as specified in the WI. It is preferable if the UEs are informed whether LBT or NoLBT modes are enabled prior to their initial channel access. The subCarrierSpacingCommon field can be used to indicate UE if the LBT mode is disabled when the default value is the LBT mode enabled for higher SCS cases.

Proposal 7: Support enabling and disabling LBT for channel access in shared spectrum, with LBT mode default enabled. Signal LBT disabled in the MIB. 
Proposal 8: For 480/960 kHz SS/PBCH SCS use the field subCarrierSpacingCommon to indicate LBT disabled.
As we noted above, combinations of subCarrierSpacingCommon and the LSB of ssb-SubcarrierOffset may be used for 120 kHz numerology to indicate LBT disabled as well as values for .
[bookmark: _Hlk78906336]Proposal 9: For 120 kHz SS/PBCH SCS use the field subCarrierSpacingCommon and the LSB of ssb-SubcarrierOffset to indicate the  , where one of the values indicates LBT disabled.  
In one of the above agreements, Option 3 proposes to use SIB1 DBTW length as the signaling of DBTW enabled/disabled. A straightforward way to indicate that DBTW is disable is to use DBTW zero length. Therefore, we propose to re-use the DBTW values introduced in Rel 16, where a value of zero indicates that DBTW is disabled. 
Proposal 10: Use the following DBTW lengths values 0.5, 1, 2, 3, 4, 5 msec. 
Proposal 11: For 120 kHz SS/PBCH SCS use DBTW zero length in SIB1 to indicate that DBTW is disabled.
Proposal 12: For 120kHz SSB the maximum number of candidate positions is 64.

Discussion on RACH procedure
Beyond 52.6 GHz WI specifies that both LBT and No LBT modes of initial channel access will be supported. When the LBT operation is required, some transmissions, such MSG1 may be exempt of LBT under the short control signaling exclusion.  Therefore, gNB should be able to signal a UE in the IDLE mode if the LBT is necessary during the RACH process and thereafter.
Proposal 13: If the UE RACH transmission can be LBT exempt under the short control signaling exclusion, support signaling to indicate UE that LBT is disabled or enabled for the RACH procedure.
If CSI-RSs are provided in the discovery burst, they may help for further beam refinement. For instance, if gNB transmit several CSI-RS signals with different spatial filters, a UE may measure the CSI-RSs and report to gNB the CSI-RS strengths in MSGA or MSG3. 
Proposal 14: Consider using CSI-RS presence in the discovery burst for possible ways to implement beam refinement during the initial channel access.  



[bookmark: _Ref129681832]Conclusion
Proposal 1: In 60 GHz shared spectrum band, where the LBT is enabled, allow a COT a gap between consecutive transmissions of at least one slot 480 kHz SCS duration (32us) without LBT.
Observation 1: RAN # 92 decided to support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB, which corresponds to Alt 2.
Proposal 2: For the reference slot duration support Option 1.
Proposal 3: For PRACH slot density use the same density (i.e. number of PRACH slots per reference slot) as for 120kHz PRACH in FR2-1 is supported (ALT 1).
Proposal 4:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, support 480 and 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.

Proposal 5: For 480/960 kHz SS/PBCH DBTW should not be supported.
Proposal 6: In FR2-2 CORESET#0, PDCCH SIB1 support the same SCS as the SCS for SS/PBCH.
Proposal 7: Support enabling and disabling LBT for channel access in shared spectrum, with LBT mode default enabled. Signal LBT disabled in the MIB. 
Proposal 8: For 480/960 kHz SS/PBCH SCS use the field subCarrierSpacingCommon to indicate LBT disabled.
Proposal 9: For 120 kHz SS/PBCH SCS use the field subCarrierSpacingCommon and the LSB of ssb-SubcarrierOffset to indicate the  , where one of the values indicates LBT disabled.  
Proposal 10: Use the following DBTW lengths values 0.5, 1, 2, 3, 4, 5 msec. 
Proposal 11: For 120 kHz SS/PBCH SCS use DBTW zero length in SIB1 to indicate that DBTW is disabled.
Proposal 12: For 120kHz SSB the maximum number of candidate positions is 64.
Proposal 13: If the UE RACH transmission can be LBT exempt under the short control signaling exclusion, support signaling to indicate UE that LBT is disabled or enabled for the RACH procedure.
Proposal 14: Consider using CSI-RS presence in the discovery burst for possible ways to implement beam refinement during the initial channel access.  
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