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1 Introduction
At TSG-RAN#90-e meeting, the WID was approved with the work scope related initial access aspects on supporting NR from 52.6GHz to 71GHz [1]. And it was discussed from the RAN1#104-e to the RAN1#105-e meeting to support several aspects such as beam switching and DL/UL switching gap, new SCSs for SSB and PRACH, discovery burst and window, and multiplexing of SSB with CORESET#0 for Type0-PDCCH and the followings were agreed [2]-[4]. At TSG-RAN#92-e meeting, the WID was revised with support of 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with some constraints [5].
	R1-2102073	[Draft] LS on beam switching gap for 60 GHz band	 Intel Corporation
Final LS endorsed in R1-2102202

Agreement at RAN#104-e meeting:
Send an LS to RAN4 to get input on gap required for gNBs and UEs for beam switching and for UL/DL and DL/UL switching.
Agreement at RAN#104-e meeting:
Whether or not to support 240 kHz, 480kHz and 960kHz SCS for SSB and the conditions under which SSB for 240 kHz, 480 kHz and 960 kHz may be supported will be decided no later than RAN1#104bis-e.
Agreement at RAN#104-e meeting:
For an unlicensed band that requires LBT, further study whether/how to support discovery burst (DB) and discovery burst transmission window (DBTW) at least for 120 kHz SSB SCS
· If DB supported 
· FFS: What signals/channels are included in DB other than SS/PBCH block
· If DBTW is supported
· 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.
· 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
· The following points are additionally FFS:
· How to indicate candidate SSB indices and QCL relation without exceeding limit on PBCH payload size
· Details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· Whether or not to support DBTW for SSB SCS(s) other than 120 kHz if other SSB SCS(s) are supported
Agreement at RAN#104-e meeting:
For CORESET#0 and Type0-PDCCH search space configured in MIB:
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz
· Support at least SSB and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, number of symbols (duration of CORESET#0) that are supported in Rel-15/16 for {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS = {120, 120} kHz.
· FFS: Supporting additional values
· FFS: Supported values for SSB to CORESET#0 offset RBs
· If 480kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz
· If 960 kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {960, 960} kHz
· If 240 kHz SSB SCS is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {240, 120} kHz
· FFS: any other combinations between one of SSB SCS (120, 240, 480, 960) and one of CORESET#0 SCS (120, 480, 960)
· FFS: initial timing resolution based on low SCS (120 kHz) and its impact on the performance of higher SCS (480/960 kHz)
Agreement at RAN#104-e meeting:
For 480 kHz and 960 kHz SSB SCS (if agreed)
· Study further on reserving symbol gap between SSB positions with different SSB index (and possibly between SSB position and other signal/channels)
· FFS: whether symbol gap is needed for only 960 kHz or both 480 and 960 kHz.
· Study further on reserving gap for UL/DL switching within the pattern accounting possibility for reserving UL transmission occasions in the SSB pattern
· Study should account for inputs from RAN4


Agreement at RAN#104b-e meeting:
For the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB
· Note: Strive to minimize specification impact due to the new SCS for SSB
Agreement at RAN#104b-e meeting:
· 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 37.213 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
Agreement at RAN#104b-e meeting:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For carrier frequencies within 52.6 GHz to 71GHz, support at least 𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· Other values of n (if any) are FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB

Agreement at RAN#105-e meeting:
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)

Agreement at RAN#105-e meeting:
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 at RAN#105-e meeting:
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

Agreement at TSG-RAN#92-e meeting (RP-211584- Approved)
· 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.



In this contribution, we discuss potential issues such as additional SCS (240kHz, 480kHz, 960kHz) for SSB, multiplexing of SSB with CORESET#0 for Type0-PDCCH for initial access related signals/channels in initial BWP, and discovery burst (DB)/discovery burst transmission window (DBTW) at least for 120kHz SSB SCS on supporting NR above 52.6GHz.

Discussion on initial access aspects for NR beyond 52.6GHz
Initial access signals and channels
As a numerology to support NR in a band above 52.6GHz, the additional SCS (240kHz, 480kHz, 960kHz) for SSB in addition to supporting 120kHz for SSB has been considered to study and specify if needed [1]. At the RAN1 #104b-e meeting, for non-initial access it was agreed to support 480 kHz and 960 kHz numerologies for the SSB. And for initial access, it was agreed at the TSG-RAN#92-e meeting to support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with some constraints [5]. For SS/PBCH block with a new numerology such as 480kHz and 960kHz SCS which is not used in the existing NR, the SS/PBCH block pattern in the time domain needs to be newly designed based on the new numerology in terms of initial access signal and channel. At the RAN1#105-e meeting, there were two alternatives for SS/PBCH block pattern in time domain. 
· 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
Extending the SS/PBCH block under subcarrier spacings of 120 kHz and 240 kHz, which are currently supported in FR2, to an NR system using a band above 52.6GHz may be one promising candidate. However, the time gap for a beam switching needs to be considered in the SS/PBCH block pattern design. 
In the case of FR2 of the NR system, due to the fact that the beam switching within the CP for multi-beam operation is possible for the worst case ( < 100 ns) of beam switching time according to RAN4’s investigation of the beam switching from TS 38.817-02 [3], SS/PBCH blocks with different SSB indices as the SSB pattern in time domain are defined to allow its sequential allocation in the time domain. However, in NR system using a band of 52.6 GHz or higher, since introduction of high subcarrier spacing such as 480kHz and 960kHz SCS was agreed for at least non-initial access, and 480kHz SCS even for initial access which implies that the length of the CP is scaled to be automatically reduced, the new SSB pattern design in time domain needs to be further considered by taking into account the RF interruption time for Tx. beam switching. Especially, for subcarrier spacing of 960kHz, the CP length might be about 73.24ns as a normal CP and it cannot cover the worst case ( < 100 ns) of beam switching time within a CP. If extended CP is not considered in NR system for a band 52.6GHz or higher, at least one symbol gap in time domain between SS/PBCH blocks with different SSB index is required. In addition, considering that NR in a band above 52.6GHz can be used in an unlicensed spectrum, it would be necessary to design a new SSB pattern in the time domain with a consideration of the LBT gap between successive beam transmissions. Therefore, at least one symbol gap in time domain between one or multiple of SS/PBCH blocks with different SSB index should be considered for higher subcarrier spacing in order to accommodate a beam switching gap due to a RF interruption time of Tx/Rx beams and/or LBT gap in unlicensed spectrum. From those perspectives, we prefer to have Alt-1 of two alternatives for SS/PBCH block pattern in time domain, which is able to introduce at least a RF interruption time of Tx/Rx beams and/or LBT gap in unlicensed spectrum between different slots.
· Proposal 1: At least one symbol gap in time domain between SS/PBCH blocks with different SSB indices should be considered for higher subcarrier spacing by taking a beam switching gap into account due to a RF interruption time of Tx/Rx beams and/or LBT gap in unlicensed spectrum.
· Proposal 2: We prefer to have Alt-1 of two alternatives for SS/PBCH block pattern in time domain
· 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
In addition, since NR in a band above 52.6GHz can be used in an unlicensed spectrum, it may need to be designed so that it can be closely located without the gap between SSB and CORESET#0/RMSI in order not to allow in-between channel access operation in the unlicensed band. Therefore, we propose that SS/PBCH block and CORESET#0/RMSI can be multiplexed in TDM/FDM within a slot considering multi-beam operation. And it may need to be designed so that it can be closely located without the gap between SSB and CORESET#0/RMSI in unlicensed band.
· Proposal 3: We propose that SS/PBCH block and CORESET#0/RMSI can be multiplexed in TDM/FDM within a slot considering multi-beam operation and it can be closely located without the gap between SSB and CORESET#0/RMSI for not allowing any in-between channel access operation in the unlicensed band.

From RAN1#104-e to RAN1#105-e meeting, it was agreed to further study whether/how to support discovery burst (DB) and discovery burst transmission window (DBTW) at least for 120kHz SCS which is at least one of supported SCSs for NR operation from 52.6GHz to 71GHz. And it was agreed to support discovery burst (DB) and define the DB same as in Rel-16 37.213 Section 4.0 in the RAN1#104b-e meeting but it was FFS to support DBTW at least for SSB with 120 kHz SCS and it was also agreed not to increase PBCH payload size for FR2, duration of DBTW (i.e., 5ms), and the number of PBCH DMRS sequences for FR2. Above all, when considering LBT for the unlicensed band of 60GHz, as in NR-U, to compensate for the transmission of SS/PBCH block that could not be transmitted due to LBT failure, it seems beneficial to introduce discovery burst transmission window (DBTW) which makes it possible to define candidate SSB positions within the DBTW at least for 120kHz. 
· Proposal 4: We propose to support discovery burst transmission window (DBTW) for at least 120kHz SCS which makes it possible to define candidate SSB positions within the DBTW with support of DB which was already agreed.
If DBTW is agreed to support at least for 120kHz SSB SCS, how to define the candidate SSB positions and how to indicate candidate SSB indices and QCL relationship was discussed at the RAN1#105-e meeting. Initially, for a half-frame with SS/PBCH blocks of at least 120kHz SCS, in order to maintain commonality and minimum of specification impacts for NR operation in both licensed band and an unlicensed band of 60GHz, it was agreed in the previous RAN1#104b-e meeting not to change the first symbol indexes for candidate SS/PBCH blocks which are determined according to the SCS of SS/PBCH blocks as defined in FR2 and not to change SSB pattern with 120kHz SCS within a slot. And other values of n (if any) was FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB as below.
	Agreement at RAN#104b-e meeting:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For carrier frequencies within 52.6 GHz to 71GHz, support at least 𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
Other values of n (if any) are FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB



Under this assumption above, we should further discuss how to define the candidate SSB locations in case of 120kHz SSB SCS and how to define or support additional n value. To compensate for the transmission of SS/PBCH block that could not be transmitted due to LBT failure, the additional candidate SS/PBCH block locations within a DBTW can be set to the closest slot locations after LBT failure at candidate SS/PBCH blocks locations as defined in FR2, as shown in Figure 1. 
[image: ]
Figure 1. Candidate SSB locations within a slot and within a DBTW for SSB with 120kHz SCS
This might be one of examples for defining additional candidate SSB locations within a DBTW when considering that discovery burst including at least SS/PBCH blocks. Also, for indicating candidate SSB indices and QCL relationship in case 120kHz SSB SCS, implicit indication should be considered similar to NR-U since RAN1 agreed not to exceed limit on PBCH payload size in the previous RAN1#104b-e meeting. 
· Proposal 5: It should be further considered that the additional candidate SS/PBCH block locations within a DBTW can be set to the closest slot locations after LBT failure at candidate SS/PBCH blocks locations as defined in FR2.

Conclusion
In this contribution, we have discussed potential physical layer impact of higher subcarrier spacing regarding initial access signals and channels in NR system above 52.6GHz. As a conclusion, we summarize our views regarding SS/PBCH pattern in time domain and discovery burst transmission window (DBTW) for at least 120kHz SCS as follows:
· Proposal 1: At least one symbol gap in time domain between SS/PBCH blocks with different SSB indices should be considered for higher subcarrier spacing by taking a beam switching gap into account due to a RF interruption time of Tx/Rx beams and/or LBT gap in unlicensed spectrum.
· Proposal 2: We prefer to have Alt-1 of two alternatives for SS/PBCH block pattern in time domain
· 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
· Proposal 3: We propose that SS/PBCH block and CORESET#0/RMSI can be multiplexed in TDM/FDM within a slot considering multi-beam operation and it can be closely located without the gap between SSB and CORESET#0/RMSI for not allowing any in-between channel access operation in the unlicensed band.
· Proposal 4: We propose to support discovery burst transmission window (DBTW) for at least 120kHz SCS which makes it possible to define candidate SSB positions within the DBTW with support of DB which was already agreed.
· Proposal 5: It should be further considered that the additional candidate SS/PBCH block locations within a DBTW can be set to the closest slot locations after LBT failure at candidate SS/PBCH blocks locations as defined in FR2.
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