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1. Introduction
In RAN#90-e meeting, the WID[1] for extending current NR operation to 71 GHz was agreed. And regarding physical layer aspects, the objectives identified in the WID are as below. Following the guidance, this contribution would like to discuss initial access for extending NR operation to 71 GHz, mainly focusing on SCS for SSB, PRACH and initial BWP, and RO configuration for non-consecutive ROs in time domain.
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, 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 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, 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 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [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: _Hlk60758753][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 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.


2. Discussion
2.1. SCS for SSB and PRACH
According to the WID, 120kHz SCS is supported for SSB. Whether to support additional SCS among 240/480/960kHz for SSB is for further study. 
	· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.


Among the candidate additional SCS, 240kHz is supported for SSB in the current FR2 and the corresponding design of SSB pattern and multiplexing with RMSI could be reused as much as possible, so the standardization effort to support 240kHz may be less than that for 480kHz and 960kHz. 
However, in our understanding, the most important benefit/motivation of support additional SSB SCS is to enable operation with single numerology when the SCS applied for the other signals/channels is not 120kHz, at least for connected UEs. From this point of view, since 240kHz is not supported for the other signals/channels, it could be ruled out first. And 480kHz and 960kHz could be supported at least for the cases other than initial access.
For SSB for the case of initial access, further discussion is in section 2.2.
[bookmark: _Hlk60833317]Proposal 1: Do not support 240kHz for SSB for the new frequency range (52.6~71GHz).
Proposal 2: In addition to 120kHz, support 480 kHz and 960 kHz for SSB at least for the cases other than initial access.
In Rel-15 and Rel-16, SCSs supported for PRACH are same as the SCSs supported for data and control channels. As per the WID, it was agreed to support 120kHz, 480kHz and 960kHz for data and control channels. Therefore, following the principle in Rel-15 and Rel-16, 120kHz, 480kHz and 960kHz could be supported for PRACH.
For PRACH for the case of initial access, further discussion is in section 2.2.
Proposal 3: In addition to 120kHz, support 480kHz and 960kHz for PRACH at least for the cases other than initial access.
2.2 Initial access related signals/channels
SSB for initial access
In Rel-15, 100MHz of UE minimum bandwidth is assumed for initial access design. For the current FR2, the maximum mandatory bandwidth of normal UEs is 200MHz. In addition, as per agreements in the last RAN1 meeting, the maximum mandatory bandwidth of FR2 RedCap UEs is 100MHz. 
	Agreements:
Working assumption: Support that the maximum bandwidth of an FR2 RedCap UE is 100 MHz during initial access and 100MHz after initial access.
Agreements (see R1-2009651 for the TPs)
…
· Confirm the working assumption: Support that the maximum bandwidth of an FR2 RedCap UE is 100 MHz during initial access and 100MHz after initial access.


Assuming the maximum mandatory bandwidth as for the current FR2, a UE may not be able to receive SSB with 480kHz and/or 960kHz SCS. For example, the normal UEs may not be able to receive the SSB with 960kHz SCS as the BW of the SSB is larger than 200MHz. And the RedCap UEs could not receive the SSB with 480kHz or 960kHz as the BW of the SSB is larger than 100MHz.
However, at the current stage, the minimum channel bandwidth (50MHz or 400MHz) for the new frequency range (52.6~71GHz) is unclear, let along the maximum mandatory bandwidth of UE. It seems premature for RAN1 to make the decision on SCS for SSB for initial access. In addition, the minimum channel bandwidth and maximum mandatory bandwidth of UE are also related to other signals/channels for initial access as discussed below. For further study on initial access, RAN1 can send LS to RAN4 asking about at least the minimum channel BW (50MHz or 400MHz) and the maximum mandatory bandwidth of UE (including RedCap UE if it should be considered), or wait for the progress in RAN4.
Based on the considerations above, we have the following proposals.
Proposal 4: For further study on initial access for the new frequency range (52.6~71GHz), it should be clarified whether to consider RedCap UE.
Proposal 5: For further study on initial access for the new frequency range (52.6~71GHz), RAN1 can send LS to RAN4 asking about at least the minimum channel BW (50MHz or 400MHz) and the maximum mandatory bandwidth of UE (including RedCap UE if it should be considered), or wait for the progress in RAN4.
Proposal 6: Further discuss SCS of SSB for initial access at least considering maximum mandatory bandwidth of UE.
· If the maximum mandatory bandwidth of UE is as for the current FR2 and RedCap UE should be considered for the new frequency range, neither of 480kHz and 960kHz can be supported.
· If the maximum mandatory bandwidth of UE is as for the current FR2 and RedCap UE should not be considered for the new frequency range, 480kHz can be supported.
· If the maximum mandatory bandwidth of UE is 400MHz, 480kHz and/or 960kHz can be supported.
PRACH for initial access
It was agreed to specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151). L=139 is supported in the current FR2, and the motivation of support L=571 and L=1151 is mainly to enable higher transmit power under PSD requirement in some regions (e.g. PSD= 23dBm/MHz (EIRP), max. radiated power = 40dBm).
	· 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.


Similar as the discussion on SSB for initial access, if assume the maximum mandatory bandwidth as for the current FR2, a UE may not be able to transmit PRACH for some combinations of SCS and sequence length. The corresponding BW of PRACH for each pair of PRACH SCS and PRACH sequence length are as shown in table 1. For example, normal UEs may not be able to transmit PRACH with BW larger than 200MHz, and RedCap UEs would not be able to transmit PRACH with BW larger than 100MHz.
Table 1: BW of PRACH for combinations of SCS and sequence length
	
	SCS=120kHz
	SCS=480kHz
	SCS=960kHz

	L=139
	16.68MHz
	66.72MHz
	133.44MHz

	L=571
	68.52MHz
	274.08MHz
	548.16MHz

	L=1157
	138.84MHz
	555.36MHz
	1110.72MHz


Proposal 7: Select combinations of SCS and sequence length for PRACH for initial access at least considering maximum mandatory bandwidth of UE.
· If the maximum mandatory bandwidth of UE is as for the current FR2 and RedCap UE should be considered for the new frequency range, only consider the combinations with BW not larger than 100MHz, i.e. (L=139, SCS=120kHz), (L=139, SCS=480kHz), and (L=571, SCS=120kHz).
· If the maximum mandatory bandwidth of UE is as for the current FR2 and RedCap UE should not be considered for the new frequency range, only consider the combinations with BW not larger than 200MHz, i.e. (L=139, SCS=120kHz), (L=139, SCS=480kHz), (L=139, SCS=960kHz), (L=571, SCS=120kHz) and (L=1157, SCS=120kHz).
· If the maximum mandatory bandwidth of UE is 400MHz, only consider the combinations with BW not larger than 400MHz, i.e. (L=139, SCS=120kHz), (L=139, SCS=480kHz), (L=139, SCS=960kHz), (L=571, SCS=120kHz), (L=571, SCS=480kHz), and (L=1157, SCS=120kHz).

Initial BWP
Currently, only (120kHz SSB, 120kHz initial BWP) is agreed to be supported for the new frequency range. Whether to support 480kHz and/or 960kHz for initial BWP needs further discussion.
	· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.


In our understanding, it is to some extent depending on the supported SCS of SSB for initial access. If 480kHz and/or 960kHz is not supported for SSB for initial access, we do not see a strong motivation to support 480kHz and/or 960kHz for initial BWP. On the contrary, it would require extra effort to design multiplexing between SSB and RMSI, and there would be RMSI capacity issue given the limited minimum channel bandwidth and maximum mandatory bandwidth as for the current FR2. 
If 480kHz and/or 960kHz is supported for SSB for initial access, it seems straight forward to support same SCS for initial BWP. But more discussion may be needed considering RMSI capacity.
Proposal 8: 480kHz and/or 960kHz SCS for initial BWP can be supported only if 480kHz and/or 960kHz SCS is supported for SSB for initial access.
2.3 RO configuration for non-consecutive ROs in time domain
Among the combinations of SCS and sequence length for PRACH in Table 1, only (L=139, SCS=120kHz) is supported in Rel-15 and Rel-16. That means the RO configuration shall be discussed at least for supporting the configuration of the new combinations of SCS and sequence length. Meanwhile, as indicated in the WID, RO configuration for non-consecutive RO in time domain should be studied. 
	· 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.


RO configuration for non-consecutive ROs in time domain was discussed in NR-U, considering that LBT for a PRACH transmission for a UE may fail due to the previous PRACH transmission from another UE in same PRACH slot. For NR-U, only 15kHz and 30kHz are supported. For this high frequency range (52.6~71GHz), the SCS is 120kHz or larger. As the SCS increases, the potential blocking issue would be severer since the duration of LBT would be longer in terms of number of symbols. For example, for 120kHz or larger SCS, LBT for a PRACH transmission may fail due to any of previous 2 or more PRACH transmissions from other UEs. Therefore, for the high frequency range (52.6~71GHz), it would be necessary to support RO configuration for non-consecutive ROs in time domain. 
Proposal 9: Support RO configuration for non-consecutive ROs in time domain. 
3. Conclusion
According to the discussions above, we have the following proposals.
Proposal 1: Do not support 240kHz for SSB for the new frequency range (52.6~71GHz).
Proposal 2: In addition to 120kHz, support 480 kHz and 960 kHz for SSB at least for the cases other than initial access.
Proposal 3: In addition to 120kHz, support 480kHz and 960kHz for PRACH at least for the cases other than initial access.
Proposal 4: For further study on initial access for the new frequency range (52.6~71GHz), it should be clarified whether to consider RedCap UE.
Proposal 5: For further study on initial access for the new frequency range (52.6~71GHz), RAN1 can send LS to RAN4 asking about at least the minimum channel BW (50MHz or 400MHz) and the maximum mandatory bandwidth of UE (including RedCap UE if it should be considered), or wait for the progress in RAN4.
Proposal 6: Further discuss SCS of SSB for initial access at least considering maximum mandatory bandwidth of UE.
· If the maximum mandatory bandwidth of UE is as for the current FR2 and RedCap UE should be considered for the new frequency range, neither of 480kHz and 960kHz can be supported.
· If the maximum mandatory bandwidth of UE is as for the current FR2 and RedCap UE should not be considered for the new frequency range, 480kHz can be supported.
· If the maximum mandatory bandwidth of UE is 400MHz, 480kHz and/or 960kHz can be supported.
Proposal 7: Select combinations of SCS and sequence length of PRACH for initial access at least considering maximum mandatory bandwidth of UE.
· If the maximum mandatory bandwidth of UE is as for the current FR2 and RedCap UE should be considered for the new frequency range, only consider the combinations with BW not larger than 100MHz, i.e. (L=139, SCS=120kHz), (L=139, SCS=480kHz), and (L=571, SCS=120kHz).
· If the maximum mandatory bandwidth of UE is as for the current FR2 and RedCap UE should not be considered for the new frequency range, only consider the combinations with BW not larger than 200MHz, i.e. (L=139, SCS=120kHz), (L=139, SCS=480kHz), (L=139, SCS=960kHz), (L=571, SCS=120kHz) and (L=1157, SCS=120kHz).
· If the maximum mandatory bandwidth of UE is 400MHz, only consider the combinations with BW not larger than 400MHz, i.e. (L=139, SCS=120kHz), (L=139, SCS=480kHz), (L=139, SCS=960kHz), (L=571, SCS=120kHz), (L=571, SCS=480kHz), and (L=1157, SCS=120kHz).
Proposal 8: 480kHz and/or 960kHz SCS for initial BWP can be supported only if 480kHz and/or 960kHz SCS is supported for SSB for initial access.
Proposal 9: Support RO configuration for non-consecutive ROs in time domain. 
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