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1. Introduction
The updated WI [1] to support NR operation above 52.6 GHz up to 71 GHz was endorsed in RAN#90-e and contains the following objectives related to initial access aspects.
	· [bookmark: _Hlk26996217]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.
· [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 


In this contribution, we discuss and provide views on SS/PBCH block, initial BWP, and PRACH, to support NR in high frequency range from 52.6 GHz to 71 GHz (simply denoted as “FR-X” hereafter).

2. SS/PBCH block
In addition to 120 kHz SCS SS/PBCH block that was agreed in RAN#90-e, it should be discussed which SCS can be supported for SS/PBCH block. Considering that FR2 already supports both of 120 kHz and 240 kHz as SCS for SS/PBCH block, extending applicability of 240 kHz SCS SS/PBCH block to FR-X must be the natural choice. One of advantages of allowing 240 kHz SCS for SS/PBCH block in FR-X is that UE’s complexity for integer CFO compensation can be reduced, compared to 120 kHz SCS based SS/PBCH block.

Proposal #1: Support 240 kHz SCS for SS/PBCH block in frequency range from 52.6 GHz to 71 GHz.

For SS/PBCH block with 480 and/or 960 kHz SCS, there could be the following three alternatives.
· Alt 1: Support SS/PBCH block with 480 and/or 960 kHz SCS for all cases
· Alt 2: Support SS/PBCH block with 480 and/or 960 kHz SCS for cases other than initial access
· Alt 3: Do not support SS/PBCH block with 480 and/or 960 kHz SCS for any case

Alt 1 mandates initial access UE to implement 480/960 kHz SS/PBCH block reception, even though it was agreed that UEs supporting FR-X are not required to support 480 kHz SCS and 960 kHz SCS. This may impose the huge burden for UE implantation. However, if Alt 1 is adopted due to simple UE behaviour of a single numerology, only the same numerology between SS/PBCH block and initial access related signals/channels in initial BWP should be considered. Furthermore, it would be reasonable to minimize specification impact by applying one of existing SS/PBCH cases among which Case A or C (SS/PBCH block index n in symbol 2/3/4/5 and index n+1 in symbol 8/9/10/11 for the same slot) is preferable considering beam switching time between SS/PBCH blocks.

Alt 2 does not require UE incapable of 480/960 kHz to implement 480/960 kHz SS/PBCH block reception during initial access, but may necessitate SS/PBCH block configuration per BWP in a serving cell. As depicted in Figure 1, a UE can access the cell by using 120 kHz SS/PBCH block, and if the UE is capable of 480 kHz SCS then it can be configured with dedicated BWP of 480 kHz where 480 kHz SS/PBCH blocks are transmitted. Since 480/960 kHz SS/PBCH block shall not contain CORESET#0 and type0-PDCCH CSS set configurations with 480/960 kHz SCS for this alternative, UE should change numerology to move to initial BWP in order to read SIB1 (e.g., caused by SIB modification), but it can happen intermittently. If Alt 2 is adopted due to simplified initial access procedure, only the same numerology (between SS/PBCH block and initial access related signals/channels in initial BWP) and reuse of legacy SS/PBCH block pattern (e.g., SS/PBCH block Case A or C) should be considered, similar to Alt 1. Furthermore, if 480 or 960 kHz SS/PBCH block can be used for hand-over or neighbour cell RRM measurement, PBCH may need to contain frame boundary related information especially for asynchronous deployment scenario. Additionally, if 480 or 960 kHz SS/PBCH block can be used for the purpose of ANR, PBCH may need to include information on 120 kHz SCS SS/PBCH block and/or corresponding SIB1 PDCCH configurations.

[image: ]
Figure 1. Exemplary illustration of Alt 2

For Alt 3, one could indicate the potential problem that a UE may frequently change numerology e.g., to perform SS/PBCH block based RRM measurement if the UE is operating on BWP with 480 or 960 kHz SCS. However, CSI-RS can be an alternative of SS/PBCH block in most use cases such as radio link monitoring, beam failure detection, candidate beam detection, RRM measurement, beam management and so on. Thus, UE operating on BWP with 480 or 960 kHz SCS does not need to switch numerology if CSI-RS is configured for those use cases. It would be obvious that UE should change numerology to move to initial BWP in order to read SIB1 (e.g., caused by SIB modification), but this is the same with Alt 2. Moreover, Alt 3 does not require any further specification impact, thus, Alt 3 is preferred.

Proposal #2: For SS/PBCH block with 480 and/or 960 kHz SCS, the following three alternatives can be taken into account and Alt 3 is preferred considering no specification impact and CSI-RS as an alternative of SS/PBCH block in most use cases.
· Alt 1: Support SS/PBCH block with 480 and/or 960 kHz SCS for all cases
· Alt 2: Support SS/PBCH block with 480 and/or 960 kHz SCS for cases other than initial access
· Alt 3: Do not support SS/PBCH block with 480 and/or 960 kHz SCS for any case

3. PRACH
Based on the regulatory requirements such as the maximum power spectral density (PSD) limit of 23 dBm/MHz and the maximum output power limit of 40 dBm in ETSI EN 302 567, the minimum required number of PRBs in order to transmit a PRACH to the maximum allowed output power can be calculated as below for each subcarrier spacing in FR-X.

Table 1: The number of PRBs to achieve the maximum allowed output power for each subcarrier spacing
	SCS (kHz)
	1 PRB BW (MHz)
	1 PRB TX power (dBm)
	# of PRBs
	Total Tx power (dBm)

	120
	1.44
	24.58
	34
	39.89

	
	
	
	35
	40.02

	480
	5.76
	30.60
	8
	39.63

	
	
	
	9
	40.14

	960
	11.52
	33.61
	4
	39.63

	
	
	
	5
	40.60



According to Table 1, the PRACH can be transmitted with the maximum allowed output power as long as the length of the PRACH preamble sequence is at least 420 (since 35 PRBs can be converted to 420 REs) for the 120 kHz subcarrier spacing. It means that the length of 571 PRACH sequence can be supported for 120 kHz subcarrier spacing and the length of 139 PRACH sequence can be supported for 480 and 960 kHz subcarrier spacing considering the regulatory requirements in ETSI EN 302 567. 
Considering the maximum peak conducted power depends on the transmission bandwidth in the FCC regulation (i.e., 27 dBm for BW > 100MHz, and {500mW × emission-BW / 100MHz} for BW < 100 MHz), the length of 1151 PRACH sequence for 120 kHz and the length of 571 PRACH sequence for 480/960 kHz subcarrier spacing can also be supported, respectively, but it needs to clarify whether all of these lengths (i.e., L=139, 571, and 1151) of PRACH sequence are required in the licensed band where regulatory requirements are not defined on PSD limit.
However, there are other consideration points in addition to the PRACH sequence length in the 480 kHz and 960 kHz subcarrier spacing. Since the existing RA-RNTI was designed for a 10ms window, it should be noted that the number of slots in the 960 kHz subcarrier spacing is too large to cover all slots with the existing RNTI (i.e., it exceeds the range that can be expressed by 16-bits). Moreover, if the new subcarrier spacing (i.e., 480/960 kHz) is supported for PRACH, a rule for determining RACH slot with high SCS such as 480/960 kHz is to be considered by reusing current RACH slot configuration table but re-interpreting RACH slot index.

Proposal #3: The PRACH sequence lengths (i.e., L=139, L=571 and L=1151) can be supported for 120 kHz considering the regulatory requirements in the unlicensed band but it needs to clarify whether all of these lengths of PRACH sequence are required in the licensed band where regulatory requirements are not defined on PSD limit.
Proposal #4: If 480 or 960 kHz subcarrier spacing is supported for PRACH, the corresponding PRACH sequence length can be L=139 and/or L=571, and the following FFS points can be considered: 
· How to express slot indexes within the 10ms window for 960 kHz subcarrier spacing PRACH by using existing 16 bits RA-RNTI
· How to configure RACH slot for 480 or 960 kHz subcarrier spacing PRACH

There were many discussions on the support for RO configuration for non-consecutive RACH occasions (ROs) in time domain for operation in shared spectrum. The motivation of non-consecutive ROs is to provide the LBT gap between ROs. In Rel-16 NR-U, the solutions were proposed to create a gap between ROs using only the even or odd the RO or by inserting the symbol-level gap. However, the solution using only the even or odd RO may create larger gap than necessary considering the time units required for LBT in FR-X. Since smaller gap is better in terms of RO capacity, inserting CCA gap between adjacent ROs in time domain by X usec or Y symbol(s) is preferred.

Proposal #5: When LBT is used to transmit the PRACH preamble, consider to insert CCA gap between adjacent RACH occasions in time domain (e.g. X usec or Y symbol) to avoid inter-UE LBT blocking due to the propagation delay of PRACH transmitted in an earlier RO.

4. Conclusions
In this contribution, we discussed SS/PBCH block, initial BWP, and PRACH to support NR in high frequency range (FR-X) from 52.6 GHz to 71 GHz, and the followings were proposed.
Proposal #1: Support 240 kHz SCS for SS/PBCH block in frequency range from 52.6 GHz to 71 GHz.
Proposal #2: For SS/PBCH block with 480 and/or 960 kHz SCS, the following three alternatives can be taken into account and Alt 3 is preferred considering no specification impact and CSI-RS as an alternative of SS/PBCH block in most use cases.
· Alt 1: Support SS/PBCH block with 480 and/or 960 kHz SCS for all cases
· Alt 2: Support SS/PBCH block with 480 and/or 960 kHz SCS for cases other than initial access
· Alt 3: Do not support SS/PBCH block with 480 and/or 960 kHz SCS for any case

Proposal #3: The PRACH sequence lengths (i.e., L=139, L=571 and L=1151) can be supported for 120 kHz considering the regulatory requirements in the unlicensed band but it needs to clarify whether all of these lengths of PRACH sequence are required in the licensed band where regulatory requirements are not defined on PSD limit.
Proposal #4: If 480 or 960 kHz subcarrier spacing is supported for PRACH, the corresponding PRACH sequence length can be L=139 and/or L=571, and the following FFS points can be considered: 
· How to express slot indexes within the 10ms window for 960 kHz subcarrier spacing PRACH by using existing 16 bits RA-RNTI
· How to configure RACH slot for 480 or 960 kHz subcarrier spacing PRACH
Proposal #5: When LBT is used to transmit the PRACH preamble, consider to insert CCA gap between adjacent RACH occasions in time domain (e.g. X usec or Y symbol) to avoid inter-UE LBT blocking due to the propagation delay of PRACH transmitted in an earlier RO.
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