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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN#90-e meeting, the WID of extending current NR operation to 71GHz had been agreed. And the following Physical layer enhancement has been made: [1]
	· 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 timeing, 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: _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.



In RAN1#102-e meeting, the following agreements has been achieved: [2]
	Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.



In this contribution, we focus on the PUCCH enhancements in the 60GHz unlicensed band. 

[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]Discussion
For Rel-16 NR-U operation, interlaced transmission has been adopted for PUCCH and PUSCH in order to comply with OCB requirement and boost the transmission power under PSD constraint. However, neither of these motivations are valid in 60GHz unlicensed band. Regarding to OCB requirement, it is agreed that not all physical layer signal/channel transmission should comply with OCB requirement [2]. Therefore, the benefits of interlaced transmission to satisfy OCB requirement is questionable. Another benefit of interlaced transmission is power boosting, which is also not clear in 60GHz unlicensed band. Because there may be no room for power boosting due to larger SCS. For example, the bandwidth of one PRB with 120KHz SCS equals to 1.4MHz which is larger than the PSD limitation unit. Furthermore, the PSD constraint of 23 dBm/MHz can be used in most regions for the 60GHz unlicensed band. This means that the EIRP of 24.6dBm is allowed for one PRB with 120KHz SCS, which is larger than the maximum UE transmitting power. 
On the other hand, the PSD limitation required by South Korea is significantly lower than that required by Europe, which is only 13dBm/MHz. Due to one PRB allocation for PUCCH formats 0, 1, and 4, the transmission power of these formats are limited. And the coverage loss can also be anticipated. 
The maximum EIRP values for one PRB allocation is tabulated in Table 1 for different SCS values when 13 dBm/MHz PSD limitation is applied. It can be found from the table that the maximum allowed EIRP could be achieved by allocating more PRBs for PUCCH transmission. Therefore, the number of PRBs should be increased at least for PUCCH formats 0 and 1 during initial access, and before dedicated PUCCH configuration for 1 or 2 bit payloads.
Table 1. Maximum power of one PRB allocation when 13dBm/MHz PSD limitation apply
	SCS (KHz)
	Bandwidth of 1 PRB (MHz)
	Max EIRP with PSD limitation of 13 dBm/MHz (dBm)
	To archive max Tx power (23 dBm) at UE side (PRB numbers)

	120
	1.4
	14.6
	8

	480
	5.8
	20.6
	2

	960
	11.5
	23.6
	1



Proposal 1: Support contiguous multi-PRB allocation of PUCCH format 0 and format 1 to achieve higher transmit power when PSD limits apply.

As mentioned above, interlaced transmission is adopted for enhanced PUCCH transmission in Rel-16 NR-U. The enhanced PUCCH formats 0 and 1 are mapping to one full interlace in 20MHz. A length-12 Rel-15 PUCCH formats 0 and 1 sequence is mapped to each PRB of an interlace, and cyclic shifts are used across sequences to control PAPR [3]. Since the number of PRBs should be increased for PUCCH formats 0 and 1 in 60GHz unlicensed band, the mechanism of enhanced PUCCH formats 0 and 1 could be simply reused. E.g. the repetition of a length-12 Rel-15 PUCCH formats 0 and 1 sequence is mapped to each multi-PRB of PUCCH format 0 and 1. To further control the PAPR, a contiguous PRBs allocation should be used for the enhanced PUCCH formats 0 and 1 in 60GHz unlicensed band.
[bookmark: _GoBack]Proposal 2: Rel-16 NR-U enhanced PUCCH format 0 and 1 could be the start point for the enhancement of multi-PRB allocation PUCCH format 0 and 1.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the enhancement of PUCCH format 0 and 1 in 60GHz unlicensed band. Based on the discussion in section 2, we provide the following proposals.
Proposal 1: Support contiguous multi-PRB allocation of PUCCH format 0 and format 1 to achieve higher transmit power when PSD limits apply.
Proposal 2: Rel-16 NR-U enhanced PUCCH format 0 and 1 could be the start point for the enhancement of multi-PRB allocation PUCCH format 0 and 1.
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