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1 Introduction
At RAN#90-e meeting, the WID was approved with the following work scope related enhancement of PUCCH format 0/1/4 on supporting NR from 52.6GHz to 71GHz [1].
	WID [RP-202925] approved at TSG-RAN#90-e meeting
According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives:
· Physical layer aspects including [RAN1]:
· 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. 
Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· …
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation. 
· …


In this contribution, we discuss PUCCH enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation for operation in shared spectrum.

Discussion on enhancement for PUCCH format 0/1/4 for NR beyond 52.6GHz
For operation in shared spectrum, interlaced design for PUSCH was specified in LAA and interlaced design for PUCCH/PUSCH was specified in NR-U to be satisfied with both OCB requirement and compensation of PSD limitation per MHz. However, as agreed and discussed in study item on supporting NR above 52.6GHz on OCB requirement [2], 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. From that perspectives, the PSD limitation rather than OCB requirement should be further essentially considered especially for PUCCH design to compensate for coverage limitation. 
Under the LAA/NR-U in 5GHz/6GHz shared spectrum, interlaced design for PUCCH/PUSCH can obtain results that satisfies the OCB requirement with the power boosting gain to overcome the PSD limitation since bandwidth to be occupied by 1-RB size for 15kHz, 30kHz is less than 1MHz. However, in 60GHz shared spectrum, the bandwidth by 1-RB size for the new numerologies, i.e., 480kHz and 960kHz occupies far more than the 1MHz PSD measurement resolution BW. Therefore, it may not be beneficial to obtain power boosting gain to overcome the PSD limitation per MHz by applying the interlaced design used for NR-U to 60GHz as it is.
· Proposal 1: The interlaced design for PUCCH format 0/1/4 seems not necessary to apply to 60GHz unlicensed spectrum from the perspective of power boosting.
According to the regulation in most regions, PSD constraint of 23dBm/MHz can be used. For example, PSD limitation of 23dBm/MHz is required in c1/c2 according to CEPT while significantly lower limit of 13dBm/MHz is required in Korea. The maximum EIRP for 1-PRB/2-PRB allocation for new numerologies (i.e., 120kHz, 480kHz, 960kHz) for control channel under the 23dBm/MHz and 13dBm/MHz PSD limit can be shown in Table 1. Under maximum EIRP limitation by the regulation, the maximum EIRP can be increased by allocating more RBs for PUCCH using new numerology.
Table 1. The maximum EIRP for 1-PRB/2-PRB allocation for new numerologies according to PSD limit
	Maximum EIRP for 1 PRB allocation for 23 dBm/MHz and 13 dBm/MHz PSD limits

	SCS(kHz)
	BW(MHz)
	Max EIRP with PSD limit of 23dBm/MHz [dBm]
	Max EIRP with PSD limit of 13dBm/MHz [dBm]

	120
	1.44
	24.6
	14.6

	480
	5.76
	30.6
	20.6

	960
	11.52
	33.6
	23.6

	Maximum EIRP for 2 PRBs allocation for 23 dBm/MHz and 13 dBm/MHz PSD limits

	SCS(kHz)
	BW(MHz)
	Max EIRP with PSD limit  of 23dBm/MHz [dBm]
	Max EIRP with PSD limit  of 13dBm/MHz [dBm]

	120
	2.88
	27.6
	17.6

	480
	11.52
	33.6
	23.6

	960
	23.04
	36.6
	26.6



As frequency domain repetition or extension is further studied for sequence based PUCCH format 0/1, it can further consider coherent bandwidth according to the channel delay spread to be commonly simulated in study item phase. For 20ns/40ns delay spread case, the coherent BW of 50% might approximately be 10MHz/5MHz. Considering 1-RB size is equal to 5.76MHz / 11.52MHz for 480kHz / 960kHz respectively, it seems undesirable to apply for sequence based PUCCH formats 0/1 by extending sequence in frequency domain with the length of more than 1-RB size since the channel should be assumed to be almost flat for the channel estimation by a gNB. Therefore, time and frequency domain repetition rather than extension in freq. domain using long sequence for enhancement of sequence based PUCCH format 0/1/4 by taking into account coherent time and coherent bandwidth for the new numerologies 480kHz and 960kHz should be further investigated to compensate for PSD limitation per MHz in 60GHz shared spectrum operation.
· Proposal 2: For the case of sequence based PUCCH format 0/1, time/freq. domain repetition considering coherent bandwidth for the new numerologies 480kHz and 960kHz should be further investigated to compensate for PSD limitation per MHz in 60GHz unlicensed spectrum.

Conclusion
In this contribution, we have discussd PUCCH enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation for operation in shared spectrum on supporting NR system above 52.6GHz. As a conclusion, we summarize our view regarding PUCCH enhancement for PUCCH format 0/1/4 as follows:
· Proposal 1: The interlaced design for PUCCH format 0/1/4 seems not necessary to apply to 60GHz unlicensed spectrum from the perspective of power boosting.
· Proposal 2: For the case of sequence based PUCCH format 0/1, time/freq. domain repetition considering coherent bandwidth for the new numerologies 480kHz and 960kHz should be further investigated to compensate for PSD limitation per MHz in 60GHz unlicensed spectrum.
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