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1. Introduction
Potential enhancement on UL transmission power, e.g., PUSCH, PUCCH, with regulation compliance for unlicensed operation has been discussed in the SI phase [1]. In particular, the PSD requirement according to CEPT and the maximum EIRP provide a chance for UL transmission power boosting by increasing the transmission bandwidth in some cases. For example, in the fixed outdoor deployment (c3), the PSD limit is 38dBm/MHz and the EIRP limit is 55 dBm. Also, FCC regulation specifies the maximum conducted power is 27 dBm and the transmission power limit will be scaled down from 27dBm when the transmission bandwidth is less than 100 MHz. Consequently, to improve the UL transmission power and comply with the unlicensed spectrum regulation, enhancement of PUCCH format 0/1/4 with increased number of RB from the RB resource allocation in Rel-15/16 has been identified as one of the objectives in WID during RAN #90e meeting [2]. Our views on this aspect is shown below.
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2. PUCCH format 0/1/4 enhancement
In Rel-16 sub 6GHz unlicensed band, PRB-based interlace resource allocation has been adopted for PUCCH/PUSH to comply with OCB requirement and boost transmission power by scattering the resource to fully utilize the PSD constraint. For single PRB PUCCH format 0 and 1, the length 12 PUCCH sequence is mapped to each RB within an interlace with RB based phase shift.  

In 52.6 GHz-71 GHz bands, the same PRB interlace allocation offers no power gain due to the large SCS. For example, a PRB with SCS=120, 480 or 960 kHz is already larger than 1MHz, which exceeds the PSD constraints unit. Hence, there is no room for power boosting from PRB interlace in the supported SCSs. Another interlace benefit on UE multiplexing is also questioned in the 52.6 GHz-71 GHz bands since fewer UEs will transmit in the same receiving direction at gNB side. Furthermore, OCB requirement in the target spectrum requires only one transmission mode to comply at transmitter side, the benefit of interlace transmission on satisfying OCB is also not clear.

As for sub-PRB interlace resource allocation, the power gain is either none or limited for large SCS. For SCS=960kHz, a single RE is already close to 1MHz. Even for SCS=480 kHz, the number of interlace will be just 2 within 1 MHz, and the corresponding power gains from sub-PRB interlace are relatively small compared to the sub 6GHz band scenarios where 10 and 5 interlaces are designed for 15 kHz and 30 kHz, respectively. Moreover, the specification efforts will be considerable for sub-PRB interlace since PRB is the basic resource allocation unit. 

On the other hand, interlace will scatter the resource allocation which increases UE burden on transmission without clear benefits. Therefore, we prefer not to consider such feature on PUCCH format 0/1/4 enhancement in this WI.


[bookmark: _Ref53739532]Proposal 1: PRB and sub-PRB interlace are not supported for PUCCH format 0/1/4 in 60 GHz band.
Except for interlace, other approaches to increase transmission bandwidth of PUCCH format 0, 1, and 4 should be further studied. In particular, single RB repetition in frequency domain is a straightforward candidate to improve the transmission power with the consideration of potential PAPR mitigation schemes. On the other hand, a longer sequence than length 12 for PUCCH format 0/1 can also be considered as a potential solution.

[bookmark: _Ref53739546]Proposal 2: Potential enhancements for PUCCH format 0/1/4 transmissions to achieve higher transmit power by repetition in frequency domain with PAPR mitigation schemes and longer sequence than length 12 for PUCCH format 0/1 can be considered.


3. Conclusion
In summary, we have the following proposals:
Proposal 1: PRB and sub-PRB interlace are not supported for PUCCH format 0/1/4 in 60 GHz band.
Proposal 2: Potential enhancements for PUCCH format 0/1/4 transmissions to achieve higher transmit power by repetition in frequency domain with PAPR mitigation schemes and longer sequence than length 12 for PUCCH format 0/1 can be considered.
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