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Introduction
In RAN#90-e [1], work scope of extending current NR operation to 71 GHz has been updated with the following PUCCH enhancement related objective:
· [bookmark: _Hlk61100479]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 potential issues and associated standards impacts on PUCCH enhancements in 52.6 – 71GHz.
Discussions
In RAN#90-e [2], enhancements on PUCCH formats 0/1/4 were proposed based on the maximum power regulations of FCC [3‑4] in Table 1.
Table 1 Spectrum regulations around 60 GHz in USA
	Regulated Freq. Band
	Max Power
	PSD 
	OOBE
	Indoor/Outdoor Restrictions

	57-71 GHz
	Max Peak conducted power: 
- if BW >100MHz, 500mW
- If BW<100MHz, 500mW * (Emission BW/100MHz)

In EIRP:  
Indoor: 40 dBm avg/43dBm Peak
Outdoor PtP: 82dBm when Gant>51dBi; 82-2*(51-Gant) when Gant≤51dBi
	No requirement
	Spurious emissions: 

40-200 GHz: ≤ 90 pW / cm^2 @3m (-9.9dBm EIRP) 

Spurious emission levels shall not exceed the emission level at the fundamental radio frequency.
	Indoor/outdoor with different limits



As shown in Table 1, while the max peak conducted power up to 500 mW can be achieved if bandwidth is larger than 100 MHz, the max peak conducted power should be scaled down based on emission bandwidth/100 MHz. The regulation can be problematic especially for PUCCH formats 0/1/4 as PUCCH formats 0/1/4 utilize only 1 PRB for the transmission while other channels can occupy more than 100 MHz based on gNB implementation. For example, as 1 PRB occupies 1.44 MHz, 5.76 MHz and 11.52 MHz with SCSs 120 kHz, 480 kHz and 960 kHz, respectively, available peak conducted powers are limited to 7.2 mW (8.57 dBm) for 120 kHz, 28.8 mW (14.6 dBm) for 480 kHz, and 57.6 mW (17.6 dBm) for 960 kHz. In this regard, following possible enhancements have been proposed for better power utilization:
· Time domain repetition
· Time domain repetition can be applied to compensate the limited maximum peak conducted power. The specification impact can be relatively simple as it may only require a configuration of number of repetitions per PUCCH resource, however, the enhancement does not resolve the problem as time domain repetition does not increase the maximum conducted peak power due to the limited emission bandwidth. In addition, in RAN#90-e [5], dynamic PUCCH repetition has been agreed as a work scope for coverage enhancements of NR. In order to prevent duplicated works, it is preferred to discuss time domain repetition in coverage enhancements.
· UCI transmission on PUSCH instead of PUCCH
· As time and frequency resources for PUSCH transmission can be dynamically determined by gNB, 500 mW maximum peak conducted power can be achieved if UE can transmit UCI on PUSCH with a bandwidth larger than 100 MHz. However, it may require complex standard impacts e.g., how to determine time/frequency resources for PUSCH and how to support ACK/NACK. In addition, gNB implementation-based solution should be carefully studied before determining enhancements based on PUSCH as NR already supports UCI multiplexing on PUSCH. 
· New sequence design
· New sequence for PUCCH can be supported to allow multi-PRB transmission for PUCCH formats 0/1/4. While new sequence design resolves the limited maximum peak conducted power, the process may require large performance evaluations with limited TUs. If needed, DMRS-less PUCCH evaluations conducted in NR coverage enhancement SI [6] may provide a starting point for scenarios, potential approaches (e.g., reusing Rel-15/16 CGS/ZC/Gold/m-sequences generation with desired sequence lengths) and performance metrics for evaluations.
· Repetition in frequency domain 
· Frequency domain repetition also resolves the limited maximum peak conducted power. In addition, supporting frequency domain repetition does not require large performance evaluations as it reuses the existing sequences. However, PAPR impacts on the repetition should be carefully studied and considered. If needed, PAPR reduction techniques, studied in NR coverage enhancement SI [6], can be a starting point. 
Observation 1: Time domain repetition provides power compensation with simple specification enhancements, but it does not increase maximum peak conducted power. 
Observation 2: Dynamic PUCCH repetition has been agreed as a work scope for coverage enhancements of NR.
Observation 3: UCI transmission on PUSCH requires large specification impacts. Also, gNB implementation-based solution with UCI multiplexing on PUSCH. 
Observation 4: New sequence design for multi-PRB transmission increases maximum peak conducted power, but it requires large performance evaluations with limited TUs.
Observation 5: Frequency domain repetition also increases maximum peak conducted power without large performance evaluations. 
Proposal 1: Time domain repetition 0/1/4 is not preferred for enhancements of PUCCH formats to avoid duplicated works with coverage enhancement WI.
Proposal 2: For new sequence design and frequency domain repetition, scenarios, potential approaches (e.g., reusing Rel-15/16 CGS/ZC/Gold/m-sequences generation with desired sequence lengths), performance metrics for evaluations and PAPR reduction techniques studied in NR coverage enhancement SI can be a starting point, if needed.
Proposal 3: Further study on possible solutions for enhancement of PUCCH formats 0/1/4 other than time domain repetition.
Summary
In this contribution, we discussed the issues for PUCCH enhancements of NR in 52.6 – 71 GHz for PUCCH formats 0/1/4. From the discussions, we made following observations and proposals: 
Observation 1: Time domain repetition provides power compensation with simple specification enhancements, but it does not increase maximum peak conducted power. 
Observation 2: Dynamic PUCCH repetition has been agreed as a work scope for coverage enhancements of NR.
Observation 3: UCI transmission on PUSCH requires large specification impacts. Also, gNB implementation-based solution with UCI multiplexing on PUSCH. 
Observation 4: New sequence design for multi-PRB transmission increases maximum peak conducted power, but it requires large performance evaluations with limited TUs.
Observation 5: Frequency domain repetition also increases maximum peak conducted power without large performance evaluations. 
Proposal 1: Time domain repetition 0/1/4 is not preferred for enhancements of PUCCH formats to avoid duplicated works with coverage enhancement WI.
Proposal 2: For new sequence design and frequency domain repetition, scenarios, potential approaches (e.g., reusing Rel-15/16 CGS/ZC/Gold/m-sequences generation with desired sequence lengths), performance metrics for evaluations and PAPR reduction techniques studied in NR coverage enhancement SI can be a starting point, if needed.
Proposal 3: Further study on possible solutions for enhancement of PUCCH formats 0/1/4 other than time domain repetition.
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