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1. Introduction
In a companion submission [1], we point out that DMRS for PUSCH waveforms, currently ZC, would push the PA harder than pi/2 BPSK PUSCH symbols themselves for a given average power level of transmission, owing to higher PAPR. In other words, PUSCH power levels in pi/2 BPSK may have to be artificially limited for a given PA to also pass DMRS with acceptable EVM degradation. 
This problem with pi/2 BPSK has significance in FR2, where UE EIRP in QPSK is severely limited due to practical considerations. In this contribution we turn our attention to PUCCH and examine how it stacks up against PUSCH and its DMRS, in terms of PA power capability.
2. Discussion

The primary goal of pi/2 BPSK waveforms is to extend cell range. Cell range extension comes from increase in UE UL power which, in turn, is enabled by selecting a waveform with low enough PAPR, so the PA can operate near its compression point. A low PAPR waveform is achieved by two serially applied strategies:

1. Choose a low PAPR waveform to begin with, like pi/2 BPSK

2. Apply spectrum shaping to further reduce PAPR.

For cell edge performance improvement, however, it is necessary to ensure that all supporting signals can also be transmitted at comparable power levels to our low PAPR waveform. In addition to PUSCH and its DMRS [1], PUCCH should be clearly studied so that it does not become the limiting factor when it comes to PA Tx power level capability.
In [1] we show that low PAPR waveforms (unshaped) relevant to this discussion can be arranged in order of increasing PAPR as:

1. pi/2 BPSK PUSCH
2. Zadoff-Chu (ZC) and CGS used for PUSCH DMRS

3. QPSK PUSCH
We also showed a PA’s capacity to transmit these waveforms at EVM-limited power levels depended inversely on their PAPRs. i.e Amongst the 3 waveforms listed above, pi/2 BPSK enjoyed highest allowable Tx power level, while QPSK the lowest.
PAPR Analysis of PUCCH Waveforms
NR-PUCCH consists of 5 formats, Format 0-4. Among these formats, Format 0 and 2 are dedicated to short PUCCH with spanning over 1 or 2 symbols and Format 1, 3, and 4 span over 4 to 14 symbols.
PUCCH format 0 
PUCCH Format 0 is limited to 1RB and is structured to carry up to 2 bits of data via different cyclic shifts of a low PAPR CGS waveform. The CSG waveform is the same as the one used for DMRS of a 1RB PUSCH allocation. 

The NR CGS sequences a have PAPR like that of ZC sequences. Based on study in [1], PAPR can be reduced in format 0 by spectrum shaping like in PUSCH.
PUCCH format 1

PUCCH Format 1 is very similar to Format 0 from a PAPR standpoint. Format 1 consists of data and DMRS symbols, both of which are selected from the set of available CGS sequences. Therefore, like Format 0, Tx power capability in PUCCH Format 1 could also benefit from spectrum shaping. 

Observation 1: PUCCH formats 0 and 1 are constructed from low PAPR CGS waveforms and their Tx power capability would benefit from spectrum shaping like in pi/2 BPSK modulated PUSCH. 

Proposal 1: RAN4 shall allow transparent spectrum shaping for PUCCH format 0 and 1. 
It is not clear to us currently if there is a need for signalling to distinguish shaped and non-shaped PUCCH format 0 and 1. A discussion in RAN4 on this topic would be helpful.
PUCCH format 2

PUCCH Format 2 is a short PUCCH format with PAPR characteristics of a CP-OFDM waveforms (it is not a DFT-s-OFDM waveform). This format is not a low PAPR waveform and is out of the scope of this paper. 
PUCCH format 3 
PUCCH Format 3 is very similar in construction to PUSCH. The differences are that it can be only be modulated with pi/2 BPSK or QPSK and is limited to 16 RBs. Like PUSCH, the DMRS of PUCCH format 3 is based on Zadoff-Chu sequences. 

Therefore, from a PAPR standpoint, this PUCCH format is just like PUSCH+DMRS (when PUSCH is limited to QPSK or pi/2 BPSK). While network can restrict PUCCH data to pi/2 BPSK, DMRS will still defining max. PAPR. PAPR of PUCCH format 3 hence exceeds PAPR of pi/2 BPSK.
PUCCH formats 4

Format 4 is a single RB waveform that is constructed like Format 3, but with additional OCC spreading to support 2- or 4- user multiplexing. Like PUCCH format 3, the PAPR of the CGS-based DMRS could be worse than pi/2 BPSK modulated data. 

In addition, given that the multi-user spreading through OCC codes is done after pi/2 BPSK modulation, certain OCC codes of 4-user multiplexed cases disrupt the progression of phase from one SC to the next, which increases PAPR over that of unmodified pi/2 BPSK. We can hence conclude that PAPR of PUCCH format 4 exceeds PAPR of pi/2 BPSK.
Observation 2: PUCCH Format 3 and 4 should be treated like PUSCH when it comes to addressing the issues with PAPR of its DMRS compared to the PAPR of pi/2 modulated data symbols. 

Proposal 2: Send LS to RAN1 requesting reduction in PAPR of PUCCH (and its DMRS) to levels similar to that of PUSCH pi/2 BPSK.
3. Conclusion
The proposals made in this paper are reproduced here for convenience:

Proposal 1: RAN4 shall allow transparent spectrum shaping for PUCCH format 0 and 1. 

Proposal 2: Send LS to RAN1 requesting reduction in PAPR of PUCCH (and its DMRS) to levels similar to that of PUSCH pi/2 BPSK.
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