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Introduction
Study of RAN1 UL reference signal specifications reveal that MPR allowances in rel. 15, for both FR1 and FR2, neglect some non-PUSCH waveforms. We propose possible treatment of these waveforms in the standard.
Discussion
TS38.101 v15.6 is mute on allowable MPR for SRS, PUCCH and PRACH waveforms. These waveforms have non-negligible PAPR, and they demand PA back-off to remain emissions compliant.
SRS
TS38.211 specifies SRS to be a Zadoff-Chu sequence. Now, ZC sequences are parametrized, and are considered equivalent, but they do differ slightly in PAPR. Figure 2.1-1 compares the PAPR (dB) of the worst case ZC symbol for a 20RB allocation to that of DFT-s-QPSK of equivalent allocation. 
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Figure 2.1-1: PAPR (dB) CCDF of Zadoff-Chu sequence.
Observation 1: The PAPR (dB) of the worst case ZC symbol for a 20RB allocation is like that of DFT-s-QPSK of equivalent allocation
The similarity in PAPR CCDFs suggests that the MPR for SRS should be like that of DFT-s-QPSK. This aspect is acknowledged and captured in the LTE specification, TS36.101:

Unfortunately, this detail was overlooked during MPR specification in rel. 15, for NR. Further, in NR, since MPR is dependent not just on transmission bandwidth, but also the location of the allocated RBs in the channel, it is necessary to modify the legacy equivalence rule from ‘for corresponding transmission bandwidth’ to ‘of equivalent RB allocation’. We can now propose:
Proposal 1: For rel. 15 FR1 and FR2, the allowed MPR for SRS shall be as specified for DFT-s-QPSK of equivalent RB allocation
[bookmark: _Hlk12957885]The statement in the LTE specification also point to missing MPR treatment of PUCCH and PRACH in NR specifications. 
PUCCH and PRACH
In NR, there are 5 PUCCH formats. A brief synopsis is included here in table 2.2-1 for convenience, along with their PAPR properties. Note that DFT-s-QPSK is considered to have equivalent PAPR as that of CGS-OFDM and ZC-OFDM, as shown in section 2.1.
	PUCCH Format
	Brief Description of Format
	Notes on PAPR
	Proposed equivalence to PUSCH waveform type, for determining MPR

	0
	CGS OFDM
	Low PAPR, like Zadoff-Chu OFDM
	DFT-s-QPSK

	1
	CGS OFDM + DMRS
	DMRS is also based on low PAPR CGS OFDM
	DFT-s-QPSK

	2
	QPSK CP-OFDM
	Like CP-OFDM
	CP-OFDM QPSK

	3
	DMRS+DFT-s-BPSK data
DMRS+DFT-s-QPSK data
	Construction very similar to PUSCH DFT-s-OFDM. DMRS constructed from ZC OFDM
	DFT-s-QPSK

	4
	DMRS+DFT-s-BPSK data
DMRS+DFT-s-QPSK data
	Construction very similar to 1RB PUSCH DFT-s-OFDM. DMRS constructed from CGS OFDM
	DFT-s-QPSK


table 2.2-1: PUCCH formats and proposed MPR equivalence
PRACH waveforms are of ZC OFDM type, so they can be lumped in under DFT-s-QPSK for purposes of MPR
Proposal 2: For rel. 15 FR1 and FR2, the allowed MPR for PUCCH formats 0,1,4 and 5, and PRACH shall be as specified for DFT-s-QPSK of equivalent RB allocation
Proposal 3: For rel. 15 FR1 and FR2, the allowed MPR for PUCCH format 2 shall be as specified for CP-OFDM QPSK of equivalent RB allocation
Conclusion
[bookmark: _Hlk525651684]We identified that explicit treatment of MPR for SRS, PRACH and PUCCH are missing in rel. 15 of the NR standard. We propose:
Proposal 1: For rel. 15 FR1 and FR2, the allowed MPR for SRS shall be as specified for DFT-s-QPSK of equivalent RB allocation
Proposal 2: For rel. 15 FR1 and FR2, the allowed MPR for PUCCH formats 0,1,4 and 5, and PRACH shall be as specified for DFT-s-QPSK of equivalent RB allocation
Proposal 3: For rel. 15 FR1 and FR2, the allowed MPR for PUCCH format 2 shall be as specified for CP-OFDM QPSK of equivalent RB allocation
The proposed changes are captured in companion CRs [1], [2]
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For PRACH, PUCCH and SRS transmissions, the allowed MPR is according to that specified for PUSCH QPSK.
modulation for the corresponding transmission bandwidth.
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For PRACH, PUCCH and SRS transmissions, the allowed MPR is according to that specified for PUSCH QPSK.
modulation for the corresponding transmission bandwidth.




