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Introduction
In Rel-15, Pi/2 BPSK modulation was introduced to have lower PAPR and lower MPR compared to other modulations. However, due to the higher PAPR of Zadoff-Chu sequence used in DMRS than PAPR of Pi/2 BPSK modulation, the whole benefit of lower PAPR Pi/2 BPSK could not be captured. For Rel-16, a new Pi/2 BPSK DMRS with lower PAPR than that of Rel-15 Zadoff-Chu DMRS was agreed.
In RAN4#92-Bis, a WF [1] was agreed to investigate the MPR benefit of the Pi/2 BPSK DMRS over Zadoff-Chu DMRS based on a few RB allocations. This paper discusses if an MPR benefit exists from using the Pi/2 BPSK DMRS over Zadoff-Chu DMRS for Pi/2 BPSK DFT-s-OFDM for PC3 for FR1 and FR2.
Discussion
In RAN4#92-Bis, a WF [1] was agreed to investigate the MPR benefit of the Pi/2 BPSK DMRS over Zadoff-Chu DMRS based on five RB allocations representing the different RB allocation regions. Based on RAN1 agreements in [2,3,4,5,6], Table 1 summarizes the generation of Rel-16 Pi/2 BPSK DMRS.
	Table 1: Pi/2 BPSK DMRS generation

	[bookmark: _GoBack]Sequence Length
	Generation

	6 (1 PRB)
	8PSK CGS sequences with phases given by Table 1 of [6] followed by DFT.

	12 (2 PRB)
	Binary CGS sequence given by Table 1 of [4] followed by pi/2 BPSK modulation followed by DFT.

	18 (3 PRB)
	Binary CGS sequence given by Table 2 of [4] followed by pi/2 BPSK modulation followed by DFT.

	24 (4 PRB)
	Binary CGS sequence given by Table 3 of [4] followed by pi/2 BPSK modulation followed by DFT.

	≥30 (≥ 5 PRB)
	Gold-sequence followed by π/2 BPSK modulation followed by DFT. Use c_init formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator.



As an example to show how PAPR of Pi/2 BPSK DMRS is compared to Pi/2 BPSK DMRS, we calculate PAPR of two FR1 shaped DFT-s-OFDM Pi/2 BPSK waveforms of BW = 20MHz, SCS = 30MHz, 50RB0 and shaping filter of [0.3 1 0.3], where the first waveform is with Rel-15 Zadoff-Chu DMRS and the second waveform is with Rel-16 Pi/2 BPSK DMRS.
· For the first waveform with Rel-15 Zadoff-Chu DMRS, we observe PAPR of 3.5dB.
· For the second waveform with Rel-16 Pi/2 BPSK DMRS, we observe PAPR of 2.6dB.
The lower PAPR property of Pi/2 BPSK DMRS is expected to enable DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS to have lower MPR values than these of DFT-s-OFDM Pi/2 BPSK with Zadoff-Chu DMRS. 
In Table 2 and Table 3, we present evaluated MPR for waveforms 1 and 2 with different RB allocations (RB cases from WF [1]) for FR1 PC3 and FR2 PC3 respectively where 
· Waveform1: shaped DFT-s-OFDM Pi/2 BPSK PUCSH data with 1 symbol of Rel-15 Zadoff-Chu DMRS.
· Waveform2: shaped DFT-s-OFDM Pi/2 BPSK PUCSH data with 1 symbol of Rel-16 Pi/2 BPSK DMRS.
and shaping filter of [0.3 1 0.3].
	Table 2: MPR for waveforms 1 and 2 with different RB allocations for FR1 PC3

	Waveform
BW=20MHz, SCS=15KHz
	MPR (dB)

	
	RB_case1 (outer)
RB start=10, LCRB=30
	RB_case2 (inner)
RB start=30, LCRB=10
	RB_case3 (Edge)
RB start = 1, LCRB=2
	RB_case4 (outer)
RB start=5, LCRB=20
	RB_case5 (outer)
RB start=65, LCRB=30

	1: Zadoff-Chu DMRS
	0.5
	0
	0.5
	0.5
	0.5

	2: Pi/2 BPSK DMRS
	0
	0
	0
	0
	0

	Delta MPR = MPR1x-MPR2x, X=[1,2,3,4,5]
	0.5
	0
	0.5
	0.5
	0.5



	Table 3: MPR for waveforms 1 and 2 with different RB allocations for FR2 PC3

	Waveform
BW=100MHz, SCS=120KHz
	MPR (dB)

	
	RB_case1 (inner)
RB start=23, LCRB=10
	RB_case2 (inner)
RB start=30, LCRB=10
	RB_case3 (inner)
RB start=23, LCRB=20
	RB_case4 (edge)
RB start=1, LCRB=10
	RB_case5 (edge)
RB start=45, LCRB=10

	1: Zadoff-Chu DMRS
	0
	0
	0
	0.5
	0.5

	2: Pi/2 BPSK DMRS
	0
	0
	0
	0
	0

	Delta MPR = MPR1x-MPR2x, X=[1,2,3,4,5]
	0
	0
	0
	0.5
	0.5



From Tables 2 and 3, we make the following observations.
Observation 1:
· For FR1 and FR2, as expected, waveform 2 has MPR values less than or equal these of waveform 1 due to the lower PAPR of Pi/2 BPSK DMRS compared to Zadoff-Chu DMRS.
· For FR1, 0.5dB MPR improvement is observed for outer and edge RB allocation cases with Pi/2 BPSK DMRS.
· For FR1 waveform 2 with Pi/2 BPSK DMRS, 0dB MPR is achievable for the five RB allocations which represent inner, outer, and edge RB allocations.
· For FR2, 0.5dB MPR improvement is observed for edge RB cases with Pi/2 BPSK DMRS.
Although the previous results show some MPR benefit with Pi/2 BPSK DMR, the results are still limited to a few RB cases. We need to do the MPR evaluation with Pi/2 BPSK DMRS for all BWs, SCS, RB allocations, and different shaping filters in order to determine how much the MPR benefit is from using the Pi/2 BPSK DMRS over Zadoff-Chu DMRS for Pi/2 BPSK DFT-s-OFDM for PC3 for FR1 and FR2.
With Pi/2 BPSK DMRS, we present the MPR for DFT-s-OFDM Pi/2 BPSK for FR1 PC3 and FR2 PC3 in Table 4 and Table 5 respectively for all BWs, SCS, RB allocations, and different shaping filters

	Table 5: MPR for FR1 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	0
	0
	0



	Table 6: MPR for FR2 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS

	Modulation
	MPR (dB), BWchannel ≤ 200 MHz

	
	MPRWT
	MPRnarrow

	
	Inner RB allocations,
Region 1
	Edge RB allocations

	

	DFT-s-OFDM
	Pi/2 BPSK
	0
	≤ 1.5
	≤ 1.5


We see an agreement between Table 2 and Table 5. However, from Table 3 and Table 6, we see the necessity of evaluating MPR for all BWs, SCS, RB allocations, and different shaping filters. From Tables 5 and 6, we make the following observations.

Observation 2:
· For FR1 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS, compared to current specification in 38.101-1, 0.5dB MPR improvement is achieved for all outer and edge RB allocations. This result makes FR1 PC3 DFT-s-OFDM Pi/2 BPSK has 0dB MPR for all RB allocations.
· For FR2 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS, compared to current specification in 38.101-2, 0.5dB MPR improvement is achieved for all edge RB allocation, and 1dB MPR improvement is achieved for all narrow RB allocation.
From MPR results presented in this paper, we propose MPR for DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS for FR1 PC3 and FR2 PC3 as in Tables 5 and 6 respectively.
Proposal: MPR of Table 5 is used for FR1 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS for Rel-16. MPR of Table 6 is used for FR2 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS for Rel-16.
Conclusion
In this paper, we discussed the MPR benefit of the Pi/2 BPSK DMRS over Zadoff-Chu DMRS. We do observe MPR benefit of the Pi/2 BPSK DMRS over Zadoff-Chu DMRS due to the lower PAPR of Pi/2 BPSK DMRS compared to Zadoff-Chu DMRS. We made the following observations and proposal.
Observations 1: MPR for RB cases and shaping filter of WF [1],
· For FR1, 0.5dB MPR improvement is observed for outer and edge RB allocation cases with Pi/2 BPSK DMRS.
· For FR1 waveform 2 with Pi/2 BPSK DMRS, 0dB MPR is achievable for the five RB allocations which represent inner, outer, and edge RB allocations.
· For FR2, 0.5dB MPR improvement is observed for edge RB cases with Pi/2 BPSK DMRS.
Observations 2: MPR for all BWs, SCS, RB allocations, and different shaping filters,
· For FR1 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS, compared to current specification in 38.101-1, 0.5dB MPR improvement is achieved for all outer and edge RB allocations. This result makes FR1 PC3 DFT-s-OFDM Pi/2 BPSK has 0dB MPR for all RB allocations.
· For FR2 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS, compared to current specification in 38.101-2, 0.5dB MPR improvement is achieved for all edge RB allocation, and 1dB MPR improvement is achieved for all narrow RB allocation.
Proposal: MPR of Table 5 is used for FR1 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS for Rel-16. MPR of Table 6 is used for FR2 PC3 DFT-s-OFDM Pi/2 BPSK with Pi/2 BPSK DMRS for Rel-16.
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