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Introduction
The introduction of Pi/2 BPSK modulation for PUSCH in Rel. 15 enabled the use of lower PAPR UL waveforms than had been previously available with higher forms of modulation such as QPSK and QAM. However, the full benefit of BPSK could not be realized due to the DMRS of these waveforms using a higher PAPR Zadoff-Chu sequence. In [1] a WID was initiated to investigate the use of different modulation schemes for DMRS to lower its PAPR so as to be closer to that of the PUSCH Pi/2 BPSK modulation. 
Discussion
In [2,3,4,5] several agreements were made pertaining to DMRS using pi/2 BPSK modulation. Some of the major agreements are captured below:
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding.
· For sequences with allocation length 12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 

· For sequence with allocation length 6 CGS 8PSK modulation is used in case of PUSCH and PUCCH 

· For the case of CGS sequence in case of two adjacent symbol DMRS, the same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.


Similar to Rel. 15 the Gold code or CGS sequences after modulation are passed through a filter having an impulse response given in section 6.4.2.4.1 of TS38.101-1. A Slot can have up to 4 DMRS symbols.
The performance of two waveforms having one symbol of either Zadoff-Chu or Pi/2 BPSK DMRS are compared when passed through a PA having a response given below:
[image: ]
The PAPRs of the 2 input waveforms are given below:

	Waveform
	DMRS
	PUSCH
	Signal Bandwidth (MHz)
	PAPR (dB)

	1
	Zadoff-Chu
	Pi/2 BPSK
	20
	3.2

	2
	Pi/2 BPSK
	Pi/2 BPSK
	20
	2.1



Each of these waveforms were created by filtering the modulated DMRS/PUSCH data with a 3-tap filter having coefficients [-0.26 0.93 -0.26] prior to sub-carrier mapping. The Pi/2 BPSK DMRS waveform was created using a Gold code sequence of length 31.
The PA ACLR, SEM and spur performance is given below:

	Pout (dBm)
	Waveform 1
	
	Waveform 2

	
	ACLR margin (dB)
	SEM margin (dB)
	Spur margin (dB)
	
	ACLR margin (dB)
	SEM margin (dB)
	Spur margin (dB)

	23.5
	8.1
	11.1
	18.6
	
	7.6
	10.6
	18.8

	24.6
	4.7
	7.5
	13.2
	
	5.0
	7.9
	13.2

	25.3
	-0.1
	2.0
	7.7
	
	0.5
	1.9
	7.9



The ACLR was compared with a spec of -30dBc, while the SEM and spur levels were compared against the values in TS38.101-1 tables 6.5.2.2.-1 and 6.5.3.1-2 respectively. For this PA the ACLR margin is ~0.5dB higher with the Pi/2 BPSK waveform. Simulations showed very little difference in SEM and spur margins between the two waveforms. The PA frequency of operation was assumed to be 3.5GHz.
In RAN1 there will be UE signaling capability bit that indicates the support of Pi/2 BPSK DMRS. When this bit is set to 1 the eNB will use RRC signaling to indicate to the UE whether to use Rel-15 Zadoff-Chu DMRS or Pi/2 BPSK. When set to 0 only Zadoff-Chu DMRS will be signaled. Benefit of this new DMRS should result in  better UE output power capability  or better energy efficiency of the UE. In the latter case this benefit is not visible in the network other than longer talk times of the phones but it may be difficult to motivate scheduler to use the new DMRS with only this benefit. 
RAN4 should investigate more PA models to determine the potential benefits of this new Pi/2 BPSK DMRS waveform when used in combination with Pi/2 BPSK modulation. 
Proposal: RAN4 should conduct further investigations into the potential benefits of using the new Pi/2 BPSK DMRS waveform for Pi/2 BPSK modulation. 
Conclusion
The newly defined DMRS created using Pi/2 BPSK modulation was simulated with Pi/2 BPSK PUSCH data and was seen to have ~1dB less PAPR compared to a similar waveform having a Zadoff-Chu modulated DMRS. The ACLR performance of the waveform having a Pi/2 BPSK modulated DMRS is ~0.5dB higher than that with Zadoff-Chu modulation. 
Proposal: RAN4 should conduct further investigations into the potential benefits of using the new Pi/2 BPSK DMRS waveform for Pi/2 BPSK modulation
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