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Introduction
This contribution focus on the BLER performance of low PAPR sequences. The simulation results with time-domain pi/2-BPSK DMRS are always with frequency domain spectrum shaping (FDSS). Binary sequences for allocations larger than 4 RBs are based on the Rel-15 PRBS, otherwise the binary sequences are selected from the CGS in the joint proposal [1]. For results without FDSS, the Rel-15 DMRS mapping are used. Detailed simulation parameters are attached in the appendix (similar to those in [2]).
Impact of FDSS
It is known that with frequency domain spectrum shaping (FDSS) in conjunction with pi/2-BPSK, the PAPR can be reduced roughly up to 4dB and by then gain in performance by applying less power back-off. On the other hand, it is also known that FDSS impacts the channel estimation performance such that the BLER performance decreases. The aim here is to provide some further insight of the combing effect of the reduced power back-off due to the FDSS and the potential negative channel estimation impact due to the FDSS on the DMRS.
Due to FDSS, the frequency spectrum of the reference signals will be changed such that uneven amplitude of pilots spread out in the frequency domain. Because the shape of the FDSS changes according to the size of the resource allocation (number of PRBs), it is of particular interests to study its impact to the receiver side CE and equalizations. Therefore, evaluations for the impact of FDSS with varying resource allocation sizes are provided below
Gold Sequence (length > 24)
The CGS for DFTS-OFDM DMRS is implemented following the block-diagram below:
[image: ]
[bookmark: _Ref534969873]Figure 1. Block diagram of DFTS-OFDM DMRS with pi/2 BPSK modulation.
The release-15 pseudo-random sequence is a Gold sequence and is generated according to the definition in Section 5.2.1 of TS38.211 before applying pi/2 BPSK modulation. The pre-DFT sequence is defined as follows:

where  is defined in Section 5.2.1 of TS 38.211. The pseudo-random sequence generator shall be initialized with (same as in NR Rel-15)

where  and  are used in the equation.
In order to map to the comb-2 subcarriers after DFT, a block-wise time domain OCC code [1 1] has been applied to the sequence s(n) to obtain [s(n), s(n)] before DFT operation. It is also worth noting that in this contribution we focus on the BLER performance of CGS without the selection process as presented in [1], because the selection process does not impact the CE and equalization performance among other things. 
From Figure 2and Figure 3, the following observations can be made:
For allocation size 20 PRBs, at BLER = , the FDSS brings approximately 2.5 dB SNR loss.
For allocation size 5 PRBs, at BLER = , the FDSS brings more than 4 dB SNR loss.

[image: ]
[bookmark: _Ref534970392]Figure 2. Results for 20 RB allocations.
[image: ]
[bookmark: _Ref534970395]Figure 3. Results for 5 RB allocations.

CGS of length-12
For low PAPR scenarios, it is important to evaluate the small allocations. We hereby provide the simulation results for 2 PRBs using the CGS as provided in [1] for pi/2-BPSK DMRS. The change to the block diagram in Figure 1 refers to replacing the “Rel-15 Gold seq.” block with a CGS for pi/2-BPSK DMRS. The following observations can be made from the figure below.
For allocation size 2 PRBs, at BLER =  the FDSS brings more than 4 dB SNR loss.
When allocation size is small, for instance, with less than 5 PRBs, the FDSS may bring more than 4 dB SNR loss at the BLER level . 

[image: ]
Figure 4. Results for 2 RB allocations.
Conclusion
[bookmark: _GoBack]Based on the simulation results, it is observed that for small allocation size it is questionable that the FDSS brings overall performance gain. For very small allocation size, e.g., PRBs = 5 and 2, the SNR loss shown at the BLER level 10^-1 may be higher than the power back-off when FDSS is applied to the CGS. Hence, it should be verified for a given sequence length that the benefit from PAPR reduction (and reduced PA back-off) is larger than the SNR loss from FDSS.  
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Appendix
The detailed simulation parameters are summarized in the following table. 
Table 4. Link-level simulation assumptions
	System bandwidth
	20 MHz

	Numerology
	30 KHz SCS

	Channel
	TDL-A 300ns

	Number of Antennas
	UE Tx=2, gNB Rx = 4

	PUSCH duration
	13 OFDM symbols, with one front-loaded DMRS symbols

	Number of UEs
	1 UE

	# RBs for PUSCH
	20, 5, 2 RBs

	Carrier Frequency
	4 GHz

	Coding rate
	0.25 

	Coding 
	NR LDPC + CRC

	UE Speed
	3 Km/h 

	Receiver
	Practical Channel Estimation and Ideal Noise Estimation
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