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[bookmark: _Ref481749371]Introduction
It has previously been decided by RAN1 to support /2 BPSK modulation of data for the DFTS waveform as well as to support spectrum shaping of that modulation:
· NR supports 0.5*pi BPSK modulation for DFT-s-OFDM [RAN1 NR Adhoc#1]
· pi/2 BPSK DFT-s-OFDM supports spectrum shaping without spectrum expansion of pi/2 BPSK data at least for uplink data for carrier frequencies above 6 GHz and below 52.6 GHz [RAN1#88bis]

It has also been decided to base UL DMRS on Zadoff-Chu sequences for the DFTS waveform:
· Support ZC-sequence for UL DFT-S-OFDM DMRS [RAN1#88bis]

[bookmark: _GoBack]In this contribution, we evaluate the cubic metrics of   BPSK modulated data and ZC sequences, with and without frequency domain spectrum shaping (FDSS).
Discussions
It is desirable that the CM (or PAPR) of the DMRS waveform is less, or at least not much worse, than corresponding CM values of the considered data waveforms such that power de-rating needs of a PA is not determined or defined by the DMRS design. In contrast to PAPR, CM characterizes the effects of the 3rd order non-linearity of a PA on the transmitted waveform and may then better predict the power de-rating needs.
Figure 1 shows both CM (left-hand side) and PAPR (right-hand side) for DFT-spread  BPSK of 20 RBs and for extended ZC sequences of length 240, with and without FDSS. Here, the FDSS corresponds to [0.28 1.00 0.28] in time domain, as in [1], and CM is determined for each ZC root index, where we in the left-hand side of the figure have sort the CM from smallest to largest. The CCDFs related to ZC and ZC FDSS are determined from all ZC root indices.
From this figure, we make the following observations:
· The variance of the CM with respect to ZC root index is reduced with FDSS but without FDSS, significantly lower CM can be obtained.
· For DFT-spread  BPSK, FDSS reduces the CM in the order of 1dB which is considerably less than the corresponding PAPR reduction (3.2dB at 99.9% percentile).
· By applying same FDSS on DMRS as data, the CM of ZC-based DMRS derived from the 30 best ZC root indices will be in the order of 1.5dB larger in comparisons to DFT-spread  BPSK.
The property of constant modulus of the DMRS is desirable from a channel estimation perspective so applying FDSS on the DMRS would impact the channel estimation performance negatively. This together with lower CM obtained without FDSS could possibly motivate to consider receiver non-transparency FDSS. However, given the effort of specifying FDSS within the rel-15-time frame speaks though for receiver transparency.
The 1.5dB worse CM of the spectrum shaped ZC sequences may suggest a dedicated DMRS design for the  BPSK modulation as proposed in [1]. However, if considering the effort of specifying an additional DMRS design for the DFTS waveform within the rel-15-time frame, staying with the ZC sequence design and possibly make further optimizations in a later release appear reasonable.

[image: ][image: ]
[bookmark: _Ref494457910]Figure 1. CM and PAPR with and without FDSS.

Conclusion
In this contribution, we evaluated the cubic metrics of   BPSK modulated data and ZC sequences w/wo FDSS. We observed that applying FDSS on ZC sequences may not necessary lead to lower CM and in comparisons to spectrum shaping of DFT-spread  BPSK the CM will be in the order of 1.5dB worse. 
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