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For DFT-S-OFDM, it has been decided to use DM-RS based on ZC and CGS in all modulations, including frequency domain spectrum shaping (FDSS) of DFT-spread  BPSK, but a dedicated  BPSK based DFT precoded DM-RS is for FFS [1]:
· FFS whether “Pi/2 BPSK based DFT precoded DMRS for Pi/2 BPSK modulation for DFT-s-OFDM based NR PUSCH” in NR after the Rel-15 Dec. specifications.
With FDSS applied to DFT-spread /2 BPSK, a lower CM and PAPR can be obtained than with FDSS applied to ZC sequences (see results in Appendix) which could motivate to introduce /2 BPSK based DFT-precoded DM-RS, although FDSS may have some negative impacts on the channel estimation.

In this contribution, we show how  BPSK based DFT precoded DM-RS can be mapped on a DM-RS configuration type 1 structure agreed to be used for DFT-S-OFDM, i.e. a 2-Comb structure.
Discussions
With DM-RS based on ZC sequences, MU-MIMO with orthogonal DM-RS ports can readily be supported by either assigning users on different combs or separate users that have the same PRB allocations in the same comb by applying cyclic shifts on a common base sequence. In the case of introducing a DFT-spread DM-RS design, applying cyclic shifts would evidently not be possible so only combs could be considered.
The DM-RS configuration type 1 will be used for the DFT-S-OFDM waveform which means that any DM-RS design should support 2-Comb structure. With a DFTS sequence of length , this can be achieved with a block DM-RS sequence in which DM-RS sequences of length  are concatenated as
 and .
After DFT-spreading, the DM-RS sequence associated with  will be mapped on even subcarriers whereas the DMRS sequence associated with  will be mapped on odd subcarriers.
This way of designing the DFT-spreading DM-RS thus enables spatial multiplexing with orthogonal DM-RS ports of pi/2 BPSK DFTS users by assigning the block spreading sequence  to one user and the block spreading sequence  to another user. Spatial multiplexing of a pi/2 BPSK transmission with other type of transmissions would evidently be supported by assigning the corresponding DM-RS transmissions on different combs.
Proposal 1 [bookmark: _Toc496599761][bookmark: _Toc498716659][bookmark: _Toc503462742]Any DM-RS design for DFT-spread /2 BPSK shall support Type 1 mapping.
Conclusion
In this contribution, we showed how  BPSK based DFT precoded DM-RS can be mapped on a 2-Comb. The following proposal was made:
Proposal 1	Any DM-RS design for DFT-spread /2 BPSK shall support Type 1 mapping.
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Appendix
CM and PAPR of pi/2 BPSK and ZC
It is desirable that the cubic metric (CM) (or PAPR) of the DM-RS 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 DM-RS 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 DM-RS 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 DM-RS is desirable from a channel estimation perspective so applying FDSS on the DM-RS would impact the channel estimation performance negatively. This together with lower CM obtained without FDSS could possibly motivate to consider receiver non-transparency FDSS.
Observation 1: CM of spectrum shaped ZC sequences cannot match CM of DFT-spread π/2 BPSK.
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Figure 1. CM and PAPR with and without FDSS.
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