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	Working Assumption
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· 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
· Carefully consider channel estimation performance and cross correlation performance
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution


In this paper, we provide some analysis for the time domain BPSK DMRS [2].
DM-RS for Pi/2-BPSK DFT-S-OFDM
In NR R15, it has been agreed to support pi/2 BPSK modulation of data for DFT-s-OFDM waveform as well as to support frequency domain spectrum shaping (FDSS) of that modulation. And for DFT-s-OFDM DMRS sequence design, ZC sequences and CGSs is used for both pi/2 BPSK and other modulation. However, a relatively higher PAPR compared to pi/2 BPSK data has been observed with R15 sequences.
In the following we present some evaluation results to show the PAPR increase. In the simulations, 4 RBs and 18 RBs scheduled for PUSCH are considered. 
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Figure 1 CCDF of PAPR for NR QPSK CGSs and data with filter parameter 
It can be found in the figures that ZC sequence and CGS used for 4RBs and 18RBs in NR R15 get worse PAPR performance (more than 1.7dB) than pi/2 BPSK data with FDSS when filter parameter . 
Observation 1: For 4RBs and 18RBs, ZC sequence and CGS used in R15 have higher PAPR (more than 1.7dB) than pi/2 BPSK data with FDSS ( ).
To avoid these PAPR increases, in previous meetings, a RS design based on pi/2 BPSK DFT-S-OFDM is proposed in [2]. In the design, the time domain Gold/CGS sequences are processed sequentially by pi/2 BPSK, DFT precoding, (FDSS) and IFFT as shown in Figure 2. 
[image: ]
Figure 2 pi/2 BPSK DFT-S-OFDM based DMRS generation for pi/2 BPSK with filtering
As discussed in the contribution, the sequence can provide proper PAPR and cross correlation performance. However, as Gold/CGS sequences are generated in time domain and modulated through DFT precoding, as in Figure 3 (2RB CGS sequence and 16-PRB Gold sequence are considered), large power fluctuations occurs in frequency domain that may lead to severe unbiased channel estimation and performance loss. 
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Figure 3 Amplitude of sequences in frequency domain for 2RB and 16RB [2]
Observation 2: For 2RBs and 16RBs, large frequency fluctuations are observed with time domain sequences in [2]. 
  
Summary of proposals
The observations in this paper are summarized as follows. 
Observation 1: For 4RBs and 18RBs, ZC sequence and CGS used in R15 have higher PAPR (more than 1.7dB) than pi/2 BPSK data with FDSS ( ).
[bookmark: _GoBack]Observation 2: For 2RBs and 16RBs, large frequency fluctuations are observed with time domain sequences in [2]. 
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