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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The following agreements were made in RAN1 #87
Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern

In this contribution, we describe the DM-RS design principles for NR. 
 DMRS Design
[bookmark: _Ref378529477]In LTE systems, the DM- RS density is fixed for all antenna ports.  In our view we NR should support flexible DM-RS density per UE. This is because, the channel estimation error impact on PDSCH with QPSK modulation has smaller impact compared to the PDSCH with 64-QAM or 256-QAM modulation. Hence we propose that NR should support multiple DM-RS density structures and configuring these structures should be based on modulation used for PDSCH transmission.
Proposal 1:  NR should support flexible DM-RS density structures and configuration of these structures should be based on modulation of PDSCH 
Similarly, current LTE system uses equal RE density for each antenna port. However, since the UE estimates the composite channel, the DM-RS density can be uneven and can be used for different purposes such as phase tracking using single port DM-RS.  Hence we proposes that NR should support unequal DM-RS density.
Since with unequal RE density among antenna ports, we propose that OVDF codes should be uses as cover codes for NR. Note that in this case, the orthogonal codes are limited.
Proposal 2:  NR should support flexible DM-RS density structure with unequal RE density.
Proposal 3:  OVSF codes should be used as orthogonal cover codes.

In addition, we recommend to use DM-RS for phase tracking as high RE density on one antenna port can be used to estimate the phase noise. 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Proposal 4: DM-RS   can be used to track the phase 
Conclusions
In this contribution we described the DM-RS design for NR.:
Based on our observations, we have the following proposal:
Proposal 1:  NR should support flexible DM-RS density structures and configuration of these structures should be based on modulation of PDSCH 
Proposal 2:  NR should support flexible DM-RS density structure with unequal RE density.
Proposal 3:  OVSF codes should be used as orthogonal cover codes.
Proposal 4: DM-RS   can be used to track the phase 
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