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1 Introduction
The demodulation reference signal related aspects for new radio (NR) have been discussed in the previous RAN1 meetings. Following agreements were achieved during RAN1 meeting #88[1]:
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered

· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based

· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size

· Support PN sequence for CP-OFDM

· FFS: ZC-sequence for CP-OFDM

· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported

· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported

· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS

· Additional DMRS with same density in frequency domain compared to front loaded DMRS

· Note that: Front loaded DMRS can be configured with low density

· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain

· At least time domain bundling with slot aggregation of DL-only slots is supported

· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling

· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain

· Consider whether to use mechanism of UE-assisted DMRS configuration. 

· Consider  whether to use UE-assisted configuration of PRG size
As some details of design on the DL DMRS will be further discussed in this meeting, in this contribution, we provide our views on the front-loaded DMRS pattern with 4 ports and 8ports.
2 Discussion
In NR, it is agreed to further study 4 orthogonal ports in 1 OFDM symbol and 8 orthogonal ports in 2 adjacent OFDM symbols for the front-loaded DMRS pattern. 
In the RAN1 NR Ad-hoc meeting, a working assumption was agreed that the front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols, as shown in Figure 1.
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Figure 1 the front-loaded DMRS pattern
According to the simulation results and analyses, one symbol is used for the mapping of up to 4 ports, while two consecutive symbols are used for up to 8 or 16 ports mapping [2]. Therefore, one symbol for mapping up to 4 ports should be supported. For some cases, such as larger delay spread, multiplex more DMRS ports and improving performance at low SINR, the number of spanned OFDM symbols for the front-loaded DMRS should be two. As a result, the number of the ports can increase to 8 when the front-loaded DMRS span two symbols. 
Proposal 1: Front-loaded DMRS pattern with 4 ports in 1 OFDM symbol and 8 ports in two adjacent OFDM symbols should be supported.
There are some well-known approaches that could be used for multiplexing DMRS, such as FDM (including Comb), time/frequency domain CDM (including OCC and Cyclic shift) and TDM. In addition, the hybrid approach of such mentioned approaches is not excluded.
The Comb-4 pattern can be used as shown in Figure 2. For that case, the TDM can be used between the first four ports and the other four ports.
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Figure 2 Comb-4 pattern for 4/8 ports
After that, the frequency domain CDM, such as OCC, can be used to the front-loaded DMRS design. An example is shown in Figure 3. The CDM-4 can be used for the four ports, and the TDM can be used between the first four ports and the other four ports.
When the front-loaded DMRS employ two adjacent symbols, the pattern of CDM in time domain is not suit for high frequency scenarios because of the potential phase noise.
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Figure 3 CDM-4 pattern for 4/8 ports
With the method using OCC, the power spectral density can be equal in one PRB. After that, because of the frequency selective property, it is difficult to guarantee the orthogonality between different CDMed REs with large CDM length in frequency domain. As a result, the system performance would be decreased due to the large CDM length. Thus CDM length larger than 4 in frequency domain is not preferred [2].
Proposal 2: CDM-4 should be adopted for the front-load DMRS pattern.
3 Conclusions
This contribution summarizes our views on the DL DMRS design for NR. The following proposals are made:
Proposal 1: Front-loaded DMRS pattern with 4 ports in 1 OFDM symbol and 8 ports in two adjacent OFDM symbols should be supported.
Proposal 2: CDM-4 should be adopted for the front-load DMRS.
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