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Introduction
The summary of [87-29] email discussion on simulation assumption for NR DMRS [1] were agreed to facilitate evaluation of DM-RS design for NR. 
In this contribution we provide our link-level evaluation results for DM-RS patterns under agreed evaluation assumptions.
Evluation assumption 
DMRS patterns for evaluation
The accuracy of DMRS channel estimation always seriously influences the performance of data demodulation. To guarantee satisfactory channel estimation accuracy, adequate frequency/time domain density of each DMRS port should be configured to combat frequency/time selectivity.  The adequate frequency/time domain density of rank 1-2 DMRS port is very important for DMRS design. In the following, the 7 DMRS patterns illustrated in Figure 1 to Figure 7 are used for evaluation, and the LTE-pattern illustrated in Figure 1 is used for comparison in this paper. 
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Figure 1 DMRS pattern1 (LTE DMRS pattern)                                     Figure 2 DMRS pattern2
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          Figure 5 DMRS pattern5                                                               Figure 6 DMRS pattern6
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         Figure 7 DMRS pattern7
The 7 DMRS patterns are summarized and shown in Table 1.
Table 1 7 DMRS patterns for 0-1 DMRS ports
	Pattern index
	OFDM Symbol number
	REs/DMRS port/14 OFDM symbol
	Multiplexing
	Remarks

	Pattern 1 (LTE DMRS pattern)
	2
	12
	CDM in time
	Shown in Figure 1, antenna port 0 and 1 are CDMed with OCC=2 with consecutive 2 REs  in time domain

	Pattern2[2]
	2
	16
	CDM in frequency
	Shown in Figure 2, antenna port 0 and 1 are CDMed with OCC=2 with consecutive 2 REs  in frequency domain

	Pattern3
	2
	12
	CDM in frequency
	Shown in Figure 3, antenna port 0 and 1 are CDMed with OCC=2 with consecutive 2 REs  in frequency domain

	Pattern4
	2
	9
	FDM
	Shown in Figure 4, antenna port 0 and 1 are FDMed

	Pattern5
	2
	9
	FDM
	Shown in Figure 5, antenna port 0 and 1 are FDMed

	Pattern6
	2
	9
	FDM
	Shown in Figure 6, antenna port 0 and 1 are FDMed

	Pattern7
	2
	12
	CDM in time
	Shown in Figure 7, antenna port 0 and 1 are CDMed with OCC=2 with consecutive 2 REs  in time domain




Simulation assumption
According to the agreed simulation assumption for NR DMRS [1], the parameters used for link-level DMRS evaluation are summarized in Table 2.
                                               Table 2 Link-level DMRS Simulation Parameters
	parameter
	simulation assumption

	Transmission rank for data channel
	Rank 1/2

	Carrier frequency
	4GHz

	Subcarrier Spacing
	15kHz

	Channel model
	CDL-A, 300ns

	TRP antenna configuration
	8

	UE antenna configuration
	8

	Transmission scheme
	Based on codebook

	Data allocation
	8RB

	Modulation order, Coding rate
	QPSK (1/2), 16QAM (3/4), 64QAM (5/6)

	Link adaptation / HARQ
	noAMC/noHARQ

	Channel estimation
	MMSE1D1D(Real estimation)

	PDSCH detection method(Receiver)
	MMSE

	Channel coding scheme
	LTE turbo coding

	UE speed
	3km/h, 30km/h

	Performance metric
	BLER

	DMRS pattern
	Pattern1,Pattern2,Pattern3,Pattern4,Pattern5,Pattern6,Pattern7



Simulation results
In Figure 8 to 10, we provide the BLER performance of all rank 1 DMRS patterns as shown in Figure 1 to 7 and modulation coding rate as given in Table 1 at 3km UE speed. In Figure 11, we provide the BLER performance of all rank 1 DMRS patterns as shown in Figure 1 to 7 and modulation coding rate of QPSK/0.5 at 30km UE speed. In the simulation, an 8T8R SU downlink OFDM system with CDL-A(300ns) are assumed.
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In Figure 12 to 14, we provide the BLER performance of all rank 2 DMRS patterns as shown in Figure 1 to 7 and modulation coding rate as given in Table 1 at 3km UE speed. In Figure 15, we provide the BLER performance of all rank 2 DMRS patterns as shown in Figure 1 to 7 and modulation coding rate of QPSK/0.5 at 30km UE speed. In the simulation, an 8T8R SU downlink OFDM system with CDL-A(300ns) are assumed.
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From Figure 8 to 15, at least, we have the following observations:
Observation :
· The performance of CDM with OCC=2 with consecutive 2 REs in time domain (shown as pattern 1 and pattern7) is better than FDM(shown as pattern4,pattern5 and pattern6).
· The performance of CDM with OCC=2 with consecutive 2 REs in time domain (shown as pattern7) is close to the LTE DMRS pattern(shown as pattern1).
· The performance of CDM with OCC=2 with consecutive 2 REs in frequency domain (shown as pattern2 and pattern3) is better than FDM(shown as pattern4,pattern5 and pattern6).

Conclusions
This contribution provides our evaluation results for DL DMRS. Based on the evaluation results above, we have the following observations:
Observation :
· The performance of CDM with OCC=2 with consecutive 2 REs in time domain (shown as pattern 1 and pattern7) is better than FDM(shown as pattern4,pattern5 and pattern6).
· The performance of CDM with OCC=2 with consecutive 2 REs in time domain (shown as pattern7) is close to the LTE DMRS pattern(shown as pattern1).
· The performance of CDM with OCC=2 with consecutive 2 REs in frequency domain (shown as pattern2 and pattern3) is better than FDM(shown as pattern4,pattern5 and pattern6).
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