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1 Introduction
In RAN1 NR ad-hoc meeting, the following conclusions of the DMRS evaluation for DL data channel have been made [1]:
· Companies are encouraged to provide additional evaluation results in next meeting. 

· Observations are to be drawn based on additional evaluation results with further aligned simulation assumptions

· FTP traffic model is baseline, full-buffer traffic model is optional

· Each company is to report assumption of the traffic model
In this contribution, we provide the performance of DMRS patterns for NR by link-level simulation (LLS).
2 Performance evaluation for DMRS patterns
2.1 DMRS patterns for NR
In DMRS design, new supporting features of NR system such as different numerology and high carrier frequency operation should be considered together. Low latency and high mobility KPIs for NR are other important factors that may need to be considered for DMRS design. On top of that, channel estimation performance on DMRS should be sufficiently guaranteed in NR. In [87-28] email discussion, multiple DMRS patterns for NR were proposed [2]. Among them, the following three DMRS patterns have been selected for evaluation and each DMRS pattern is depicted in Figure 1:

· Pattern1: 16 DMRS REs with frequency domain OCC for one layers transmission
· Pattern2: 12 DMRS REs with frequency domain OCC for one layers transmission
· Pattern3: 6 DMRS REs with comb type FDM for one layers transmission
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Figure 1 Candidate DMRS patterns for NR.
In Pattern1, 16 REs are used for DMRS for supporting up to 2 orthogonal ports. As shown in Figure 1(a), DMRS ports 0 and 1 are mapped to blue REs (across 2 adjacent in frequency REs) with OCC=2. For 4 orthogonal ports multiplexing, different methods can be used depending on channel conditions. For example, channel with high delay spread, TDM across 2 adjacent OFDM symbols can be used for DMRS ports 2 and 3 extensions. On the other hand, CDM or FDM within an OFDM symbol can be used for DMRS port multiplexing when channel delay spread is low. Compared to Pattern2 and 3, Pattern1 has higher RS density so that ensures robust DMRS performance in low SNR region. Also, Pattern1 might be more susceptible to high delay spread scenarios and large subcarrier spacing due to dense RS pattern over frequency domain.
On the other hand, for Pattern2, 12 REs are used for DMRS for supporting up to 2 orthogonal ports. As shown in Figure 1(b), ports 0 and 1 are mapped to the blue REs with OCC=2 and ports 2 and 3 are mapped into the yellow REs with OCC=2. In terms of RS density, Pattern2 has same RS overhead as LTE DMRS. Therefore, for Pattern2, similar channel estimation performance is expected compared with LTE DMRS.  
Lastly, Pattern3 is comb type DMRS structure where 6 REs are used for one DMRS port and FDM used to multiplexing additional DMRS ports. Specifically, as shown in Figure 1(c), four orthogonal DMRS ports are multiplexed within one OFDM symbol where different colors indicate different port. Compared to Pattern1 and 2, Pattern 3 has lower RS density and might not guarantee DMRS performance in low SNR region.  
2.2 Evaluation results
In this section, we provide throughput performance of NR DMRS patterns on 4GHz frequency band. Three DMRS patterns which are discussed in the previous section are evaluated as shown in Figure 2 and relative performance gains are calculated in Table 1. An MMSE based real channel estimation scheme is used for three DMRS patterns and LTE CSI feedback scheme is considered for CQI and PMI feedback. Also, here we focus on SU-MIMO with rank-1 transmission. Subcarrier spacing of 15 KHz is assumed in the evaluation. Evaluation assumptions are based on [87-29] email discussion [3] and detailed simulation parameters are given in Appendix.
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Figure 2 Throughput performance of DMRS patterns for NR

Table 1 Relative throughput performance of DMRS patterns for NR
	SNR [dB]
	-2
	0
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20

	Pattern1 [%]
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	Patten2 [%]
	90.8
	93.5
	94.4
	95.3
	98.5
	101
	103.8
	105.5
	103.6
	100.7
	100.1
	100

	Patten3 [%]
	89.3
	91.7
	84.7
	86.5
	82.4
	81.9
	86.9
	95.4
	97.2
	99.4
	100.1
	100




As shown in Figure 2 and Table 1, in low SNR regions, Pattern1 provides high throughput performance over Pattern2 and 3. Specifically, Pattern1 yields up to 10% and 22% throughput gain over Pattern2 and 3, respectively. The large performance gap here is due to channel estimation performance from different RS density and pattern. Especially, Pattern3 shows degraded throughputs in overall SNR ranges. This is due to poor channel estimation accuracy with low DMRS density. On the other hand, Pattern2 gives performance gain in high SNR regions with reduced DMRS density. From above results, it could be seen that for different SNR, optimal DMRS density is different. Therefore, DMRS pattern/density should take into account channel estimation accuracy for low-to-high SINR scenario. Based on DMRS evaluation results above, we summarize the observation and made proposals as follows:
Observation: An optimal DMRS density is different depending on low-to-high SINR scenario.
Proposal: Rank-1 DMRS RE density should be determined considering robust DMRS performance in low SINR scenario.
3 Conclusions
In conclusion, we have following observations and proposals:
Observation: An optimal DMRS density is different depending on low-to-high SINR scenario.

Proposal: Rank-1 DMRS RE density should be determined considering robust DMRS performance in low SINR scenario.
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Appendix: LLS evaluation assumptions
Table 2 Evaluation assumptions

	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = 8, UE = 2

	Transmission layers for data channel
	SU-MIMO with rank=1

	Transmission scheme
	Codebook based precoding (Codebook-Config is set to ‘1’)

	CSI feedback / Beam management scheme
	· LTE CSI feedback (CQI/PMI feedback with 5 msec periodicity of CSI-RS and 2 msec feedback delay)
· For Beam management, select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	CW to layer mapping
	LTE CW to layer mapping

	Data allocation
	· 10 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel, Error free PDCCH decoding is assumed.

	PRB bundling
	No PRB Bundling

	Modulation order, Coding rate
	LTE CQI based link adaptation

	Channel coding scheme
	LTE turbo coding 

	HARQ
	Synchronous HARQ with Chase Combining (max 4 transmissions)

	Channel estimation
	Real estimation

	Performance metric
	Throughput

	UE speed
	30 km/h

	Channel model
	CDL-A with DS value=300ns

	TRP antenna configuration
	The number of antenna: Tx=8 and (M,N,P) = (4,4,2). (dV,dH) = (0.5, 0.5)λ
Per antenna element radiation pattern is in TR36.873

	UE antenna configuration
	The number of antenna: Rx=2 and (M,N,P)=(1,1,2) with 0.5λ spacing with omni-directional antenna element
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