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1. Introduction

In our companion contribution [1], we have studied the possible DMRS pattern for high speed scenario. In this contribution, we update the evaluation results with running the simulation under TDL-E model [2]. Other evaluation assumptions are similar to last contribution and can be found in Appendix A. 
2. DMRS density in time domain
In this part, we evaluate the DMRS density in time domain for three numerology candidates under TDL-E model. Punctured RS pattern with different time domain densities is adopted, as shown in figure 1. Two delay spreads, 100ns and 1000ns, are evaluated.  Note that the control region is omitted in this evaluation.
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	(a) 30kHz NCP
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	(b) 60kHz NCP
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	(c) 60kHz ECP


Figure 1 Different DMRS densities in time domain for three numerology candidates
From the results in figure 2, we see that with normalized SE, the density of 5 RS symbols in 0.5ms achieves the best BLER performance for both small and large delay spread under 60kHz NCP and ECP. The results are also consistent with our evaluations under TDL-C model [1][3] (see Appendix B). Under 30kHz NCP, the density of 5 RS symbols achieves a similar BLER performance to 4 RS symbols in low SNR but slightly better in high SNR. Consequently, the design of 5 RS symbols in 0.5ms could be considered as the baseline for further DMRS design in high speed scenario.
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	(a) 30kHz NCP
	(b) 60kHz NCP
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	(c) 60kHz ECP


Figure 1 Evaluation results of DMRS density in time domain
Observation 1: For all three numerology candidates [30kHz with NCP, 60kHz with NCP, and 60kHz with ECP], the time domain density of 5 RS symbols in 0.5ms provides the best BLER performance without considering the control region.
3. Conclusions
In this contribution, we have updated the DMRS evaluation under TDL-E model. The following observation is given:
Observation 1: For all three numerology candidates [30kHz with NCP, 60kHz with NCP, and 60kHz with ECP], the time domain density of 5 RS symbols in 0.5ms provides the best BLER performance without considering the control region.
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Appendix
A Evaluation assumptions

Table 1 Evaluation assumptions for link level evaluation
	Parameters
	Settings

	Carrier frequency
	4GHz

	UE speed
	500km/h

	System bandwidth
	10MHz

	UE bandwidth
	2880kHz

	Subframe length
	0.5ms

	Transmission mode
	1T1R

	Channel model
	TDL-C [100ns, 1000ns]
TDL-E [100ns, 1000ns]

	MCS
	64QAM: 0.645 for NCP
64QAM: 0.75 for ECP

	Realistic Channel Estimation
	LMMSE


B Evaluation results under TDL-C model
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	(a) 30kHz NCP
	(b) 60kHz NCP
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	(c) 60kHz ECP

	Figure 5 Evaluation results of DMRS density in time domain under TDL-C model
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