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1. Introduction

In our companion contribution [1], we have studied four numerology candidates for high speed train scenario. We concluded that “High Speed Train Scenario requires 60 kHz SCS with longer CP (CP length similar to 15 kHz SCS), if 64 QAM is to be supported with medium/long delay spread (300/1000ns). Other cases (16 QAM or 64 QAM with small delay spread) can be satisfied by scalable CP”. These two numerology candidates for high mobility are illustrated as Figure 1.
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Figure 1 Illustration of 60kHz SCS with scalable/comparable CP
Based on the numerology candidates, we will provide discussion on RS design further for high mobility scenario (500km/h). Realistic channel estimation is assumed in the simulation.
2. Discussion and Evaluation
2.1 Evaluation settings
In this contribution, we assume that RS is time multiplexed with data transmission. That is, each RS will occupy an independent symbol. 0.5ms transmission duration is assumed. Additionally, in order to normalize overall Spectrum Efficiency (SE), coding rate is distinguishingly set for different RS patterns under scalable CP and comparable CP. SE of scalable CP and comparable CP is normalized based on CP overhead, while SE of different RS patterns are normalized based on the number of data symbols in a transmission duration. Simulation parameters are given in Table 1 in Appendix.
2.2 Evaluation results
2.2.1 Scalable CP
RS density and mapping position in time domain are critical factors to guarantee the system performance. Considering time correlation for high Doppler spread, 3 types of RS density are considered, i.e., 4/5/6 RS symbols in one transmission duration (0.5ms), illustrated as Figure 2. Note that 4 RS symbols in 0.5ms have 4x density in time domain as LTE uplink. 
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Figure 2 Illustration of possible RS patterns for scalable CP
We study the channel estimation performance first, and then present SNR vs. BLER curves. Estimation error magnitude is used as the metric of channel estimation performance, which is defined as following:
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	(a) Estimation Error Magnitude
	(b) BLER performance

	Figure 3 Comparison of possible RS patterns


The results show the more density of the RS, the better of the channel estimation. Pattern 1 has obvious performance loss due to sparse design. We also see that pattern 3 has the best performance of channel estimation. However, it performs worse on BLER performance compared with pattern 2, since a lower code rate is set for pattern 2.
Thus, we have the following observation:
Observation 1: For scalable CP, the pattern with 5 RS symbols provides the best performance.
2.2.2 Comparable CP

Based on the evaluation results in last subsection, we omit the pattern with 4 RS symbols since its obvious performance loss even in lower coding rate evaluations. The patterns with 5 RS symbols and 6 RS symbols are illustrated in Figure 4. Then the evaluation results are shown in Figure 5. Note that TDL-C [1000ns] is assumed in this simulation, which would be the main scenario that deploying 60kHz SCS and comparable CP. 
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Figure 4 Illustration of possible RS designs for comparable CP
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	(a) Estimation Error Magnitude
	(b) BLER

	Figure 5 Comparison of possible RS patterns


Observation 2: For comparable CP, the pattern with 5 RS symbols provides the best performance.
3. Conclusions
In this contribution, we have discussed the RS design for high mobility scenario. The following observations and proposal are given:
Observation 1: For scalable CP, the pattern with 5 RS symbols provides the best performance.
Observation 2: For comparable CP, the pattern with 5 RS symbols provides the best performance.
Proposal 1: The design with 5 RS symbols in 0.5ms should be considered for high mobility scenario [500km/h].
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Appendix
A Simulations assumptions
Table 1 Parameter settings for link level evaluation
	Parameters
	Settings

	Carrier frequency
	4GHz

	UE speed
	500km/h

	System bandwidth
	10MHz (Points of FFT: 256)

	UE bandwidth/subcarrier spacing
	4RB {2880kHz}

	Subframe length
	0.5ms

	Transmission mode
	1T1R

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

	MCS
	64QAM: 0.643 for scalable CP
64QAM: 0.75 for comparable CP

	Realistic Channel Estimation
	LMMSE
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