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1. Introduction

In our companion contribution [1], we have studied four numerology candidates for high speed train scenario. In this contribution, we narrow down the numerology candidates to three options: 30kHz with NCP (normal CP), 60kHz with NCP and 60kHz with ECP (extended CP), and update the evaluation results with modified assumptions. The modifications include, the same bandwidth and time duration are assumed for fair comparison across different subcarrier spacing, and the spectrum efficiency is normalized by setting different coding rates. More evaluation assumptions can be found in Appendix A. Note that the option of 30kHz with ECP is omitted in the evaluation since it shows no performance gain compared to 60kHz ECP in all evaluated cases with the same coding rate [1].
2. Evaluation with Ideal Channel Estimation
In this part, we compare the three numerology candidates under TDL-C model with ideal channel estimation. Different values of delay spread are evaluated. From Figure 1, we see that 60kHz NCP performs the best in the scenario with small/medium delay spread. This is probably because normal CP length of 30kHz and 60kHz can both cover the delay spread, while 60kHz subcarrier spacing is more resistant for larger Doppler shift. However, in large delay spread, 60kHz NCP has a severe performance degradation since its CP length is unable to cover such a large delay spread. 30kHz NCP outperforms 60kHz ECP probably because of the lower coding rate. 
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	(a) TDL-C [100ns]
	(b) TDL-C [300ns]
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	(c) TDL-C [1000ns]


Figure 1 Evaluation results with ideal channel estimation
3. Evaluation with Realistic Channel Estimation
In this section, we discuss two types of the specific DMRS pattern, which are TDMed RS pattern and Punctured RS pattern, and present the evaluations of the three numerology candidates with realistic channel estimation.
3.1 TDMed RS Pattern
In this pattern, each RS is TDMed with data symbols and occupies whole OFDM symbol in full-frequency domain. Our companion contribution [2] has shown that the pattern with 5 RS symbols in 0.5msec time duration provides the best performance for both 60kHz NCP and 60kHz ECP under this assumption. Herein, we provide additional evaluation results for 30kHz NCP candidate. For 30kHz subcarrier spacing, we compare the BLER performance with different RS densities in time domain. Figure 2 shows that, the pattern with 5 RS symbols in time domain achieves a better BLER performance with normalized spectrum efficiency. Note that the pattern with 6 RS symbols in time domain is omitted since it cannot uniformly be distributed within the time duration.
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Figure 2 BLER comparison of different RS densities in time domain for 30kHz subcarrier spacing
Based on above observations, the pattern with 5 RS symbols in time domain is recommended for all three numerology candidates, as shown in Figure 3.
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	(a) 60kHz NCP
	(b) 60kHz ECP
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	(c) 30kHz NCP


Figure 3 Illustration of TDMed RS pattern for three numerology candidates
The BLER comparison with realistic channel estimation under this RS pattern is presented in Figure 4. The result is consistent with above evaluations with ideal channel estimation that, 60kHz NCP outperforms other two candidates in small/medium delay spread, and 30kHz NCP performs the best in large delay spread.
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	(a) TDL-C [100ns]
	(b) TDL-C [300ns]
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	(c) TDL-C [1000ns]


Figure 4 Evaluation results with realistic channel estimation
3.2 Punctured RS pattern
Punctured RS pattern denotes that RS symbol is punctured into resource block. We give a possible RS pattern for each candidate under this assumption, as shown in Figure 5. For fair comparison, the same overhead of RS is assumed.
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	(a) 60kHz NCP
	(b) 60kHz ECP
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	(c) 30kHz NCP


Figure 5 Illustration of punctured RS pattern for three numerology candidates
Under this specific RS pattern, we evaluate the BLER performance of three candidates. And we have the same observations that 60kHz NCP provides the best performance in small/medium delay spread, while 30kHz NCP provides the best performance in large delay spread.
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	(a) TDL-C [100ns]
	(b) TDL-C [300ns]
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	(c) TDL-C [1000ns]


Figure 6 Evaluation results with realistic channel estimation
Observation 1: Under the condition of normalized spectrum efficiency, 60kHz NCP performs the best for small/medium delay spread, compared with 30kHz NCP and 60kHz ECP. For large delay spread, 30kHz NCP has the best performance.
4. Conclusions
In this contribution, we have discussed the numerology and RS design for high speed train scenario. The following observations and proposal are given:
Observation 1: Under the condition of normalized spectrum efficiency, 60kHz NCP performs the best for small/medium delay spread, compared with 30kHz NCP and 60kHz ECP. For large delay spread, 30kHz NCP has the best performance.
Proposal 1: It is recommended to consider 60kHz with NCP as baseline numerology for high speed train scenario with small/medium delay spread.
Proposal 2: FFS the occurrence probability of large delay spread [1000ns] for high speed train scenario and the necessity to continue optimizing the performance under large delay spread.
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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, 300ns, 1000ns]

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

	Realistic Channel Estimation
	LMMSE
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