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1 Introduction
In RAN4#72 meeting the necessity of extending the current HST model to support up to 400km/h was brought up in [1]. In tis contribution we provide the simulation results for the current HST model and the extended model for higher speed.
2 Simulation results

The current HST model defined in [2] is copied in Appendix for reference. Also the test cases defined for HST from [1] are listed in Table 1. Also based on the existing HST model with the paramaters calculated from Band 7 the parameters extended for supporting 400km/h are listed in Table 2 with the existing values for 300km/h.
Table 1 RAN4 HST UE demodulation tests
	Test
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate

gory

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	

	FDD 1
	10 MHz
	R.2 FDD
	OP.1 FDD
	HST
	1x2
	70
	-2.4
	≥1

	FDD 2
	10 MHz
	R.10 FDD
	OP.1 FDD
	HST
	2x2
	70
	-2.3
	≥1

	TDD 1
	10 MHz
	R.2 TDD
	OP.1 TDD
	HST
	1x2
	70
	-2.6
	≥1

	TDD 2
	10 MHz
	R.10 TDD
	OP.1 TDD
	HST
	2x2
	70
	-2.3
	≥1


Table 2 Extended High speed train scenario

	Parameter
	Existing Value
	Extended Value
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Figure 1~2 show TP results for FDD HST and Figure 3~4 show TP results for TDD.

From performance wise the HST test behaves almost like a static AWGN test, with the exception that there are sporadical frequency jumping which will cause some subframes to suffer from frequency offsets. But if the AFC in UE is fast enough and designed to capture the high frequency offset it’s robust against this type of test and performance behaves just like AWGN.
Observation 1: The HST test is more like an AWGN test when the AFC is designed in a proper way.
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Figure 1 TP for HST FDD R.2 1x2
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Figure 2 TP for HST FDD R.10 2x2
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Figure 3 TP for HST TDD R.2 1x2
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Figure 4 TP for HST TDD R.10 2x2

From the results it can be seen with the extension of the current HST model the performance almost keeps the same as robust as before. So it’s feasible to extend the current HST to support up to 400km/h speed.

Observation 2: It’s feasible to extend the existing HST model to support up to 400km/h.

Also as pointed out in [3] when under very high Doppler it’s critical to have a good channel estimation filter in time domain to adapt to such high Doppler shift. The results in Figure 1~4 are based on channel estimation filter adaptive to 600Hz so the performance can be aguarenteed. 

Observation 3: With adaptive channel estimation filter that support 600Hz the TP performance keeps the same with 400km/h as 300km/h.

It can be concluded that with the test defined for EVA600 for PDSCH proposed in [4] it should be enough to guarantee the channel estimation filter design to support high Doppler scenario together with HST case up to 1000Hz, since the filter is short enough in time domain it should also be good enough for HST with 1000Hz. There is no need to define a new test under such extended model proposed in Table 2.
Proposal 1: No need for new test with extended HST model supporting up to 400km/h if there is a new PDSCH test with EVA600 defined.

3 Conclusions

In this contribution we provide the simulation results for existing and extended HST with the following observations and proposals.
Observation 1: The HST test is more like an AWGN test when the AFC is designed in a proper way.

Observation 2: It’s feasible to extend the existing HST model to support up to 400km/h.

Observation 3: With channel estimation filter adative to support 600Hz the TP performance keeps the same with 400km/h as 300km/h.

Proposal 1: No need for new test with extended HST model supporting up to 400km/h if there is a new PDSCH test with EVA600 defined.
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5 Appendix
B.3
High speed train scenario

The high speed train condition for the test of the baseband performance is a non fading propagation channel with one tap. Doppler shift is given by
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where 
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where 
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 is the initial distance of the train from eNodeB, and 
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 is eNodeB Railway track distance, both in meters; 
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 is time in seconds. 

Doppler shift and cosine angle are given by equation B.3.1 and B.3.2-B.3.4 respectively, where the required input parameters listed in table B.3-1 and the resulting Doppler shift shown in Figure B.3-1 are applied for all frequency bands.

Table B.3-1: High speed train scenario

	Parameter
	Value
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NOTE 1:
Parameters for HST conditions in table B.3-1 including 
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 and Doppler shift trajectories presented on figure B.3-1 were derived for Band 7.
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Figure B.3-1: Doppler shift trajectory

For 1x2 antenna configuration, the same h(t,τ) is used to describe the channel between every pair of Tx and Rx.

For 2x2 antenna configuration, the same h(t,τ) is used to describe the channel between every pair of Tx and Rx with phase shift according to 
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