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1	Introduction
During the RAN4#91 meeting [1], the way forward on BS demodulation requirement for HST enhancement [1] was approved, which captured some agreements for evaluation of PUSCH performance with different parameter values of Doppler shift at 500 km/h under open space and tunnel scenarios. 

This document presents simulation results for the PUSCH performance. As the HST bi-directional scenario has higher priority than the uni-directional one, only simulation results for the bi-directional scenario are provided here. In conclusion, we present our views based on the simulation results. 
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From [1], the agreed initial simulation assumptions for evaluation of the PUSCH performance for HST are provided in Table 1. Simulations were carried out for the bi-directional scenario which is considered high priority. 
Table 1: Initial simulation assumptions [1]
	Parameter
	Unit
	Value

	Bandwidth
	MHz
	10

	MCS for PUSCH
	
	QPSK 1/3

	Propagation condition and correlation matrix
	
	HST scenarios, see Table 2

	Antenna configuration
	
	1x2

	Reference receiver 
	
	MRC

	Noise estimation 
	
	Practical

	Time and frequency track
	
	Practical



Figure 1 shows the simulation results for BS demodulation performance of PUSCH for open space and tunnel scenarios. The results obtained for different Doppler shift values are compared with the ideal case. It is important to note that the theoretical maximum Doppler shift based on the DM-RS of PUSCH is 1000 Hz. For Doppler shift greater than this limit, the accuracy of channel estimation will deteriorate.
For the open space scenario, none of the Doppler shift values can deliver 70% throughput of the ideal case except for  Hz when SNR is above 15 dB and then followed by the performance of  Hz which barely reaches 65%. As expected,  Hz gives the worst performance achieving below 40% throughput. The performance degradation is due to the maximum Doppler shift that cannot be accurately estimated by BS using DM-RS of PUSCH even when SNR is high for the given MCS.
Observation 1: For the open space scenario with QPSK 1/3, 70% throughput of the ideal case is achievable when maximum Doppler shift  Hz and SNR greater than 15 dB. 
Proposal 1: For the HST open space scenario, it is proposed to adopt the maximum Doppler shift  for QPSK 1/3. 
For the tunnel scenario, the BS performance is worse than the open space scenario for the same MCS due to a shorter RRH-railway track distance. As observed in Figure 1, the achievable throughput is less than 70% of the ideal case even at high SNR. The performance of  Hz is approximately 55% which is higher than the other Doppler shift values. 
Observation 2: For the HST tunnel scenario with QPSK 1/3, BS is unable to achieve 70% of the ideal throughput even at high SNR. Thus, it is proposed to consider a lower train speed (e.g., 450 km/h), which gives a smaller Doppler shift value, while maintaining the same MCS to achieve 70% throughput.
Based on Observation 2, the same simulation was repeated for two smaller Doppler shift values 1594 Hz and 1644 Hz. The simulation results are shown in Figure 2. As shown in the figure, 70% throughput is achievable for Doppler shift 1594 Hz when SNR is greater than 15 dB.     
Proposal 2: For the HST tunnel scenario, it is proposed to consider Doppler shift  Hz by lowering the train speed from 500 km/h to, e.g., 460 km/h to achieve 70% throughput while maintaining the same MCS (QPSK 1/3).  
Table 2: HST deployment scenarios [1]
	Parameter
	Value

	
	Open space
	Tunnel for multi-antennas

	
	Bi-directional (1st priority)
	Uni-directional
	Bi-directional (1st priority)
	Uni-directional

	Ds
	1000 m
	300 m

	Dmin
	50 m
	2 m

	v
	500 km/h (lower speeds are not precluded)
	500 km/h (lower speeds are not precluded)

	fd
	1944 Hz, 1894 Hz, 1844 Hz, 1794 Hz, 1744 Hz, 1694 Hz
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Figure 1: Simulation results for HST open space and tunnel scenarios for bi-directional channel model, QPSK 1/3 at 500 km/h 
[image: ]
Figure 2: Simulation results for HST tunnel scenarios for smaller Doppler shift values for bi-directional channel model, QPSK 1/3  

Note, the simulation results do not include implementation margins, etc.   
3	Conclusions
Simulation results for BS demodulation for HST open space and tunnel scenarios under bi-directional model have been presented. As a result, the following observation and proposal can be made:

Observation 1: For the open space scenario with QPSK 1/3, 70% throughput of the ideal case is achievable when maximum Doppler shift  Hz and SNR greater than 15 dB.

Observation 2: For the HST tunnel scenario with QPSK 1/3, BS is unable to achieve 70% of the ideal throughput even at high SNR. Thus, it is proposed to consider a lower train speed (e.g., 450 km/h), which gives a smaller Doppler shift value, while maintaining the same MCS to achieve 70% throughput.

Proposal 1: For the HST open space scenario, it is proposed to adopt the maximum Doppler shift  for QPSK 1/3. 
Proposal 2: For the HST tunnel scenario, it is proposed to consider Doppler shift  Hz by lowering the train speed from 500 km/h to, e.g., 460 km/h to achieve 70% throughput while maintaining the same MCS (QPSK 1/3).
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HST Open Space Scenario: QPSK 1/3, Bi-directional, 500 km/h
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HST Tunnel Scenario: QPSK, 1/3, Bi-directional, 500 km/h
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