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1	Introduction
During the RAN4#92 meeting [1], the way forward on BS demodulation requirement for HST enhancement [1] was approved, which captured some agreements and open issues. The open issues are simulation evaluation of PUSCH and PRACH for HST speed of 500 km/h.    

This document addresses the PUSCH simulation evaluation issue. At the last RAN#4 meeting, no agreement was reached despite several contributions on simulation results for the PUSCH performance. A companion document [2] provides a detailed analysis as to what causes the difference in the contributed PUSCH simulation results. In addition, the companion document proposes to consider the DM-RS of PUCCH in the simulation as a means to boost BS demodulation performance for HST instead of an implementation-dependent Doppler compensation algorithm. In this document, simulation results based the proposal are presented.   
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From [1], the agreed initial simulation assumptions and HST deployment scenarios for evaluation of the PUSCH performance for HST are provided in Tables 1 and 2, respectively.
Table 1: 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



Table 2: HST deployment scenarios [1]
	Parameter
	Value

	
	Open space
	Tunnel

	 
	1000 m
	300 m

	 
	50 m
	2 m

	 
	500 km/h
	500 km/h

	 
	1944 Hz, 1894 Hz, 1844 Hz, 1794 Hz, 1744 Hz, 1694 Hz



According to [2], the DM-RS structure of PUCCH Format 2/2a/2b/3 is assumed in the PUSCH simulation. As such, the theoretical limit for the Doppler shift is 1750 Hz instead of 1 kHz as in the case of PUSCH.  
Figure 1 shows the simulation results for PUSCH. For the open space scenario, Doppler shifts  = 1894 Hz and 1944 Hz fail to achieve 70% of maximum throughput while Doppler shift = 1844 Hz achieves 70% of maximum throughput at SNR = 0 dB. For the tunnel scenario, Doppler shift  = 1844 Hz fails to achieve 70% throughput while Doppler shift  = 1794 Hz achieves 70% of maximum throughput at SNR = 2 dB. Note, both Doppler shifts are above the theoretical limit. 
From TS 36.101 in subsection 6.5.1, the UE frequency error is ±0.1 PPM, which is not taken into account in the simulation. Hence, the maximum Doppler shift for specifying PUSCH performance requirements should account for the UE frequency error and other implementation margins.
Observation 1: The maximum Doppler shift should take into account the UE frequency error = ±0.1 PPM and other implementation margins.    
Proposal 1: For the HST open space scenario, it is proposed to adopt the maximum Doppler shift  Hz for QPSK 1/3 and 500 km/h. 
Proposal 2: For the HST tunnel scenario, it is proposed to adopt maximum Doppler shift  Hz for QPSK 1/3 and 500 km/h.  
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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    
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: The maximum Doppler shift should take into account the UE frequency error = ±0.1 PPM and other implementation margins.

Proposal 1: For the HST open space scenario, it is proposed to adopt the maximum Doppler shift  Hz for QPSK 1/3 and 500 km/h. 
Proposal 2: For the HST tunnel scenario, it is proposed to consider Doppler shift  Hz for QPSK 1/3 and 500 km/h.
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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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