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1	Introduction
During the RAN4#90bis meeting [1], the way forward on BS demodulation requirement for HST enhancement [1] was approved, which captured some agreements and open issues. One of the open issues is the evaluation of PUSCH performance under uni- and bi-directional scenarios for Rel-16 HST. 

This document presents preliminary simulation results for the PUSCH performance for vehicular speed at 500 km/h. 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 and proposals 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 to investigate BS demodulation performance of PUSCH under bi-directional scenarios. The uni-directional is not investigated in this document as it has lower priority. 
Table 1: Initial simulation assumptions [1]
	Parameter
	Unit
	Value

	Bandwidth
	MHz
	10

	MCS for PUSCH
	
	QPSK ½
16QAM ¾

	Propagation condition and correlation matrix
	
	HST scenarios, see Table 2

	Antenna configuration
	
	1x2

	Reference receiver 
	
	MRC

	Noise estimation 
	
	Practical

	Time and frequency track
	
	Practical



Figures 1 and 2 show the preliminary simulation results for BS demodulation performance for HST open space and tunnel scenarios, respectively. As can be observed from the figures, BS suffers from severe throughput degradation for Doppler shift of 1940 Hz and 2200 Hz for QPSK ½ and almost no throughput for 16 QAM ¾ even at high SNR. For Doppler shift = 1750 Hz, the BS just achieves 70% of the maximum throughput at SNR = 10 dB for QPSK ½ and extremely low throughput for 16 QAM ¾ at very high SNR. The performance degradation is due to the maximum Doppler shift that can be accurately estimated by BS using DM-RS of PUCCH or PUSCH especially when SNR is low or high MCS.   
Observation 1: BS demodulation performance is severely degraded for 16 QAM ¾ for both open space and tunnel scenarios under bi-directional models when Doppler shift is greater than 1600 Hz. In the case of QPSK ½, the BS just achieves 70% of the maximum throughput for both the open space and tunnel scenarios at Doppler shift = 1750 Hz. At Doppler shift = 1750 Hz and above, there is almost no throughput for both the open space and tunnel scenarios for 16 QAM ¾. 
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
	500 km/h (other options are not precluded)

	fd
	2200 Hz
1945 Hz (1st priority for initial simulation)
1750 Hz
1600 Hz
Any acceptable values in between are not precluded
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Figure 1: Preliminary simulation results for HST open space scenario under bi-directional channel model for QPSK ½ and 16 QAM 
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Figure 2: Preliminary simulation results for HST tunnel scenario under bi-directional channel model for QPSK ½ and 16 QAM 
Note, the simulation results do not include implementation margins, etc. Furthermore, the maximum Doppler shifts considered in the simulations are beyond the theoretical limit that can be estimated by PUSCH DM-RS. Therefore, the DM-RS symbols of PUCCH are used to perform channel estimation. Even though PUCCH Format 1a/1b has higher DM-RS density than PUCCH Format 2, it is not used for Doppler shift estimation because the orthogonal property of spreading sequences used to support UE multiplexing is lost under high Doppler shift effects. As such, PUCCH Format 2 is used and the theoretical Hz Doppler shift is 1750 Hz. In addition to PUCCH Format 2, Format 3 can be used too because it has same the number and distribution of DM-RS symbols in time domain is the same as for PUCCH Format 2.   
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3	Conclusions
Preliminary simulation results for BS demodulation for HST open space and tunnel scenarios under bi-directional models have been presented. As a result, the following observation and proposal can be made:

Observation 1: BS demodulation performance is severely degraded for 16 QAM ¾ for both open space and tunnel scenarios under bi-directional models when Doppler shift is greater than 1600 Hz. In the case of QPSK ½, the BS just achieves 70% of the maximum throughput for both the open space and tunnel scenarios at Doppler shift = 1750 Hz. At Doppler shift = 1750 Hz and above, there is almost no throughput for both the open space and tunnel scenarios for 16 QAM ¾.    

Proposal 1: For the HST open space and tunnel scenarios under bi-directional model, the maximum Doppler shift should be less than 1675 Hz for QPSK ½. 
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HST Tunnel Scenario: QPSK 1/2, Bi-directional
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HST Tunnel Scenario: 16 QAM 3/4, Bi-directional
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HST Open Space Scenario: QPSK 1/2, Bi-directional
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HST Open Space Scenario: 16 QAM 3/4, Bi-directional
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