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1. Introduction
In the recent RAN#84 meeting, a new WID [1] on NR support for high speed train was approved. One of the objectives is to investigate the scenarios for NR support for high speed train shown as follows:
	· Following scenarios will be investigated:
· The channel model: 
· HST-SFN scenarios, e.g. the channel mode captured in Section B.3A of 3GPP TS 36.101
· HST scenarios with high Doppler frequency, e.g. the channel mode captured in Section B.3 of 3GPP TS 36.101
· TDL channel with high Doppler frequency
· Other deployment scenarios are not precluded
· The target speed is up to 500km/h
· The carrier frequency is up to 6GHz



This paper will give our view on  HST scenario  and its parameters for NR HST PUSCH based on simuation results for HST PUSCH.
2. Discussion
 Generally the maximum Doppler shift for UE is fd while that for BS is 2fd without the offset correction. The fd and 2fd for 300km/h and 350km/h at 2.07GHz, 2.1GHz and 3.6GHz are shown in Table 2-1 respectively. 

Table 2-1 fd and 2fd for 300km/h and 350km/h at 2.07GHz, 2.1GHz, and 3.6GHz

	
Speed()
	     2.07GHz
	2.1GHz
	3.6GHz

	
	
(Hz)
	
2(Hz)
	
(Hz)
	
2(Hz)
	
(Hz)
	
2(Hz)

	300 km/h
	575
	1150
	583
	1166
	1000
	2000

	350 km/h
	670
	1340
	680
	1360
	1166
	2332



The HST Scenario 1 and HST Scenario 3 defined in Table B.3-1 in TS 36.104 are required as propagation conditions for LTE HST PUSCH. The parameters for HST Scenario 1 and HST Scenario 3 are shown as follows:
	
Table B.3-1: Parameters for high speed train conditions
	 Parameter
	Value

	
	Scenario 1
	Scenario 3

	

	1000 m
	300 m

	

	50 m
	2 m

	

	350 km/h
	300 km/h

	

	1340 Hz
	1150 Hz



NOTE1:	Parameters for HST conditions in table B.3-1 including  and Doppler shift trajectories presented on figures B.3-1 and B.3-2 were derived from Band1 and are applied for performance verification in all frequency bands.



The maximum Doppler shift for 300km/h in HST scenario 3 and 350km/h in HST scenario 1 are calculated at 2.07GHz according to Table 2-1. The contribution [2] indicates the band n77(3.6GHz) and band n1(2.1GHz) are candidate bands for NR HST. For 2.1GHz, the scenarios and speed supported by LTE HST PUSCH are sufficient to be used for NR HST PUSCH, because the 2fd at 2.1GHz is close to that at 2.07GHz according to Table 2-1. But for 3.6GHz, BS maximum Doppler shifts for 300km/h in HST scenario 3 and 350km/h in HST scenario 1 at 3.6GHz are required as 2000Hz and 2332Hz respectively according to Table2-1. Whether the NR BS can support those BS maximum Doppler shift at 3.6GHz or not need to be evaluated. The detailed parameters for high speed train conditions for evaluation of NR HST PUSCH are summarized in Table 2-2.

Table 2-2: Parameters for high speed train conditions
	 Parameter
	Value

	
	Scenario 1
	Scenario 3

	

	1000 m
	300 m

	

	50 m
	2 m

	

	350 km/h
	300 km/h

	

	1340 Hz for 2.1GHz(for 15kHz SCS), 
2332 Hz for 3.6GHz(for 30kHz SCS)
	1150 Hz for 2.1GHz (for 15kHz SCS),
2000Hz for 3.6GHz(for 30kHz SCS)



Based on our proposed propagation parameters for high speed train conditions, we provide our evaluation results for NR HST PUSCH shown in Table 2-3 with simulation assumption for NR HST PUSCH shown in Table 5-1 in Annex.

Table 2-3 evaluation results for NR HST PUSCH
	waveform
	FR and mapping type
	MCS level
	SCS-BW
	Frequency domain resource
	Carrier Frequency
(GHz)
	Propagation conditions
	SNR @70% of maximum throughput
(dB)

	CP-OFDM
	FR1 Mappying type A
	MCS2
	15kHz, 10MHz
	Full applicable test bandwidth
	2.1
	HST- Scenario 3 1150Hz
	-5.25

	
	
	
	
	
	
	HST- Scenario 1 1340Hz
	[TBD]

	
	
	
	30kHz, 40MHz
	Full applicable test bandwidth
	3.6
	HST- Scenario 3 2000Hz
	-4.62

	
	
	
	
	
	
	HST- Scenario 1 2332Hz
	[TBD]

	DFT-s-OFDM
	FR1 Mappying type A
	MCS2
	15kHz, 5MHz
	15kHz: 25 PRB
	2.1
	HST- Scenario 3 1150Hz
	-4.83

	
	
	
	
	
	
	HST- Scenario 1 1340Hz
	[TBD]

	
	
	
	30kHz, 10MHz
	30kHz: 24 PRB (middle of test BW)
	3.6
	HST- Scenario 3 2000Hz
	-4.88

	
	
	
	
	
	
	HST- Scenario 1 2332Hz
	[TBD]




3. Conclusion
This paper discussed HST scenario and its parameters for NR HST PUSCH, Based on discussed HST scenario, we provide our evaluation results for NR HST PUSCH.
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5. Annex
Table 5-1 Simulation assumption for HST PUSCH
	Parameter
	value

	
	FR1

	Transform precoding
	Disabled
	Enabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Number of layers
	1
	1

	Transmission scheme
	Identity matrix (TPMI index 0)
	Identity matrix (TPMI index 0)

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	15kHz: 25 PRB; 30kHz: 24 PRB (middle of test BW)

	MCS index
	2
	2

	PTRS
	Not configured
	Not configured

	Timing offset
	0
	0

	Frequency offset
	0
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled
	Disabled

	Number of HARQ transmissions 
	4
	4

	RV
	{0,2,3,1}
	{0,2,3,1}

	Testing metric
	SNR @70% of maximum throughput
	SNR @70% of maximum throughput

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	 1+1+1
	 1+1+1

	Front loaded DMRS start symbol
	l0= 3
	l0= 3

	SCS and BW
	15kHz: 10MHz;
30kHz: 40MHz
	15kHz: 5 MHz;
30kHz: 10 MHz

	Carrier frequency (GHz)
	For 15kHz SCS: 2.1GHz
For 30kHz SCS: 3.6GHz
	For 15kHz SCS: 2.1GHz
For 30kHz SCS: 3.6GHz

	Propagation condition
	HST -Scenario 1 low, 
HST- Scenario 3
(table 5-2)
	HST -Scenario 1 low, 
HST- Scenario 3
(table 5-2)
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