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1. Introduction
In the recent RAN4#92bis meeting, a WF [1] on NR HST BS demodulation requirements was approved.  There are some open issues for PUSCH demodulation needing to be solved in RAN4#93.This paper will provide our view on those open issues based on evaluation results for NR HST PUSCH.
2. Discussion
The agreed channel models for NR HST in WF [1] are shown below: 
	· HST single tap channel model for 350km/h and 500km/h
· Tunnel
· Ds = 300m
· Dmin = 2m
· Open space
· Ds = 700m
· Dmin = 150m


The above propagation conditions (Tunnel and Open space) are agreed for evaluation, and other detailed simuation asumptions for 350km/h and 500km/h are shown in Table A-1 in Annex.
The evaluation results for 350km/h at 2.1GHz (15kHz SCS) and for 350km/h at 3.6GHz (30kHz SCS) are shown in Table 2-1 and Table 2-2 respectively. The evaluation results for 500km/h at 2.1GHz (15kHz SCS) and for 500km/h at 3.6GHz (30kHz SCS) are shown in Table 2-3 and Table 2-4 respectively.
Table 2-1 Evaluation results for 350km/h at 2.1GHz (15 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Number of DMRS symbols
	Front loaded DMRS start symbol l0
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput

	CP-OFDM
	15kHz, 10MHz
	   2.1
	1+1+1
	3
	Tunnel
	1340
	-6.32

	CP-OFDM
	15kHz, 10MHz
	　2.1
	1+1+1
	3
	Open space
	1340
	-6.33

	CP-OFDM
	15kHz, 10MHz
	　2.1
	1+1+1
	2
	Tunnel
	1340
	-6.52

	CP-OFDM
	15kHz, 10MHz
	　2.1
	1+1+1
	2
	Open space
	1340
	-6.52



Table 2-2 Evaluation results for 350km/h at 3.6GHz (30 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Number of DMRS symbols
	Front loaded DMRS start symbol l0
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	3
	Tunnel
	2334
	-5.46

	CP-OFDM
	30kHz, 40MHz
	3.6　
	1+1+1
	3
	Open space
	2334
	-5.49

	CP-OFDM
	30kHz, 40MHz
	 3.6
	1+1+1
	2
	Tunnel
	2334
	-6.43

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	2
	Open space
	2334
	-6.42



Table 2-3 Evaluation results for 500km/h at2.1GHz (15 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Number of DMRS symbols
	Front loaded DMRS start symbol l0
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Tunnel
	1944
	-6.3

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Open space
	1944
	-5.43

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	2
	Tunnel
	1944
	-6.5

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	2
	Open space
	1944
	0.8

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Tunnel
	1750
	-6.31

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Open space
	1750
	-6.34

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	2
	Tunnel
	1750
	-6.51

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	2
	Open space
	1750
	-3.94



Table 2-4 Evaluation results for 500km/h at3.6GHz (30 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Number of DMRS symbols
	Front loaded DMRS start symbol l0
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput

	CP-OFDM
	30kHz, 40MHz
	  3.6
	1+1+1
	3
	Tunnel
	3334
	-5.44

	CP-OFDM
	30kHz, 40MHz
	  3.6
	1+1+1
	3
	Open space
	3334
	-5.47

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	2
	Tunnel
	3334
	-6.4

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	2
	Open space
	3334
	-3.58

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	3
	Tunnel
	3000
	-5.34

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	3
	Open space
	3000
	-5.45

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	2
	Tunnel
	3000
	-6.42

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	2
	Open space
	3000
	-6.43




Front loaded DMRS start symbol l0:
	· l0  for PUSCH mapping type A
· Provide the simulation results for 350km/h and 500km/h and evaluate the following configurations and make decision: 
· Option 1: l0 = 3 
· Option 2: l0 = 2 
· Same value for both 350km/h and 500km/h can be considered




According to the evaluation results shown in Table 2-1, Table 2-2, Table 2-3 and Table 2-4, the SNR @ 70% of maximum throughput gain of l0=3 relative to l0=2 are calculated and shown in Table 2-5, Table 2-6, Table 2-7 and Table 2-8.  The SNR @ 70% of maximum throughput gain of l0=3 relative to l0=2 in Open space with 1944Hz, Open space with 1750Hz and Open space with 3334Hz are 6.23dB, 2.4dB and 1.89dB respectively, which indicates that the performance of l0=3 is better than that of l0=2. The SNR @ 70% of maximum throughput gains of l0=3 relative to l0=2 in other cases are in range of [-1, 1] dB and their absolute SNR gains are less than 1dB, which indicates that the performance of l0=3 and l0=2 are similar in these cases. 
[bookmark: _GoBack]Proposal 1: Choose Option 1: l0=3.

Table 2-5 Evaluation results for 350km/h at 2.1GHz (15 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput gain of l0=3 relative to l0=2(dB)

	CP-OFDM
	15kHz, 10MHz
	   2.1
	Tunnel
	1340
	-0.2

	CP-OFDM
	15kHz, 10MHz
	　2.1
	Open space
	1340
	-0.19



Table 2-6 Evaluation results for 350km/h at 3.6GHz (30 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput gain of l0=3 relative to l0=2(dB)

	CP-OFDM
	30kHz, 40MHz
	3.6
	Tunnel
	2334
	-0.97

	CP-OFDM
	30kHz, 40MHz
	3.6　
	Open space
	2334
	-0.93



Table 2-7 Evaluation results for 500km/h at 2.1GHz (15 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput gain of l0=3 relative to l0=2(dB)

	CP-OFDM
	15kHz, 10MHz
	2.1
	Tunnel
	1944
	-0.2

	CP-OFDM
	15kHz, 10MHz
	2.1
	Open space
	1944
	6.23

	CP-OFDM
	15kHz, 10MHz
	2.1
	Tunnel
	1750
	-0.2

	CP-OFDM
	15kHz, 10MHz
	2.1
	Open space
	1750
	2.4



Table 2-8 Evaluation results for 500km/h at 3.6GHz (30 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput gain of l0=3 relative to l0=2(dB)

	CP-OFDM
	30kHz, 40MHz
	  3.6
	Tunnel
	3334
	-0.96

	CP-OFDM
	30kHz, 40MHz
	  3.6
	Open space
	3334
	1.89

	CP-OFDM
	30kHz, 40MHz
	3.6
	Tunnel
	3000
	-1.08

	CP-OFDM
	30kHz, 40MHz
	3.6
	Open space
	3000
	-0.98




Maximum Doppler shift for single tap HST 500km/h:
	· Maximum Doppler shift
· Single tap HST 500km/h 
· 15kHz SCS : 
· Option 1: 1944Hz
· Option 2: 1750Hz
· 30kHz SCS:  
· Option 1: 3334Hz
· Option 2: 3000Hz



From Table 2-9, the SNR @70% of maximum throughput in Tunnel with 1944Hz and Open space with 1944Hz are -6.3dB and -5.43dB respectively, while the SNR @70% of maximum throughput in Tunnel with 1750Hz and Open space with 1750Hz are -6.31dB and -6.34dB respectively. The SNR degradations of 1944Hz compared to 1750Hz in Tunnel and Open space are 0.01dB and 0.91dB respectively, which are less than 1dB and can be acceptable. So it is more reasonable to use 1944Hz for 15 kHz SCS.
From Table 2-10, the SNR @70% of maximum throughput in Tunnel with 3334Hz and Open space with 3334Hz are -5.44dB and -5.47dB respectively, while the SNR @70% of maximum throughput in Tunnel with 3000Hz and Open space with 3000Hz are -5.34dB and -5.45dB respectively. The SNR degradations of 1944Hz compared to 1750Hz in Tunnel and Open space are -0.1dB and -0.02dB respectively, so their absolute values are less than 1dB and can be acceptable. So it is more reasonable to use 3334Hz for 30 kHz SCS.
Proposal 2: Choose Option 1: 1944Hz for 15 kHz SCS and Option 1: 3334Hz for 30 kHz SCS

Table 2-9 Evaluation results for 500km/h at 2.1GHz (15 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Number of DMRS symbols
	Front loaded DMRS start symbol l0
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Tunnel
	1944
	-6.3

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Open space
	1944
	-5.43

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Tunnel
	1750
	-6.31

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Open space
	1750
	-6.34



Table 2-10 Evaluation results for 500km/h at 3.6GHz (30 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Number of DMRS symbols
	Front loaded DMRS start symbol l0
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput

	CP-OFDM
	30kHz, 40MHz
	  3.6
	1+1+1
	3
	Tunnel
	3334
	-5.44

	CP-OFDM
	30kHz, 40MHz
	  3.6
	1+1+1
	3
	Open space
	3334
	-5.47

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	3
	Tunnel
	3000
	-5.34

	CP-OFDM
	30kHz, 40MHz
	3.6
	1+1+1
	3
	Open space
	3000
	-5.45



Antenna configuration:
	· Antenna configuration
· For tunnel
· Option 1: 1x1Rx
· Option 2: 1x2Rx(baseline for simulation alignment)
· For open space
· Option 1: 1x2Rx(baseline for simulation alignment)
· Option 2: 1x8Rx



According to the minimum requirements for LTE HST PUSCH specified in TS 36.104, 1x1Rx is required for Tunnel (HST-scenario 3). In practical Tunnel scenario,1x1Rx are common antenna configuration considering trade -off between expensive leakage cable and MIMO performance.  It is more reasonable to use 1x1Rx for Tunnel. According to the minimum requirements for LTE HST PUSCH specified in TS 36.104, 1x2Rx is required for Open space (HST-scenario 1).  Although the 1x8Rx is more practical for TDD, 1x2Rx for Open space is enough for the minimum requirements of NR HST. 
Proposal 3: Choose Option 1: 1x1Rx for Tunnel and Option 1: 1x2Rx for Open space.

MCS: 
	· MCS
· Option 1: MCS#2
· Option 2: MCS#16
· Option 3: MCS#2 and MCS#16
MCS#2 and MCS#16 for simulation alignment


According to the minimum requirements for LTE HST PUSCH specified in TS 36.104, the FRC A3-x is required. The modulation order for FRC A3-x is QPSK, so the same modulation order (QPSK) is proposed to be used for NR HST PUSCH. The MCS index 2(MCS#2) denotes QPSK, and the MCS#2 is enough for the minimum requirements of NR HST.
Proposal 4: Choose Option 1: MCS#2

Carrier frequency (GHz) for 15 kHz SCS for 500km/h:
	· SCS
· 15kHz
· 500km/h: 1.9GHz or 2.1GHz


From Table 2-11,  the SNR @70% of maximum throughput in Tunnel with 1944Hz and Open space with 1944Hz at 2.1GHz  are -6.3dB and -5.43dB respectively, while the SNR @70% of maximum throughput in Tunnel with 1944Hz and Open space with 1944Hz at 1.9GHz  are -6.3dB and -5.49dB respectively. The maximum variation of SNR @70% of maximum throughput of 2.1GHz vs. 1.9GHz is 0.06dB which is very small. So maximum Doppler shift 1944Hz is feasible for 1.9GHz and 2.1GHz
Proposal 5: Maximum Doppler shift 1944Hz is feasible for 1.9GHz and 2.1GHz.

Table 2-11 Evaluation results for 500km/h at 1.9GHz and 2.1GHz (15 kHz SCS)
	waveform
	SCS-BW
	Carrier Frequency
(GHz)
	Number of DMRS symbols
	Front loaded DMRS start symbol l0
	Propagation conditions
	frequency offset(Hz)
	SNR @70% of maximum throughput

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Tunnel
	1944
	-6.3

	CP-OFDM
	15kHz, 10MHz
	2.1
	1+1+1
	3
	Open space
	1944
	-5.43

	CP-OFDM
	15kHz, 10MHz
	1.9
	1+1+1
	3
	Tunnel
	1944
	-6.3

	CP-OFDM
	15kHz, 10MHz
	1.9
	1+1+1
	3
	Open space
	1944
	-5.49




3. Conclusion
This paper provided evaluation results for NR HST. Based on our evaluation results for NR HST PUSCH, we have the following proposals.
Proposal 1: Choose Option 1: l0=3.
Proposal 2: Choose Option 1: 1944Hz for 15 kHz SCS and Option 1: 3334Hz for 30 kHz SCS
Proposal 3: Choose Option 1: 1x1Rx for Tunnel and Option 1: 1x2Rx for Open space.
Proposal 4: Choose Option 1: MCS#2
Proposal 5: Maximum Doppler shift 1944Hz is feasible for 1.9GHz and 2.1GHz.
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5. Annex
Table 5-1 Simulation assumption for HST PUSCH for 350km/h and 500km/h with CP-OFDM
	Parameter
	value

	
	v=350km/h
	V=500km/h

	Transform precoding
	Disabled
	Disabled

	Number of Tx
	1
	1

	Number of Rx
	1x2Rx(baseline for simulation alignment)
	1x2Rx(baseline for simulation alignment)

	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

	MCS index
	Option 1: MCS#2
	Option 1: MCS#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}

	DMRS type
	type 1
	Type1

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

	Front loaded DMRS start symbol
	Option 1: l0 = 3 
Option 2: l0 = 2
	Option 1: l0 = 3 
Option 2: l0 = 2

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

	Frequency domain resource
	Full applicable test bandwidth
	Full applicable test bandwidth

	Carrier frequency (GHz)
	For 15kHz SCS: 2.1GHz
For 30kHz SCS: 3.6GHz
	For 15kHz SCS: 1.9GHz or 2.1GHz
For 30kHz SCS: 3.6GHz

	fd
	For 15kHz SCS: 1340Hz
For 30kHz SCS: 2334Hz
	For 15kHz SCS: 
Option 1: 1944Hz
Option 2:  1750Hz 
For 30kHz SCS: 
Option 1: 3334Hz
Option 2: 3000Hz

	Propagation condition
	Tunnel: Ds=300m, Dmin=2m;
Open space: Ds=700m, Dmin=150m
	Tunnel: Ds=300m, Dmin=2m;
Open space: Ds=700m, Dmin=150m

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




