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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]It was agreed in RAN4#92 to further study the options regarding to following aspects:
· Feasible maximum Doppler frequency; 
· DMRS configuration between 1+2 and 1+3; and
· Rank and MCS
In this paper, we present the simulation results of PDSCH for NR-HST channel and provide our observations and proposals for the HST test case setting. 
2	Discussion on NR-HST test case setting
2.1 Maximum Doppler frequency
Based on the simulation assumption in [1], the following we provide the corresponding simulation results. Table 2.1 and Table 2.2 present the required SNR (in dB) at 70% throughput in HST-SFN channel for FDD and TDD cases, respectively, with 2 additional DMRS configuration. Table A.1 and Table A.2 (in Appendix) contains detailed parameter setting in the simulation. 

Table 2.1 Required SNR (dB) @ 70% Tput for HST-SFN FDD cases
	Doppler shift
	MCS
	2x2
	2x4

	
	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank = 2

	For 500km/h
	
	
	
	
	

	1250 Hz
	4
	1.17
	4.87
	-0.85
	2.05

	
	13
	Error floor
	Error floor
	Error floor
	Error floor

	
	17
	Error floor
	Error floor
	Error floor
	Error floor

	972 Hz
	4
	-0.85
	2.15
	-0.86
	2.14

	
	13
	12.11
	17.18
	12.09
	14.51

	
	17
	Error floor
	Error floor
	Error floor
	Error floor

	875 Hz
	4
	-1.43
	1.53
	-4
	-0.36

	
	13
	8.43
	12.22
	5.97
	10.31

	
	17
	29.82
	Error floor
	29.47
	Error floor

	780 Hz
	4
	-1.67
	1.26
	-4.22
	-1.22

	
	13
	6.27
	9.86
	3.49
	7.18

	
	17
	10.28
	14.23
	7.75
	11.58

	For 350km/h
	

	875 Hz
	4
	-1.16
	1.61
	-4.04
	-0.41

	
	13
	8.79
	12.61
	6.74
	10.21

	
	17
	Error floor
	Error floor
	Error floor
	Error floor

	780 Hz
	4
	-1.64
	1.25
	-4.27
	-1.1

	
	13
	6.63
	9.87
	3.96
	7.52

	
	17
	10.27
	14.44
	8.14
	11.83




Table 2.2 Required SNR (dB) @ 70% Tput for HST-SFN TDD cases
	Doppler shift
	MCS
	2x2
	2x4

	
	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank = 2

	For 500km/h
	
	
	
	
	

	1667 Hz
	4
	-1.34
	1.75
	-4.12
	-0.68

	
	13
	10.26
	14.39
	9.03
	12.88

	
	17
	19.27
	24.25
	20.12
	24.66

	1500 Hz
	4
	-1.71
	1.43
	-4.31
	-1.08

	
	13
	7.77
	11.18
	5.55
	9.64

	
	17
	11.69
	17.28
	10.41
	14.44

	1167 Hz
	4
	-1.86
	1.24
	-4.55
	-1.2

	
	13
	7.47
	11.37
	4.76
	8.73

	
	17
	11.81
	17.71
	9.6
	14.56



For HST-SFN FDD case, we can observe that when maximum Doppler shift equals to 1250Hz, error floor appears in 16-QAM and 64-QAM due to strong ICI effect. Therefore, in light of the stability of demodulation, we don’t think it’s feasible to consider such a large Doppler frequency in the FDD test cases. For lower Doppler frequency such as 972Hz and 875Hz, it’s feasible to support up to 16-QAM, and even up to 64-QAM for 780Hz Doppler shift. 
For HST-SFN TDD case, it has better tolerance to UE mobility due to the larger SCS. As a result, it can support up to 1667Hz Doppler which corresponds to the 3.6GHz carrier frequency and 500km/h train speed.
In single-tap HST channel, UE may percept the maximum Doppler shift as frequency error and try to compensate it by AFC. NR defined TRS to facilitate UE for time/frequency tracking. The theoretical maximum frequency offset tracking range with TRS based FOE (frequency offset estimator) are listed in the following table. 
Table 2.3 Maximum frequency offset by TRS based FOE
	SCS
	Max. frequency offset can be estimated

	15kHz
	1750 Hz

	30kHz
	3500 Hz



The most crucial situation for UE frequency tracking happen during transient period when Doppler frequency changes from  to . The frequency change can be up to  instantaneously, where  is the maximum Doppler frequency. Taking 1250 Hz Doppler shift (option 1) as an example, the expected frequency error can be as large as 2500Hz, which is beyond the locking range of TRS FOE and will cause wrap around error. As a result, to ensure the robustness of UE frequency offset estimation, the maximum Doppler frequency for FDD cases (w. 15 kHz SCS) should not exceed 875Hz. 
In the case of TDD, the maximum feasible Doppler frequency can up to 1667Hz, because  is within TRS FOE locking range.  This can be verified by the simulation results shown in Table 2.4 for FDD and TDD with 875Hz and 1667Hz, respectively. 
Table 2.4 Required SNR (dB) @ 70% Tput for single-tap HST cases
	FDD 15kHz SCS
	

	Doppler shift
	MCS
	Rank = 1
	Rank = 2

	
	
	1x2
	1x4
	2x2
	2x4

	
	
	AddPos2
	AddPos3
	AddPos2
	AddPos3
	AddPos2
	AddPos3
	AddPos2
	AddPos3

	875 Hz
	13
	4.46
	4.45
	1.502
	1.48
	7.48
	7.52
	4.54
	4.59

	
	

	TDD 30kHz SCS
	

	1667 Hz
	13
	4.43
	4.38
	1.9
	1.7
	6.93
	6.95
	4.56
	4.51



Proposal #1: 
· For HST-SFN, the feasible maximum Doppler frequency is:
· 975Hz for FDD; and
· 1667Hz for TDD
· For single-tap HST channel, the feasible maximum Doppler frequency is: 
· 875Hz for FDD; and
· 1667Hz for TDD

2.2 DMRS symbol number
We analyze the impact of different DMRS symbol numbers on demodulation performance. Figure 2.1 shows the BLER and Tput curve with different DMRS number under FDD cases with maximum Doppler shift = 972Hz, 2x4 antenna configuration and rank 2. From the BLER curves, 3 additional DMRS has 0.5dB SNR gain compared to 2 additional DMRS due to more accurate channel estimation results. However, 3 additional DMRS configuration increases the pilot overhead and thus reduce the throughput accordingly. Considering the complexity of UE demodulation, 2 additional DMRS is enough to handle the high Doppler spread and should be more practical for HST scenario.
Proposal #2: Use 2 additional PDSCH DMRS symbols (Option 1: 1+1+1) for NR-HST test cases

[image: ]
Figure 2.1 HST performance with different DMRS number


2.3 Rank and MCS
For 4-tap HST-SFN channel, we conducted some evaluations to investigate the throughput under different rank and MCS. We compare the absolute Tput values and choose the appropriate rank and MCS according to different scenarios. 
The simulation results in Figure 2.2 shows the Tput under FDD cases with maximum Doppler shift = 875Hz and 2x2 antenna configuration. We can observe that for middle to high SNR range, Tput of rank 2 is better than that of rank 1. Besides, mcs13 (16-QAM) can provide better Tput than mcs17 (64-QAM). For low SNR range, rank 1 with 16-QAM is enough. 
Figure 2.3 shows the Tput under TDD cases with maximum Doppler shift = 1500Hz and 2x2 antenna configuration. It can be observed that rank 2 universally provides better Tput over wide SNR range. For high SNR range, 64-QAM can achieve better Tput.

[image: ]
Figure 2.2 FDD performance with different Rank and MCS 

[image: ]
Figure 2.3 TDD performance with different Rank and MCS 
The same method for analyzing proper rank and MCS values can also be used for different Doppler and antenna configuration. We summarized the results in Table 2.5. It’s observed that the rank 2 with 16-QAM or 64-QAM are more suitable in the operating SNR range.
Proposal #3: Considering various operating SNR in HST, we propose to adopt the following Rank/MCS for PDSCH setting:
· Rank2, MCS4 (QPSK) for low SNR
· Rank2, MCS13 (16QAM) for medium-to-high SNR

Table 2.5 Propose Rank and MCS
	FDD (2x2)
	FDD (2x4)

	Doppler 
	SNR range
	MCS
	Rank
	Doppler 
	SNR range
	MCS
	Rank

	Very high ( 1250Hz)
	dB
	QPSK
	2
	Very high ( 1250Hz)
	dB
	QPSK
	2

	High ( 780Hz)
	dB
	16-QAM
	2
	High ( 780Hz)
	dB
	16-QAM
	2

	Middle ( 780Hz)
	dB
	16-QAM
	2
	Middle ( 780Hz)
	dB
	16-QAM
	2

	
	dB
	64-QAM
	2
	
	dB
	64-QAM
	2

	TDD (2x2)
	TDD (2x4)

	Doppler 
	SNR range
	MCS
	Rank
	Doppler 
	SNR range
	MCS
	Rank

	Very high ( 1667Hz)
	dB
	16-QAM
	2
	Very high ( 1667Hz)
	dB
	16-QAM
	2

	
	dB
	64-QAM
	2
	
	dB
	64-QAM
	2

	High ( 1167Hz)
	dB
	16-QAM
	2
	High ( 1167Hz)
	dB
	16-QAM
	2

	
	dB
	64-QAM
	2
	
	dB
	64-QAM
	2



3	Conclusions
In the contribution, we provide our simulation results of PDSCH HST tests and following proposals:
Proposal #1: 
· For HST-SFN, the feasible maximum Doppler frequency is:
· 975Hz for FDD; and
· 1667Hz for TDD
· For single-tap HST channel, the feasible maximum Doppler frequency is: 
· 875Hz for FDD; and
· 1667Hz for TDD
Proposal #2: Use 2 additional PDSCH DMRS symbols (Option 1: 1+1+1) for NR-HST test cases
Proposal #3: Considering various operating SNR in HST, we propose to adopt the following Rank/MCS for PDSCH setting:
· Rank2, MCS4 (QPSK) for low SNR
· Rank2, MCS13 (16QAM) for medium-to-high SNR
4	Reference
[1] R4-1910050, “WF on UE demodulation for NR HST”, CMCC.

Appendix

Table A.1 Simulation assumption for HST-SFN channel
	Parameter
	Value

	
	FDD 15KHz SCS
	TDD 30KHz SCS

	Antenna configuration
	2x2; 2x4, 

	Precoding scheme
	Random precoding based on type1 single panel codebook, bundle size 2

	Front loaded DMRS symbol
	L0=2

	DMRS type
	type 1

	Number of DMRS symbols
	· Option 1: DMRS 1+1+1 
· Option 2: DMRS 1+1+1+1

	MCS
	MCS 4; MCS 13; MCS 17 based on 64QAM table

	Propagation condition
	HST-SFN

	TDD pattern
	DDDDDDDSUU ,S(6D:4G:4U)

	TRS periodicity
	10ms, 2 slot TRS

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Ds and Dmin
	Ds=1000m, Dmin=50m

	Rank
	Option 1: Rank = 1
Option 2: Rank = 2

	BW
	10MHz
	40MHz

	Maximum Doppler shift
	· For 500km/h
· Option 2: 1250Hz
· Option 3: 875Hz 
· Option 4: 972Hz
· Option 5: 780Hz
· For 350km/h
· Option 1: 875Hz 
· Option 2: 780Hz
	· For 500km/h
· Option 1: 1667Hz
· Option 2: 1500Hz

· For 350km/h
· Option 1: 1167Hz 


	Testing metric
	SNR @70% of maximum throughput












	Parameter
	Value

	
	FDD 15KHz SCS
	TDD 30KHz SCS

	Antenna configuration
	1x2, 1x4 (rank 1); 2x2; 2x4 (rank 2)

	DMRS type
	type 1

	Number of DMRS symbols
	· Option 1: DMRS 1+1+1
· Option 2: DMRS 1+1+1+1

	Precoding scheme
	Random precoding based on type1 single panel codebook, bundle size 2

	TDD pattern: 
	DDDDDDDSUU ,S(6D:4G:4U)

	Front loaded DMRS symbol
	L0=2

	Propagation condition
	HST-single tap

	TRS periodicity
	10ms, 2 slot

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Ds and Dmin
	Ds= 300m, Dmin=2m

	Rank
	Option 1: Rank = 1
Option 2: Rank = 2 

	BW
	10MHz
	40MHz

	Maximum Doppler shift
	875Hz
	1667Hz 

	Testing metric
	SNR @70% of maximum throughput


 Table A.2 Simulation assumption for HST-single tap channel
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