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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In this paper, we present the simulation results of PDSCH HST channel and the proposal for the HST test case setting. 
2	Discussion
Based on the simulation assumption in [1], we provide the simulation result of HST test cases. Table A.1 and Table A.2 (in Appendix) contain detailed parameter setting in the simulation. 
Table 2.1 and Table 2.2 are the 70% Throughput SNR(dB) for FDD cases and  Table 2.3 and Table 2.4 are the 70% Throughput SNR(dB) for TDD cases

Table 2.1 70% Tput SNR for FDD cases (without SSB tracking)
	MCS
	FDD

	
	300km/h (fd = 750 Hz)
	350km/h (fd = 875 Hz)

	
	TRS 10ms
	TRS 20ms
	TRS 10ms
	TRS 20ms

	
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2

	4
	-6.25
	-6.45
	-6.3
	-6.5
	-6.25
	-6.45
	-6.3
	-6.5

	13
	0.2
	0.2
	0.15
	0.15
	0.2
	0.2
	0.15
	0.15



Table 2.2 70% Tput SNR for FDD cases (with SSB tracking)
	MCS
	FDD

	
	300km/h (fd = 750 Hz)
	350km/h (fd = 875 Hz)

	
	TRS 10ms
	TRS 20ms
	TRS 10ms
	TRS 20ms

	
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2

	4
	-6.25
	-6.45
	-6.3
	-6.5
	-6.25
	-6.45
	-6.3
	-6.5

	13
	0.2
	0.2
	0.15
	0.15
	0.2
	0.2
	0.15
	0.15



Table 2.3 70% Tput SNR for TDD cases (without SSB tracking)
	MCS
	TDD

	
	300km/h (fd = 750 Hz)
	350km/h (fd = 1167 Hz)

	
	TRS 10ms
	TRS 20ms
	TRS 10ms
	TRS 20ms

	
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2

	4
	-6.15
	-6.5
	-6.05
	-6.5
	-6.15
	-6.5
	-6.15
	-6.5

	13
	0.2
	0.3
	0.2
	0.3
	0.25
	0.3
	0.25
	0.3



Table 2.4 Tput SNR for TDD cases (with SSB tracking)
	MCS
	TDD

	
	300km/h (fd = 750 Hz)
	350km/h (fd = 1167 Hz)

	
	TRS 10ms
	TRS 20ms
	TRS 10ms
	TRS 20ms

	
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2
	DMRS
add1
	DMRS
add2

	4
	-6.15
	-6.5
	-6.15
	-6.5
	-6.15
	-6.5
	-6.15
	-6.5

	13
	0.2
	0.3
	0.2
	0.3
	0.25
	0.3
	0.25
	0.3



2.1 PDSCH DMRS symbol number
For MCS4 (QPSK), 2 additional DMRS has 0.2~0.4dB SNR gain compared to 1 additional DMRS due to time domain combining gain, which is more significant in low SNR region. For MCS13 (16QAM), the performance is almost the same between the 2 DMRS settings since channel variation dominates the performance in this SNR region and 1 additional DMRS is enough to handle the simple HST channel (1-tap). Under MCS13 setting, 1 additional DMRS can obtain higher throughput (~5% better) due to lower DMRS overhead. 

Figure 2.1.1 HST performance with different DMRS number
	FDD, QPSK, Trs10ms, 300km/h

[image: ]
	FDD, 16QAM, Trs10ms, 300km/h

[image: ]



Based on the simulation results, there is no much difference between the 2 DMRS settings. However, we think 1-tap HST model is too simple and the results cannot justify the typical DMRS setting for HST scenario. Therefore, we leverage the 4-tap HST channel model from [2] to provide more practical analysis for PDSCH DMRS symbol number requirement. Figure 2.1 is the reference 4-tap HST model 
Figure 2.1.2 4-tap HST model
	[image: ]




Based on the 4-tap HST model, we can select some locations to have more sophisticated performance evaluation. We provide Tput performance evaluation at point A, C and F under 2.6GHz and mobility 500km/h (Maximum Doppler shift = 1204Hz). More simulation setting is in Table A.3 (in Appendix). Table 2.1.1 is the Tput performance for 3 PDSCH DMRS settings  
· At the lowest Doppler shift position A, 1 additional DMRS outperforms 2 additional DMRS but the gain is less than 5%. 
· At the highest Doppler shift position F, 1 additional DMRS underperforms 2 additional DMRS, and the loss is larger than 25% (especially in SNR operating range 20~25dB, loss > 70%)

Table 2..1.1 Tput for 4-tap HST channel 
	
	
	Throughput (Mbps)

	Position
	SNR
	1 additional DMRS
	2 additional DMRS
	3 additional DMRS

	A
	0
	28.08
	25.85
	22.70

	
	10
	93.24
	91.66
	81.45

	
	20
	145.38
	144.08
	115.71

	
	25
	161.77
	168.29
	118.30

	C
	0
	18.24
	16.15
	14.45

	
	10
	70.98
	74.59
	68.94

	
	20
	83.14
	111.35
	101.11

	
	25
	83.14
	111.59
	105.46

	F
	0
	8.19
	11.26
	7.92

	
	10
	10.82
	23.92
	19.37

	
	20
	9.19
	30.05
	22.17

	
	25
	9.22
	28.48
	21.95



Based on the result, it is obvious 1 additional PDSCH DMRS is not enough to handle the high Doppler spread and 2 additional PDSCH DMRS is required for 4-tap HST channel. Combining the performance results of 1-tap HST channel and 4-tap HST channel, 2 additional DMRS should be more practical for HST scenario 
Proposal 1: Use 2 additional PDSCH DMRS symbols for HST test cases
2.2 TRS configuration
According to the simulation result, the performance of 10ms and 20ms TRS are almost the same since the Doppler spread is not significant and the channel model is simple. Considering even higher carrier frequency and more complicated channel mode, 10ms TRS should be more robust
Proposal 2: Use 10ms TRS for HST test cases

Figure 2.1.3 HST performance with different TRS period 
	FDD, QPSK, 1 additional DMRS, 300km/h

[image: ]
	FDD, 16QAM, 1 additional DMRS, 300km/h
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2.3 UE tracking
The performance difference between UE tracking with and without SSB is not significant. To simplify the assumption, we can select the simple one for the performance requirement 
Proposal 3: Assume UE only uses TRS on tracking for the HST performance requirement 

Figure 2.1.4 HST performance with different UE tracking RS 
	FDD, QPSK, 2 additional DMRS, Trs20ms, 350km/h

[image: ]
	FDD, 16QAM, 2 additional DMRS, Trs20ms, 350km/h
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According to the 1-tap HST performance analysis under various aspects, it is obvious that 1-tap HST channel is too simple to provide the typical system parameters. To guarantee UE performance in HST scenario, we should include more practical HST channel model for the requirement. To reduce the development effort, we can leverage LTE HST-SFN channel (4-tap) in [2]
Proposal 4: Introduce LTE HST-SFN channel for NR HST performance requirement 
3	Conclusions
In the contribution, we provide our simulation results of PDSCH HST tests and we have the following proposals
Proposal 1: Use 2 additional PDSCH DMRS symbols for HST test cases
Proposal 2: Use 10ms TRS for HST test cases
Proposal 3: Assume UE only uses TRS on tracking for the HST performance requirement
Proposal 4: Introduce LTE HST-SFN channel for NR HST performance requirement 
  
4	Reference
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Appendix

Table A.1 PDSCH HST test case channel model parameter
	Parameter
	Option 1
	Option 2

	Ds
	300 m
	300 m

	Dmin
	2 m
	2 m

	v
	350 km/h
	300 km/h

	fd
	875 Hz for 15 kHz SCS test and
1167 Hz for 30 kHz SCS test
	750 Hz for 15 kHz SCS and 30 kHz SCS tests




Table A.2 PDSCH HST test case parameter
	Parameter
	Setting

	Channel bandwidth and SCS
	FDD: 10 MHz, SCS 15 kHz
TDD: 40 MHz, SCS 30 kHz (7D1S2U, S = 6D:4S:4U)

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	DMRS configuration
	Option 1: Type 1, Single symbol, 1 additional DMRS
Option 2: Type 1, Single symbol, 2 additional DMRS

	TRS configuration
	Option 1: 10ms, 2 slots, offset 1
Option 2: 20ms, 2 slots, offset 10

	FRC
	Option 1: QPSK Rank 1 (MCS 4)
Option 2: 16QAM Rank 1 (MCS 13)

	Baseline receiver assumption for frequency offset tracking
	Option1: TRS based on tracking
Option2: SSB+TRS based on tracking (SSB with 20ms periodicity)

	
	




 Table A.3 The setting of four tap HST model
	Parameter
	

	Ds
	750 m

	Dmin
	120 m

	v
	500 km/h

	fd
	1204 Hz for 30 kHz SCS

	Channel bandwidth and SCS
	FDD: 20 MHz, SCS 30 kHz

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	DMRS configuration
	Option 1: Type 1, Single symbol, 1 additional DMRS
Option 2: Type 1, Single symbol, 2 additional DMRS

	TRS configuration
	20ms, 2 slots, offset 1

	FRC
	Choose MCS/Rank with max Tput for each point
Rank  {1, 2, 4}, MCS  {0~27}
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