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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: _GoBack]It has been agreed in RAN4#92bis to further study the options regarding to following aspect:
· Feasible maximum Doppler frequency for HST channel
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 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. Table 2.3 and Table 2.4 present the required SNR at 70% throughput in single-tap HST channel for FDD and TDD cases, respectively. 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

	875 Hz
	4
	1.79
	-0.78

	
	13
	10.4
	7.75

	
	17
	15.85
	13.63

	712 Hz
	4
	1.58
	-1

	
	13
	10.06
	7.46

	
	17
	14.79
	12.3





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

	1667 Hz
	4
	2.15
	-0.36

	
	13
	11.95
	9.67

	
	17
	18.36
	15.92

	1500 Hz
	4
	2
	-0.48

	
	13
	11.49
	9.27

	
	17
	16.44
	14.11




Table 2.3 Required SNR (dB) @ 70% Tput for single-tap HST FDD cases
	Doppler shift
	MCS
	2x2
	2x4

	1250 Hz
	4
	-2.81
	-5.44

	
	13
	4.44
	1.75

	
	17
	7.71
	4.73

	972 Hz
	4
	-2.82
	-5.41

	
	13
	4.54
	1.75

	
	17
	7.77
	4.88



Table 2.4 Required SNR (dB) @ 70% Tput for single-tap HST TDD cases
	Doppler shift
	MCS
	2x2
	2x4

	1667 Hz
	4
	-2.8
	-5.45

	
	13
	4.49
	1.75

	
	17
	7.47
	4.49



For HST-SFN case, according to the agreed WF [1], the candidate Doppler shifts are {1667, 1500} Hz for TDD SCS 30 kHz and {875, 712} Hz for FDD 15k Hz. TRS has been defined in NR 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. From the theoretical and our results, all the candidate Doppler can achieve the 70% throughput with a reasonable SNR. Therefore, we agree and can support all the Doppler options in the HST-SFN channel.
Table 2.5 Maximum frequency offset by TRS based FOE
	SCS
	Max. frequency offset can be estimated

	15kHz
	1750 Hz

	30kHz
	3500 Hz



In single-tap HST channel, UE may percept the maximum Doppler shift as frequency error and try to compensate it by AFC. 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) and 10ms TRS period as an example. Considering the minimum distance (=Dmin=2m) between RRH and train, as shown in figure 2.1, it can be estimated that instantaneous frequency difference between a TRS period is about . The value is within the locking range of TRS FOE. As a result, we can guarantee the robustness of UE frequency offset when the maximum Doppler frequency is equal to 1250Hz for FDD cases (w. 15 kHz SCS).
[image: ]
Figure 2.1 Distance within a TRS period for single-tap HST channel
However, we need to note that the 1250Hz Doppler shift is calculated based on bands LTE band n7 (2.6GHz). This band is not practical and is rarely used for FDD 15kHz SCS cases.
In the case of TDD, the maximum feasible Doppler frequency can be up to 1667Hz, because  is within TRS FOE locking range. This can be verified by the simulation results shown in Table 2.3 for FDD and Table 2.4 for TDD with 1250Hz and 1667Hz, respectively. 
Proposal #1: 
· For HST-SFN, the feasible maximum Doppler frequency is:
· 875Hz for FDD; and
· 1667Hz for TDD
· For single-tap HST channel, the feasible maximum Doppler frequency is: 
· 1250Hz for FDD; and
· 1667Hz for TDD

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:
· 875Hz for FDD; and
· 1667Hz for TDD
· For single-tap HST channel, the feasible maximum Doppler frequency is: 
· 1250Hz for FDD; and
· 1667Hz for TDD
4	Reference
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Appendix
Table A.21 Simulation assumption for HST-SFN channel
	Parameter
	Value

	
	FDD 15KHz SCS
	TDD 30KHz SCS

	Antenna configuration
	2x2; 2x4, 

	DMRS type
	type 1

	Number of DMRS symbols
	DMRS 1+1+1

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

	Propagation condition
	HST-SFN

	TDD pattern
	7D1S2U, S: 6D 4G 4U

	TRS periodicity
	10ms, 2 slot TRS

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Ds and Dmin
	Ds=700m, Dmin=150m

	Rank
	Rank = 2

	BW
	10MHz
	40MHz

	Maximum Doppler shift
	· Option 1: 875Hz 
· Option 2: 712Hz
	· Option 1: 1667Hz
· Option 2: 1500Hz

	Testing metric
	SNR @70% of maximum throughput



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

	
	FDD 15KHz SCS
	TDD 30KHz SCS

	Antenna configuration
	2x2; 2x4 

	DMRS type
	type 1

	Number of DMRS symbols
	DMRS 1+1+1

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

	TDD pattern: 
	7D1S2U, S: 6D 4G 4U

	Propagation condition
	HST-single tap

	TRS periodicity
	10ms, 2 slot pattern

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

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

	Rank
	Rank = 1

	BW
	10MHz
	40MHz

	Maximum Doppler shift
	· Option 1: 1250Hz 
· Option 2: 972Hz
	1667Hz

	Testing metric
	SNR @70% of maximum throughput
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