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Introduction
[bookmark: _Hlk521500305]In WF [1], some of the test parameters were discussed and options for different parameters were provided. In this paper, we discuss our views on those parameters for high speed train scenarios.
Maximum Doppler for HST-SFN
In the last meeting, WF [1] listed a lot of options for maximum Doppler spread values. We provide some more analysis on this below.
· For TDD 30kHz
· For HST-SFN, further study the maximum Doppler frequency:
· Target speed of 500km/h
· Option 1: 1667Hz 
· Option 2: 1500Hz  
· Target speed of 350km/h
· 1167Hz 
· For FDD 15kHz
· HST-SFN
· Target speed of 500km/h
· Option 1: 1667Hz
· Option 2: 1250Hz
· Option 3: 875Hz 
· Option 4: 972Hz
· Option 5: 780Hz
· Target speed of 350km/h
· Option 1: 875Hz
· Option 2: 780Hz

Maximum Doppler spread between two taps
As only 2 out of 4 taps would be more prominent, Doppler spread when only considering only two taps can be given as below at a distance x from one RRH:
Doppler Spread between two taps =  ,				(1)
where fD,max = CF*v/c, with CF being carrier frequency, v as speed and c as speed of light. If we consider 4 taps, Doppler spread can only get larger than the above. The maximum value of above Doppler spread will be at x = Ds/2 and it is given as below:
Maximum Doppler Spread between two taps =  	(2)
If we assume Ds = 1000m and Dmin = 50m, then maximum Doppler spread between two taps is 1.99*fD,max. 
FTL Limitations:
If FTL loop follows the baseline assumption of only using TRS for estimating frequency error, it’s pull-in range will be 1750*2μ since there is 4-symbol spacing between TRS symbols. Here, μ denotes the SCS index (0 for 15kHz, 1 for 30kHz SCS). 
[bookmark: _GoBack]In LTE, we assumed that FTL can only correct frequency error up to the accuracy of 0.1ppm of carrier frequency [2, 3]. So, we can make the same assumption for NR. On top of it, we need to leave some margin for RF impairments.
Evaluation of Maximum Doppler Options in WF [1] for 15kHz SCS:
For 15kHz SCS, 500km/h speed, maximum Doppler spread between two taps for Option 1, 2, and 4 are 3317, 2487.5, 1934 Hz, while FTL pull-in range is only 1750Hz. Therefore, options 1, 2, and 4 are not feasible to achieve. 
For 500km/h Option 3, maximum Doppler spread between two taps is 1741Hz, and carrier frequency to achieve 875Hz of Doppler at 500km/h speed is 1890 MHz. So, FTL can only correct up to the accuracy of 189Hz frequency error, so FTL pull-in range for this carrier frequency will be reduced to 1561Hz, which is smaller than 1741 Hz. So, Option 3 is also not feasible. 
For 500km/h Option 5, maximum Doppler spread between two taps is 1560Hz, and carrier frequency to achieve 780Hz of Doppler at 500km/h speed is 1685 MHz. So, FTL can only correct up to the accuracy of 168.5Hz frequency error, so FTL pull-in range for this carrier frequency will be reduced to 1581.5Hz, which is very close to 1560Hz and doesn’t leave much margin for RF impairments. So, Option 5 is also not feasible.
Similar analysis can be done for 350km/h options to show that both the options are not feasible.
Observation 1: None of the options for maximum Doppler in WF [1] are feasible for FDD 15kHz SCS.
Therefore, based on above constraints, we propose the following.
Proposal 1: Define FDD 15kHz SCS test cases for high speed train with maximum Doppler shift of 712Hz for both 350km/h and 500km/h.
Evaluation of Maximum Doppler Options in WF [1] for 30kHz SCS:
For 30kHz SCS, FTL pull-in range is 1750*2 = 3500Hz. We can do the similar analysis as for 15kHz SCS for all the options. 
Option 1 has maximum Doppler spread between two taps as 1667*1.99 = 3317Hz, and carrier frequency to achieve 1667Hz of Doppler at 500km/h speed is 3600 MHz. So, FTL can only correct up to the accuracy of 360Hz frequency error, so FTL pull-in range for this carrier frequency will be reduced to 3140Hz, which is smaller than 3317Hz. So, Option 1 is not feasible.
For Option 2, maximum Doppler spread between two taps is 2985Hz, and carrier frequency to achieve 1500Hz of Doppler at 500km/h speed is 3240 MHz. So, FTL can only correct up to the accuracy of 324Hz frequency error, so FTL pull-in range for this carrier frequency will be reduced to 3176Hz, which provides enough margin for RF impairments. So, Option 2 is feasible.
Proposal 2: Define TDD 30kHz SCS test cases for high speed train with maximum Doppler shift of 1500Hz for 500km/h.
HST-SFN Model
In WF [1], following options were agreed for HST-SFN model parameters.
· For HST-SFN, reuse LTE HST-SFN bi-directional channel model, and number of taps can be further discussed.
· Option 1: Ds=1000m, Dmin=50m 
· Option 2: Ds=700m, Dmin=150m 
· Option 3: Ds= 300m, Dmin=2m 

Based on analysis in section 2, maximum Doppler spread between two taps for Ds = 1000m and Dmin = 50m is 1.99*fD,max. If we assume Ds = 700m and Dmin = 150m, maximum Doppler spread between two taps reduces to 1.84*fD,max. Therefore, Option 2 for HST-SFN in WF [1] can sustain same speed at higher carrier frequencies compared to Option 1, if everything else is the same. Option 3 has very low spacing between two RRH, which does not seem very practical. Therefore, we propose the following.
Proposal 3: Use Ds = 700m, Dmin = 150m for HST-SFN channel model.
Number of DMRS symbols
In WF [1], there were two options for number of DMRS symbols: 1+2 and 1+3. As 1+3 DMRS symbols is an optional UE feature, we propose the following.
Proposal 4: Use 1+2 DMRS symbols for defining tests for high speed train scenarios.
Conclusions
This paper proposes parameters related to test cases for high speed train scenarios. Following has been observed and proposed.
Observation 1: None of the options for maximum Doppler in WF [1] are feasible for FDD 15kHz SCS.
Proposal 1: Define FDD 15kHz SCS test cases for high speed train with maximum Doppler shift of 712Hz for both 350km/h and 500km/h.
Proposal 2: Define TDD 30kHz SCS test cases for high speed train with maximum Doppler shift of 1500Hz for 500km/h.
Proposal 3: Use Ds = 700m, Dmin = 150m for HST-SFN channel model.
Proposal 4: Use 1+2 DMRS symbols for defining tests for high speed train scenarios.
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