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TS 38.101-4 [1] introduced PDSCH performance requirements for HST channel model. Corresponding test cases are added in TS 38.521-4 [2]. Remaining aspect is coming up with the minimum test time to verify the requirements. In this paper, we are presenting the methodology to come up with the min test time and submitting simulation results for these HST test cases.
Discussion
2.1 HST propagation channel characteristics
There are 3 types of HST channel model defined in 38.101-4 [1] namely HST Single Tap, HST-SFN and HST-DPS. All 3 are non-fading propagation channel models. 

HST single tap propagation is characterized by the doppler shift observed by the UE as it moves along the railway track. Doppler shift trajectory for 750 Hz doppler is shown below. It is a function of maximum doppler frequency, distance of the train from gNB and Dmin the gNB railway track distance.


TS 38.101-4 Figure B.3.1-1: Doppler shift trajectory ( d f = 750 Hz) for HST single tap
HST DPS although is a multi-RRH use case, is like a HST single tap propagation model from UE point of view. It is a single tap propagation channel with switching of transmission point happening in the middle point between 2 RRHs. For PDSCH and PDCCH, doppler shift for each RRH will look like below.


TS 38.101-4 Figure B.3.3-2 Doppler shift trajectory ( d f = 870 Hz) for HST-DPS


Given the same characteristics affecting both HST single tap and HST DPS, for the minimum test time simulation, we propose to use the test time derived from HST-DPS for HST single Tap cases as well.

Proposal1: HST-DPS test time shall be applicable for HST single tap cases as well


HST-SFN is also a non-fading propagation channel with 4 taps each corresponding to the nearest RRH visible to the UE. Due to this, in addition to doppler shift, UE also observes gNB relative power level and relative delay trajectory as the UE distance changes w.r.t the gNB.













TS 38.101-4 Figure B.3.2-2 Relative power level trajectories for HST-SFN



TS 38.101-4 Figure B.3.2-3 Doppler shift trajectories ( d f = 870 Hz) for HST-SFN

2.2	Methodology for HST minimum test time simulations
As described in [3] and [4], similar methodology is adopted for coming up with minimum test time for HST scenarios.

Since HST is a non-fading propagation channel, we do not need run the simulations with different seeds. Simulations were run for several integer multiples of Ds (distance between 2 RRH) time. Since the moving speed of the train is 500 Km/h and Ds = 700m for both HST-SFN and HST-DPS, the time taken to traverse Ds distance = 700/(500*1000/3600) = 5.04 seconds. So the simulation times are integer multiples of 5.04 seconds.

As seen in the propagation model, the doppler shift or relative power delay profile is a function of the train position from gNB. So in addition to running our simulations with default starting position, we swept 2 more positions (175m and 350m) to see if that has an effect to the minimum test time.

For each HST scenario currently defined in 38.101-4 [1], we sampled the measured throughput at integer multiples of Ds time instance to check if the throughput converged within +/- 2% of the target throughput (70% of the scheduled RMC).
Summary of HST PDSCH simulations results
In the below table which is for the default starting position, for each test case the final throughput value obtained at the SNR corresponding to 70% throughput was recorded. For the intermediate sampling time instances, the measured throughput was normalized by the final throughput value. 

	#
	Scenario name
	Ant Config
	RMC
	normalized Tput at 1*Ds time
	normalized Tput at 2*Ds time
	normalized Tput at 3*Ds time
	normalized Tput at 4*Ds time
	FinalTput at 5*Ds time

	1
	PDSCH_HST_singleTap_2Rx_FDD_st1-5
	1x2
	R.PDSCH.1-8.1 FDD
	 
	 
	 
	 
	 Leverage from HST-DPS

	2
	PDSCH_HST_singleTap_2Rx_FDD_st1-6
	1x2
	R.PDSCH.1-8.2 FDD
	 
	 
	 
	 
	  Leverage from HST-DPS

	3
	PDSCH_HST_singleTap_4Rx_FDD_st1-5
	1x4
	R.PDSCH.1-8.1 FDD
	 
	 
	 
	 
	  Leverage from HST-DPS

	4
	PDSCH_HST_singleTap_4Rx_FDD_st1-6
	1x4
	R.PDSCH.1-8.2 FDD
	 
	 
	 
	 
	  Leverage from HST-DPS

	5
	PDSCH_HST_singleTap_2Rx_TDD_st1-7
	1x2
	R.PDSCH.2-10.1 TDD
	 
	 
	 
	 
	  Leverage from HST-DPS

	6
	PDSCH_HST_singleTap_2Rx_TDD_st1-11
	1x2
	R.PDSCH.2-10.3 TDD
	 
	 
	 
	 
	  Leverage from HST-DPS

	7
	PDSCH_HST_singleTap_4Rx_TDD_st1-7
	1x2
	R.PDSCH.2-10.1 TDD
	 
	 
	 
	 
	  Leverage from HST-DPS

	8
	PDSCH_HST_singleTap_4Rx_TDD_st1-11
	1x2
	R.PDSCH.2-10.3 TDD
	 
	 
	 
	 
	  Leverage from HST-DPS

	9
	PDSCH_HST_DPS_2Rx_FDD_st1-1
	2x2
	R.PDSCH.1-8.4 FDD
	71.1%
	70.4%
	70.0%
	70.4%
	70.0%

	10
	PDSCH_HST_DPS_2Rx_FDD_st1-2
	2x2
	R.PDSCH.1-8.4 FDD
	same as st1-1
	same as st1-1
	same as st1-1
	same as st1-1
	same as st1-1

	11
	PDSCH_HST_DPS_4Rx_FDD_st1-1
	2x4
	R.PDSCH.1-8.4 FDD
	70.0%
	70.0%
	69.6%
	70.0%
	70.0%

	12
	PDSCH_HST_DPS_4Rx_FDD_st1-2
	2x4
	R.PDSCH.1-8.4 FDD
	same as st1-1
	same as st1-1
	same as st1-1
	same as st1-1
	same as st1-1

	13
	PDSCH_HST_DPS_2Rx_TDD_st1-1
	2x2
	R.PDSCH.2-10.5 TDD
	70.1%
	70.0%
	68.8%
	69.0%
	70.0%

	14
	PDSCH_HST_DPS_2Rx_TDD_st1-2
	2x2
	R.PDSCH.2-10.5 TDD
	same as st1-1
	same as st1-1
	same as st1-1
	same as st1-1
	same as st1-1

	15
	PDSCH_HST_DPS_4Rx_TDD_st1-1
	2x4
	R.PDSCH.2-10.5 TDD
	70.1%
	70.0%
	71.2%
	70.2%
	70.0%

	16
	PDSCH_HST_DPS_4Rx_TDD_st1-2
	2x4
	R.PDSCH.2-10.5 TDD
	same as st1-1
	same as st1-1
	same as st1-1
	same as st1-1
	same as st1-1

	17
	PDSCH_HST_SFN_2Rx_FDD_st1-1
	2x2
	R.PDSCH.1-8.3 FDD
	71.0%
	70.5%
	69.5%
	69.5%
	70.0%

	18
	PDSCH_HST_SFN_4Rx_FDD_st1-1
	2x4
	R.PDSCH.1-8.3 FDD
	68.1%
	67.5%
	68.8%
	65.0%
	70.0%

	19
	PDSCH_HST_SFN_2Rx_TDD_st1-1
	2x2
	R.PDSCH.2-10.4 TDD
	63.6%
	68.8%
	64.9%
	70.7%
	70.0%

	20
	PDSCH_HST_SFN_4Rx_TDD_st1-1
	2x4
	R.PDSCH.2-10.4 TDD
	69.2%
	70.5%
	70.3%
	69.5%
	70.0%



For FDD HST-DPS scenarios, the throughput easily converged to +/- 2% of the target 70% tput within 1*Ds time of 5.04 seconds. Running different starting position from RRH also yielded the same result. So we propose 6 seconds as the minimum test time for FDD HST-DPS scenarios

For TDD HST-DPS scenarios, the throughput for the default starting position converged within 1*Ds time of 5.04 seconds. There was 1 case (TDD 2x2, starting position of 175m) where it took 3*Ds time for the tput to converge. So to be conservative, we propose a min test time of 15 seconds for TDD HST-DPS scenarios
 
Proposal 2: For FDD HST-DPS scenarios, use 6 seconds as the working assumption for minimum test time. For TDD HST-DPS scenarios, use 15 seconds as the working assumption for minimum test time.

As indicated earlier, HST-DPS and HST single tap have similar propagation characteristics. So we propose similar minimum test time for HST single tap cases.

Proposal 3: For FDD HST single tap scenarios, use 6 seconds as the working assumption for minimum test time. For TDD HST single tap scenarios, use 15 seconds as the working assumption for minimum test time. 


For majority of the HST-SFN scenarios, the throughput converged to +/- 2% of the target 70% Tput within 5*Ds time. There were few runs with different start position, where the absolute tput was lower than the tput obtained for other start positions. Although the reason for the lower absolute Tput needs to be looked at, the settling time for those runs were within 5*Ds time. So we propose to round off the 5*Ds time to 30 seconds and propose that as the min test time for HST-SFN scenarios.

We ran more simulations for the runs where the absolute tput was lower than the tput obtained for other start positions. But the results were similar. Since we don’t have an explanation yet on why the absolute Tput numbers for these runs were lower than expected, we propose to use the 30 seconds as the working assumption for HST-SFN scenarios and revisit the data in next meeting.

Proposal 4: For HST-SFN scenarios, use 30 seconds as the working assumption for minimum test time.
Conclusions
Endorse the below proposals and accordingly update Annex G for minimum test time for HST PDSCH scenarios. 

Proposal1: HST-DPS test time shall be applicable for HST single tap cases as well

Proposal 2: For FDD HST-DPS scenarios, use 6 seconds as the working assumption for minimum test time. For TDD HST-DPS scenarios, use 15 seconds as the working assumption for minimum test time.

Proposal 3: For FDD HST single tap scenarios, use 6 seconds as the working assumption for minimum test time. For TDD HST single tap scenarios, use 15 seconds as the working assumption for minimum test time.

Proposal 4: For HST-SFN scenarios, use 30 seconds as the working assumption for minimum test time.
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