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Introduction
In RAN4#95-e, the simulation assumption for UE Rx-Tx time difference has been agreed in [1].
In this paper we will provide our simulation results for UE Rx-Tx time difference measurement.
Discussion
0. Simulation assumption
A subset of cases have been simulated from the simulation assumptions in [1]. 
· Only Synchronous case with time shifts <0, 0, 3 us> is simulated
· PRS periodicity is 160ms
· 100% RE utilization in non-PRS symbols
· All listed SCS and BW are simulated in all listed channels
· All comb sizes are simulated
· Repetition factor 1,2,4 are simulated with PRS-ResourceTimeGap = 1
Simulation results
Table 1-3 show the simulation results for Rx-Tx time difference accuracy with different SCS, which is 90%-tile value in the CDF of Rx-Tx time difference estimation error in Tc.
Table 1: Rx-Tx time difference accuracy for 15kHz
	RB num
	Comb
	Rep
	Channel

	
	
	
	AWGN
	TDL-A
	TDL-B
	TDL-C

	
	
	
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3

	52
	2
	1
	57.1 
	57.9 
	58.5 
	61.5 
	130.4 
	111.7 
	136.7 
	176.1 
	177.9 
	392.6 
	411.9 
	404.6 

	
	
	2
	57.6 
	57.5 
	57.1 
	59.7 
	61.9 
	62.5 
	122.4 
	137.0 
	148.5 
	386.9 
	384.5 
	384.4 

	
	
	4
	57.0 
	58.0 
	57.8 
	59.3 
	59.7 
	61.2 
	117.9 
	155.1 
	139.2 
	381.3 
	382.3 
	388.8 

	
	4
	1
	56.9 
	57.4 
	57.4 
	60.7 
	106.9 
	109.4 
	135.6 
	171.0 
	166.4 
	377.7 
	423.3 
	403.9 

	
	
	2
	57.6 
	57.6 
	58.2 
	60.2 
	61.3 
	62.2 
	135.9 
	153.3 
	141.0 
	391.7 
	386.5 
	383.0 

	
	
	4
	58.0 
	57.5 
	57.6 
	60.5 
	62.3 
	60.4 
	126.1 
	136.0 
	138.2 
	379.3 
	379.0 
	398.5 

	
	6
	1
	58.5 
	57.3 
	57.0 
	60.7 
	122.2 
	116.6 
	126.4 
	168.7 
	184.7 
	379.9 
	420.1 
	416.0 

	
	
	2
	58.0 
	57.3 
	57.7 
	61.2 
	62.5 
	62.8 
	133.6 
	139.7 
	151.1 
	390.4 
	393.4 
	391.5 

	
	
	4
	58.2 
	57.8 
	57.6 
	60.2 
	61.2 
	61.7 
	129.8 
	137.3 
	153.1 
	383.1 
	393.1 
	392.7 

	
	12
	1
	57.7 
	57.5 
	57.4 
	59.8 
	116.5 
	116.1 
	129.0 
	176.5 
	163.4 
	365.9 
	417.4 
	420.5 

	
	
	2
	57.8 
	57.9 
	57.8 
	60.3 
	62.4 
	62.8 
	132.6 
	135.6 
	134.7 
	385.2 
	393.1 
	377.9 

	
	
	4
	57.5 
	58.3 
	56.2 
	61.1 
	60.7 
	61.5 
	117.7 
	138.3 
	133.9 
	401.0 
	386.2 
	378.1 

	104
	2
	1
	28.9 
	29.0 
	28.7 
	48.8 
	57.5 
	48.1 
	83.4 
	83.7 
	85.5 
	390.4 
	396.7 
	385.6 

	
	
	2
	28.7 
	28.8 
	29.0 
	41.7 
	56.6 
	47.9 
	85.0 
	87.4 
	83.4 
	393.7 
	390.5 
	390.9 

	
	
	4
	29.1 
	28.6 
	29.1 
	36.1 
	41.7 
	42.5 
	83.2 
	84.8 
	83.8 
	390.5 
	391.7 
	393.0 

	
	4
	1
	28.9 
	28.6 
	28.6 
	44.3 
	56.9 
	59.2 
	81.4 
	84.4 
	84.8 
	391.2 
	388.3 
	391.2 

	
	
	2
	28.6 
	28.7 
	28.5 
	43.8 
	52.4 
	40.5 
	83.4 
	83.7 
	81.7 
	388.4 
	390.5 
	390.0 

	
	
	4
	28.9 
	28.4 
	28.6 
	45.6 
	40.5 
	44.9 
	81.1 
	83.6 
	82.7 
	391.3 
	384.6 
	391.2 

	
	6
	1
	29.3 
	28.4 
	28.1 
	38.8 
	51.3 
	63.5 
	80.0 
	86.2 
	86.5 
	389.2 
	391.1 
	391.0 

	
	
	2
	28.7 
	28.0 
	29.3 
	46.8 
	53.2 
	44.4 
	83.2 
	81.9 
	82.6 
	389.2 
	392.8 
	392.0 

	
	
	4
	28.9 
	29.5 
	28.7 
	34.5 
	47.0 
	38.2 
	81.1 
	83.6 
	84.0 
	386.7 
	393.1 
	391.0 

	
	12
	1
	29.1 
	28.5 
	29.5 
	40.4 
	52.2 
	56.1 
	83.9 
	84.9 
	84.6 
	392.9 
	391.5 
	396.5 

	
	
	2
	29.2 
	29.1 
	29.2 
	35.1 
	34.5 
	41.4 
	82.0 
	85.2 
	83.6 
	390.1 
	388.3 
	393.5 

	
	
	4
	28.6 
	29.0 
	28.3 
	33.3 
	42.3 
	47.4 
	78.6 
	84.9 
	83.9 
	392.6 
	391.7 
	389.9 

	268
	2
	1
	14.5 
	14.1 
	14.6 
	44.8 
	45.0 
	45.4 
	67.0 
	67.3 
	63.7 
	385.7 
	387.9 
	387.9 

	
	
	2
	14.3 
	14.7 
	14.4 
	44.9 
	45.5 
	45.1 
	65.4 
	66.4 
	65.0 
	387.6 
	388.8 
	387.2 

	
	
	4
	14.4 
	14.5 
	14.4 
	44.8 
	45.4 
	45.5 
	65.8 
	67.4 
	66.9 
	385.5 
	388.7 
	387.0 

	
	4
	1
	14.6 
	14.3 
	14.5 
	44.8 
	45.4 
	44.6 
	66.7 
	66.3 
	67.0 
	389.7 
	386.9 
	387.5 

	
	
	2
	14.3 
	14.7 
	14.5 
	44.8 
	44.4 
	45.2 
	65.8 
	68.5 
	63.2 
	387.7 
	386.8 
	387.6 

	
	
	4
	14.3 
	14.2 
	14.4 
	45.1 
	44.8 
	44.8 
	67.7 
	60.6 
	64.7 
	383.6 
	386.8 
	388.7 

	
	6
	1
	14.4 
	14.3 
	14.6 
	44.8 
	45.1 
	44.5 
	64.4 
	65.6 
	65.2 
	385.9 
	388.3 
	389.8 

	
	
	2
	14.5 
	14.6 
	14.2 
	45.4 
	45.0 
	45.3 
	64.8 
	60.6 
	66.0 
	389.8 
	386.8 
	387.9 

	
	
	4
	14.4 
	14.6 
	14.5 
	44.5 
	44.7 
	44.8 
	66.8 
	67.1 
	64.6 
	389.6 
	386.2 
	389.3 

	
	12
	1
	14.4 
	14.6 
	14.6 
	45.0 
	44.6 
	45.1 
	65.1 
	65.4 
	65.4 
	389.3 
	388.2 
	387.1 

	
	
	2
	14.5 
	14.2 
	14.4 
	44.8 
	44.8 
	45.1 
	64.1 
	66.8 
	65.2 
	386.6 
	387.4 
	386.5 

	
	
	4
	14.1 
	14.4 
	14.5 
	44.7 
	45.2 
	44.8 
	67.3 
	67.0 
	64.3 
	384.6 
	386.4 
	387.5 


Table 2: Rx-Tx time difference accuracy for 30kHz
	RB num
	Comb
	Rep
	Channel 

	
	
	
	AWGN
	TDL-A
	TDL-B
	TDL-C

	
	
	
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3

	48
	2
	1
	28.5 
	29.3 
	29.9 
	65.5 
	85.3 
	80.4 
	79.7 
	95.9 
	117.9 
	388.3 
	408.0 
	406.2 

	
	
	2
	28.6 
	28.8 
	28.8 
	57.2 
	63.0 
	63.9 
	81.5 
	83.1 
	83.4 
	388.7 
	388.8 
	390.5 

	
	
	4
	29.1 
	28.7 
	28.5 
	54.4 
	57.9 
	58.6 
	81.6 
	85.8 
	79.9 
	388.1 
	389.4 
	390.7 

	
	4
	1
	29.1 
	29.2 
	29.6 
	60.1 
	78.9 
	81.7 
	82.6 
	95.4 
	267.9 
	391.3 
	406.8 
	406.2 

	
	
	2
	29.5 
	29.0 
	28.7 
	60.4 
	63.9 
	68.3 
	83.5 
	86.0 
	86.5 
	386.1 
	389.4 
	387.2 

	
	
	4
	28.9 
	28.9 
	28.9 
	55.4 
	58.3 
	55.0 
	81.3 
	82.8 
	83.0 
	388.2 
	389.9 
	387.6 

	
	6
	1
	29.1 
	29.6 
	29.5 
	58.0 
	86.4 
	72.0 
	85.8 
	119.0 
	93.3 
	393.8 
	409.8 
	412.2 

	
	
	2
	29.5 
	29.4 
	28.7 
	49.3 
	59.6 
	65.6 
	83.6 
	86.2 
	86.4 
	392.6 
	387.8 
	389.9 

	
	
	4
	28.8 
	28.6 
	28.7 
	53.0 
	59.3 
	64.7 
	79.6 
	78.9 
	80.7 
	390.6 
	388.7 
	388.6 

	
	12
	1
	28.6 
	30.1 
	29.4 
	49.4 
	80.7 
	76.2 
	81.2 
	112.5 
	111.7 
	394.0 
	405.2 
	406.0 

	
	
	2
	29.0 
	29.1 
	28.6 
	55.3 
	65.0 
	67.6 
	79.4 
	84.5 
	83.7 
	388.6 
	387.0 
	394.4 

	
	
	4
	28.7 
	28.4 
	29.1 
	54.1 
	57.9 
	56.1 
	85.7 
	79.2 
	82.7 
	391.1 
	392.7 
	393.5 

	132
	2
	1
	14.3 
	14.2 
	14.4 
	45.0 
	45.6 
	45.4 
	66.6 
	66.8 
	63.4 
	386.2 
	387.4 
	387.1 

	
	
	2
	14.3 
	14.5 
	14.4 
	45.0 
	45.1 
	44.6 
	65.6 
	63.6 
	65.5 
	388.0 
	386.8 
	389.2 

	
	
	4
	14.2 
	14.5 
	14.3 
	45.0 
	44.5 
	45.5 
	66.4 
	63.9 
	64.5 
	387.5 
	387.8 
	386.9 

	
	4
	1
	14.3 
	14.4 
	14.7 
	45.2 
	44.5 
	45.3 
	64.0 
	67.1 
	65.8 
	388.6 
	387.9 
	388.5 

	
	
	2
	14.6 
	14.2 
	14.7 
	45.3 
	44.6 
	45.0 
	67.9 
	64.5 
	65.8 
	389.5 
	387.5 
	386.6 

	
	
	4
	14.3 
	14.6 
	14.6 
	45.2 
	44.6 
	44.6 
	65.3 
	66.2 
	64.2 
	387.4 
	388.3 
	387.8 

	
	6
	1
	14.1 
	14.5 
	14.4 
	44.1 
	44.9 
	45.4 
	64.0 
	66.0 
	63.2 
	386.6 
	387.5 
	388.3 

	
	
	2
	14.3 
	14.4 
	14.4 
	44.8 
	44.9 
	45.1 
	67.1 
	65.3 
	67.2 
	388.7 
	387.4 
	389.8 

	
	
	4
	14.3 
	14.4 
	14.6 
	44.6 
	44.9 
	44.9 
	68.4 
	65.1 
	64.7 
	388.9 
	387.0 
	387.6 

	
	12
	1
	14.6 
	14.3 
	14.4 
	44.8 
	44.9 
	45.3 
	65.0 
	66.8 
	67.1 
	386.9 
	389.4 
	387.6 

	
	
	2
	14.3 
	14.3 
	14.3 
	45.0 
	45.1 
	44.7 
	64.9 
	67.0 
	64.9 
	385.9 
	387.6 
	387.7 

	
	
	4
	14.3 
	14.3 
	14.4 
	44.7 
	45.1 
	44.7 
	65.1 
	64.6 
	64.5 
	386.6 
	388.8 
	388.8 

	272
	2
	1
	7.3 
	7.1 
	7.1 
	27.9 
	26.5 
	26.4 
	71.4 
	67.2 
	68.1 
	372.3 
	373.1 
	371.7 

	
	
	2
	7.3 
	7.1 
	7.2 
	29.7 
	29.0 
	25.9 
	69.6 
	66.5 
	69.7 
	370.6 
	372.1 
	369.8 

	
	
	4
	7.2 
	7.2 
	7.2 
	25.6 
	27.9 
	27.7 
	66.9 
	64.1 
	70.7 
	372.9 
	373.8 
	370.4 

	
	4
	1
	7.3 
	7.2 
	7.0 
	28.8 
	28.3 
	28.4 
	66.9 
	69.5 
	69.5 
	368.0 
	369.4 
	370.7 

	
	
	2
	7.1 
	7.2 
	7.2 
	25.2 
	25.7 
	28.1 
	68.3 
	65.5 
	68.4 
	371.0 
	370.5 
	371.1 

	
	
	4
	7.1 
	7.2 
	7.3 
	26.3 
	26.1 
	25.6 
	66.3 
	66.8 
	69.6 
	370.9 
	371.6 
	372.9 

	
	6
	1
	7.1 
	7.4 
	7.3 
	27.4 
	26.9 
	30.2 
	68.5 
	67.9 
	68.4 
	371.0 
	372.5 
	372.9 

	
	
	2
	7.2 
	7.4 
	7.2 
	27.5 
	26.0 
	27.5 
	69.8 
	67.8 
	64.9 
	369.8 
	371.5 
	368.5 

	
	
	4
	7.3 
	7.2 
	7.2 
	27.1 
	28.5 
	25.9 
	66.7 
	64.9 
	65.5 
	372.7 
	372.2 
	369.8 

	
	12
	1
	7.3 
	7.3 
	7.2 
	26.5 
	28.2 
	27.4 
	66.3 
	68.8 
	68.4 
	370.5 
	369.3 
	370.3 

	
	
	2
	7.3 
	7.2 
	7.3 
	26.9 
	26.8 
	27.1 
	68.3 
	67.9 
	63.9 
	371.1 
	372.2 
	370.5 

	
	
	4
	7.1 
	7.2 
	7.2 
	30.5 
	26.9 
	27.5 
	66.0 
	68.7 
	66.4 
	372.7 
	369.7 
	371.4 


Table 3: Rx-Tx time difference accuracy for 120kHz
	RB num
	Comb
	Rep
	Channel 

	
	
	
	SNR=(-6,-13)
	SNR=(-3,-10)

	
	
	
	AWGN
	TDL-C
	AWGN
	TDL-C

	
	
	
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3
	Cell1
	Cell2
	Cell3

	48
	2
	1
	14.4 
	14.3 
	14.3 
	66.3 
	79.7 
	77.5 
	14.2 
	14.6 
	14.7 
	67.7 
	69.8 
	68.0 

	
	
	2
	14.4 
	14.5 
	14.4 
	65.2 
	67.8 
	66.9 
	14.2 
	14.2 
	14.4 
	65.2 
	66.4 
	65.8 

	
	
	4
	14.4 
	14.3 
	14.1 
	67.9 
	65.1 
	67.4 
	14.4 
	14.3 
	14.3 
	67.0 
	66.6 
	66.5 

	
	4
	1
	14.4 
	14.5 
	14.4 
	64.3 
	79.1 
	78.8 
	14.1 
	14.4 
	14.4 
	63.9 
	67.8 
	66.8 

	
	
	2
	14.3 
	14.3 
	14.3 
	67.2 
	68.5 
	67.8 
	14.4 
	14.5 
	14.5 
	66.9 
	66.9 
	64.9 

	
	
	4
	14.3 
	14.4 
	14.5 
	63.7 
	64.5 
	65.0 
	14.3 
	14.7 
	14.3 
	66.4 
	67.7 
	65.3 

	
	6
	1
	14.4 
	14.1 
	14.5 
	65.6 
	78.6 
	77.9 
	14.3 
	14.3 
	14.3 
	65.8 
	65.7 
	68.2 

	
	
	2
	14.4 
	14.8 
	14.5 
	64.9 
	68.1 
	66.5 
	14.2 
	14.1 
	14.2 
	67.8 
	67.7 
	67.5 

	
	
	4
	13.9 
	14.2 
	14.2 
	64.1 
	63.9 
	66.3 
	14.4 
	14.4 
	14.5 
	64.7 
	64.5 
	64.7 

	
	12
	1
	14.3 
	14.5 
	14.6 
	64.2 
	85.9 
	78.3 
	14.5 
	14.5 
	14.3 
	66.3 
	66.1 
	67.2 

	
	
	2
	14.5 
	14.3 
	14.7 
	67.0 
	67.2 
	66.8 
	14.4 
	14.3 
	14.4 
	65.1 
	65.9 
	62.7 

	
	
	4
	14.3 
	14.3 
	14.7 
	65.5 
	63.8 
	64.1 
	14.5 
	14.5 
	14.5 
	65.9 
	66.9 
	63.2 

	132
	2
	1
	7.2 
	7.2 
	7.1 
	82.0 
	83.5 
	82.3 
	7.1 
	7.2 
	7.2 
	81.7 
	82.5 
	81.1 

	
	
	2
	7.3 
	7.2 
	7.2 
	81.8 
	81.1 
	80.8 
	7.3 
	7.3 
	7.1 
	81.5 
	82.7 
	81.9 

	
	
	4
	7.2 
	7.2 
	7.3 
	81.9 
	82.4 
	82.0 
	7.2 
	7.2 
	7.2 
	81.1 
	81.8 
	83.0 

	
	4
	1
	7.2 
	7.2 
	7.2 
	82.6 
	83.1 
	83.0 
	7.2 
	7.2 
	7.1 
	82.7 
	82.2 
	83.2 

	
	
	2
	7.3 
	7.3 
	7.2 
	81.2 
	82.2 
	81.8 
	7.2 
	7.4 
	7.2 
	82.0 
	82.2 
	82.1 

	
	
	4
	7.1 
	7.2 
	7.2 
	82.0 
	81.9 
	80.7 
	7.2 
	7.2 
	7.1 
	81.2 
	80.7 
	81.0 

	
	6
	1
	7.3 
	7.3 
	7.2 
	81.7 
	82.3 
	82.9 
	7.2 
	7.2 
	7.3 
	82.0 
	81.7 
	81.3 

	
	
	2
	7.1 
	7.3 
	7.2 
	81.5 
	81.6 
	82.2 
	7.0 
	7.3 
	7.1 
	81.3 
	83.4 
	81.4 

	
	
	4
	7.2 
	7.2 
	7.2 
	81.9 
	81.4 
	81.5 
	7.1 
	7.2 
	7.3 
	81.9 
	81.4 
	81.6 

	
	12
	1
	7.3 
	7.2 
	7.1 
	81.2 
	81.5 
	83.5 
	7.4 
	7.1 
	7.0 
	82.0 
	81.1 
	81.8 

	
	
	2
	7.4 
	7.1 
	7.2 
	81.0 
	82.2 
	82.5 
	7.2 
	7.2 
	7.0 
	81.5 
	81.7 
	82.4 

	
	
	4
	7.3 
	7.2 
	7.3 
	82.4 
	82.7 
	80.4 
	7.2 
	7.1 
	7.2 
	82.1 
	82.7 
	80.8 

	272
	2
	1
	3.6 
	3.6 
	3.6 
	72.7 
	71.8 
	73.4 
	3.6 
	3.6 
	3.6 
	72.1 
	71.7 
	71.4 

	
	
	2
	3.6 
	3.6 
	3.6 
	72.0 
	72.1 
	72.4 
	3.6 
	3.7 
	3.6 
	72.2 
	72.5 
	72.9 

	
	
	4
	3.6 
	3.6 
	3.5 
	72.5 
	73.5 
	73.3 
	3.6 
	3.5 
	3.6 
	72.0 
	73.0 
	73.7 

	
	4
	1
	3.7 
	3.5 
	3.6 
	72.4 
	72.2 
	72.9 
	3.5 
	3.6 
	3.5 
	73.8 
	72.4 
	73.0 

	
	
	2
	3.6 
	3.6 
	3.6 
	71.6 
	73.2 
	72.5 
	3.6 
	3.6 
	3.6 
	73.2 
	72.3 
	73.2 

	
	
	4
	3.5 
	3.6 
	3.6 
	72.0 
	72.8 
	72.3 
	3.6 
	3.6 
	3.6 
	72.3 
	72.7 
	70.5 

	
	6
	1
	3.6 
	3.6 
	3.6 
	72.0 
	72.0 
	73.2 
	3.6 
	3.5 
	3.6 
	71.1 
	73.5 
	73.1 

	
	
	2
	3.7 
	3.5 
	3.6 
	72.6 
	73.0 
	71.4 
	3.6 
	3.6 
	3.6 
	72.3 
	71.8 
	71.5 

	
	
	4
	3.6 
	3.6 
	3.5 
	72.7 
	71.7 
	73.2 
	3.6 
	3.6 
	3.6 
	72.4 
	71.0 
	73.1 

	
	12
	1
	3.6 
	3.6 
	3.6 
	73.0 
	73.5 
	71.2 
	3.7 
	3.6 
	3.6 
	72.6 
	73.3 
	72.5 

	
	
	2
	3.6 
	3.6 
	3.6 
	72.9 
	72.8 
	73.5 
	3.6 
	3.6 
	3.6 
	71.6 
	72.5 
	72.3 

	
	
	4
	3.6 
	3.6 
	3.6 
	71.8 
	73.5 
	73.2 
	3.6 
	3.5 
	3.6 
	72.4 
	71.5 
	71.2 


As RSTD and UE Rx-Tx time different are both timing measurements, the observations from the performance simulations are quite similar.
Observation 1: The performance for all comb size are similar.
Observation 2: Repetition up to 4 improves the performance for all RB number in all channels, while the gain is more significant for small RB number at low SNR.
Observation 3: The performance are dependent on the channel profile, but the difference is not much. 
Observation 4: The accuracy improves in proportion with BW in RB due to more REs for estimation.
Observation 5: The performance is quite dependent on SNR condition. 
Conclusions
In this paper we provided our simulation results for UE Rx-Tx time difference measurement.
Observation 1: The performance for all comb size are similar.
Observation 2: Repetition up to 4 improves the performance for all RB number in all channels, while the gain is more significant for small RB number at low SNR.
Observation 3: The performance are dependent on the channel profile, but the difference is not much. 
Observation 4: The accuracy improves in proportion with BW in RB due to more REs for estimation.
Observation 5: The performance is quite dependent on SNR condition. 
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