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1. Introduction
For positioning purpose, several measurements are defined in 38.215 and among them the UE Rx-Tx time difference is defined as below：

	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:

TUE-RX is the UE received timing of downlink subframe #i from a positioning node, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the positioning node.
For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


In RAN4 #95-e meeting, the link-level simulation assumption for UE Rx-Tx time difference has been approved [1]. Interested companies are encouraged to provide simulation results in the RAN4 #96-e meeting. 
In this paper, we give our simulation results for UE Rx-Tx time difference in FR1 based our link-level simulation.
2. Discussion
2.1. Simulation assumption
In this section, simulation configurations for UE Rx-Tx time difference are depicted. A subset of scenarios has been simulated, which is described below. 
· 3-cells with cell ID <0,1,2>
· Synchronous with time shifts <0, 0, 3 us>
· Es/Iot ： (-3, -6, -13) 
· Antenna：1T2R
· Carrier frequency / BW / SCS
· 2 GHz Carrier frequency and 15kHz SCS
· 10 MHz, 20 MHz，50MHz
· 4 GHz Carrier frequency and 30kHz SCS
· 20 MHz, 50 MHz，100MHz
· Channel model：
· TDL-A (30 ns delay spread, 5Hz), 

· TDL-B (100 ns delay spread, 200Hz)
· TDL-C (300 ns delay spread, 100 Hz), 
· PRS pattern
· Comb 6 
· DL PRS Resource Repetition Factor：1
· no muting and no power boosting
· PRS transmission BW in PRB：full bandwidth
Detailed assumptions can be found in [1].
2.2. Performance metrics
In this paper, the following performance characteristics are provided：
· TUE-RX error CDFs for the 3 cells

· 90%-ile of the TUE-RX errors for each cell
And TUE-RX error = estimated TUE-RX– ideal TUE-RX (based on perfect channel knowledge)
The TUE-RX error distributions for the above scenarios are evaluated based on 1000 subframes. For each distribution, the TUE-RX ratios for the 90-percentile of the CDF is given, which means 90% TUE-RX measurement error is below this level.
2.3. Simulation results
From our simulation results for the DL RSTD measurement in previous meeting, the Rx timing error for each cell is agnostic to the comb factor when symbols of useful signal used for measurement are the same. So only the simulation results for comb-6 are provided. The results for other comb factors are omitted since they are similar as the following results.
The Rx timing errors of the 3 cells for the above listed settings are evaluated through the simulation and displayed by the CDF figures. In each figure, the TUE-RX for 3 the cells are displayed respectively. And in the table 1, 90%-ile of the TUE-RX measurement errors in CDF figures for each cell are provided.
Table 1. Measurement error of UE Rx-Tx time difference（Tc）
	SCS
	15kHz
	30kHz

	BW
	10M
	20M
	50M
	20M
	50M
	100M

	Cell1
	TDL-A
	60.83
	39.09
	31.07
	40.75
	25.25
	15.51

	
	TDL-B
	76.14
	47.41
	26.32
	59.8
	34.41
	11.17

	
	TDL-C
	113.6
	104.2
	14.74
	109.3
	42.16
	13.61

	Cell2
	TDL-A
	60.83
	39.09
	31.07
	40.75
	25.25
	17.88

	
	TDL-B
	76.14
	47.41
	31.46
	59.8
	34.41
	11.17

	
	TDL-C
	113.6
	104.2
	114.74
	109.3
	118.7
	119

	Cell3
	TDL-A
	60.83
	39.09
	31.07
	40.75
	25.25
	19.45

	
	TDL-B
	76.14
	47.41
	31.46
	59.8
	34.41
	14.29

	
	TDL-C
	172.9
	104.2
	117.7
	126.1
	123.4
	119


Observation 1: The TUE-RX measurement error becomes smaller as the bandwidth increases.
Observation 2: The largest absolute measurement error of TUE-RX is about 126Tc which will result in about 20m positioning error.
The simulation results above which can be acceptable are obtained using one DL PRS resource, so the UE Rx-Tx time difference measurement accuracy requirements should be defined based on one DL PRS resource, better performance can be left to UE implementation.
3. Conclusion
This paper provides the simulation results for TUE-RX error and gives the observations below which is proposed to be taken into account when defining the UE Rx-Tx time difference measurement requirements.
Observation 1: The TUE-RX measurement error becomes smaller as the bandwidth increases.
Observation 2: The largest absolute measurement error of TUE-RX is about 126Tc which will result in about 20m positioning error.
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