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1 Introduction
In RAN4 #54 meeting, companies have given discussions and simulation results on UE Rx-Tx accuracy requirements [1-4].  In this contribution we will present further link-level simulation results of UE Rx-Tx time difference and then give suggestions on UE Rx-Tx time accuracy requirements.
2 Simulation
Simulation assumptions are mainly referred to [5] and listed in Table 1. As proposed in [1], geometry factor (Ês/Iot) down to -6 dB due to FDD frequency bands with smaller duplex is introduced. 

CDF curves of the UE Rx-Tx time difference measurement error are given in Annex A and 90% confidence interval of results is summarized in Table 2. Unlike the assumption that the sampling rate at the receiver is the same as that at the transmitter in [5], fixed sampling rate of 30.72MHz is used at the receiver.
Table 1 Simulation parameters for UE Rx – Tx time difference measurement accuracy.
	Parameters
	Value
	Comments

	Measurement bandwidth
	1.4MHz, 10MHz, 20MHz
	

	System bandwidth
	6RB,50RB,100RB
	3 cases

	L1 measurement period
	200ms
	

	Measurement sampling rate
	4samples/200ms
	

	Number of Tx Antennas
	1
	

	Number of Rx Antennas
	2
	Both antennas with equal gain, no correlation between them

	Duplex modes
	FDD
	

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, ETU70, EPA5
	3 cases

	Frequency
	2.0GHz
	

	Interference from cells not simulated [Noc]
	-
	AWGN

	Geometry factor: Ês/Iot
	-6dB, -3dB, 0dB, +3dB, +6dB
	Results for selected Es/Iot levels


Table 2 Simulation results for UE Rx – Tx time difference measurement accuracy
	Ês/Iot
	90% confidence interval of results (Ts)

	
	-6dB
	-3dB
	0dB
	3dB
	6dB

	AWGN
	

	1.4MHz
	-5.8~-4.2
	-5.4~-4.2
	-5.1~-4.2
	-4.9~-4.2
	-4.8~-4.2

	10MHz
	-2.0~-1.8
	-1.9~-1.8
	-1.9~-1.8
	-1.9~-1.8
	-1.9~-1.8

	20MHz
	-1.0~-0.9
	-1.0~-0.9
	-1.0~-0.9
	-1.0~-0.9
	-1.0~-0.9

	EPA5Hz
	

	1.4MHz
	-6.6~-4.2
	-5.7~-4.2
	-5.4~-4.2
	-5.2~-4.2
	-5.0~-4.2

	10MHz
	-2.5~-1.5
	-2.5~-1.5
	-2.5~-1.5
	-2.5~-1.5
	-2.5~-1.5

	20MHz
	-1.2~-0.4
	-1.2~-0.4
	-1.2~-0.4
	-1.2~-0.4
	-1.2~-0.4

	ETU70Hz
	

	1.4MHz
	-7.6~-4.5
	-6.7~-4.4
	-6.3~-4.4
	-5.8~-4.4
	-5.7~-4.4

	10MHz
	-2.1~0.2
	-1.9~0.2
	-1.8~0.2
	-1.8~0.2
	-1.8~0.2

	20MHz
	-1.0~1.4
	-0.9~1.4
	-0.9~1.4
	-0.9~1.4
	-0.9~1.4


3 Discussion
Although simulations results have been given in AWGN channels and fading channels, it was proposed in [2-3] that only AWGN channels should be considered in the core specification. It is very difficult to test the requirements in fading channels, while requirements tested in AWGN would be too stringent for fading channels. Therefore it is reasonable for RAN4 to provide tests on fading channels but only set the requirements in AWGN channels.
As we know, higher bandwidth provides better time resolution. As indicated in RAN4 simulation results [1-3], UE receive timing is much dependent on the bandwidth. It is proposed to set the requirements for different bandwidths. A simple solution by splitting the requirements for smaller and larger BWs is proposed in [7], which is also a good approach to simplifying the specification.
Regarding the sampling rate, we also propose that the requirement should be based on the assumptions that the sampling rate of UE is reduced when using narrower bandwidth as in [2] in consideration of UE power saving. Meanwhile, it is encouraged for RAN4 to provide tests assuming fixed sampling rate at the receiver.
In [6] a 100ns implementation margin for UE Rx-Tx time difference measurement is proposed, which includes about 25ns of eNB clock error, 50ns of UE clock error and some other implementation imperfections including eNB transmit modulation error.
The Requirement of UE Rx-Tx time difference should be based on Ês/Iot = -6dB. From the simulation results provided in Section 2, it is indicated that UE Rx – Tx time difference accuracy at Ês/Iot = -6dB performs similarly as that at Ês/Iot = -3dB. From our simulation results provided in [5] and Section 2 and the above discussion, we propose the requirement of UE Rx-Tx time difference measurement as follows,
Table 3. Measurement Requirement of UE Rx-Tx time difference
	Parameter
	Bandwidth
of
downlink
signal
[RB]
	Unit
	Accuracy [Ts]
	Conditions

	
	
	
	
	Bands 1, 4, 6, 10, 11, 33, 34, 35, 36, 37, 38, 39 and 40
	Bands 2, 5, 7, 17
	Bands 3, 8, 12, 13, 14
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	UE RX-TX time difference for Ês/Iot ≥ -6dB
	6, 15

	Ts
	( [20]
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	25, 50, 75, 100
	
	( [10]
	
	
	
	


4 Conclusion

In this document we give link-level simulation results of UE Rx-Tx time difference based on Ês/Iot = -6dB, analyze implementation imperfections, and propose the measurement requirement of UE Rx-Tx time difference.
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Annex A: Simulation Results for UE Rx-Tx Accuracy
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