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1   Introduction
In the last meeting, the simulation results of UE Rx – Tx time difference measurement were presented in [1][2][3]. This document discusses this issue further based on these simulation results and give revised requirements for the measurement accuracy.
2
Discussion
For easer discussing the simulation result, simulation results from every company is extracted here. The simulation results in table 1 are extracted from [1].
Table 1: Simulation results for UE Rx – Tx time difference measurement accuracy [1]
	
	90% confidence interval of results (Ts)

	Ês/Iot
	-3dB
	0dB
	3dB
	6dB

	AWGN
	
	
	
	

	1.4MHz
	-6.4～-3.5
	-4.5～-3.5
	-4.5～-3.5
	-3.5～-3.5

	10MHz
	-3～-2
	-2～-1.5
	-1.7～-1.2
	-1.5～-1.2

	20MHz
	-2.35～-2.3
	-2.4～-2.2
	-2.2～-1.8
	-1.5～-0.9

	EPA5Hz
	
	
	
	

	1.4MHz
	-29～-1
	-20～-1
	-15～-1
	-12～-1.7

	10MHz
	-6～0
	-3～-0.15
	-1.7～-0.4
	-2～-0.5

	20MHz
	-1～0
	-1～0
	-1.5～0
	-1.5～-0.5

	ETU70Hz
	
	
	
	

	1.4MHz
	-18～7
	-10～9
	-3.6～7.8
	-2.6～8.8

	10MHz
	0.5～4
	0.5～2.4
	0～1.6
	0～1.2

	20MHz
	0～2
	-0.5～1
	-0.5～0.5
	-0.5～0.5


The simulation results in table 2 are extracted from [2]. It is noted that these values are approximation gotten from curves.
Table 2: Simulation results for UE Rx – Tx time difference measurement accuracy from [2]
	
	90% confidence interval of results (Ts)

	Ês/Iot
	-3dB
	0dB
	3dB
	6dB

	AWGN
	
	
	
	

	1.4MHz
	-1.2 ~ 1.2
	-0.8 ~ 0.8
	-0.6 ~ 0.6
	-0.5 ~ 0.5

	10MHz
	-0.06 ~ 0.06
	-0.04 ~ 0.04
	-0.03 ~ 0.03
	-0.02 ~ 0.02

	20MHz
	-0.025 ~ 0.025
	-0.02 ~ 0.02
	-0.015 ~ 0.015
	-0.01 ~ 0.01

	EPA5Hz
	
	
	
	

	1.4MHz
	-0.5 ~ 2.5
	0 ~ 2.3
	0.3 ~ 2.1
	0.5 ~ 2

	10MHz
	0 ~ 2
	0 ~ 2
	0 ~ 2
	0 ~ 2

	20MHz
	0 ~ 1.9
	0 ~ 1.9
	0 ~ 1.9
	0 ~ 1.9

	ETU70Hz
	
	
	
	

	1.4MHz
	0 ~ 6
	0 ~ 6
	0 ~ 6
	0 ~ 6

	10MHz
	0 ~ 6
	0 ~ 6
	0 ~ 6
	0 ~ 6

	20MHz
	0 ~ 1.2
	0 ~ 1.2
	0 ~ 1.2
	0 ~ 1.2


It is noted in [2] that it does not take into account all possible UE implementation imperfections.
The simulation results in table 3 are extracted from [3]. These values are approximation gotten from curves.

Table 3: Simulation results for UE Rx – Tx time difference measurement accuracy from [3]
	
	90% confidence interval of results (Ts)

	Ês/Iot
	-3dB
	0dB
	3dB
	6dB

	AWGN
	
	
	
	

	1.4MHz
	±12
	±11
	±7
	±0

	10MHz
	±0
	±0
	±0
	±0

	20MHz
	±0
	±0
	±0
	±0

	EPA5Hz
	
	
	
	

	1.4MHz
	±12
	±11.5
	±11
	±9

	10MHz
	±1
	±0.9
	±0.8
	±0.7

	20MHz
	±0.4
	±0.35
	±0.3
	±0.25

	ETU70Hz
	
	
	
	

	1.4MHz
	±13
	±12.5
	±12
	±9

	10MHz
	±1.25
	±1.24
	±1.22
	±1.15

	20MHz
	±0.7
	±0.67
	±0.64
	±0.61


We think it is sufficient to define requirements based on the simulation results of  Ês/Iot = -3dB only. For Ês/Iot = -3dB, the simulation results from companies is collected in table 4 for easier comparison.

Table 4: Simulation results for Ês/Iot = -3dB
	
	90% confidence interval of results (Ts)

	Company
	CATT
	Ericsson
	Huawei

	AWGN
	
	
	

	1.4MHz
	-6.4～-3.5
	-1.2 ~ 1.2
	±12

	10MHz
	-3～-2
	-0.06 ~ 0.06
	±0

	20MHz
	-2.35～-2.3
	-0.025 ~ 0.025
	±0

	EPA5Hz
	
	
	

	1.4MHz
	-29～-1
	-0.5 ~ 2.5
	±12

	10MHz
	-6～0
	0 ~ 2
	±1

	20MHz
	-1～0
	0 ~ 1.9
	±0.4

	ETU70Hz
	
	
	

	1.4MHz
	-18～7
	0 ~ 6
	±13

	10MHz
	0.5～4
	0 ~ 6
	±1.25

	20MHz
	0～2
	0 ~ 1.2
	±0.7


From these simulation results, It is somewhat difficult to derive requirements since these simulatation results are not so consistent. A possible feasible method may be to define requirements based on the worst results.
Considering UE frequency error, uncertainty of timing delay of receiver path and transmitter path, it is proposed to use an implementation margin of 100ns.

To reserve UE power consumption, it is assumed that the sampling rate of UE is reduced when using narrower bandwidth. For example, sampling rate may be 30.72MHz for 20MHz bandwidth, and 1.92MHz for 1.4MHz bandwidth. The minimum accuracy requirement is based on sample interval (i.e. 1 Ts for 20MHz, and 16Ts for 1.4MHz) plus implementation margin at least.
It is proposed that the measurement accuracy in AWGN condition should be defined as a basic requirement in core specification TS36.133. The requirement in ETU70 or EPA condition can be considered in the test specification.
According above consideration and simulation results, we propose the accuracy requirements as shown in table 5.

Table 5: UE Rx – Tx timing difference measurement accuracy

	Bandwidth
of
downlink
signal
[RB]
	Accuracy [Ts]
	Conditions

	
	AWGN
	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
	Ês/Iot [dB]

	
	
	Io
	Io
	Io
	Io
	

	6
	( [20]
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel
	≥ -3

	25
	( [10]
	
	
	
	
	

	50
	( [8]
	
	
	
	
	

	100
	( [6]
	
	
	
	
	


3 Conclusions
The document gathers simulation results submitted in RAN4 2010 Ad Hoc#1, and gives our consideration of implementation margin. The requirement of UE Rx – Tx timing difference measurement accuracy are proposed. It is proposed that RAN4 further discusses and finalize this requirement.
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