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1 Introduction
In the last meeting link simulation assumptions for aligning results for UE Rx - Tx time difference measurement were agreed in [1]. This measurement in conjunction with eNode B measurements is used for determining the UE position by the virtue of enhanced cell ID location methodology. Based on these assumptions in [1] we provide simulation results for different set of scenarios. 
2 Simulation Assumptions
The simulation results are based on the assumptions in [1], which are also summarized in table 1. Results are obtained for FDD case only. 
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, 100 RB
	3 cases

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	5 or 10 samples per L1 period
	Two cases are simulated. Samples are equally spaced in time over L1 measurement period; 1 sample = 1 ms (coherent averaging)

	Number of Tx Antennas
	1
	

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

	Duplex mode
	FDD 
	

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, ETU70, EPA5
	3 cases

	Frequency 
	2.0 GHz 
	

	Interference from cells not simulated [Noc]
	-
	AWGN

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


3 Simulation Results
The UE Rx – Tx time difference measurement is based on cell specific reference symbols (CRS). Results are provided only for FDD. 

The following performance measure is used:

The distribution (CDF) of UE Rx - Tx time difference measurement error (delay error) in number of Ts (1 Ts = 32.5 ns) at different geometry factors (Es/Iot) under different propagation conditions and bandwidths.
The measurement error is the difference between the estimated UE Rx-Tx time difference and the true UE Rx-Tx time difference. The true Rx-Tx time difference is based on the assumption that UE has perfect knowledge of base station timing. The estimated UE Rx-Tx time difference takes into account the error due to channel estimation, which affects the detection of the first path. The first path is detected if it is above a certain threshold, which is implementation specific.
The simulation results (CDF) for 1.4 MHz bandwidth in AWGN, ETU70 and EPA5 are shown in sections 3.1, 3.2 and 3.3 respectively. It is observed that the impact of increasing sampling rate from 5 to 10 samples per L1 period is not very significant assuming 90% confidence interval. The measurement error is affected by the channel model i.e. larger error in case of ETU70 compared to EPA5. Additional results for larger bandwidths (10 MHz and 20 MHz) are given in annex A. In the worst case scenario, which comprises of 1.4 MHz cell bandwidth, 5 samples over L1 measurement period in ETU70 at -3 dB, the measurement error without implementation margin remains approximately within ±6Ts at 90% confidence interval. The results also show that the use of larger bandwidth improves UE Rx-Tx time difference measurement accuracy.
3.1
AWGN
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Figure 1: UE Rx-Tx time difference error distribution in AWGN for 1.4 MHz

3.1 ETU70
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Figure 2: UE Rx-Tx time difference error distribution in ETU70 for 1.4 MHz

3.2 EPA5
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Figure 3: UE Rx-Tx time difference error distribution in EPA5 for 1.4 MHz

4 Summary
The simulation results are provided in different channels and for different set of parameters to evaluate the accuracy of UE Rx-Tx time difference measurements. It is proposed that the accuracy requirements are specified down to Es/Iot = -3 dB.

The simulation is semi-ideal in a sense that it does not take into account all possible UE implementation imperfections. Secondly impact of transmitter noise into the receiver for FDD bands with smaller duplex is not considered. These imperfections need to be taken into account when deriving the final requirements. 
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Annex A: Simulation Results for Larger Bandwidths
A.1
AWGN
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(a)
5 samples/200 ms and 10 MHz
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Figure 4: UE Rx-Tx time difference error distribution in AWGN 

A.2
ETU70

[image: image9.emf]0 5 10 15

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delay error # [32.5 ns]

CDF

ETU70, 5 samples, 10MHz BW

 

 

SNR -3dB

SNR  0dB

SNR  3dB

SNR  6dB

[image: image10.emf]-1 0 1 2 3 4 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delay error # [32.5 ns]

CDF

ETU70, 5 samples, 20MHz BW

 

 

SNR -3dB

SNR  0dB

SNR  3dB

SNR  6dB






(a)
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Figure 5: UE Rx-Tx time difference error distribution in ETU70 

A.3
EPA5
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Figure 6: UE Rx-Tx time difference error distribution in EPA5 
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