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1 Introduction

At RAN1#80 and RAN1#80bis, among other discussions there were also discussions about the impact of imperfect network synchronization. All the parameters for simulation evaluation scenarios and assumptions for the indoor positioning study are agreed and summarized in [1]. One of the deployment-scenario parameters is the network synchronization error. It has been agreed that perfect network synchronization is used for evaluated scenarios assumed for baseline. In addition, simulation results with network synchronization error can be simulated by interested companies. In order to have a better quantitative representation of the CDF curves, it has been agreed at RAN1#80bis that:
The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%.

This is a revised draft of [5] in which the CDF curves are modified and presented with the agreed percentage values. The contribution results demonstrate that in all cases the modeled synchronization error has 0 – 3m impact on the horizontal positioning accuracy at any percentage value for any scenario deployment. Hence, it can be concluded that the network synchronization error has minor effect compared to other error sources for indoor positioning evaluation. 
2 Network Synchronization Model
In [1] it is stated that in case of simulating the network synchronization error, per UE dropping, it is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of (T2 ns), where T2 = 2*T1.

· That is, the range of timing errors is [-T2,T2]

· T1 Default: 50 ns (for the additional performance evaluation)

· Each individual company can further pick other values.

In the following Figure 1 and Figure 2, we assume the above synchronization error model definition and the default value for T1. Figure 1 plots the distribution of the synchronization error difference between two eNBs. As a comparison, the dashed distribution is added to present the same difference while considering a non-truncated Normal distribution. One should note that for some situations, part of the synchronization error will be cancelled out while calculating the RSTD in OTDOA. 
Figure 2 shows the Cumulative Distribution Function of network synchronization error for all the eNBs in the outdoor macro + outdoor small cells with 4 small cells in each cluster, i.e. 105 eNBs in total.
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Figure 1. Distribution of the synchronization error difference between two eNBs for truncated and non-truncated Normal distribution.
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Figure 2. CDF of network synchronization error of all eNBs.
3 Impact of Network Synchronization
To study the impact of the imperfect network synchronization error in various network configurations, we compare the CDF of horizontal accuracy for OTDOA with ideal muting scenario. The results are evaluated over 8 PRS occasions.

In the figures, we present results for the agreed T1 = 50 ns. Moreover, network synchronization error twice as much as the agreed value, i.e., T1 = 100 ns, is also simulated.
3.1 Case 1: macro + outdoor small cells

Figure 3 (a)-(c) present the CDF curves for Case 1 of outdoor macro + outdoor small cells, respectively. The number of outdoor small cells studied are: (0,4,10), where zero small cell implies macro-only deployment. 
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(a) Outdoor macro + 10 small cells
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(b) Outdoor macro + 4 small cells
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(c) Macro-only deployment
Figure 3. Performance comparison between imperfect and perfect synchronized network.
Table 1: Numerical horizontal positioning error values of perfect and imperfect synchronized network for outdoor deployment scenario.

	Scenario
	Synchronization
	40%
	50%
	70%
	80%
	90%

	Macro + 10 small cells
	Perfect
	10
	13
	19
	25
	36

	Macro + 10 small cells
	T1 = 50ns
	12
	15
	22
	27
	38

	Macro + 10 small cells
	T1 = 100ns
	14
	17
	24
	30
	39


	Scenario
	Synchronization
	40%
	50%
	70%
	80%
	90%

	Macro + 4 small cells
	Perfect
	11
	14
	21
	28
	39

	Macro + 4 small cells
	T1 = 50ns
	13
	15
	23
	30
	42

	Macro + 4 small cells
	T1 = 100ns
	15
	19
	27
	34
	43


	Scenario
	Synchronization
	40%
	50%
	70%
	80%
	90%

	Macro – only 
	Perfect
	14
	18
	27
	37
	59

	Macro – only
	T1 = 50ns
	16
	20
	30
	40
	59

	Macro – only
	T1 = 100ns
	20
	24
	33
	42
	60


Table 1 presents the numerical horizontal positioning error of the perfect and the modelled imperfect synchronized networks for the outdoor deployment scenarios. 

Observation 1: For all different percentages, the difference between the horizontal positioning error of a perfect synchronized network and a network with the agreed network synchronization error model based on T1=50 ns for the outdoor deployment is between 0 and 3m. 

Observation 2: For all different percentages, the difference between the horizontal positioning error of a perfect synchronized network and a network with a  network synchronization error model based on T1=100ns for the outdoor deployment is between 1 and 6m. 

Observation 3: A similar impact exists for all different scenarios, and hence the impact of synchronization error (percentage-wise) becomes less in the macro-only deployment scenario compared to the scenario with Macro + 10 small cells. 
The simulation results in this case show that for indoor UEs, the same conclusion can be drawn as for outdoor UEs [2] that network synchronization error is a minor error component compared to other factors. It was previously shown in [2] that the main sensitive factors impacting the OTDOA performance are the UE timing offset estimation errors and the multipath fading channel effect, while network synchronization error was not a sensitive parameter.

3.2 Case 2: macro + indoor small cells
Similarly, Figure 4 presents the OTDOA simulation results for Case 2 [1] where the small cells are deployed indoor instead. Although the impact of synchronization error is more visible in this case compared to the outdoor deployment, the positioning distance error is still within the same range as in Case 1. 
Moreover, since the CID method performs ideally for this case [4], it is likely that CID method will be frequently used in this scenario, instead of OTDOA. One should also consider that the positioning errors for all percentages of the CDF curve are very low for this case, and therefore the synchronization error can contribute as a major error component.
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Figure 4. Performance comparison between imperfect and perfect synchronized network for Case 2: Outdoor macro + indoor small cells.
Table 2: Numerical horizontal positioning error values of perfect and imperfect synchronized network for indoor deployment scenario.
	Scenario
	Synchronization
	40%
	50%
	70%
	80%
	90%

	Macro + Indoor small cells 
	Perfect
	5
	6
	9
	12
	16

	Macro + Indoor small cells
	T1 = 50ns
	7
	9
	12
	14
	18

	Macro + Indoor small cells
	T1 = 100ns
	10
	12
	17
	20
	24


Table 2 presents the numerical horizontal positioning error of the perfect and the modelled imperfect synchronized networks for the indoor deployment scenario. 

Observation 4: For all different percentages, the difference between the horizontal positioning error of a perfect synchronized network and a network with the agreed network synchronization error model based on T1=50ns for the indoor deployment is between 2 and 3m. 

Observation 5: For all different percentages, the difference between the positioning error of a perfect synchronized network and a network with a network synchronization error model based on T1=100ns for the indoor deployment is between 5 and 8m. 

4 Conclusion
In this contribution, we studied the impact of network synchronization error on the performance of OTDOA. The scenarios and assumptions are according to [1]. The study not only considered the default value of T1 = 50 ns, but also extended to T1 = 100 ns. 
The results show that for OTDOA:

· For the agreed network synchronization error model the impact is between 0-3 [m] for all different percentages in all different indoor and outdoor scenario deployments. 

· Network synchronization error has minor impact on indoor positioning performance for the agreed scenarios considering the agreed synchronization error model.
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