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1 Introduction

At RAN1#80, most of the parameters for simulation evaluation scenarios and assumptions for the indoor positioning study were agreed. The scenarios and assumptions agreed so far are summarized in the draft TR [1]. One of the deployment-scenario parameters is the network synchronization error. It has been agreed that perfect network synchronization is used for evaluating baseline scenarios. In addition, interested companies can simulate with network synchronization error.  
In this contribution we show simulation results with network synchronization error according to the agreed Case 1 (macro + outdoor small cell) and Case 2 (macro + indoor small cell) scenarios.  The contribution results demonstrate that the network synchronization error has minor or no 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, the timing error distribution is defined as a truncated Gaussian distribution with (T1 ns) rms values between an eNB and a timing reference source assumed to have perfect timing, subject to a maximum 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 Figure 1 and Figure 2 below, 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 two extreme cases: 
· No muting, which is considered the lower bound of OTDOA due to no interference avoidance of neighbour cells’ PRS; and 
· Ideal muting, which is considered the upper bound of OTDOA due to perfect interference avoidance of neighbour cells’ PRS. 
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.
The results are evaluated over 8 PRS occasions.

3.1 Case 1: macro + outdoor small cells
Figure 3 (a)-(c) and Figure 4 (a)-(c) present two sets of 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 call implies macro-only deployment. 

All of Figure 3 (a)-(c) and Figure 4 (a)-(c) clearly demonstrate the negligible impact of network synchronization error on the OTDOA performance evaluation. Even the T1 = 100 ns cases only show minor performance degradation for a minority of scenarios. 

For the macro-only deployments, our simulation results 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.

Another observation is that when moving away from an ideal muting scenario, where severe interference from neighbour cells’ PRS is added, the slight degradation of OTDOA performance due to network synchronization error becomes entirely invisible for the studied scenarios.
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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 under ideal muting interference scenario.
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(a) Outdoor macro + 10 small cells [image: image7.jpg]09
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(c) Macro-only deployment

Figure 4. Performance comparison between imperfect and perfect synchronized network under no muting interference scenario.

3.2 Case 2: macro + indoor small cells
Similarly, Figure 5 shows the OTDOA simulation results for Case 2 [1] where the small cells are deployed indoor instead. Although the impact of synchronization error is slightly more than the outdoor deployment, it is still not that significant. 
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.
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(a) Ideal muting scenario
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(b) No muting scenario
Figure 5. Performance comparison between imperfect and perfect synchronized network under ideal muting interference scenario for Case 2: Outdoor macro + indoor small cells.

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:

· Network synchronization error has minor or no impact on indoor positioning performance for the agreed scenarios and synchronization error models, or with an error model of twice the variance.
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