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1 Introduction

One method for UE positioning that is available in the 3GPP WCDMA specifications [1] is the Observed Time Difference Of Arrival (OTDOA) method. In order to achieve a sufficient positioning coverage, the method is augmented with the Idle Period Downlink (IPDL) method, resulting in the OTDOA-IPDL positioning method. Positioning coverage enhancements are important in themselves, however in the North-American market they become critical because of the stringent E-911 emergency positioning requirements [2]. These requirements call for a 50 meter accuracy for 67% of all calls and a 150 meter accuracy for 95 % of all calls. The latter figure means that the UE positioning availability must be at least 95 %.  Coverage is directly dependent on receiver sensitivity  (SFN-SFN type 2 sensitivity), and it is hence clear that an enhanced coverage also implies that more neighbour sites are detected. The detection of a large number of neighbour sites is in turn known to be beneficial for achieving good accuracy figures.

While assisted GPS (A-GPS) performance is today well understood, performance predictions based on simulations of terrestrial TDOA methods still often do not succeed in modeling all effects that affect accuracy and coverage in practically deployed cellular systems. This includes modeling of radio propagation effects (non-LOS and multi-path propagation), as well as a use of ideal hexagonal geometries without obstacles in system simulations.  Combined, this may e.g. results in an underestimated number of outlier measurements, whose suppression require the detection of more neighbor RBS sites in practice than what may be predicted by such simulations. In CDMA systems this issue is particularly important, since the ability to detect many distant neighbor RBS sites is negatively affected by the in band interference. Put otherwise, the required sensitivity of positioning measurements for TDOA positioning methods in CDMA systems is a quantity that is difficult to determine only from simulations. It follows that the same conclusion is true for performance figures like inaccuracy and coverage of the positioning method.

The purpose of this contribution is to address some of the above issues by combining existing live inaccuracy positioning measurements from a GSM cellular system, with refined detection simulations of a WCDMA system, where mobile positioning is based on the same type of technology as in the GSM system. In case the spectral bands of the GSM and WCDMA systems are close, as assumed in this contribution, it can be assumed that also radio propagation effects are similar. This means that the impact of radio propagation on the positioning accuracy of the WCDMA system should be well captured by performance measurements on the GSM system. In this contribution the positioning system of the GSM system is the E-OTD TDOA positioning method [3], while the WCDMA system is equipped with OTDOA-IPDL [1]. The result of the assessment of the contribution is predicted (expected) inaccuracies for OTDOA-IPDL based on live E-OTD measurements, valid in case the systems would be deployed on the same cell layout.

2 Method

2.1 E-OTD measurements

E-OTD inaccuracy performance was evaluated for a trial system consisting of much more than 100 sites. Terminals of different brands of were used. The measured positions were registered together with information of the serving cell and the number of neighbor sites that could be detected at each specific measurement point. By averaging it was hence possible to compute curves that express e.g. 67% and 95% inaccuracies as a function of the number of detected neighbor RBS sites. The inaccuracies measured in this way capture expected non-LOS propagation, multi-path effects as well as the impact of measurement geometry and outliers on the positioning inaccuracy. 

2.2 Simulated OTDOA-IPDL detection performance

The methodology of the OTDOA-IPDL detection performance simulation is illustrated by Figure 1, which shows an overview of the simulation environment, see also [4]. 

To comment briefly on Figure 1, the detection prediction tool sets SFN-SFN type 2 detection thresholds at site level, given certain positioning coverage requirements. Link budgets, transmitted powers and search window size allow the neighbour site CPICH SIRs (this is what affects the SFN-SFN type 2 measurement) that are experienced by the UE to be assessed. Link budgets are computed to each one of thousands of uniformly distributed points in a grid around the own site. It should be noted that the link budgets include log-normal- and Rayleigh-fading (1 tap channel) effects. There is also an additional calculation to determine the best SIR in each grid point, thereby defining the coverage of the own cell. The area of the own cell then defines the area within which the CPICH SIRs are evaluated for positioning coverage assessment. In order to have a constant set of grid points over which the performance is calculated, the own cell extension is calculated without fading. In practice, hand over could be expected in portions of the own cell because of this. The link budget calculation accounts for thermal noise, antenna diagrams, site powers, site locations, fading as well as for other conventional link budget parameters. The simulation assumptions are very similar to those reported in [4], with account for search window size added as described in [5]. Note in particular that a hexagonal cell structure is used in this contribution. It is stressed that the present contribution therefore does not fully account for the geometrical impact of the site positions on the detection performance of the test system. Such simulations are however under evaluation and may be presented in a later contribution. The geometrical impact of the actual site geometry is however captured since real measurements are used for this, cf. section 2.1.


Figure 1: Overview of the OTDOA-IPDL detection performance assessment method and software.

Repeated detection performance simulations can then be performed, for different values of the UE SFN-SFN type 2 sensitivity. For each value of the sensitivity the simulations provide the percentage of the cell where a specific number of cells can be detected. 

2.3 Combination

To describe the combination of the measured inaccuracies of E-OTD (section 2.1) and the simulated OTDOA-IPDL detection performance (section 2.2) the following notation is introduced. The number of detected sites (neighbors and serving cell) is denoted by 
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, the measured inaccuracy is denoted by 
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, the SFN-SFN type 2 sensitivity is denoted by 
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 and the fraction of the serving cell where 
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 neighbor sites can be detected when the sensitivity equals 
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 is denoted by 
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. Using the definition of statistical expectation then results in the following expression for the expected inaccuracy of OTDOA-IPDL
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3 Results

In this initial assessment, no division was made of cells depending on the cell size – rather averaged results over all cells are shown. The obtained inaccuracies of the E-OTD system, averaged over all cells, appear in Figure 2.
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Figure 2:  E-OTD inaccuracy curves, 
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, averaged over all sites of the test system. Note that these plots only show neighbour sites, meaning that the count should be increased by one in case also the serving cell is counted. Note also that 7-8 sites need to be detected in order to get the inaccuracies down to a region where the positioning inaccuracy levels out. Detection of 7-8 sites is of course a much more challenging task than detection of 3 sites.

Detection performance simulations were then performed using several urban, suburban and rural link budget assumptions. The cell layout was hexagonal and, as stated above, the simulation parameters were similar to the ones of [4]. These simulations were performed for the current minimum performance specification of the SFN-SFN type 2 UE sensitivity that equals –20 dB. Simulations were also performed for the UE sensitivities –22 dB, -24 dB, -26 dB, -28 dB, -30 dB and –32 dB. Examples of the obtained detection distributions 
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appear in Figures 3a through 3g. The scenario shown in the figures is an outdoor rural one.
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Figure 3a: The distribution of the number of detectable sites for OTDOA-IPDL (including the serving cell), 
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 –20 dB.
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Figure 3b: The distribution of the number of detectable sites for OTDOA-IPDL (including the serving cell), 
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Figure 3c: The distribution of the number of detectable sites for OTDOA-IPDL (including the serving cell), 
[image: image20.wmf](

)

g

,

k

p

IPDL

OTDOA

-

, for 
[image: image21.wmf]g
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Figure 3d: The distribution of the number of detectable sites for OTDOA-IPDL (including the serving cell), 
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Figure 3e: The distribution of the number of detectable sites for OTDOA-IPDL (including the serving cell), 
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Figure 3f: The distribution of the number of detectable sites for OTDOA-IPDL (including the serving cell), 
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Figure 3g: The distribution of the number of detectable sites for OTDOA-IPDL (including the serving cell), 
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 –32 dB.
The measured E-OTD results and the detection performance simulations were then combined according to the equation of section 2.3, and averaged to produce Figure 4. Note that the OTDOA-IPDL inaccuracy performance shows a more smeared out behaviour than the E-OTD inaccuracy performance. The reason is the averaging effect that is introduced by (1).
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Figure 4: Expected OTDOA-IPDL inaccuracy averaged over all cells of the E-OTD test system.

4 Conclusions

The above assessment only present results averaged over all cells of the test system in question. Since the difference as compared to many reported simulation results is quite large, it is nevertheless believed that the following conclusions can be drawn the from the results presented in section 3:

1. Time difference of arrival positioning methods need to be able to detect many neighbor transmitting sites in order to be able to suppress outliers, unfavorable propagation effects and poor cell layout. In practice the theoretical minimum number of three sites needs to be at least doubled.

2. The current SFN-SFN type 2 UE sensitivity of –20 dB Ec/Io seems to be too poor, an enhancement of 6-10 dB seems to be needed to reach an operating region where the positioning inaccuracy does not improve much when sensitivity is further enhanced. An alternative could be to reduce the interference level by an equal amount.

3. The achievable 67% and 95% inaccuracies of OTDOA-IPDL seems to be  at best of the order of 125 m and 400 m respectively, provided that the current SFN-SFN type 2 sensitivity specification is tightened by about 10 dB. This is much worse (more than a factor of 3) than the least optimistic simulation results. There are some effects that act in favor of OTDOA-IPDL as compared to E-OTD (e.g. time resolution), however these relatively small errors are likely to be dominated by other remaining sources of error. Hence, the conclusion is that there is a need to re-calibrate and to review the existing simulation methods and assumptions in order to avoid future misleading expectations of positioning performance. This is believed to be true for inaccuracy assessment as well as for detection performance simulations.

The importance of the site position geometry is a factor that requires more work to assess properly. A major step in that direction would be to base OTDOA-IPDL detection simulations on the cell layout of live networks, thereby going beyond the common assumption of hexagonal cell structures. The above effects are believed to be quite different in urban, suburban and rural areas, e.g. given the fact that RBS sites tend to be located e.g. along large freeways in rural areas, thereby creating very poor positioning geometry’s.
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