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1 Introduction
A simulation approach described in [1] provides background and detailed assumptions that can be used to simulate LMU performance.   This document provides results based on those assumptions.  Results of simulated detection processes at each LMU are described along with accuracy predictions that utilize these waveform simulation results.  The predicted accuracy is examined for deployment data in urban, suburban and rural environments under different multipath fading conditions.
2 Waveform Simulation Results
Waveform simulations are performed for the UE in the Cell_DCH state using the DPCCH channel.   Correlation processing is done using three parallel approaches as described in [1].   The simulations are performed using four fading conditions defined in 3GPP TS 25.104 V7.5.0 (December 2006) as well as for an Additive White Gaussian Noise (AWGN) environment. 

This simulation models the detection process performed at a cooperating LMU.  Each cooperating LMU detects the arrival time of the UE signal by correlating it with a reconstruction of the reference signal from the serving LMU.  Since integration times are generally large relative to a chip duration, very weak signals may be extracted from the noise and interference floor.  A series of coherent integration lengths up to 800 ms are used as described in [1].  
Figure 1 shows the percentage of correct detections that result from the waveform simulation as a function of the C/I at a cooperating LMU port.  This figure shows how the likelihood of correct detection depends on the fading conditions.   Both the time dispersion and the time coherence of the fading significantly impact the performance.  Large time dispersion creates potential for erroneous detection of the earliest arrival.  Short coherence times make it difficult to use long coherence integration lengths.  The poorest performance is obtained with the rapid fading that results from the high UE speeds in Case 4 and Case 3.  For the slower fading cases (Case 1 and Case 2), the greater time dispersion of Case 2 causes poorer sensitivity relative to Case 1.  The best performance occurs in an AWGN environment.
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Figure 1:  Detection probability for different fading models.
Figure 2 shows the results from Figure 1 but represented as a function of the difference between the received Eb/No at the cooperating LMU and the Eb/No at the serving LMU.  The power received at the serving LMU is adjusted depending on the fading condition in order to achieve a specified Eb/No as defined in 3GPP TS 125.141 V7.6.0 (December 2006).  In the figure, the Eb/No at a serving LMU is chosen to achieve a BLER of 10-2.  These Eb/No values and the amplitude ratio of DPCCH/DPDCH are taken from TS 25.141.  Figure 2 shows the detection probability relative to the Eb/No test value.  The accuracy assessment can then compute this Eb/No difference and look up the detection probability along with other simulation outputs as described in [1].
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Figure 2:  Detection probability relative to 10-2 BLER Eb/No test value. 
The UTDOA RMS error also impacts the accuracy predictions.  The RMS error from the waveform simulations are shown in Figure 3 for the different multipath fading conditions.  Here the timing errors are the greatest for the rapidly fading cases and the smallest for AWGN.  In addition to these timing errors, which occur during detection, timing errors associated with false detection of the earliest arriving multipath component are also compiled.  For all detections, an additional error of one chip duration is incorporated into the final RMS error in order to account for the inherent resolvability of the multipath.
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Figure 3:  TDOA RMS Error for different fading models.
3 Accuracy Prediction Results

The results of the waveform simulations are used to predict location accuracy for the various deployment environments.  The deployment data is used from typical urban, suburban and rural markets.  These base stations are all dual band and results are computed at carrier frequencies of 850 MHz and 1900 MHz.  The key metric being computed for the location accuracy is the RMS error of the location measurement.  The accuracy of these location measurements are simulated for each data point in the different markets.
Figure 4 shows a sample accuracy plot using the data from the urban market.  Square marker symbols are shown depicting the base station antenna locations and there is one LMU deployed per base station.  From the figure, it is clear that most of the market achieves high accuracy (shown in blue) due to the large number of cooperating LMUs, with only a few areas (in yellow) depicting RMS error above 500 m.
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Figure 4:  Sample urban accuracy map (Case 2).
A sample suburban accuracy map is shown in Figure 5.  One noticeable feature is reduced accuracy near the base stations.  This occurs because when the UE is near the base station, the cooperators’ ability to detect the signal is degraded as a consequence of power controlling to the test Eb/No value in TS 25.141.  When no cooperators are found due to the low power, a fallback method is used where the location is determined by the serving base station location.  An area of no coverage is shown in red along the lower right portion of the plot where there is a large unserved body of water area.
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Figure 5:  Sample suburban accuracy map (Case 2).
A sample rural map is shown in Figure 6 where again the poorer performance is observed near the base station and there is a region with no coverage in the upper right due to a water area.
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Figure 6:  Sample rural accuracy map (Case 2).
The overall results of all calculations are shown in Table 1 for 850 MHz .  The 67th and 95th percentile over each deployment area are recorded.  It is evident that location accuracy is good (<100 m) for all cases at the 67th percentile.  Note that cell breathing degrades coverage for Case 1 relative to AWGN causing a relative increase in the error for AWGN.  The worst coverage reduction due to cell breathing occurred in the rural environment where the coverage went from 99.8% voice coverage over the accuracy prediction region for AWGN down to 95.8% voice coverage over the accuracy region for Case 1.  
At the 95th percentile, performance is good (<300m) for AWGN and Case1.  Slightly poorer performance occurs for Case 2 in the rural and suburban environments due to the near-far effects.  Moderate degradation also occurs for Case 3 and Case 4 in the rural and urban environments where speeds exceed 280 km/hr.   Despite this degradation under these unlikely conditions, the location processing time becomes the limiting factor rather than detection sensitivity of the LMU because by the time the UE’s original location is determined it will have moved a significant distance.  For the urban environment performance is good for all fading conditions.
Table 2 shows similar results for 1900 MHz.  For these results, the same waveform simulation is used since the velocity in the fading models in TS 25.141 is scaled based on the carrier frequency.  This gives approximately the same Doppler spread at the 1900 MHz and 850 MHz carrier frequencies.  Dual band networks often use some additional sites with only 1900 MHz equipment to fill in the coverage.  In these results, the sites with only 1900 MHz equipment are excluded in order to be conservative in estimating the number of cooperators.  The results in Table 2 at 1900 MHz are slightly degraded relative to the 850 MHz results due to the increased path loss.
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67th Percentile (m)

AWGN Case 1 Case 2 Case 3 Case 4

rural 29 27 78 48 40

suburban 28 28 72 47 41

urban 32 31 57 48 43

95th Percentile (m)

AWGN Case 1 Case 2 Case 3 Case 4

rural 151 87 989 1718 1407

suburban 137 95 707 1037 836

urban 73 67 151 152 128


Table 1:  Accuracy prediction percentiles for individual fading models at 850 MHz.
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67th Percentile (m)

AWGN Case 1 Case 2 Case 3 Case 4

rural 29 32 121 55 53

suburban 29 29 85 51 45

urban 32 31 57 48 43

95th Percentile (m)

AWGN Case 1 Case 2 Case 3 Case 4

rural 207 148 1107 1826 1571

suburban 189 107 737 1102 894

urban 73 67 150 152 128


Table 2:  Accuracy prediction percentiles for individual fading models at 1900 MHz.
4 Summary

Detection and accuracy results have been presented for LMU performance by utilizing deployment data for representative urban, suburban and rural markets.   The detection assumptions were conservative from the standpoint that only the DPCCH information was used during detection.  Improvements can be obtained by utilizing the DPDCH as well as shown in [2].  With conservative assumptions, the accuracy is well within desired ranges for all fading conditions with speeds below 280 km/hr.  For the fading conditions at or above 280 km/hr, the 95th percentile of the location error is below 2 km.  A UE traveling at these high speeds is highly unlikely in the urban and suburban environments.  The results described in this document can be used to provide a basis for determining detection sensitivity requirements that can be incorporated into future LMU performance specifications.
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