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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.   Preliminary results were presented in [2].  A revision to the assumptions used in [2] was suggested in [3].  This document provides results based on the revised assumptions in [3] with additional rise-over-thermal to account for EUL.   The predicted accuracy is examined for deployment data in urban, suburban and rural environments under different multipath fading conditions.
2 Accuracy Prediction Results

The results of waveform simulations can be used to predict location accuracy for the various deployment environments.  Waveform simulation results from [2] are used here along with the revised assumptions to predict accuracy.   The base stations that are selected are all dual band and results are computed at carrier frequencies of 850 MHz and 1900 MHz.  The detection assumptions are conservative from the standpoint that only the DPCCH information is used during detection.  Improvements can be obtained by utilizing the DPDCH as well as shown in [4].  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 areas.
Sample accuracy maps are plotted in Figures 1 and 2.   The suburban deployment with case 2 fading is shown at 850 MHz and 1900 MHz respectively.  Square marker symbols are shown depicting the base station antenna locations and there is one LMU deployed per base station.  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 voice and data coverage is shown in red along the lower right portion of the plot where there is a large unserved body of water.  For Figure 2, slightly reduced coverage is shown due to the higher propagation losses.  The overall voice and data coverage depends on the rise-over-thermal assumed for urban, suburban and rural environments of 10 dB, 5 dB and 3 dB respectively (Note that the assumption of 10 dB for urban is slightly larger than the assumption in [3]).
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Figure 1:  Sample suburban accuracy map 850 MHz (Case 2).
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Figure 2:  Sample suburban accuracy map 1900 MHz (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 along with the percentage of coverage.  For the urban environment performance is good for all fading conditions due to high cell density.  

It is evident that location accuracy is good (<100 m) for all cases at the 67th percentile.  Note that cell breathing reduces coverage for Case 1 relative to AWGN causing the results for AWGN to be slightly degraded relative to Case 1.  
At the 95th percentile, performance is good (<300m) for AWGN and Case 1.  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 time required to perform data collection and location processing becomes the limiting factor rather than detection sensitivity of the LMU.  By the time the UE’s original location is determined, the UE will have moved a significant distance.  
Table 2 shows similar results for 1900 MHz with an expected degradation in coverage.  For these results, the same waveform simulation is used since the velocity in the fading models in TS 25.104 is scaled based on the carrier frequency.  This gives approximately the same Doppler spread at the 1900 MHz and 850 MHz carrier frequencies.  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 28 27 74 46 40

suburban 27 27 68 45 39

urban 28 27 45 28 39

95th Percentile (m)

AWGN Case 1 Case 2 Case 3 Case 4

rural 121 86 919 1603 1331

suburban 118 87 629 965 795

urban 64 59 144 150 128

% Voice Coverage in Accuracy Region

AWGN Case 1 Case 2 Case 3 Case 4

rural 98 89 96 97 93

suburban 99 94 97 98 96

urban 100 100 100 100 100


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 33 133 58 58

suburban 28 29 82 50 44

urban 28 27 53 45 39

95th Percentile (m)

AWGN Case 1 Case 2 Case 3 Case 4

rural 169 162 1085 1738 1545

suburban 121 93 705 1034 823

urban 64 59 144 150 128

% Voice Coverage in Accuracy Region

AWGN Case 1 Case 2 Case 3 Case 4

rural 85 48 65 74 58

suburban 93 74 83 85 80

urban 100 100 100 100 99


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

Accuracy results have been presented for LMU performance by utilizing deployment data for representative urban, suburban and rural areas.   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 provide a basis for determining detection sensitivity requirements that can be incorporated into future LMU performance specifications.
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