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1 Introduction

In [1], a simulation approach and preliminary results to obtain performance requirements for an LMU was presented.  Some initial concerns about this approach were raised in [2].  Modifications to the initial approach with additional assumptions, along with the simulation results for the modified approach, were presented in [3].  Additional concerns about this modified approach were raised in [4].  A brief proposal for further modifications to the simulation approach to address the concerns raised in [4], were presented in [5].  A series of suggestions to further define the general approach outlined in [5] in greater detail, were presented in [6].  This document attempts to incorporate many of the suggestions from [6] to provide a more detailed simulation approach based on the general approach outlined in [5] to evaluate performance requirements for the LMU.
2 Simulation Approach

The main concern raised in [4] was that various geometries of cell site locations were not considered in [3] to assess how the specified LMU requirements would translate to location accuracy performance in various environments.  To address this issue, the proposed simulation would apply the LMU performance under various signal environments (previously described in [3], and included below) to three different real-world deployments in New York City, Wilmington, DE, and parts of Southern Delaware and Maryland, representing urban, suburban, and rural environments, respectively.

2.1 Simulation Environment for Accuracy Assessment

Geographic Distribution of Node B/LMU

In each of the three areas, starting with real network data such as site coordinates, antenna gains, and orientations, the identifying information about the sites will be removed, and the site locations will be slightly perturbed randomly to represent a more general network deployment in each area.  

Geographic Distribution of UE

Accuracy will be assessed by placing the UE at uniformly distributed grid points across the entire coverage area.

Path Loss Calculation

At each grid point, compute path loss to nearby sites using Hata COST 231 propagation model. 

Serving Node B Selection and UE Transmit Power

Site (Node B) with lowest path loss is assumed to be the serving site.  Transmit power of the UE is assumed to be minimum level required to maintain radio link.  

Selection of Cooperating LMUs 

Based on this UE transmit power, the computed path loss, and the LMU sensitivity level from the waveform simulations presented in [3], a set of LMUs that can provide TDOA measurements are defined.  

Received Power and Interference Levels

The received power level at each LMU is computed based on assumed transmit power of the UE and the calculated path loss to the LMU.  The Interference level is assumed to be 7 dB above the noise floor in urban and suburban cells, and at the level of the noise floor in rural cells.  

TDOA Calculation

Based on received power, interference levels, channel parameters (fading multi-path), and LMU sensitivity at the specified false alarm rate, the waveform simulation (described below) determines if selected LMU will provide an UTDOA measurement, and if so, the expected delay spread associated with that measurement is also computed.

Accuracy Assessment

At each grid point, based on the number of TDOA measurements available, the geometry of the LMUs providing the measurements, and the delay spread associated with each measurement, an expected RMS accuracy is computed for each grid point.  The accuracy statistics (67th and 95th percentile points) of the coverage area is then computed based on the expected RMS accuracy of each grid point.

2.2 Waveform Simulation Approach

Waveform

Simulations are performed for the UE in Cell_DCH state.  Separate simulations are performed for the DPCCH channel and the DPCCH and DPDCH channels.

Signal Duration and UE Mobility

Simulations are performed using 800ms of total integration time (80 frames of data).  Mobility of the UE (acceleration/deceleration, change of direction, etc.), results in a loss of coherence in the transmitted waveform.  To account for this, the simulation performs correlation process using three parallel approaches (Table 1) such that the 800 ms of total integration time is broken in to varying size coherent segments, then the resulting correlation outputs are non-coherently summed to produce the final correlation value for the entire signal duration.  The best correlation peak from the three different approaches is then selected to maximize coherent correlation lengths whenever possible, but using shorter coherent segments for fading and maneuvering scenarios. 

	
	Short Coherence
	Moderate Coherence
	Full Coherence

	Coherent Integration
	1 Frame (10ms)
	8 Frames (80 ms)
	80 Frames (800 ms)

	Non-Coherent Sum
	80 coherent segments
	10 coherent segments
	1 coherent segment

	Total Integration
	80 Frames (800ms)
	80 Frames (800ms)
	80 Frames (800ms)


Table 1: Description of coherent integration lengths and non-coherent sums for three different coherence intervals.

Propagation models

The simulations will be performed using five different channel propagation models; Additive White Gaussian Noise (AWGN), and the four fading scenarios (Table 2) defined in 3GPP TS 25.104 V7.3.0 (March 2006).

	Case 1
	Case 2
	Case 3
	Case 4

	Speed for band

V, VI, and VIII

7 km/h
	Speed for band

V, VI, and VIII

7 km/h
	Speed for band

V, VI, and VIII

280 km/h
	Speed for band

V, VI, and VIII

583 km/h

	fD = 5.5 Hz
	fD = 5.5 Hz
	fD = 220 Hz
	fD = 458 Hz

	Delay
	Power
	Delay
	Power
	Delay
	Power
	Delay
	Power

	0 ns
	0 dB
	0 ns
	0 dB
	0 ns
	0 dB
	0 ns
	0 dB

	976ns
	-10 dB
	976 ns
	0 dB
	260 ns
	-3 dB
	260 ns 
	-3 dB

	
	
	20000 ns
	0 dB
	521 ns
	-6 dB
	521 ns
	-6 dB

	
	
	
	
	781 ns
	-9 dB
	781 ns
	-9 dB


Table 2:  Fading Scenarios as defined in 3GPP TS 25.104 V7.3.0.  All delay taps have the classical Doppler spectrum, defined as: 
[image: image1.wmf] for 
[image: image2.wmf].

Waveform Simulation Process

For each of the propagation models, step through 1 dB SNR increments and determine the Probability of Detection (Pd) and the Probability of False Alarm (Pfa).  Those probabilities are determined by performing Monte Carlo simulations of the 2-dimensional (Delay and Doppler) correlation output based on the parameters described above. A configurable search window is defined in both dimensions, and a peak-search is conducted over this search window.  For the correct detections, an expected TDOA error (Delay Spread) is also computed. 

3 Summary

Using the results from the simulation defined in section 2.2 (previously presented in [3]), the LMUs that are able to provide TDOA measurements, and the expected error in those measurements can be determined for a specific location scenario.  Using this information in the environment described in section 2.1 can provide an assessment of the location accuracy that can be achieved in these various environments given the LMU performance specified in the simulations.  
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