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1 Introduction

In [1], a simulation approach and preliminary results to obtain performance requirements for an LMU were 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 the suggestions from [6] to provide a more detailed simulation approach based on the general approach outlined in [5] in order 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 will 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.

The approach consists of both a waveform simulation and an accuracy assessment using the deployment data.  The waveform simulation applies various multi-path fading propagation conditions to the processing of the UMTS UTDOA waveform at the LMU.  The results of the waveform simulation include:

· detection probability 

· false alarm rate and 

· TDOA RMS timing error 

The results are tabulated as a function of the input SNR at the LMU port.  These tables provide input to the accuracy assessment processing.  This accuracy assessment processing utilizes all relevant sector data using site locations in the areas of interest.

2.1 Waveform Simulation Approach

Waveform

Simulations are performed for the UE in Cell_DCH state using the DPCCH channel.  

Signal Duration and UE Mobility

Simulations are performed using 800 ms of total integration time (80 frames of data).  Mobility of the UE (acceleration/deceleration, change of direction, etc.), may result in a loss of coherence in the transmitted waveform.  To account for this, the simulation performs correlation processing using three parallel approaches (Table 1) such that the 800 ms of total integration time is broken into 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 ensure the maximum possible coherent correlation length is used for every simulated location. 

	
	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.

Multi-Path Fading Conditions
The simulations will be performed using five different multi-path fading models; the four multi-path fading propagation conditions (Table 2) defined in 3GPP TS 25.104 V7.5.0 (December 2006) and an Additive White Gaussian Noise (AWGN) environment. 

	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 V7.5.0.  All delay taps have the classical Doppler spectrum, defined as: 
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Waveform Simulation Process
For each set of multi-path fading conditions, step through 1 dB SNR increments and determine the Probability of Detection (Pd) and the Probability of False Alarm (Pfa). The false alarm probability includes both detections of noise and of a multipath component other than the earliest arrival.  Each probability is determined by performing a Monte Carlo simulation of the 2-dimensional (Delay and Doppler) correlation output based on the parameters described above. The correlation output is the result of the correlation between the received signal at a cooperating LMU and a reconstructed reference signal from a serving LMU.  A configurable search window is defined in both dimensions, and a peak-search is conducted over this search window.  

In the simulation, the false alarm rate is set with no signal (pure noise only) to be 5% per LMU assuming a correlation window of 167 microseconds corresponding to approximately 31 miles.    Detection of multipath components other than the earliest arrival contributes to the TDOA RMS error.  These false detections ultimately are accounted for in the overall accuracy assessment by increasing the RMS timing error to account for the delay of each later arriving multipath component and the probability of detecting that multipath component.

To reduce the effects of false detections due to noise, this simulation will restrict the width of the search window as in [6] to twice the distance from the UE to the serving site.  The RMS timing error and detection probabilities used at each grid point are increased based on the search window to account for false alarms due to noise.  It will be assumed that the errors due to noise are uniformly distributed over the search window.  

All false alarm rates whether due to multipath or due to noise will be validated by simulation.

2.2 Accuracy Assessment Approach
Geographic Distribution of Node B/LMU

In each of the three areas, real network data such as antenna coordinates and heights will be used.  Specific identifying information about the sites will be removed, and the site locations will be randomly slightly perturbed to represent a more general network deployment in each area.  A 100% deployment is assumed (i.e. one LMU per site).  Terrain and clutter data are not considered.

Geographic Distribution of UE

Accuracy will be assessed by placing the UE at each point of a uniformly spaced grid across the entire coverage area.  The UE antenna will be assumed to be at 2 m AGL.  The grid spacing will be 10 arc-seconds for rural and suburban environments and 1 arc-second for the urban environment.

Path Loss Calculation

At each grid point, the mean path loss is computed to nearby sites using a loss slope of 35 dB/decade with an intercept at 1 km of 124.4 dB.   

Antenna Patterns

The horizontal and vertical antenna pattern gains for each plane are created analytically using the peak gain and the horizontal and vertical 3 dB beamwidths respectively.  A sinx/x formula is used to generate the pattern for each plane based on the 3 dB beamwidth (BW) in that plane with the first null occurring at an angle relative to the boresight of 9/8 x BW.  The individual gain reductions in decibels from the horizontal and vertical planes are added together to get the total gain reduction off of the peak gain of the antenna (dB rotation method).  

Serving Node B Selection and UE Transmit Power

The site (Node B) with lowest path loss is assumed to be the serving site.  The transmit power of the UE is assumed to be at a minimum level required to maintain the radio link with a maximum of 23 dBm.  For each test case, the UE is perfectly power controlled to meet the Eb/No value provided in 3GPP TS 125.141 V7.6.0 (December 2006) for 12.2 kbps with RX diversity.   If at any given location, the Eb/No value cannot be achieved at the maximum power level, then service is unavailable.

Received Power and Interference Levels

The received power level at each LMU is computed based on an assumed transmit power of the UE and the calculated path loss to the LMU.  The interference level is assumed to be 6 dB above the noise floor in urban cells, 3 dB above the noise floor for suburban cells, and at the level of the noise floor in rural cells.  The noise floor will be based on a system noise temperature of 300 K.  A 6 dB noise figure is assumed.

Selection of Cooperating LMUs 

Based on this UE transmit power, the computed path loss, and the LMU sensitivity level from waveform simulations, the set of LMUs that can provide TDOA measurements is determined.  The difference in SNR at the cooperating LMU and the serving LMU is used along with the tables generated in the waveform simulation to simulate detection.  Here, simulated detections include both true (detection of the earliest arrival) and false (detection of a different multipath component) detections.  Two diversity antennas are assumed to be available at each sector and detection is attempted independently at each antenna.

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 above) determines the probability that a selected LMU will provide a UTDOA measurement.  Assuming a measurement is obtained, the expected variability of the timing error associated with that measurement is calculated (including the error contributions from false multipath detections and false alarms due to noise).  In the event that the UTDOA processing cannot provide an accuracy estimate, the location will be considered to be the antenna location for the purpose of calculating the error (this is analogous to performing a CGI-only location in GSM).

Accuracy Assessment

At each grid point an expected RMS accuracy is computed, based on the number of TDOA measurements available, the geometry of the LMUs providing the measurements, and the RMS timing error associated with each measurement.  The overall accuracy statistics (67th and 95th percentile points) are then predicted for the entire service area based on the expected RMS accuracy of each grid point.  Appendix A contains a description of TruePosition’s accuracy assessment methodology.

2.3 Deployment Environments
Data sets for the three environments will be provided as an attachment as summarized in Table 3.  The bounding boxes are chosen to be representative of the conditions in each of the deployment areas.  

	Data Set
	# of sectors
	Bounding Box

	Manhattan (Urban)
	435
	Lower Left = 

(-74.000, 40.710)

Upper Right=

(-73.970, 40.764)

	Wilmington (Suburban)
	290
	Lower Left = 

(-75.787,39.607)

Upper Right=

(-75.417,39.839)

	Southern Delaware  (Rural)
	100
	Lower Left=

(-75.592,38.584)

Upper Right

(-75.184,38.860)


Table 3:  Summary of deployment environments.

The following fields will be provided:

· Sector id

· Latitude

· Longitude

· Antenna height above ground level

· Antenna azimuth angle relative to North

· Antenna downtilt

· Horizontal beamwidth

· Vertical beamwidth

Units and file formats will be provided with the attached data files.  
3 Summary

Using the results from the waveform simulation defined in section 2.1, the LMUs that are able to provide TDOA measurements, and the expected error in those measurements can be determined for specific locations.  Using this information with the approach described in section 2.2 can provide an assessment of the location accuracy that can be achieved for various network deployment environments.   The network deployment environments outlined in 2.3 are representative of urban, suburban and rural areas and this data can be used to provide LMU performance results.
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Appendix A – Location Accuracy Prediction

Overview

The predicted location accuracies are computed using TruePosition’s predictive modeling tool.  This tool takes into account the following characteristics of the system being modeled:

1. The specific characteristics of each cell site antenna sector.

a. Exact location including latitude, longitude, and height above both ground (AGL) and mean sea level (MSL).

b. Antenna gain and noise figure

c. Antenna pattern (horizontal and vertical beamwidths).

d. Antenna bore-site pointing (azimuth and down-tilt angles)

2. The specific details of the proposed Wireless Location System (WLS) deployment

a. The cell sites at which LMUs are to be deployed

b. The maximum number of cell sites and sectors that can be used (cooperate) on any single location attempt.

3. The specific waveform (air interface, i.e. AMPS, IS-136, GSM, WCDMA, etc) details:

a. Carrier frequency

b. Signal bandwidth

c. Signal power including power control

d. Net time duration of the RF signal collected for the location processing

4. The RF signal propagation environment:

a. Estimated signal loss as function of distance for each antenna sector.
b. Utilization of multipath fading propagation conditions in TS 25.104. 
The operation of TruePosition’s predictive modeling tool may be summarized as follows:

1. A set of “grid points” specified by latitude and longitude is selected.

a. The region covered by these points is specified as the vertices of a polygon.

b. The spacing between adjacent points is specified in Arc seconds.

2. The estimated root mean square (rms) accuracy for location attempts at each of these grid points is computed (this is further detailed below).

3. The 67th and 95th accuracy percentiles for the entire region specified by the polygon is computed using these rms accuracy estimates at each grid point.

4. Accuracy (rms) contours (regions) are determined and then color coded by a graphic presentation function.

The estimated rms accuracy for locations made from each grid point is computed as follows:

1. The most likely serving sector is determined.

a. The received SNR for a phone at this grid point to each of the sector antennas (receivers) in the system is computed using the following data specific to each sector (unless otherwise noted):

i. Waveform type and MS Transmit signal power (same for all sectors)

ii. Noise figure (assumed same for all sectors)

iii. Bore-site antenna gain

iv. Antenna pattern loss in the direction to the grid point

v. Signal loss as function of distance to the grid point

b. The sector with the best SNR is chosen as the serving sector.

i. If the SNR to this sector is not sufficient to complete a call, this grid point is marked as a “no coverage” grid point, and no accuracy estimate is computed.

2. The cooperating sectors for a location at this grid point are determined.

a. Only sectors from a predetermined list (part of the WLS configuration) for the serving sector are considered.

b. A cooperating sector must have a received SNR sufficient to permit a TOA measurement to be made.

i. The received SNR is adjusted to account for power control if applicable.

ii. The minimum SNR is determined based on the total signal energy that will be collected, i.e. integrated over the specified net duration of the RF signal collection.

c. Up to “N-1” of the qualifying cooperators with the largest SNRs are selected for computing the estimated location accuracy.

i. The value of “N” is specified as part of the WLS configuration used for the analysis.

3. Estimates for the rms TOA measurement errors are computed individually for the serving and cooperating sectors based on the following data:

a. The waveform type and bandwidth

b. The net duration of the RF signal collection

c. The received SNR at the sector (this takes into account many factors as detailed above)

d. Multipath fading propagation conditions in TS 25.104
4. The rms error weighted HDOP (discussed below) for this grid point is computed from the estimated rms TOAs for each of the sectors (serving sector plus cooperators).

a. Because this HDOP is weighted by the rms errors, it directly represents the expected rms error for a location at this grid point.

Calculation of rms error weighted HDOP

In Leick's book on GPS (Alfred Leick, GPS Satellite Surveying, Wiley), Geometrical Dilution of Precision (GDOP) is defined as the square root of the trace of the covariance matrix for determination of directions east, north, vertical, and time.  In forming the covariance matrix the data are equally weighted.

For network based location, the 2-D case, denoted as HDOP (horizontal dilution of precision), is used.  Also since the rms TOA errors are not equal, HDOP is calculated from the covariance matrix formed using rms TOA error weighting of the distance partial derivatives from the grid point to each of the N receiving sectors.

The HDOP calculation

The rms error weighted covariance matrix is defined as (ATwA)-1 where


A is the 3-D (east and north) design matrix whose elements are:



Ai1
=



Ai2
=



Ai3
=
1

and w is the diagonal matrix with elements

wii
=
1/(ii(
=
wi
wi(j
=
0

where  (ii  is the rms TOA error to the ith sector.

It can then be shown that:

HDOP
=
(C11 + C22)½

where C11  and C22  are elements of the covariance matrix (ATwA) -1.  Evaluating the matrix inversion using cofactors and the determinant


HDOP =
[ (ac + bc ( e2 ( f2) / (abc + 2def ( be2 ( af2 ( cd2)]½

where

a
=





b
=





c
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d
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e
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f
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with the ( sums over all sectors (primary plus cooperating sectors).

Calculation of the partial derivatives

Define the location of the phone to be at (0,0) and the ith sector to be at (xi, yi) where the units of xi and yi are time delay.  If the delay ((i) from the phone at (0,0) to the ith sector at (xi, yi) is assumed to be only that for straight line distance, then: 

(i ( (xi( + yi((½
and thus the partial derivatives are dimensionless and equal to:






=
xi /  (xi( + yi((½






=
yi /  (xi( + yi((½

Note that a, b, etc. in the HDOP calculation each have units of 1/(rms time error)2 and thus HDOP can be seen to have units of “rms time error”.
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