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1. Introduction

1.1 Background

Global availability of the license-free 2.4GHz Industrial, Scientific, Medical (ISM) band has contributed to the rapid adoption of wireless communication standards such as 802.11b and Bluetooth.  But the very popularity of the 2.4GHz ISM band has created its own challenges: co-located wireless devices that share the same airwaves but use different protocols can interfere with one another.  As more protocols are developed and more devices are produced that operate in this band, the greater the likelihood for interference.  

The IEEE 802 LAN/MAN Standards Committee (LMSC) develops standards and recommended practices for networking, including wireless networking.  Subgroups within the LMSC focus on wireless communication standards, such as 802.11 (Wireless Local Area Networks) and 802.15 (Wireless Personal Area Networks).  

The term coexistence has been adopted by the LMSC to refer to the effects of interference among wireless devices that are physically near one another.  Two wireless devices are said to coexist if they can be brought near one another without significant degradation in their performance.  Observing an opportunity to address the issues of interoperability and interference among multiple wireless standards, the LMSC formed the IEEE 802.19 Coexistence Technical Advisory Group, whose charter is to develop coexistence policy. 

1.2 Quantifying Coexistence: Motivation and Approach

The goal of the 802.19 Coexistence TAG is to consider a variety of IEEE wireless standards and to ask questions of the form “Will wireless device A significantly reduce the performance of wireless device B, and if so, what can be done to improve the performance?”

Before this sort of question can be answered, it is important establish a coexistence metric in order to quantify the extent to which device A is expected to interfere with device B.  Without such a metric, one runs the risk of trying to improve performance when performance doesn’t need improving.

The need to quantify coexistence has motivated the formulation of Coexistence Metric 1.0 (CM1.0), which is the topic of this paper.  In general, wireless standards are developed long before hardware implementations are built, so the Coexistence Metric needs to be a theoretic model.

And therein lies the challenge.  Theoretical models are notoriously bad at modeling physical reality.  The most accurate models are the most detailed, taking into account as many physical parameters as possible.  Although the time required computing physically accurate models is significant, the real effort lies in collecting accurate parameter sets for highly detailed models.

Fortunately, the goal of a coexistence metric is simply to anticipate whether or not interference will pose a significant problem or not.  To quantify coexistence, a simple relative model is much more useful than a complex absolute model.

1.3 Goals of CM 1.0

Several principals guided the design of CM 1.0.

Favor quantitative assumptions over qualitative assumptions.  Wherever possible, CM1.0 uses parameters that are readily derived from published specifications.

Adopt a simple model.  A wireless standard is characterized in the CM1.0 model with eight well-defined parameters.  A parameter set for a specific wireless standard can be created quickly and easily.

Produce intuitive results.  The CM1.0 model quantifies coexistence as the minimum distance between a receiving radio and an interfering radio that still produces acceptable error rates at the receiver.

Build upon previous work.  The bulk of the CM1.0 model—notably the path loss model and the concept of spectral coupling—is derived directly from <##TG2> [TG2].

Err on the pessimistic side.  The CM1.0 does not attempt to produce an absolute measure of coexistence.  Rather, it is defined to give a repeatable relative measure of coexistence.  Results from CM1.0 are intentionally designed to be pessimistic so that additional application-specific assumptions, such as limited duty cycle in the interferer, will only improve the expected results.

Use a portable, widely supported framework.  The CM1.0 framework is written entirely in Java, so it can be run on all popular operating systems.

Publish early, revise often.  CM1.0 is expressly not intended as the ultimate metric for coexistence; rather, it should be thought of as a first draft.  By adopting a simple approach and publishing the details, the authors hope CM1.0 will be scrutinized and improved upon by the professional community.

1.4 About This Document

This document proceeds as follows.  Section 2 describes the fundamentals of CM1.0, and introduces the concepts of path loss and spectral coupling.  In CM1.0 a radio is totally modeled using nine methods, grouped in a single Java class.  These nine methods are described in section 3. Section 4 shows how to run using CM1.0, using a simple driver file as an example and presenting the resulting output.  Section 5 offers a summary and suggests future directions for CM1.0.  The Appendices include references, sample driver files, annotated parameter sets, and the complete Java source code listings for CM1.0.

2. The CM 1.0 Model

Figure 1 below shows the fundamentals of the CM1.0 model.  The individual components are discussed in subsequent sections.

[image: image1.wmf]Figure 1: The CM1.0 Model

The CM1.0 model assumes a single transmitting radio is the sole source of signal and a single interfering radio is the sole source of interference.  The interfering energy is assumed to appear as additive white Gaussian noise (AWGN) to the receiver.

Signal Power is defined to be 10dB above the minimum sensitivity of the receiving radio.  The minimum receiver sensitivity is defined in the parameter set for the receiving system—see “3. CM1.0 Parameter Sets” below.

Interference Power is the nominal power for the interfering transmitter.  It is defined in the parameter set for the interfering system.

Path Loss is the amount by which the interferer’s power is attenuated due to physical separation, and increases exponentially with distance. The path loss model used by CM1.0 is derived from [Marquess] and [TG2], and is described in greater detail in section 2.1 below.

Spectral Coupling is the attenuation of the interferer’s transmitted spectrum by the receiver’s input filter, expressed as dB of attenuation.  It is computed by multiplying the interferer’s transmitted spectrum with the receiver’s input filter – these spectra are defined in interferer’s and the receiver’s parameter sets respectively.  The area under the resulting spectrum is found by integration from the lowest to the highest frequencies generated by the interferer – this area corresponds to the amount of the interferer’s energy couples into the receiver.  <## Migrate most of this to section 2.2 below>

Signal to Interference Ratio (SIR) is the ratio of the signal power divided by the interference power attenuated by path loss and by spectral coupling.

Bit Error Rate (BER) is a function of the SIR and by a bit error rate function defined in the parameter set file for the receiver. The relationship between SIR and bit error rate is a function of the modulation scheme used by the transmitter and receiver.

Frame Error Rate (FER) is simply a function of BER and bits per frame.  The average bits per frame is defined in the parameter set for the receiver.

2.1 Path Loss Model

The path loss model used by CM1.0 is based on a heuristic model suitable for indoor systems operating at 2.4GHz described in [Marquess].


[image: image6.bmp]
Figure 2: Path Loss Curve

Path loss follows free-space propagation (inverse square) for distances up to eight meters, and then attenuates more rapidly with a path loss exponent of 3.3.  

The path loss L is given by:


L
= 20 log(4(d/() = 40.23 + 20 log(d)
d ≤ 8m



= 58.3 + 33 log(d/8)
d > 8m

where d is the path length in meters and ( is the wavelength at 2.45GHz (0.1224 meters).

2.2 Spectral Coupling

A radio transmitter’s radiated power is limited over a band of frequencies, commonly called its spectral mask.  Similarly, a radio receiver has a filter on its input that attenuates energy outside of a particular range of frequencies, called its passband.  The shapes of the transmitter’s spectral mask and the receiver’s input filter, and degree to which they overlap, determine how much of the transmitter’s energy is available to the receiver.  

For ordinary radio communications, the transmitter’s spectral mask and the receiver’s input filter are aligned to one another, so that the receiver picks up the majority of the transmitted energy.

In the case of an interfering radio transmission, the interferer’s spectral mask and the receiver’s input filter form an important defense against interference.  When the interferer’s spectral mask lies outside of the receiver’s passband, most of the interfering energy will be attenuated by the receiver’s input filter, reducing the effects of the interference.

In CM1.0, the attenuation of the interferer’s spectral mask by the receiver’s input filter is known as the Spectral Coupling.  It is computed by multiplying the interferer’s spectral mask with the receiver’s input filter to form a filtered spectrum.  The area under the filtered spectrum represents the amount of the interferer’s energy that remains after filtering.  When normalized by dividing by the area under the interferer’s spectral mask, the result is the Spectral Coupling.

The following figure demonstrates the calculation of Spectral Coupling.
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	Spectral Coupling = Area AF / Area AI


Figure 3: Computation of Spectral Coupling

The area AI represents the total transmitted power of the interferer.  The area AF represents the total energy arriving at the input of the receiver, after filtering by the receiver’s input filter.  The ratio of AF/AI is therefore the fraction of the interferer’s total energy that arrives at the receiver after filtering.  This ratio, expressed in decibels, is the Spectral Coupling.

3. CM1.0 Parameter Sets

Each wireless protocol characterized by CM1.0 is defined by a set of nine functions, called a Parameter Set.  These functions are written in the Java programming language and are grouped together in a single Java class. 

The nine functions that comprise a Parameter Set are described briefly here; an annotated Parameter Set file appears in Appendix C.
public abstract String description();

The description() function returns a short descriptive string for the protocol, such as “802.11b”.

public abstract boolean isFrequencyHopped();

The isFrequencyHopped() function returns true if the protocol is a frequency hopping protocol, false otherwise.

public abstract Channel[] getChannels();

The getChannels() function returns a vector of Channel objects.  Each Channel object is a {channel_id, frequency} pair that describes the relation between a channel id (a small integer) and a frequency in Hertz.

public abstract double receiveSensitivity();

The receiveSensitivity() function returns the minimum receiver sensitivity in dB.  CM1.0 models the effective signal power as 10dB above this value.

public abstract Spectrum receiveSpectrum();

The receiveSpectrum() function returns a Spectrum object that describes the input filter to the receiver.  The Spectrum class provides constructor mechanisms to simplify the creation of a Spectrum object – see Appendix C for additional details.  CM1.0 combines the receive spectrum with the interferer’s transmit spectrum (q.v.) to calculate the Spectral Coupling.

public abstract double bitErrorRate(double sirDB);

The bitErrorRate() function returns a bit error rate for this receiver as a function of Signal to Interference ratio.  The sirDB parameter is the Signal to Interference ratio expressed in decibels.  The function should take into account the modulation scheme processing gain and bits per symbol.

public abstract int bitsPerPacket();

The bitsPerPacket() function returns the average bits per packet of the receiver.  This value is used to convert between Bit Error Rate and Packet Error Rate.

public abstract double transmitPower();

The transmitPower() function returns the power of the transmitter in dBm.  Note that this value is used only when a transmitter is acting as an interferer.

public abstract Spectrum transmitSpectrum();
The transmitSpectrum() function returns a Spectrum object that describes the transmitted spectral mask. The Spectrum class provides constructor mechanisms to simplify the creation of a Spectrum object – see Appendix C for additional details.  CM1.0 will combine the receive spectrum with the transmit spectrum to calculate the Spectral Coupling.

4. Driver Files and Results

<## This section shows how CM1.0 is run to produce data sets that can be plotted.  A simple driver file and the resulting output is presented.>

CM1.0 is a framework, written as a collection of Java classes.  A Driver File, also written in Java, links all the pieces together by running the CM1.0 algorithm 

In order to test two communication standards using CM1.0, 

This example shows CM1.0 being run on an 802.15.3 receiver with an 802.15.4 interferer.

import ieee.p802.coex.*;

/**

 * Test coexistence between 

 * 802.15.3 Receiver (22Mbps) 802.15.4 Interferer

 */

public class T15d3_15d4 {

    public static void main(String args[]) {


// Create an array of distances ranging from .1M to 100M 

// (with log spacing)


double dist[] = Util.makeDistances();


// Allocate an 802.15.3 object to be used as the receiver


RM802_15_3 recvr = new RM802_15_3(RM802_15_3.MBPS_22);


// Allocate an 802.15.4 object to be used as the interferer


RM802_15_4 intfr = new RM802_15_4();


// Compute bit error rate as a function of distance


double ber[] = Coexistence.coexistence(recvr, intfr, dist);


// Convert bit error rate into packet error rate


double per[] = Coexistence.packetErrorRate(recvr, ber);


// Print a descriptive header


double offset = recvr.getFrequencySeparation(intfr)/1.0e6;


System.out.println("Packet Error Rate vs Separation"+




   ", Receiver="+recvr.description()+




   ", Interferer="+intfr.description()+




   ", offset="+offset+"MHz");


// Print column header


System.out.println("separation(M)\tBER\tPER");


// Print separation in meters, bit error rate, packet error rate


for (int i=0; i<dist.length; i++) {


    System.out.println(Util.formatScientific(dist[i])+

                            "\t"+Util.formatScientific(ber[i])+

                            "\t"+Util.formatScientific(per[i]));


}

    }

}

When executed, the above Java program produces the following output:

Packet Error Rate vs Separation, Receiver=802.15.3(22Mbps), Interferer=802.15.4, offset=7.0MHz

separation(M)
BER
PER

1.000E-01
4.972E-01
1.000E00

1.072E-01
4.970E-01
1.000E00

1.148E-01
4.968E-01
1.000E00

1.230E-01
4.966E-01
1.000E00

…

1.905E01
1.050E-02
1.000E00

2.042E01
4.850E-03
1.000E00

2.188E01
1.900E-03
1.000E00

2.344E01
6.314E-04
9.943E-01

2.512E01
1.461E-04
6.979E-01

2.692E01
2.393E-05
1.780E-01

2.884E01
2.540E-06
2.060E-02

3.090E01
1.563E-07
1.280E-03

3.311E01
4.851E-09
3.974E-05

3.548E01
6.370E-11
5.218E-07

3.802E01
2.840E-13
2.326E-09

4.074E01
3.261E-16
2.728E-12

4.365E01
6.813E-20
1.000E-100

4.677E01
1.674E-24
1.000E-100

5.012E01
2.797E-30
1.000E-100

5.370E01
1.597E-37
1.000E-100

5.754E01
1.312E-46
1.000E-100

6.166E01
5.237E-58
1.000E-100

6.607E01
2.597E-72
1.000E-100

7.079E01
2.885E-90
1.000E-100

7.586E01
1.000E-100
1.000E-100

8.128E01
1.000E-100
1.000E-100

8.710E01
1.000E-100
1.000E-100

9.333E01
1.000E-100
1.000E-100
Since the fields are separated by tabs, this format can be easily read into a plotting or spreadsheet program to produce a graph such as the following.

	
[image: image2.wmf]

	Figure 4: Sample BER/PER curves


5. Conclusion

<## Standard recap.>

5.1 Future Work

Measure predicted results against actual results, adjust model as appropriate.

Consider Duty Cycle.

Extend to handle different radio models, notably UWB.

Add a Graphical User Interface with plotting package such as [Ptolemy] for interactive testing.
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Chart3

		1

		1.0471285481

		1.0964781961

		1.1481536215

		1.2022644346

		1.2589254118

		1.3182567386

		1.3803842646

		1.4454397707

		1.5135612484

		1.5848931925

		1.6595869074

		1.7378008287

		1.8197008586

		1.905460718

		1.995262315

		2.0892961309

		2.1877616239

		2.2908676528

		2.398832919

		2.5118864315

		2.6302679919

		2.7542287033

		2.8840315031

		3.0199517204

		3.1622776602

		3.3113112148

		3.4673685045

		3.6307805477

		3.8018939632

		3.9810717055

		4.1686938347

		4.3651583224

		4.5708818961

		4.7863009232

		5.0118723363

		5.2480746025

		5.4954087386

		5.7543993734

		6.0255958607

		6.3095734448

		6.6069344801

		6.9183097092

		7.2443596007

		7.5857757503

		7.9432823472

		8.317637711

		8.7096358996

		9.1201083936

		9.5499258602

		10

		10.4712854805

		10.9647819614

		11.481536215

		12.0226443462

		12.5892541179

		13.1825673856

		13.803842646

		14.4543977075

		15.1356124844

		15.8489319246

		16.5958690744

		17.3780082875

		18.1970085861

		19.0546071796

		19.9526231497

		20.8929613085

		21.8776162395

		22.9086765277

		23.9883291902

		25.1188643151

		26.302679919

		27.5422870334

		28.8403150313

		30.199517204

		31.6227766017

		33.1131121483

		34.6736850453

		36.307805477

		38.0189396321

		39.8107170553

		41.686938347

		43.651583224

		45.7088189615

		47.8630092323

		50.1187233627

		52.480746025

		54.9540873858

		57.5439937337

		60.2559586074

		63.095734448

		66.0693448008

		69.1830970919

		72.4435960075

		75.8577575029

		79.4328234724

		83.1763771103

		87.0963589956

		91.2010839356

		95.4992586021



PathLoss[d] (dB)

Separation (M)

Attenuation (dB)

40.2311049092

40.6311049092

41.0311049092

41.4311049092

41.8311049092

42.2311049092

42.6311049092

43.0311049092

43.4311049092

43.8311049092

44.2311049092

44.6311049092

45.0311049092

45.4311049092

45.8311049092

46.2311049092

46.6311049092

47.0311049092

47.4311049092

47.8311049092

48.2311049092

48.6311049092

49.0311049092

49.4311049092

49.8311049092

50.2311049092

50.6311049092

51.0311049092

51.4311049092

51.8311049092

52.2311049092

52.6311049092

53.0311049092

53.4311049092

53.8311049092

54.2311049092

54.6311049092

55.0311049092

55.4311049092

55.8311049092

56.2311049092

56.6311049092

57.0311049092

57.4311049092

57.8311049092

58.2311049092

58.8509350783

59.5109350783

60.1709350783

60.8309350783

61.4909350783

62.1509350783

62.8109350783

63.4709350783

64.1309350783

64.7909350783

65.4509350783

66.1109350783

66.7709350783

67.4309350783

68.0909350783

68.7509350783

69.4109350783

70.0709350783

70.7309350783

71.3909350783

72.0509350783

72.7109350783

73.3709350783

74.0309350783

74.6909350783

75.3509350783

76.0109350783

76.6709350783

77.3309350783

77.9909350783

78.6509350783

79.3109350783

79.9709350783

80.6309350783

81.2909350783

81.9509350783

82.6109350783

83.2709350783

83.9309350783

84.5909350783

85.2509350783

85.9109350783

86.5709350783

87.2309350783

87.8909350783

88.5509350783

89.2109350783

89.8709350783

90.5309350783

91.1909350783

91.8509350783

92.5109350783

93.1709350783

93.8309350783



T_PathLoss.txt

		PathLoss unit test.

		C = 2.99792458E8 WAVELENGTH = 0.12236426857142857

		LOSS_AT_1_M = 40.231104909174014 LOSS_AT_8_M = 58.29290464901288

		d [Meters]		PathLoss[d] (dB)

		1		40.2311049092

		1.0471285481		40.6311049092

		1.0964781961		41.0311049092

		1.1481536215		41.4311049092

		1.2022644346		41.8311049092

		1.2589254118		42.2311049092

		1.3182567386		42.6311049092

		1.3803842646		43.0311049092

		1.4454397707		43.4311049092

		1.5135612484		43.8311049092

		1.5848931925		44.2311049092

		1.6595869074		44.6311049092

		1.7378008287		45.0311049092

		1.8197008586		45.4311049092

		1.905460718		45.8311049092

		1.995262315		46.2311049092

		2.0892961309		46.6311049092

		2.1877616239		47.0311049092

		2.2908676528		47.4311049092

		2.398832919		47.8311049092

		2.5118864315		48.2311049092

		2.6302679919		48.6311049092

		2.7542287033		49.0311049092

		2.8840315031		49.4311049092

		3.0199517204		49.8311049092

		3.1622776602		50.2311049092

		3.3113112148		50.6311049092

		3.4673685045		51.0311049092

		3.6307805477		51.4311049092

		3.8018939632		51.8311049092

		3.9810717055		52.2311049092

		4.1686938347		52.6311049092

		4.3651583224		53.0311049092

		4.5708818961		53.4311049092

		4.7863009232		53.8311049092

		5.0118723363		54.2311049092

		5.2480746025		54.6311049092

		5.4954087386		55.0311049092

		5.7543993734		55.4311049092

		6.0255958607		55.8311049092

		6.3095734448		56.2311049092

		6.6069344801		56.6311049092

		6.9183097092		57.0311049092

		7.2443596007		57.4311049092

		7.5857757503		57.8311049092

		7.9432823472		58.2311049092

		8.317637711		58.8509350783

		8.7096358996		59.5109350783

		9.1201083936		60.1709350783

		9.5499258602		60.8309350783

		10		61.4909350783

		10.4712854805		62.1509350783

		10.9647819614		62.8109350783

		11.481536215		63.4709350783

		12.0226443462		64.1309350783

		12.5892541179		64.7909350783

		13.1825673856		65.4509350783

		13.803842646		66.1109350783

		14.4543977075		66.7709350783

		15.1356124844		67.4309350783

		15.8489319246		68.0909350783

		16.5958690744		68.7509350783

		17.3780082875		69.4109350783

		18.1970085861		70.0709350783

		19.0546071796		70.7309350783

		19.9526231497		71.3909350783

		20.8929613085		72.0509350783

		21.8776162395		72.7109350783

		22.9086765277		73.3709350783

		23.9883291902		74.0309350783

		25.1188643151		74.6909350783

		26.302679919		75.3509350783

		27.5422870334		76.0109350783

		28.8403150313		76.6709350783

		30.199517204		77.3309350783

		31.6227766017		77.9909350783

		33.1131121483		78.6509350783

		34.6736850453		79.3109350783

		36.307805477		79.9709350783

		38.0189396321		80.6309350783

		39.8107170553		81.2909350783

		41.686938347		81.9509350783

		43.651583224		82.6109350783

		45.7088189615		83.2709350783

		47.8630092323		83.9309350783

		50.1187233627		84.5909350783

		52.480746025		85.2509350783

		54.9540873858		85.9109350783

		57.5439937337		86.5709350783

		60.2559586074		87.2309350783

		63.095734448		87.8909350783

		66.0693448008		88.5509350783

		69.1830970919		89.2109350783

		72.4435960075		89.8709350783

		75.8577575029		90.5309350783

		79.4328234724		91.1909350783

		83.1763771103		91.8509350783

		87.0963589956		92.5109350783

		91.2010839356		93.1709350783

		95.4992586021		93.8309350783
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_966715910.xls
Chart1

		0.1		0.1

		0.1072		0.1072

		0.1148		0.1148

		0.123		0.123

		0.1318		0.1318

		0.1413		0.1413

		0.1514		0.1514

		0.1622		0.1622

		0.1738		0.1738

		0.1862		0.1862

		0.1995		0.1995

		0.2138		0.2138

		0.2291		0.2291

		0.2455		0.2455

		0.263		0.263

		0.2818		0.2818

		0.302		0.302

		0.3236		0.3236

		0.3467		0.3467

		0.3715		0.3715

		0.3981		0.3981

		0.4266		0.4266

		0.4571		0.4571

		0.4898		0.4898

		0.5248		0.5248

		0.5623		0.5623

		0.6026		0.6026

		0.6457		0.6457

		0.6918		0.6918

		0.7413		0.7413

		0.7943		0.7943

		0.8511		0.8511

		0.912		0.912

		0.9772		0.9772

		1.047		1.047

		1.122		1.122

		1.202		1.202

		1.288		1.288

		1.38		1.38

		1.479		1.479

		1.585		1.585

		1.698		1.698

		1.82		1.82

		1.95		1.95

		2.089		2.089

		2.239		2.239

		2.399		2.399

		2.57		2.57

		2.754		2.754

		2.951		2.951

		3.162		3.162

		3.388		3.388

		3.631		3.631

		3.89		3.89

		4.169		4.169

		4.467		4.467

		4.786		4.786

		5.129		5.129

		5.495		5.495

		5.888		5.888

		6.31		6.31

		6.761		6.761

		7.244		7.244

		7.762		7.762

		8.318		8.318

		8.913		8.913

		9.55		9.55

		10.23		10.23

		10.96		10.96

		11.75		11.75

		12.59		12.59

		13.49		13.49

		14.45		14.45

		15.49		15.49

		16.6		16.6

		17.78		17.78

		19.05		19.05

		20.42		20.42

		21.88		21.88

		23.44		23.44

		25.12		25.12

		26.92		26.92

		28.84		28.84

		30.9		30.9

		33.11		33.11

		35.48		35.48

		38.02		38.02

		40.74		40.74

		43.65		43.65

		46.77		46.77

		50.12		50.12

		53.7		53.7

		57.54		57.54

		61.66		61.66

		66.07		66.07

		70.79		70.79

		75.86		75.86

		81.28		81.28

		87.1		87.1

		93.33		93.33
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Tfoo.txt

		Packet Error Rate vs Separation, Receiver=802.15.3(22Mbps), Interferer=802.15.4, offset=7.0MHz

		separation(M)		BER		PER

		1.00E-01		4.97E-01		1.00E+00

		1.07E-01		4.97E-01		1.00E+00

		1.15E-01		4.97E-01		1.00E+00

		1.23E-01		4.97E-01		1.00E+00

		1.32E-01		4.96E-01		1.00E+00

		1.41E-01		4.96E-01		1.00E+00

		1.51E-01		4.96E-01		1.00E+00

		1.62E-01		4.96E-01		1.00E+00

		1.74E-01		4.95E-01		1.00E+00

		1.86E-01		4.95E-01		1.00E+00

		2.00E-01		4.95E-01		1.00E+00

		2.14E-01		4.94E-01		1.00E+00

		2.29E-01		4.94E-01		1.00E+00

		2.46E-01		4.93E-01		1.00E+00

		2.63E-01		4.93E-01		1.00E+00

		2.82E-01		4.92E-01		1.00E+00

		3.02E-01		4.92E-01		1.00E+00

		3.24E-01		4.91E-01		1.00E+00

		3.47E-01		4.90E-01		1.00E+00

		3.72E-01		4.90E-01		1.00E+00

		3.98E-01		4.89E-01		1.00E+00

		4.27E-01		4.88E-01		1.00E+00

		4.57E-01		4.87E-01		1.00E+00

		4.90E-01		4.87E-01		1.00E+00

		5.25E-01		4.86E-01		1.00E+00

		5.62E-01		4.85E-01		1.00E+00

		6.03E-01		4.83E-01		1.00E+00

		6.46E-01		4.82E-01		1.00E+00

		6.92E-01		4.81E-01		1.00E+00

		7.41E-01		4.80E-01		1.00E+00

		7.94E-01		4.78E-01		1.00E+00

		8.51E-01		4.77E-01		1.00E+00

		9.12E-01		4.75E-01		1.00E+00

		9.77E-01		4.73E-01		1.00E+00

		1.05E+00		4.71E-01		1.00E+00

		1.12E+00		4.69E-01		1.00E+00

		1.20E+00		4.67E-01		1.00E+00

		1.29E+00		4.65E-01		1.00E+00

		1.38E+00		4.62E-01		1.00E+00

		1.48E+00		4.60E-01		1.00E+00

		1.59E+00		4.57E-01		1.00E+00

		1.70E+00		4.53E-01		1.00E+00

		1.82E+00		4.50E-01		1.00E+00

		1.95E+00		4.47E-01		1.00E+00

		2.09E+00		4.43E-01		1.00E+00

		2.24E+00		4.39E-01		1.00E+00

		2.40E+00		4.34E-01		1.00E+00

		2.57E+00		4.30E-01		1.00E+00

		2.75E+00		4.25E-01		1.00E+00

		2.95E+00		4.19E-01		1.00E+00

		3.16E+00		4.14E-01		1.00E+00

		3.39E+00		4.08E-01		1.00E+00

		3.63E+00		4.01E-01		1.00E+00

		3.89E+00		3.94E-01		1.00E+00

		4.17E+00		3.87E-01		1.00E+00

		4.47E+00		3.79E-01		1.00E+00

		4.79E+00		3.71E-01		1.00E+00

		5.13E+00		3.62E-01		1.00E+00

		5.50E+00		3.53E-01		1.00E+00

		5.89E+00		3.43E-01		1.00E+00

		6.31E+00		3.32E-01		1.00E+00

		6.76E+00		3.21E-01		1.00E+00

		7.24E+00		3.09E-01		1.00E+00

		7.76E+00		2.97E-01		1.00E+00

		8.32E+00		2.79E-01		1.00E+00

		8.91E+00		2.55E-01		1.00E+00

		9.55E+00		2.30E-01		1.00E+00

		1.02E+01		2.04E-01		1.00E+00

		1.10E+01		1.77E-01		1.00E+00

		1.18E+01		1.50E-01		1.00E+00

		1.26E+01		1.22E-01		1.00E+00

		1.35E+01		9.60E-02		1.00E+00

		1.45E+01		7.18E-02		1.00E+00

		1.55E+01		5.07E-02		1.00E+00

		1.66E+01		3.32E-02		1.00E+00

		1.78E+01		1.98E-02		1.00E+00

		1.91E+01		1.05E-02		1.00E+00

		2.04E+01		4.85E-03		1.00E+00

		2.19E+01		1.90E-03		1.00E+00

		2.34E+01		6.31E-04		9.94E-01

		2.51E+01		1.46E-04		6.98E-01

		2.69E+01		2.39E-05		1.78E-01

		2.88E+01		2.54E-06		2.06E-02

		3.09E+01		1.56E-07		1.28E-03

		3.31E+01		4.85E-09		3.97E-05

		3.55E+01		6.37E-11		5.22E-07

		3.80E+01		2.84E-13		2.33E-09

		4.07E+01		3.26E-16		2.73E-12

		4.37E+01		6.81E-20		1.00E-100

		4.68E+01		1.67E-24		1.00E-100

		5.01E+01		2.80E-30		1.00E-100

		5.37E+01		1.60E-37		1.00E-100

		5.75E+01		1.31E-46		1.00E-100

		6.17E+01		5.24E-58		1.00E-100

		6.61E+01		2.60E-72		1.00E-100

		7.08E+01		2.88E-90		1.00E-100

		7.59E+01		1.00E-100		1.00E-100

		8.13E+01		1.00E-100		1.00E-100

		8.71E+01		1.00E-100		1.00E-100

		9.33E+01		1.00E-100		1.00E-100
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