InterDigital Comm. Corp.


______________________________________________________________________

TSG-RAN Working Group1 meeting #12

R1(00)0469

Seoul, Korea 10-13 April, 2000

Source:
InterDigital Communications Corporation

Title:
Node Sync Tracking Simulation: Impact of TOA measurement accuracy


Document for: Discussion 

______________________________________________________________________
1 Introduction

This document presents preliminary Node Synchronization tracking accuracy results.  In particular, the results of this contribution illustrate the impact of Time of Arrival (TOA) measurement accuracy and short term stability effects.

A representative test case was simulated under two assumptions of TOA measurement accuracy and two assumptions on short term stability,  

For both cases of short term stability, the long term rms frequency difference between two clocks was the same; 05ppm. 

It is shown that, while the smaller measurement error provides for better tracking performance, it is possible to achieve acceptably small steady state errors with TOA measurement errors as large as 1 microsecond (1 sigma).

It is also shown that the short term stability of the clocks can have more significant impact on tracking performance than does the measurement accuracy.  

2 Test Case Scenario

The simulation modeled one Node B tracking a second Node B.

Tracking interval: 20 seconds

Clock Drift Model (based on the drift model of reference [8]): 

A representative test case was simulated under two assumptions of TOA measurement accuracy and two assumptions on short term stability (see reference [8]).  

· Measurement Accuracy

· 1 microsecond (1 sigma)

· 1/4 microsecond (1 sigma)

· Short Term Stabiliy

· 10-10 

· 10-9

For both cases of short term stability, the long term rms frequency difference between two clocks was .05ppm. 

We believe that 10-10 stability is a representative value,  but it is important to give this parameter a critical review,  considering practical frequency sources.

It is assumed that, at t=0, the two clocks are nominally synchronized and their drift rates are estimated correctly.  Then a random frequency shift occurs, and the two clocks start to drift apart.  The tracking algorithm is updated by a measurment once per 20 seconds.

3 Results

Figure 1 shows drift between the two clocks and tracking accuracy.  It is seen that, without tracking, the two clocks  drift apart by 3 microseconds in 1000 seconds in one case and by 5 microseconds in the other case.  The residual tracking errors are shown to be quite small.  Figure 2 removes the absolute drift and shows the same data for the residual tracking errors, with a scale change.

It can be seen that for the case 10-10 short term stability, the tracking errors are:

1 microsecond TOA measurement error:

Steady state errror =  0.4.microseconds (1 sigma)

0.25 microsecond TOA measurement error.


Steady state error  = 0.2 microseconds (1 sigma)

For the case 10-9 short term stability, the tracking errors are on the order of 1 to 1.5 microseconds, with only a small improvement due to the more exact measurement error.

While we believe that this parameter is unrealistically high, this analytic exercise illustrates the importance of using the correct value in the design and in subsequent analyses.
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Figure 1 -  Clock Drift and Tracking Accuracy
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Figure 2 - Tracking Accuracy
4 Conclusion

Steady state errror of less than 1 microsecond can be achieved with an update rate of one measurement per 20 second; even with 1 microsecond (4 chip) TOA measurement error.  With further optimization it may be possible to increase the update interval to greater values.  It is anticipated that the process will tolerate missed detections and occasional large measurement errors. 

Based on these preliminary results there is no motivation to design for very accurate TOA measurments (e.g. less than 1 chip).  It is very likely that the required measurements will be acheivable by the Node B using the same cell search processing used by UEs.

Finally, it is important to refine our clock models, as results can be sensitive to the short term drift characteristics.
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0.0000014366

0.0000014912

0.0000015185

0.000001427

0.0000028984

0.0000029696

0.0000015108

0.0000015823

0.0000015906

0.0000015139

0.0000034784

0.0000035667

0.0000015389

0.0000016412

0.0000016126

0.0000015296

0.0000040557

0.00000418

0.0000015306

0.0000016528

0.0000016663

0.0000015319

0.0000046324

0.0000047912

0.0000014882

0.0000016689

0.0000016926

0.0000015255

0.0000052149

0.0000054265

0.0000014348

0.0000016599

0.0000016914

0.0000014478

0.0000057964

0.0000060703

0.0000013493

0.0000016437

0.0000016827

0.0000013819

0.0000063717

0.0000067431

0.0000012653

0.0000015907

0.0000016967

0.0000013164

0.000006951

0.0000073962

0.0000011745

0.000001542

0.00000164

0.0000012573

0.0000075299

0.0000080733

0.0000010743

0.0000014969

0.0000016082

0.0000011518

0.0000081075

0.0000087702

0.0000009687

0.0000014286

0.0000015687

0.0000010595

0.0000086887

0.0000094493

0.0000008697

0.0000013783

0.000001486

0.0000009547

0.000009265

0.0000101482

0.0000007824

0.0000013211

0.0000014055

0.0000008545

0.0000098424

0.0000108427

0.0000006967

0.0000012551

0.0000013136

0.0000007827

0.0000104252

0.0000115319

0.0000006067

0.0000012252

0.0000012655

0.000000683

0.0000110035

0.0000122322

0.0000005258

0.0000011874

0.0000011617

0.0000006434

0.0000115819

0.0000129351

0.000000446

0.0000011691

0.0000010967

0.0000005964

0.000012158

0.0000136333

0.0000003778

0.0000011566

0.0000010853

0.0000005364

0.0000127326

0.0000143303

0.0000003181

0.0000011508

0.0000011135

0.0000004944

0.0000133075

0.0000150273

0.000000276

0.0000011475

0.0000011446

0.0000004553

0.0000138832

0.0000157263

0.0000002342

0.0000011613

0.0000011365

0.0000004359

0.000014461

0.0000164314

0.0000002032

0.0000011818

0.0000011745

0.0000004226

0.0000150397

0.0000171639

0.0000001815

0.0000012064

0.0000012433

0.0000004034

0.0000156175

0.0000178926

0.0000001605

0.0000012308

0.00000129

0.0000004101

0.0000161995

0.0000186065

0.0000001479

0.000001247

0.000001328

0.0000004132

0.0000167776

0.0000193119

0.0000001372

0.0000012589

0.0000013579

0.0000004182

0.0000173578

0.0000200268

0.0000001354

0.0000012513

0.0000013263

0.0000004177

0.0000179375

0.0000207341

0.0000001397

0.0000012228

0.00000128

0.0000004487

0.000018516

0.0000214546

0.0000001574

0.0000011622

0.0000012609

0.0000004477

0.0000190897

0.0000221655

0.00000016

0.000001134

0.0000012349

0.0000004207

0.0000196678

0.0000228919

0.0000001571

0.0000011073

0.0000012405

0.0000003676

0.0000202425

0.0000236052

0.0000001531

0.0000010886

0.000001172

0.0000003559

0.0000208273

0.0000243376

0.0000001533

0.0000010757

0.000001192

0.0000003803

0.0000214051

0.0000250687

0.000000152

0.0000010747

0.0000011644

0.0000003499

0.0000219893

0.0000258

0.0000001471

0.0000010527

0.000001185

0.0000003911

0.000022561

0.000026558

0.0000001482

0.0000010425

0.0000012024

0.0000004146

0.0000231462

0.0000273242

0.0000001537

0.0000010226

0.0000012212

0.0000004219

0.0000237254

0.0000280892

0.0000001546

0.0000010473

0.000001243

0.000000409

0.0000243067

0.0000288533

0.0000001404

0.0000010706

0.0000012455

0.0000004549

0.0000248874

0.000029629

0.0000001425

0.0000010635

0.0000012464

0.0000004323

0.0000254653

0.0000304072

0.0000001449

0.000001055

0.0000012548

0.0000004184

0.0000260428

0.0000311753

0.0000001462

0.0000010476

0.0000012568

0.0000004225

0.0000266201

0.0000319426

0.0000001467

0.0000010276

0.0000012214

0.0000004145

0.0000271964

0.0000327141

0.0000001431

0.0000010198

0.0000011738

0.0000004223

0.0000277739

0.0000334893

0.000000142

0.0000010325

0.0000011732

0.0000003866

0.0000283524

0.0000342684

0.0000001422

0.0000010593

0.0000011813

0.0000003952

0.0000289352

0.0000350499

0.0000001454

0.0000010698

0.000001199

0.0000004014

0.0000295153

0.0000358386

0.0000001508

0.0000010892

0.0000011778

0.0000004002

0.0000300969

0.0000366316

0.000000158

0.0000010823

0.0000011678

0.0000004486

0.0000306765

0.0000374202

0.0000001582

0.0000011008

0.0000011578

0.0000004443

0.0000312549

0.0000382199

0.0000001675

0.0000010871

0.0000011573

0.0000004615

0.0000318376

0.0000390029

0.0000001707

0.0000010819

0.0000011396

0.0000004195

0.0000324142

0.0000398087

0.0000001618

0.0000010873

0.0000011522

0.0000004327

0.0000329955

0.0000406125

0.0000001629

0.0000010552

0.000001167

0.000000437

0.0000335774

0.0000414341

0.0000001586

0.0000010762

0.0000011629

0.0000004475

0.0000341598

0.0000422405

0.0000001557

0.0000010867

0.0000011565

0.000000431

0.0000347421

0.0000430412

0.0000001566

0.0000011024

0.000001153

0.000000439

0.0000353224

0.0000438297

0.0000001625

0.0000011371

0.0000011694

0.0000004363

0.0000359024

0.000044648

0.0000001625

0.0000011529

0.0000012219

0.0000004164

0.0000364897

0.0000454461

0.0000001549

0.0000011515

0.0000012111

0.0000004127

0.0000370708

0.000046262

0.0000001591

0.0000011665

0.0000011999

0.0000004082

0.0000376528

0.0000470795

0.0000001555

0.0000011841

0.0000011585

0.0000004288

0.0000382389

0.0000478718

0.0000001499

0.0000011965

0.000001145

0.0000004107

0.000038822

0.0000486956

0.0000001501

0.0000011923

0.0000011723

0.0000004117

0.0000394012

0.0000495088

0.0000001536

0.0000011884

0.0000011691

0.0000004263

0.0000399926

0.0000503578

0.0000001448

0.0000011857

0.0000011448

0.000000431

0.0000405834

0.0000512125

0.0000001431

0.0000012179

0.0000011702

0.0000004295

0.0000411675

0.0000520614

0.0000001452

0.0000012182

0.0000011716

0.0000004311

0.0000417523

0.0000529257

0.0000001449

0.0000012081

0.000001185

0.0000004252

0.0000423371

0.0000537832

0.0000001402

0.0000012014

0.0000011717

0.0000004136

0.0000429277

0.000054647

0.0000001441

0.0000011825

0.0000011629

0.0000004146

0.0000435158

0.0000555285

0.0000001471

0.0000011638

0.0000011758

0.0000004414

0.0000440956

0.0000564282

0.0000001483

0.000001152

0.0000012072

0.0000004344

0.0000446821

0.0000573475

0.0000001412

0.0000011503

0.0000012803

0.0000004412

0.0000452735

0.0000582673

0.0000001546

0.0000011465

0.0000012998

0.000000478

0.0000458631

0.0000592085

0.0000001559

0.0000011466

0.0000013283

0.0000004468

0.0000464455

0.0000601718

0.0000001489

0.000001136

0.000001336

0.0000004411

0.0000470266

0.0000611534

0.000000151

0.0000011304

0.0000013666

0.000000451

0.0000476152

0.0000621297

0.000000161

0.0000011376

0.0000013576

0.0000004255

0.0000482034

0.0000631072

0.0000001544

0.0000011296

0.000001354

0.000000424

0.0000487863

0.0000640713

0.0000001508

0.0000011189

0.0000013321

0.0000004053

0.0000493726

0.0000650422

0.0000001538

0.0000011152

0.0000013007

0.0000003651

0.0000499645

0.0000659989

0.0000001563

0.0000010874

0.0000012768

0.0000003637

0.0000505535

0.0000669437

0.00000016

0.0000010569

0.0000012776

0.0000003876

0.0000511424

0.0000678969

0.0000001618

0.0000010337

0.0000012993

0.000000395

0.0000517294

0.00006886

0.0000001646

0.0000009909

0.0000012879

0.0000004139

0.0000523136

0.0000698129

0.0000001798

0.0000009545

0.000001273

0.0000004197

0.0000528978

0.0000707504

0.0000001786

0.0000009473

0.0000012519

0.000000405

0.0000534778

0.0000716651

0.0000001653

0.0000009665

0.0000012361

0.0000004265

0.0000540612

0.0000725945

0.0000001677

0.0000010047

0.0000012319

0.0000004159

0.0000546452

0.0000734877

0.0000001553

0.0000010181

0.0000012321

0.0000003955

0.0000552255

0.0000743911

0.0000001648

0.0000010586

0.0000012105

0.0000004071

0.0000558094

0.0000753016

0.0000001647

0.0000010802

0.0000012191

0.0000003899

0.0000563944

0.000076204

0.0000001594

0.0000011164

0.0000012375

0.0000003964

0.0000569825

0.0000771183

0.0000001548

0.0000011265

0.000001255

0.0000004099

0.000057565

0.0000780253

0.0000001421

0.0000011532

0.0000012487

0.0000004395

0.0000581547

0.0000789298

0.0000001345

0.0000011452

0.000001221

0.0000004496

0.0000587446

0.0000798489



TAUVAR-D

		sigtoa		=		2.50E-07								tint		=		20

		alpha		=		0.00004								gain		=		1.12E-05

		steady		state		error								=		5.00E-08		short		term		error		=		1.00E-10

		k1=		0.2		k2=								0.001

		alpha		=		0.00004		0.004		0.004		0.00004		sigtoa=		2.50E-07		shterror=		1.00E-10

				0		4.70E-07		4.83E-07		5.50E-07		4.92E-07		5.85E-07		6.04E-07

				20		8.38E-07		8.76E-07		9.05E-07		8.64E-07		1.17E-06		1.21E-06

				40		1.12E-06		1.15E-06		1.19E-06		1.12E-06		1.74E-06		1.79E-06

				60		1.30E-06		1.36E-06		1.39E-06		1.31E-06		2.32E-06		2.38E-06

				80		1.44E-06		1.49E-06		1.52E-06		1.43E-06		2.90E-06		2.97E-06

				100		1.51E-06		1.58E-06		1.59E-06		1.51E-06		3.48E-06		3.57E-06

				120		1.54E-06		1.64E-06		1.61E-06		1.53E-06		4.06E-06		4.18E-06

				140		1.53E-06		1.65E-06		1.67E-06		1.53E-06		4.63E-06		4.79E-06

				160		1.49E-06		1.67E-06		1.69E-06		1.53E-06		5.21E-06		5.43E-06

				180		1.43E-06		1.66E-06		1.69E-06		1.45E-06		5.80E-06		6.07E-06

				200		1.35E-06		1.64E-06		1.68E-06		1.38E-06		6.37E-06		6.74E-06

				220		1.27E-06		1.59E-06		1.70E-06		1.32E-06		6.95E-06		7.40E-06

				240		1.17E-06		1.54E-06		1.64E-06		1.26E-06		7.53E-06		8.07E-06

				260		1.07E-06		1.50E-06		1.61E-06		1.15E-06		8.11E-06		8.77E-06

				280		9.69E-07		1.43E-06		1.57E-06		1.06E-06		8.69E-06		9.45E-06

				300		8.70E-07		1.38E-06		1.49E-06		9.55E-07		9.27E-06		1.01E-05

				320		7.82E-07		1.32E-06		1.41E-06		8.55E-07		9.84E-06		1.08E-05

				340		6.97E-07		1.26E-06		1.31E-06		7.83E-07		1.04E-05		1.15E-05

				360		6.07E-07		1.23E-06		1.27E-06		6.83E-07		1.10E-05		1.22E-05

				380		5.26E-07		1.19E-06		1.16E-06		6.43E-07		1.16E-05		1.29E-05

				400		4.46E-07		1.17E-06		1.10E-06		5.96E-07		1.22E-05		1.36E-05

				420		3.78E-07		1.16E-06		1.09E-06		5.36E-07		1.27E-05		1.43E-05

				440		3.18E-07		1.15E-06		1.11E-06		4.94E-07		1.33E-05		1.50E-05

				460		2.76E-07		1.15E-06		1.14E-06		4.55E-07		1.39E-05		1.57E-05

				480		2.34E-07		1.16E-06		1.14E-06		4.36E-07		1.45E-05		1.64E-05

				500		2.03E-07		1.18E-06		1.17E-06		4.23E-07		1.50E-05		1.72E-05

				520		1.81E-07		1.21E-06		1.24E-06		4.03E-07		1.56E-05		1.79E-05

				540		1.60E-07		1.23E-06		1.29E-06		4.10E-07		1.62E-05		1.86E-05

				560		1.48E-07		1.25E-06		1.33E-06		4.13E-07		1.68E-05		1.93E-05

				580		1.37E-07		1.26E-06		1.36E-06		4.18E-07		1.74E-05		2.00E-05

				600		1.35E-07		1.25E-06		1.33E-06		4.18E-07		1.79E-05		2.07E-05

				620		1.40E-07		1.22E-06		1.28E-06		4.49E-07		1.85E-05		2.15E-05

				640		1.57E-07		1.16E-06		1.26E-06		4.48E-07		1.91E-05		2.22E-05

				660		1.60E-07		1.13E-06		1.23E-06		4.21E-07		1.97E-05		2.29E-05

				680		1.57E-07		1.11E-06		1.24E-06		3.68E-07		2.02E-05		2.36E-05

				700		1.53E-07		1.09E-06		1.17E-06		3.56E-07		2.08E-05		2.43E-05

				720		1.53E-07		1.08E-06		1.19E-06		3.80E-07		2.14E-05		2.51E-05

				740		1.52E-07		1.07E-06		1.16E-06		3.50E-07		2.20E-05		2.58E-05

				760		1.47E-07		1.05E-06		1.19E-06		3.91E-07		2.26E-05		2.66E-05

				780		1.48E-07		1.04E-06		1.20E-06		4.15E-07		2.31E-05		2.73E-05

				800		1.54E-07		1.02E-06		1.22E-06		4.22E-07		2.37E-05		2.81E-05

				820		1.55E-07		1.05E-06		1.24E-06		4.09E-07		2.43E-05		2.89E-05

				840		1.40E-07		1.07E-06		1.25E-06		4.55E-07		2.49E-05		2.96E-05

				860		1.42E-07		1.06E-06		1.25E-06		4.32E-07		2.55E-05		3.04E-05

				880		1.45E-07		1.05E-06		1.25E-06		4.18E-07		2.60E-05		3.12E-05

				900		1.46E-07		1.05E-06		1.26E-06		4.23E-07		2.66E-05		3.19E-05

				920		1.47E-07		1.03E-06		1.22E-06		4.15E-07		2.72E-05		3.27E-05

				940		1.43E-07		1.02E-06		1.17E-06		4.22E-07		2.78E-05		3.35E-05

				960		1.42E-07		1.03E-06		1.17E-06		3.87E-07		2.84E-05		3.43E-05

				980		1.42E-07		1.06E-06		1.18E-06		3.95E-07		2.89E-05		3.50E-05

				1000		1.45E-07		1.07E-06		1.20E-06		4.01E-07		2.95E-05		3.58E-05

				1020		1.51E-07		1.09E-06		1.18E-06		4.00E-07		3.01E-05		3.66E-05

				1040		1.58E-07		1.08E-06		1.17E-06		4.49E-07		3.07E-05		3.74E-05

				1060		1.58E-07		1.10E-06		1.16E-06		4.44E-07		3.13E-05		3.82E-05

				1080		1.67E-07		1.09E-06		1.16E-06		4.62E-07		3.18E-05		3.90E-05

				1100		1.71E-07		1.08E-06		1.14E-06		4.20E-07		3.24E-05		3.98E-05

				1120		1.62E-07		1.09E-06		1.15E-06		4.33E-07		3.30E-05		4.06E-05

				1140		1.63E-07		1.06E-06		1.17E-06		4.37E-07		3.36E-05		4.14E-05

				1160		1.59E-07		1.08E-06		1.16E-06		4.47E-07		3.42E-05		4.22E-05

				1180		1.56E-07		1.09E-06		1.16E-06		4.31E-07		3.47E-05		4.30E-05

				1200		1.57E-07		1.10E-06		1.15E-06		4.39E-07		3.53E-05		4.38E-05

				1220		1.63E-07		1.14E-06		1.17E-06		4.36E-07		3.59E-05		4.46E-05

				1240		1.63E-07		1.15E-06		1.22E-06		4.16E-07		3.65E-05		4.54E-05

				1260		1.55E-07		1.15E-06		1.21E-06		4.13E-07		3.71E-05		4.63E-05

				1280		1.59E-07		1.17E-06		1.20E-06		4.08E-07		3.77E-05		4.71E-05

				1300		1.55E-07		1.18E-06		1.16E-06		4.29E-07		3.82E-05		4.79E-05

				1320		1.50E-07		1.20E-06		1.14E-06		4.11E-07		3.88E-05		4.87E-05

				1340		1.50E-07		1.19E-06		1.17E-06		4.12E-07		3.94E-05		4.95E-05

				1360		1.54E-07		1.19E-06		1.17E-06		4.26E-07		4.00E-05		5.04E-05

				1380		1.45E-07		1.19E-06		1.14E-06		4.31E-07		4.06E-05		5.12E-05

				1400		1.43E-07		1.22E-06		1.17E-06		4.29E-07		4.12E-05		5.21E-05

				1420		1.45E-07		1.22E-06		1.17E-06		4.31E-07		4.18E-05		5.29E-05

				1440		1.45E-07		1.21E-06		1.18E-06		4.25E-07		4.23E-05		5.38E-05

				1460		1.40E-07		1.20E-06		1.17E-06		4.14E-07		4.29E-05		5.46E-05

				1480		1.44E-07		1.18E-06		1.16E-06		4.15E-07		4.35E-05		5.55E-05

				1500		1.47E-07		1.16E-06		1.18E-06		4.41E-07		4.41E-05		5.64E-05

				1520		1.48E-07		1.15E-06		1.21E-06		4.34E-07		4.47E-05		5.73E-05

				1540		1.41E-07		1.15E-06		1.28E-06		4.41E-07		4.53E-05		5.83E-05

				1560		1.55E-07		1.15E-06		1.30E-06		4.78E-07		4.59E-05		5.92E-05

				1580		1.56E-07		1.15E-06		1.33E-06		4.47E-07		4.64E-05		6.02E-05

				1600		1.49E-07		1.14E-06		1.34E-06		4.41E-07		4.70E-05		6.12E-05

				1620		1.51E-07		1.13E-06		1.37E-06		4.51E-07		4.76E-05		6.21E-05

				1640		1.61E-07		1.14E-06		1.36E-06		4.26E-07		4.82E-05		6.31E-05

				1660		1.54E-07		1.13E-06		1.35E-06		4.24E-07		4.88E-05		6.41E-05

				1680		1.51E-07		1.12E-06		1.33E-06		4.05E-07		4.94E-05		6.50E-05

				1700		1.54E-07		1.12E-06		1.30E-06		3.65E-07		5.00E-05		6.60E-05

				1720		1.56E-07		1.09E-06		1.28E-06		3.64E-07		5.06E-05		6.69E-05

				1740		1.60E-07		1.06E-06		1.28E-06		3.88E-07		5.11E-05		6.79E-05

				1760		1.62E-07		1.03E-06		1.30E-06		3.95E-07		5.17E-05		6.89E-05

				1780		1.65E-07		9.91E-07		1.29E-06		4.14E-07		5.23E-05		6.98E-05

				1800		1.80E-07		9.55E-07		1.27E-06		4.20E-07		5.29E-05		7.08E-05

				1820		1.79E-07		9.47E-07		1.25E-06		4.05E-07		5.35E-05		7.17E-05

				1840		1.65E-07		9.66E-07		1.24E-06		4.27E-07		5.41E-05		7.26E-05

				1860		1.68E-07		1.00E-06		1.23E-06		4.16E-07		5.46E-05		7.35E-05

				1880		1.55E-07		1.02E-06		1.23E-06		3.95E-07		5.52E-05		7.44E-05

				1900		1.65E-07		1.06E-06		1.21E-06		4.07E-07		5.58E-05		7.53E-05

				1920		1.65E-07		1.08E-06		1.22E-06		3.90E-07		5.64E-05		7.62E-05

				1940		1.59E-07		1.12E-06		1.24E-06		3.96E-07		5.70E-05		7.71E-05

				1960		1.55E-07		1.13E-06		1.26E-06		4.10E-07		5.76E-05		7.80E-05

				1980		1.42E-07		1.15E-06		1.25E-06		4.40E-07		5.82E-05		7.89E-05

				2000		1.35E-07		1.15E-06		1.22E-06		4.50E-07		5.87E-05		7.98E-05
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0.0000011235

0.0000017435

0.0000017935

0.0000013016

0.0000013567

0.0000013855

0.0000013112

0.00000232

0.0000023765

0.0000014366

0.0000014912

0.0000015185

0.000001427

0.0000028984

0.0000029696

0.0000015108

0.0000015823

0.0000015906

0.0000015139

0.0000034784

0.0000035667

0.0000015389

0.0000016412

0.0000016126

0.0000015296

0.0000040557

0.00000418

0.0000015306

0.0000016528

0.0000016663

0.0000015319

0.0000046324

0.0000047912

0.0000014882

0.0000016689

0.0000016926

0.0000015255

0.0000052149

0.0000054265

0.0000014348

0.0000016599

0.0000016914

0.0000014478

0.0000057964

0.0000060703

0.0000013493

0.0000016437

0.0000016827

0.0000013819

0.0000063717

0.0000067431

0.0000012653

0.0000015907

0.0000016967

0.0000013164

0.000006951

0.0000073962

0.0000011745

0.000001542

0.00000164

0.0000012573

0.0000075299

0.0000080733

0.0000010743

0.0000014969

0.0000016082

0.0000011518

0.0000081075

0.0000087702

0.0000009687

0.0000014286

0.0000015687

0.0000010595

0.0000086887

0.0000094493

0.0000008697

0.0000013783

0.000001486

0.0000009547

0.000009265

0.0000101482

0.0000007824

0.0000013211

0.0000014055

0.0000008545

0.0000098424

0.0000108427

0.0000006967

0.0000012551

0.0000013136

0.0000007827

0.0000104252

0.0000115319

0.0000006067

0.0000012252

0.0000012655

0.000000683

0.0000110035

0.0000122322

0.0000005258

0.0000011874

0.0000011617

0.0000006434

0.0000115819

0.0000129351

0.000000446

0.0000011691

0.0000010967

0.0000005964

0.000012158

0.0000136333

0.0000003778

0.0000011566

0.0000010853

0.0000005364

0.0000127326

0.0000143303

0.0000003181

0.0000011508

0.0000011135

0.0000004944

0.0000133075

0.0000150273

0.000000276

0.0000011475

0.0000011446

0.0000004553

0.0000138832

0.0000157263

0.0000002342

0.0000011613

0.0000011365

0.0000004359

0.000014461

0.0000164314

0.0000002032

0.0000011818

0.0000011745

0.0000004226

0.0000150397

0.0000171639

0.0000001815

0.0000012064

0.0000012433

0.0000004034

0.0000156175

0.0000178926

0.0000001605

0.0000012308

0.00000129

0.0000004101

0.0000161995

0.0000186065

0.0000001479

0.000001247

0.000001328

0.0000004132

0.0000167776

0.0000193119

0.0000001372

0.0000012589

0.0000013579

0.0000004182

0.0000173578

0.0000200268

0.0000001354

0.0000012513

0.0000013263

0.0000004177

0.0000179375

0.0000207341

0.0000001397

0.0000012228

0.00000128

0.0000004487

0.000018516

0.0000214546

0.0000001574

0.0000011622

0.0000012609

0.0000004477

0.0000190897

0.0000221655

0.00000016

0.000001134

0.0000012349

0.0000004207

0.0000196678

0.0000228919

0.0000001571

0.0000011073

0.0000012405

0.0000003676

0.0000202425

0.0000236052

0.0000001531

0.0000010886

0.000001172

0.0000003559

0.0000208273

0.0000243376

0.0000001533

0.0000010757

0.000001192

0.0000003803

0.0000214051

0.0000250687

0.000000152

0.0000010747

0.0000011644

0.0000003499

0.0000219893

0.0000258

0.0000001471

0.0000010527

0.000001185

0.0000003911

0.000022561

0.000026558

0.0000001482

0.0000010425

0.0000012024

0.0000004146

0.0000231462

0.0000273242

0.0000001537

0.0000010226

0.0000012212

0.0000004219

0.0000237254

0.0000280892

0.0000001546

0.0000010473

0.000001243

0.000000409

0.0000243067

0.0000288533

0.0000001404

0.0000010706

0.0000012455

0.0000004549

0.0000248874

0.000029629

0.0000001425

0.0000010635

0.0000012464

0.0000004323

0.0000254653

0.0000304072

0.0000001449

0.000001055

0.0000012548

0.0000004184

0.0000260428

0.0000311753

0.0000001462

0.0000010476

0.0000012568

0.0000004225

0.0000266201

0.0000319426

0.0000001467

0.0000010276

0.0000012214

0.0000004145

0.0000271964

0.0000327141

0.0000001431

0.0000010198

0.0000011738

0.0000004223

0.0000277739

0.0000334893

0.000000142

0.0000010325

0.0000011732

0.0000003866

0.0000283524

0.0000342684

0.0000001422

0.0000010593

0.0000011813

0.0000003952

0.0000289352

0.0000350499

0.0000001454

0.0000010698

0.000001199

0.0000004014

0.0000295153

0.0000358386

0.0000001508

0.0000010892

0.0000011778

0.0000004002

0.0000300969

0.0000366316

0.000000158

0.0000010823

0.0000011678

0.0000004486

0.0000306765

0.0000374202

0.0000001582

0.0000011008

0.0000011578

0.0000004443

0.0000312549

0.0000382199

0.0000001675

0.0000010871

0.0000011573

0.0000004615

0.0000318376

0.0000390029

0.0000001707

0.0000010819

0.0000011396

0.0000004195

0.0000324142

0.0000398087

0.0000001618

0.0000010873

0.0000011522

0.0000004327

0.0000329955

0.0000406125

0.0000001629

0.0000010552

0.000001167

0.000000437

0.0000335774

0.0000414341

0.0000001586

0.0000010762

0.0000011629

0.0000004475

0.0000341598

0.0000422405

0.0000001557

0.0000010867

0.0000011565

0.000000431

0.0000347421

0.0000430412

0.0000001566

0.0000011024

0.000001153

0.000000439

0.0000353224

0.0000438297

0.0000001625

0.0000011371

0.0000011694

0.0000004363

0.0000359024

0.000044648

0.0000001625

0.0000011529

0.0000012219

0.0000004164

0.0000364897

0.0000454461

0.0000001549

0.0000011515

0.0000012111

0.0000004127

0.0000370708

0.000046262

0.0000001591

0.0000011665

0.0000011999

0.0000004082

0.0000376528

0.0000470795

0.0000001555

0.0000011841

0.0000011585

0.0000004288

0.0000382389

0.0000478718

0.0000001499

0.0000011965

0.000001145

0.0000004107

0.000038822

0.0000486956

0.0000001501

0.0000011923

0.0000011723

0.0000004117

0.0000394012

0.0000495088

0.0000001536

0.0000011884

0.0000011691

0.0000004263

0.0000399926

0.0000503578

0.0000001448

0.0000011857

0.0000011448

0.000000431

0.0000405834

0.0000512125

0.0000001431

0.0000012179

0.0000011702

0.0000004295

0.0000411675

0.0000520614

0.0000001452

0.0000012182

0.0000011716

0.0000004311

0.0000417523

0.0000529257

0.0000001449

0.0000012081

0.000001185

0.0000004252

0.0000423371

0.0000537832

0.0000001402

0.0000012014

0.0000011717

0.0000004136

0.0000429277

0.000054647

0.0000001441

0.0000011825

0.0000011629

0.0000004146

0.0000435158

0.0000555285

0.0000001471

0.0000011638

0.0000011758

0.0000004414

0.0000440956

0.0000564282

0.0000001483

0.000001152

0.0000012072

0.0000004344

0.0000446821

0.0000573475

0.0000001412

0.0000011503

0.0000012803

0.0000004412

0.0000452735

0.0000582673

0.0000001546

0.0000011465

0.0000012998

0.000000478

0.0000458631

0.0000592085

0.0000001559

0.0000011466

0.0000013283

0.0000004468

0.0000464455

0.0000601718

0.0000001489

0.000001136

0.000001336

0.0000004411

0.0000470266

0.0000611534

0.000000151

0.0000011304

0.0000013666

0.000000451

0.0000476152

0.0000621297

0.000000161

0.0000011376

0.0000013576

0.0000004255

0.0000482034

0.0000631072

0.0000001544

0.0000011296

0.000001354

0.000000424

0.0000487863

0.0000640713

0.0000001508

0.0000011189

0.0000013321

0.0000004053

0.0000493726

0.0000650422

0.0000001538

0.0000011152

0.0000013007

0.0000003651

0.0000499645

0.0000659989

0.0000001563

0.0000010874

0.0000012768

0.0000003637

0.0000505535

0.0000669437

0.00000016

0.0000010569

0.0000012776

0.0000003876

0.0000511424

0.0000678969

0.0000001618

0.0000010337

0.0000012993

0.000000395

0.0000517294

0.00006886

0.0000001646

0.0000009909

0.0000012879

0.0000004139

0.0000523136

0.0000698129

0.0000001798

0.0000009545

0.000001273

0.0000004197

0.0000528978

0.0000707504

0.0000001786

0.0000009473

0.0000012519

0.000000405

0.0000534778

0.0000716651

0.0000001653

0.0000009665

0.0000012361

0.0000004265

0.0000540612

0.0000725945

0.0000001677

0.0000010047

0.0000012319

0.0000004159

0.0000546452

0.0000734877

0.0000001553

0.0000010181

0.0000012321

0.0000003955

0.0000552255

0.0000743911

0.0000001648

0.0000010586

0.0000012105

0.0000004071

0.0000558094

0.0000753016

0.0000001647

0.0000010802

0.0000012191

0.0000003899

0.0000563944

0.000076204

0.0000001594

0.0000011164

0.0000012375

0.0000003964

0.0000569825

0.0000771183

0.0000001548

0.0000011265

0.000001255

0.0000004099

0.000057565

0.0000780253

0.0000001421

0.0000011532

0.0000012487

0.0000004395

0.0000581547

0.0000789298

0.0000001345

0.0000011452

0.000001221

0.0000004496

0.0000587446

0.0000798489



TAUVAR-D

		sigtoa		=		2.50E-07								tint		=		20

		alpha		=		0.00004								gain		=		1.12E-05

		steady		state		error								=		5.00E-08		short		term		error		=		1.00E-10

		k1=		0.2		k2=								0.001

		alpha		=		0.00004		0.004		0.004		0.00004		sigtoa=		2.50E-07		shterror=		1.00E-10

				0		4.70E-07		4.83E-07		5.50E-07		4.92E-07		5.85E-07		6.04E-07

				20		8.38E-07		8.76E-07		9.05E-07		8.64E-07		1.17E-06		1.21E-06

				40		1.12E-06		1.15E-06		1.19E-06		1.12E-06		1.74E-06		1.79E-06

				60		1.30E-06		1.36E-06		1.39E-06		1.31E-06		2.32E-06		2.38E-06

				80		1.44E-06		1.49E-06		1.52E-06		1.43E-06		2.90E-06		2.97E-06

				100		1.51E-06		1.58E-06		1.59E-06		1.51E-06		3.48E-06		3.57E-06

				120		1.54E-06		1.64E-06		1.61E-06		1.53E-06		4.06E-06		4.18E-06

				140		1.53E-06		1.65E-06		1.67E-06		1.53E-06		4.63E-06		4.79E-06

				160		1.49E-06		1.67E-06		1.69E-06		1.53E-06		5.21E-06		5.43E-06

				180		1.43E-06		1.66E-06		1.69E-06		1.45E-06		5.80E-06		6.07E-06

				200		1.35E-06		1.64E-06		1.68E-06		1.38E-06		6.37E-06		6.74E-06

				220		1.27E-06		1.59E-06		1.70E-06		1.32E-06		6.95E-06		7.40E-06

				240		1.17E-06		1.54E-06		1.64E-06		1.26E-06		7.53E-06		8.07E-06

				260		1.07E-06		1.50E-06		1.61E-06		1.15E-06		8.11E-06		8.77E-06

				280		9.69E-07		1.43E-06		1.57E-06		1.06E-06		8.69E-06		9.45E-06

				300		8.70E-07		1.38E-06		1.49E-06		9.55E-07		9.27E-06		1.01E-05

				320		7.82E-07		1.32E-06		1.41E-06		8.55E-07		9.84E-06		1.08E-05

				340		6.97E-07		1.26E-06		1.31E-06		7.83E-07		1.04E-05		1.15E-05

				360		6.07E-07		1.23E-06		1.27E-06		6.83E-07		1.10E-05		1.22E-05

				380		5.26E-07		1.19E-06		1.16E-06		6.43E-07		1.16E-05		1.29E-05

				400		4.46E-07		1.17E-06		1.10E-06		5.96E-07		1.22E-05		1.36E-05

				420		3.78E-07		1.16E-06		1.09E-06		5.36E-07		1.27E-05		1.43E-05

				440		3.18E-07		1.15E-06		1.11E-06		4.94E-07		1.33E-05		1.50E-05

				460		2.76E-07		1.15E-06		1.14E-06		4.55E-07		1.39E-05		1.57E-05

				480		2.34E-07		1.16E-06		1.14E-06		4.36E-07		1.45E-05		1.64E-05

				500		2.03E-07		1.18E-06		1.17E-06		4.23E-07		1.50E-05		1.72E-05

				520		1.81E-07		1.21E-06		1.24E-06		4.03E-07		1.56E-05		1.79E-05

				540		1.60E-07		1.23E-06		1.29E-06		4.10E-07		1.62E-05		1.86E-05

				560		1.48E-07		1.25E-06		1.33E-06		4.13E-07		1.68E-05		1.93E-05

				580		1.37E-07		1.26E-06		1.36E-06		4.18E-07		1.74E-05		2.00E-05

				600		1.35E-07		1.25E-06		1.33E-06		4.18E-07		1.79E-05		2.07E-05

				620		1.40E-07		1.22E-06		1.28E-06		4.49E-07		1.85E-05		2.15E-05

				640		1.57E-07		1.16E-06		1.26E-06		4.48E-07		1.91E-05		2.22E-05

				660		1.60E-07		1.13E-06		1.23E-06		4.21E-07		1.97E-05		2.29E-05

				680		1.57E-07		1.11E-06		1.24E-06		3.68E-07		2.02E-05		2.36E-05

				700		1.53E-07		1.09E-06		1.17E-06		3.56E-07		2.08E-05		2.43E-05

				720		1.53E-07		1.08E-06		1.19E-06		3.80E-07		2.14E-05		2.51E-05

				740		1.52E-07		1.07E-06		1.16E-06		3.50E-07		2.20E-05		2.58E-05

				760		1.47E-07		1.05E-06		1.19E-06		3.91E-07		2.26E-05		2.66E-05

				780		1.48E-07		1.04E-06		1.20E-06		4.15E-07		2.31E-05		2.73E-05

				800		1.54E-07		1.02E-06		1.22E-06		4.22E-07		2.37E-05		2.81E-05

				820		1.55E-07		1.05E-06		1.24E-06		4.09E-07		2.43E-05		2.89E-05

				840		1.40E-07		1.07E-06		1.25E-06		4.55E-07		2.49E-05		2.96E-05

				860		1.42E-07		1.06E-06		1.25E-06		4.32E-07		2.55E-05		3.04E-05

				880		1.45E-07		1.05E-06		1.25E-06		4.18E-07		2.60E-05		3.12E-05

				900		1.46E-07		1.05E-06		1.26E-06		4.23E-07		2.66E-05		3.19E-05

				920		1.47E-07		1.03E-06		1.22E-06		4.15E-07		2.72E-05		3.27E-05

				940		1.43E-07		1.02E-06		1.17E-06		4.22E-07		2.78E-05		3.35E-05

				960		1.42E-07		1.03E-06		1.17E-06		3.87E-07		2.84E-05		3.43E-05

				980		1.42E-07		1.06E-06		1.18E-06		3.95E-07		2.89E-05		3.50E-05

				1000		1.45E-07		1.07E-06		1.20E-06		4.01E-07		2.95E-05		3.58E-05

				1020		1.51E-07		1.09E-06		1.18E-06		4.00E-07		3.01E-05		3.66E-05

				1040		1.58E-07		1.08E-06		1.17E-06		4.49E-07		3.07E-05		3.74E-05

				1060		1.58E-07		1.10E-06		1.16E-06		4.44E-07		3.13E-05		3.82E-05

				1080		1.67E-07		1.09E-06		1.16E-06		4.62E-07		3.18E-05		3.90E-05

				1100		1.71E-07		1.08E-06		1.14E-06		4.20E-07		3.24E-05		3.98E-05

				1120		1.62E-07		1.09E-06		1.15E-06		4.33E-07		3.30E-05		4.06E-05

				1140		1.63E-07		1.06E-06		1.17E-06		4.37E-07		3.36E-05		4.14E-05

				1160		1.59E-07		1.08E-06		1.16E-06		4.47E-07		3.42E-05		4.22E-05

				1180		1.56E-07		1.09E-06		1.16E-06		4.31E-07		3.47E-05		4.30E-05

				1200		1.57E-07		1.10E-06		1.15E-06		4.39E-07		3.53E-05		4.38E-05

				1220		1.63E-07		1.14E-06		1.17E-06		4.36E-07		3.59E-05		4.46E-05

				1240		1.63E-07		1.15E-06		1.22E-06		4.16E-07		3.65E-05		4.54E-05

				1260		1.55E-07		1.15E-06		1.21E-06		4.13E-07		3.71E-05		4.63E-05

				1280		1.59E-07		1.17E-06		1.20E-06		4.08E-07		3.77E-05		4.71E-05

				1300		1.55E-07		1.18E-06		1.16E-06		4.29E-07		3.82E-05		4.79E-05

				1320		1.50E-07		1.20E-06		1.14E-06		4.11E-07		3.88E-05		4.87E-05

				1340		1.50E-07		1.19E-06		1.17E-06		4.12E-07		3.94E-05		4.95E-05

				1360		1.54E-07		1.19E-06		1.17E-06		4.26E-07		4.00E-05		5.04E-05

				1380		1.45E-07		1.19E-06		1.14E-06		4.31E-07		4.06E-05		5.12E-05

				1400		1.43E-07		1.22E-06		1.17E-06		4.29E-07		4.12E-05		5.21E-05

				1420		1.45E-07		1.22E-06		1.17E-06		4.31E-07		4.18E-05		5.29E-05

				1440		1.45E-07		1.21E-06		1.18E-06		4.25E-07		4.23E-05		5.38E-05

				1460		1.40E-07		1.20E-06		1.17E-06		4.14E-07		4.29E-05		5.46E-05

				1480		1.44E-07		1.18E-06		1.16E-06		4.15E-07		4.35E-05		5.55E-05

				1500		1.47E-07		1.16E-06		1.18E-06		4.41E-07		4.41E-05		5.64E-05

				1520		1.48E-07		1.15E-06		1.21E-06		4.34E-07		4.47E-05		5.73E-05

				1540		1.41E-07		1.15E-06		1.28E-06		4.41E-07		4.53E-05		5.83E-05

				1560		1.55E-07		1.15E-06		1.30E-06		4.78E-07		4.59E-05		5.92E-05

				1580		1.56E-07		1.15E-06		1.33E-06		4.47E-07		4.64E-05		6.02E-05

				1600		1.49E-07		1.14E-06		1.34E-06		4.41E-07		4.70E-05		6.12E-05

				1620		1.51E-07		1.13E-06		1.37E-06		4.51E-07		4.76E-05		6.21E-05

				1640		1.61E-07		1.14E-06		1.36E-06		4.26E-07		4.82E-05		6.31E-05

				1660		1.54E-07		1.13E-06		1.35E-06		4.24E-07		4.88E-05		6.41E-05

				1680		1.51E-07		1.12E-06		1.33E-06		4.05E-07		4.94E-05		6.50E-05

				1700		1.54E-07		1.12E-06		1.30E-06		3.65E-07		5.00E-05		6.60E-05

				1720		1.56E-07		1.09E-06		1.28E-06		3.64E-07		5.06E-05		6.69E-05

				1740		1.60E-07		1.06E-06		1.28E-06		3.88E-07		5.11E-05		6.79E-05

				1760		1.62E-07		1.03E-06		1.30E-06		3.95E-07		5.17E-05		6.89E-05

				1780		1.65E-07		9.91E-07		1.29E-06		4.14E-07		5.23E-05		6.98E-05

				1800		1.80E-07		9.55E-07		1.27E-06		4.20E-07		5.29E-05		7.08E-05

				1820		1.79E-07		9.47E-07		1.25E-06		4.05E-07		5.35E-05		7.17E-05

				1840		1.65E-07		9.66E-07		1.24E-06		4.27E-07		5.41E-05		7.26E-05

				1860		1.68E-07		1.00E-06		1.23E-06		4.16E-07		5.46E-05		7.35E-05

				1880		1.55E-07		1.02E-06		1.23E-06		3.95E-07		5.52E-05		7.44E-05

				1900		1.65E-07		1.06E-06		1.21E-06		4.07E-07		5.58E-05		7.53E-05

				1920		1.65E-07		1.08E-06		1.22E-06		3.90E-07		5.64E-05		7.62E-05

				1940		1.59E-07		1.12E-06		1.24E-06		3.96E-07		5.70E-05		7.71E-05

				1960		1.55E-07		1.13E-06		1.26E-06		4.10E-07		5.76E-05		7.80E-05

				1980		1.42E-07		1.15E-06		1.25E-06		4.40E-07		5.82E-05		7.89E-05

				2000		1.35E-07		1.15E-06		1.22E-06		4.50E-07		5.87E-05		7.98E-05






