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The results presented on the following pages were calculated with the shown data and using the methodology described in Appendices H, I, and J of the First Report and Order and Further Notice of Proposed Rule Making in ET Docket No. 98-206.
  

The methodology was implemented using a Microsoft Excel spreadsheet to calculate rain rates (based on ITU-R Recommendation P837-2) and Mathcad 6.0 Plus Professional Edition (revision e) to calculate outage statistics and carrier-to-interference ratios.  The Microsoft Excel Spreadsheets and the Mathcad worksheet are attached to this analysis as Attachments 2 and 3 and are available for downloading on the Internet at <http://www.fcc.gov/oet/dockets/et98-206/staff_analysis>.  

The DBS satellite system data used was based on the database of representative GSO BSS links (see ITU-R Recommendation BO.1444, Annex, for the compiled existing and planned GSO BSS system characteristics that comprise the international database of GSO BSS links). 

Parameters Common To All Simulations

	
	
	DirectTV
	Echostar

	DBS GSO satellite longitude
	degrees WL
	101
	119

	
	
	
	

	Frequency
	GHz
	12.45
	12.45

	
	
	0.45
	

	Earth station receiving antenna diameter
	m
	0.45
	0.45

	Earth station receiving antenna gain
	dB
	33.825
	33.825

	
	
	
	

	Operating threshold
	dB
	5.0
	6.1

	Receiver clear-sky system noise temperature
	degrees Kelvin
	125
	85

	Earth station clear-sky G/T
	dB
	12.86
	14.53

	
	
	
	

	Atmospheric absorption
	dB
	0.2
	0.2

	Earth station mispointing error
	dB
	0.5
	0.5

	GSO uplink carrier-to-noise ratio
	dB
	24.2
	26.231

	GSO adjacent satellite interference
	dB
	20.7
	20.0

	
	
	
	

	Receiver noise bandwidth
	MHz
	24
	24


	Results for DirectTV

	
	
	New York
	Los Angeles
	Chicago
	Philadelphia
	San Francisco
	Boston

	Earth station latitude
	decimal deg
	40.752
	34.054
	41.874
	39.949
	37.778
	42.357

	Earth station longitude
	decimal deg
	73.994
	118.242
	87.639
	75.156
	122.412
	71.056

	Earth station AMSL
	km
	0.01
	0.1
	0.18
	0
	0.03
	0.01

	EIRP in direction of earth station
	dBW
	51.4
	49.4
	51.4
	52.4
	49.4
	51.4

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	38,151
	37,322
	37,800
	38,045
	37,719
	38,394

	Elevation angle
	Degrees
	35.363
	46.307
	39.745
	36.655
	40.803
	32.485

	Free space path loss
	dB
	205.973
	205.783
	205.893
	205.949
	205.875
	206.029

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	11.542
	10.001
	11.608
	12.368
	9.92
	11.496

	
	
	
	
	
	
	
	

	Link margin
	dB
	6.542
	5.001
	6.608
	7.368
	4.92
	6.496

	Rain margin
	dB
	3.70
	2.50
	3.76
	4.45
	2.45
	3.66

	Rain intensity exceeded 0.01% of average year
	mm/hr
	44.15
	18.87
	43.84
	47.90
	33.63
	37.79

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0502
	0.0361
	0.0382
	0.0396
	0.0687
	0.0414

	
	minutes
	264.1
	189.9
	201.1
	208.3
	361.4
	217.7

	Worst month DBS outage
	%
	0.0211
	0.1585
	0.1666
	0.1717
	0.2774
	0.1785

	
	minutes
	92.5
	69.5
	73.0
	75.3
	121.6
	78.2

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0517
	0.0371
	0.0393
	0.0407
	0.0707
	0.0426

	
	minutes
	271.7
	195.3
	206.8
	214.3
	371.8
	223.9

	Increase in DBS outage
	minutes
	7.6
	5.4
	5.7
	6
	10.4
	6.2

	Equivalent rain attenuation
	dB
	3.65
	2.464
	3.707
	4.388
	2.412
	3.608

	DBS availability
	%
	99.9483
	99.9629
	99.9607
	99.9593
	99.9293
	99.9574

	C/I terrestrial system must meet
	dB
	22.8
	23.3
	22.9
	22.9
	23.0
	22.8

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0616
	0.0475
	0.0496
	0.0510
	0.0801
	0.0528

	
	minutes
	324.1
	249.9
	261.1
	268.3
	421.4
	277.7

	Increase in DBS unavailability
	%
	22.7
	31.6
	29.8
	28.8
	16.6
	27.5

	Equivalent rain attenuation
	dB
	3.324
	2.166
	3.289
	3.910
	2.251
	3.227

	DBS availability
	%
	99.9384
	99.9525
	99.9504
	99.949
	99.9199
	99.9472

	C/I terrestrial system must meet
	dB
	14.10
	13.50
	13.20
	13.30
	15.70
	13.50

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0559
	0.0418
	0.0439
	0.0453
	0.0744
	0.0471

	
	minutes
	294.1
	219.9
	231.1
	238.3
	391.4
	247.7

	Increase in DBS unavailability
	%
	11.4
	15.8
	14.9
	14.4
	8.3
	13.8

	Equivalent rain attenuation
	dB
	3.498
	2.317
	3.503
	4.159
	2.345
	3.425

	DBS availability
	%
	99.9441
	99.9582
	99.9561
	99.9547
	99.9256
	99.9529

	C/I terrestrial system must meet
	dB
	16.9
	16.2
	15.9
	16.0
	18.6
	16.2


Results for DirectTV (continued)
	
	
	Washington, DC
	Dallas
	Detroit
	Atlanta
	Houston
	Seattle

	Earth station latitude
	decimal deg
	38.898
	32.786
	42.33
	33.753
	29.758
	47.609

	Earth station longitude
	decimal deg
	77.009
	96.794
	83.049
	84.394
	95.361
	122.338

	Earth station AMSL
	km
	0.01
	0.14
	0.18
	0.3
	0.01
	0.01

	EIRP in direction of earth station
	dBW
	52.4
	50.4
	50.4
	54.4
	50.4
	48.4

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	37895
	36980
	37950
	37282
	36794
	38480

	Elevation angle
	Degrees
	38.522
	51.581
	37.829
	46.888
	54.752
	31.489

	Free space path loss
	dB
	205.915
	205.703
	205.928
	205.773
	205.659
	206.048

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	12.395
	10.932
	10.741
	13.982
	10.969
	8.872

	
	
	
	
	
	
	
	

	Link margin
	dB
	7.395
	5.932
	5.741
	8.982
	5.969
	3.872

	Rain margin
	dB
	4.48
	3.20
	3.05
	6.19
	3.23
	1.77

	Rain intensity exceeded 0.01% of average year
	mm/hr
	48.15
	64.98
	40.63
	67.72
	72.32
	36.51

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0386
	0.1433
	0.0523
	0.0299
	0.1823
	0.1251

	
	minutes
	203.0
	753.8
	275.1
	157.2
	958.5
	658.0

	Worst month DBS outage
	%
	0.1680
	0.5258
	0.2188
	0.1344
	0.6481
	0.4672

	
	minutes
	73.6
	230.5
	95.9
	58.9
	284.0
	204.8

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0397
	0.1474
	0.0538
	0.0307
	0.1875
	0.1287

	
	minutes
	208.8
	775.4
	282.9
	161.7
	986.0
	676.8

	Increase in DBS outage
	minutes
	5.8
	21.6
	7.8
	4.5
	27.5
	18.8

	Equivalent rain attenuation
	dB
	4.418
	3.149
	3.005
	6.109
	3.178
	1.741

	DBS availability
	%
	99.9603
	99.8526
	99.9462
	99.9693
	99.8125
	99.8713

	C/I terrestrial system must meet
	dB
	22.9
	22.5
	22.9
	23.5
	22.4
	23.5

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0500
	0.1547
	0.0637
	0.0413
	0.1937
	0.1365

	
	minutes
	263
	813.8
	335.1
	217.2
	1018.5
	718

	Increase in DBS unavailability
	%
	29.5
	8.0
	21.8
	38.1
	6.3
	9.1

	Equivalent rain attenuation
	dB
	3.930
	3.064
	2.745
	5.308
	3.119
	1.681

	DBS availability
	%
	99.95
	99.8453
	99.9363
	99.9587
	99.8063
	99.8635

	C/I terrestrial system must meet
	dB
	13.20
	18.20
	14.40
	12.70
	19.10
	18.60

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0443
	0.1490
	0.0580
	0.0356
	0.1880
	0.1308

	
	minutes
	233.0
	783.8
	305.1
	187.2
	988.5
	688.0

	Increase in DBS unavailability
	%
	14.8
	4.0
	10.9
	19.1
	3.1
	4.6

	Equivalent rain attenuation
	dB
	4.181
	3.130
	2.887
	5.702
	3.173
	1.724

	DBS availability
	%
	99.9557
	99.8510
	99.9420
	99.9644
	99.8120
	99.8692

	C/I terrestrial system must meet
	dB
	15.9
	21.1
	17.2
	15.4
	22.0
	21.5


Results for DirectTV (continued)
	
	
	Cleveland
	Minneapolis
	Tampa
	Miami
	Phoenix
	Denver

	Earth station latitude
	decimal deg
	41.498
	44.983
	27.95
	25.777
	33.453
	39.749

	Earth station longitude
	decimal deg
	81.697
	93.262
	82.457
	80.192
	112.075
	104.99

	Earth station AMSL
	km
	0.18
	0.24
	0
	0
	0.34
	1.58

	EIRP in direction of earth station
	dBW
	50.4
	50.4
	53.4
	53.4
	49.4
	49.4

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	37925
	37967
	36987
	36956
	37123
	37496

	Elevation angle
	Degrees
	38.149
	37.615
	51.47
	51.98
	49.304
	43.816

	Free space path loss
	dB
	205.922
	205.932
	205.704
	205.697
	205.736
	205.823

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	10.746
	10.737
	13.317
	13.322
	10.041
	9.965

	
	
	
	
	
	
	
	

	Link margin
	dB
	5.746
	5.737
	8.317
	8.322
	5.041
	4.965

	Rain margin
	dB
	3.05
	3.05
	5.42
	5.43
	2.53
	2.48

	Rain intensity exceeded 0.01% of average year
	mm/hr
	45.84
	44.32
	86.43
	95.76
	30.53
	30.29

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0645
	0.0524
	0.0965
	0.1188
	0.0699
	0.0146

	
	minutes
	339.0
	275.7
	507.4
	625.0
	367.7
	76.6

	Worst month DBS outage
	%
	0.2624
	0.2192
	0.3726
	0.4468
	0.2816
	0.0720

	
	minutes
	115.0
	96.1
	163.3
	195.8
	123.4
	31.5

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0663
	0.0539
	0.0992
	0.1222
	0.0719
	0.0150

	
	minutes
	348.7
	283.6
	521.9
	642.9
	378.2
	78.8

	Increase in DBS outage
	minutes
	9.7
	7.9
	14.5
	17.9
	10.5
	2.2

	Equivalent rain attenuation
	dB
	3.004
	3.005
	5.342
	5.351
	2.492
	2.447

	DBS availability
	%
	99.9337
	99.9461
	99.9008
	99.8778
	99.9281
	99.9850

	C/I terrestrial system must meet
	dB
	22.8
	22.9
	22.9
	22.8
	23.0
	23.6

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0759
	0.0638
	0.1079
	0.1302
	0.0813
	0.0260

	
	minutes
	399
	335.7
	567.4
	685
	427.7
	136.6

	Increase in DBS unavailability
	%
	17.7
	21.8
	11.8
	9.6
	16.3
	78.1

	Equivalent rain attenuation
	dB
	2.792
	2.746
	5.116
	5.176
	2.330
	1.859

	DBS availability
	%
	99.9241
	99.9362
	99.8921
	99.8698
	99.9187
	99.9740

	C/I terrestrial system must meet
	dB
	15.20
	14.40
	16.80
	17.60
	15.80
	10.60

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0702
	0.0581
	0.1022
	0.1245
	0.0756
	0.0203

	
	minutes
	369.0
	305.7
	537.4
	655.0
	397.7
	106.6

	Increase in DBS unavailability
	%
	8.8
	10.9
	5.9
	4.8
	8.2
	39.0

	Equivalent rain attenuation
	dB
	2.914
	2.887
	5.291
	5.299
	2.424
	1.859

	DBS availability
	%
	99.9298
	99.9419
	99.8978
	99.8755
	99.9244
	99.9797

	C/I terrestrial system must meet
	dB
	18.0
	17.2
	19.7
	20.6
	18.6
	13.0


Results for DirectTV (continued)
	
	
	Pittsburgh
	Sacramento
	St. Louis
	Orlando
	Portland
	Indianapolis

	Earth station latitude
	decimal deg
	40.439
	38.583
	38.629
	28.545
	45.518
	39.769

	Earth station longitude
	decimal deg
	80
	121.496
	90.206
	81.377
	122.678
	86.163

	Earth station AMSL
	km
	0.2
	0.01
	0.15
	0.03
	0.06
	0.21

	EIRP in direction of earth station
	dBW
	51.4
	49.4
	52.4
	53.4
	48.4
	51.4

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	37899
	37745
	37493
	37060
	38318
	37668

	Elevation angle
	Degrees
	38.478
	40.464
	43.857
	50.289
	33.369
	41.48

	Free space path loss
	dB
	205.916
	205.881
	205.822
	205.722
	206.011
	205.863

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	11.589
	9.915
	12.467
	13.304
	8.905
	11.633

	
	
	
	
	
	
	
	

	Link margin
	dB
	6.589
	4.915
	7.467
	8.304
	3.905
	6.633

	Rain margin
	dB
	3.74
	2.44
	4.55
	5.41
	1.79
	3.78

	Rain intensity exceeded 0.01% of average year
	mm/hr
	44.41
	37.51
	56.50
	90.10
	31.12
	53.30

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0424
	0.081
	0.0407
	0.1005
	0.0963
	0.0525

	
	minutes
	223.1
	425.8
	214.1
	528.3
	506.6
	276.4

	Worst month DBS outage
	%
	0.1823
	0.3199
	0.1759
	0.3860
	0.3721
	0.2196

	
	minutes
	79.9
	140.2
	77.1
	169.2
	163.1
	96.3

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0436
	0.0833
	0.0419
	0.1033
	0.0991
	0.054

	
	minutes
	229.3
	438.0
	220.3
	543.4
	521.1
	284.3

	Increase in DBS outage
	minutes
	6.2
	12.2
	6.2
	15.1
	14.5
	7.9

	Equivalent rain attenuation
	dB
	3.687
	2.402
	4.486
	5.332
	1.761
	3.725

	DBS availability
	%
	99.9564
	99.9167
	99.9581
	99.8967
	99.9009
	99.9460

	C/I terrestrial system must meet
	dB
	22.8
	23.0
	22.9
	22.8
	23.6
	22.7

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0538
	0.0924
	0.0521
	0.1119
	0.1077
	0.0640

	
	minutes
	283.1
	485.8
	274.1
	588.3
	566.6
	336.4

	Increase in DBS unavailability
	%
	26.9
	14.1
	28.0
	11.3
	11.8
	21.9

	Equivalent rain attenuation
	dB
	3.307
	2.266
	4.014
	5.116
	1.678
	3.410

	DBS availability
	%
	99.9462
	99.9076
	99.9479
	99.8881
	99.8923
	99.936

	C/I terrestrial system must meet
	dB
	13.50
	16.30
	13.40
	17.00
	17.60
	14.30

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0481
	0.0867
	0.0464
	0.1062
	0.1020
	0.0583

	
	minutes
	253.1
	455.8
	244.1
	558.3
	536.6
	306.4

	Increase in DBS unavailability
	%
	13.4
	7.0
	14.0
	5.7
	5.9
	11.0

	Equivalent rain attenuation
	dB
	3.506
	2.349
	4.259
	5.257
	1.732
	3.582

	DBS availability
	%
	99.9519
	99.9133
	99.9536
	99.8938
	99.8980
	99.9417

	C/I terrestrial system must meet
	dB
	16.3
	19.2
	16.1
	19.9
	20.5
	17.1


Results for DirectTV (continued)
	
	
	San Diego
	Charlotte
	Cincinnati
	Kansas City
	Milwaukee
	Nashville

	Earth station latitude
	decimal deg
	32.715
	35.229
	39.102
	39.082
	43.039
	36.159

	Earth station longitude
	decimal deg
	117.157
	80.846
	84.51
	94.589
	87.904
	86.782

	Earth station AMSL
	km
	0.04
	0.22
	0.15
	0.24
	0.19
	0.15

	EIRP in direction of earth station
	dBW
	49.4
	53.4
	51.4
	52.4
	50.4
	53.4

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	37200
	37497
	37660
	37465
	37889
	37384

	Elevation angle
	Degrees
	48.118
	43.803
	41.586
	44.259
	38.598
	45.408

	Free space path loss
	dB
	205.754
	205.823
	205.861
	205.816
	205.914
	205.797

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	10.025
	13.229
	11.634
	12.472
	10.753
	13.248

	
	
	
	
	
	
	
	

	Link margin
	dB
	5.025
	8.229
	6.634
	7.472
	5.753
	8.248

	Rain margin
	dB
	2.52
	5.33
	3.78
	4.55
	3.06
	5.35

	Rain intensity exceeded 0.01% of average year
	mm/hr
	15.02
	61.70
	53.77
	53.97
	42.93
	60.66

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0227
	0.0368
	0.0558
	0.0356
	0.0538
	0.0344

	
	minutes
	119.5
	193.8
	293.6
	187.1
	282.9
	181.1

	Worst month DBS outage
	%
	0.1059
	0.1613
	0.2315
	0.1565
	0.2241
	0.1520

	
	minutes
	46.4
	70.7
	101.5
	68.6
	98.2
	66.6

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0234
	0.0379
	0.0574
	0.0366
	0.0553
	0.0354

	
	minutes
	122.9
	199.3
	302.0
	192.5
	291.0
	186.3

	Increase in DBS outage
	minutes
	3.4
	5.5
	8.4
	5.4
	8.1
	5.2

	Equivalent rain attenuation
	dB
	2.486
	5.257
	3.725
	4.487
	3.015
	5.277

	DBS availability
	%
	99.9766
	99.9621
	99.9426
	99.9634
	99.9447
	99.9646

	C/I terrestrial system must meet
	dB
	23.5
	23.1
	22.7
	22.9
	22.8
	23.1

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0341
	0.0483
	0.0672
	0.0470
	0.0652
	0.0458

	
	minutes
	179.5
	253.8
	353.6
	247.1
	342.9
	241.1

	Increase in DBS unavailability
	%
	50.2
	31.3
	20.4
	32.0
	21.2
	33.1

	Equivalent rain attenuation
	dB
	2.056
	4.665
	3.427
	3.957
	2.761
	4.645

	DBS availability
	%
	99.9659
	99.9517
	99.9328
	99.953
	99.9348
	99.9542

	C/I terrestrial system must meet
	dB
	12.00
	13.10
	14.50
	12.90
	14.50
	12.90

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0284
	0.0425
	0.0615
	0.0413
	0.0595
	0.0401

	
	minutes
	149.5
	223.8
	323.6
	217.1
	312.9
	211.1

	Increase in DBS unavailability
	%
	25.1
	15.5
	10.2
	16.0
	10.6
	16.6

	Equivalent rain attenuation
	dB
	2.256
	4.967
	3.592
	4.225
	2.900
	4.963

	DBS availability
	%
	99.9716
	99.9575
	99.9385
	99.9587
	99.9405
	99.9599

	C/I terrestrial system must meet
	dB
	14.5
	15.9
	17.3
	15.7
	17.3
	15.7


Results for DirectTV (continued)
	
	
	Columbus
	Greenville

	Earth station latitude
	decimal deg
	39.963
	34.847

	Earth station longitude
	decimal deg
	83.005
	82.4

	Earth station AMSL
	km
	0.22
	0.29

	EIRP in direction of earth station
	dBW
	52.4
	53.4

	
	
	
	

	Distance from GSO satellite to earth station
	km
	37768
	37419

	Elevation angle
	Degrees
	40.161
	44.911

	Free space path loss
	dB
	205.886
	205.805

	
	
	
	

	Clear sky C/(N+I)
	dB
	12.418
	13.242

	
	
	
	

	Link margin
	dB
	7.418
	8.242

	Rain margin
	dB
	4.50
	5.34

	Rain intensity exceeded 0.01% of average year
	mm/hr
	51.20
	62.60

	
	
	
	

	Average yearly DBS outage
	%
	0.0356
	0.0495

	
	minutes
	187.0
	260.2

	Worst month DBS outage
	%
	0.1564
	0.2084

	
	minutes
	68.5
	91.4

	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0366
	0.0509

	
	minutes
	192.4
	267.7

	Increase in DBS outage
	minutes
	5.4
	7.5

	Equivalent rain attenuation
	dB
	4.438
	5.265

	DBS availability
	%
	99.9634
	99.9491

	C/I terrestrial system must meet
	dB
	22.9
	23.0

	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0470
	0.0609

	
	minutes
	247
	320.2

	Increase in DBS unavailability
	%
	32.0
	23.0

	Equivalent rain attenuation
	dB
	3.913
	4.809

	DBS availability
	%
	99.953
	99.9391

	C/I terrestrial system must meet
	dB
	12.90
	14.20

	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0413
	0.0552

	
	minutes
	217.0
	290.2

	Increase in DBS unavailability
	%
	16.0
	11.5

	Equivalent rain attenuation
	dB
	4.179
	5.056

	DBS availability
	%
	99.9587
	99.9448

	C/I terrestrial system must meet
	dB
	15.6
	17.0


	Results for Echostar

	
	
	New York
	Los Angeles
	Chicago
	Philadelphia
	San Francisco
	Boston

	Earth station latitude
	decimal deg
	40.752
	34.054
	41.874
	39.949
	37.778
	42.357

	Earth station longitude
	decimal deg
	73.994
	118.242
	87.639
	75.156
	122.412
	71.056

	Earth station AMSL
	km
	0.01
	0.1
	0.18
	0
	0.03
	0.01

	EIRP in direction of earth station
	dBW
	53.6
	47.6
	50.9
	53.6
	47.6
	52.6

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	39121
	37053
	38425
	39001
	37338
	39399

	Elevation angle
	Degrees
	24.471
	50.406
	32.121
	25.735
	46.067
	21.583

	Free space path loss
	dB
	206.191
	205.72
	206.036
	206.165
	205.786
	206.253

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	14.285
	9.943
	12.432
	14.302
	9.884
	13.548

	
	
	
	
	
	
	
	

	Link margin
	dB
	8.185
	3.843
	6.332
	8.202
	3.784
	7.448

	Rain margin
	dB
	4.77
	1.42
	3.03
	4.79
	1.39
	4.00

	Rain intensity exceeded 0.01% of average year
	mm/hr
	44.15
	18.87
	43.84
	47.90
	33.63
	37.79

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0454
	0.0937
	0.0709
	0.0499
	0.1672
	0.0554

	
	minutes
	239.0
	429.9
	372.7
	262.2
	879.4
	291.3

	Worst month DBS outage
	%
	0.1936
	0.3634
	0.2849
	0.2098
	0.6013
	0.2299

	
	minutes
	84.8
	159.3
	124.9
	92.0
	263.5
	100.8

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0467
	0.0964
	0.0729
	0.0513
	0.1720
	0.0570

	
	minutes
	245.8
	507.0
	338.4
	269.7
	904.6
	299.6

	Increase in DBS outage
	minutes
	6.8
	77.1
	-34.3
	7.5
	25.2
	8.3

	Equivalent rain attenuation
	dB
	4.703
	1.397
	2.984
	4.722
	1.366
	3.942

	DBS availability
	%
	99.9533
	99.9036
	99.9271
	99.9487
	99.828
	99.943

	C/I terrestrial system must meet
	dB
	22.8
	24.1
	22.8
	22.8
	24.0
	22.7

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0569
	0.1051
	0.0823
	0.0613
	0.1786
	0.0668

	
	minutes
	299.0
	489.9
	432.7
	322.2
	939.4
	351.3

	Increase in DBS unavailability
	%
	25.3
	12.2
	16.1
	22.8
	6.8
	20.6

	Equivalent rain attenuation
	dB
	4.256
	1.328
	2.793
	4.310
	1.335
	3.626

	DBS availability
	%
	99.9431
	99.8949
	99.9177
	99.9387
	99.8214
	99.9332

	C/I terrestrial system must meet
	dB
	13.8
	18.1
	15.5
	14.1
	20.3
	14.5

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0511
	0.0994
	0.0766
	0.0556
	0.1729
	0.0611

	
	minutes
	269.0
	459.9
	402.7
	292.2
	909.4
	321.3

	Increase in DBS unavailability
	%
	12.6
	6.1
	8.0
	11.4
	3.4
	10.3

	Equivalent rain attenuation
	dB
	4.493
	1.372
	2.905
	4.533
	1.362
	3.801

	DBS availability
	%
	99.9489
	99.9006
	99.9234
	99.9444
	99.8271
	99.9389

	C/I terrestrial system must meet
	dB
	16.6
	21.0
	18.4
	16.9
	23.3
	17.3


Results for Echostar (continued)
	
	
	Washington, DC
	Dallas
	Detroit
	Atlanta
	Houston
	Seattle

	Earth station latitude
	decimal deg
	38.898
	32.786
	42.33
	33.753
	29.758
	47.609

	Earth station longitude
	decimal deg
	77.009
	96.794
	83.049
	84.394
	95.361
	122.338

	Earth station AMSL
	km
	0.01
	0.14
	0.18
	0.3
	0.01
	0.01

	EIRP in direction of earth station
	dBW
	52.6
	49.6
	51.6
	52.6
	49.6
	46.7

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	38825
	37415
	3868
	38084
	37293
	38164

	Elevation angle
	Degrees
	27.64
	44.965
	29.169
	36.169
	46.731
	35.202

	Free space path loss
	dB
	206.126
	205.804
	206.094
	205.958
	205.776
	205.976

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	13.639
	11.574
	12.926
	13.758
	11.597
	8.912

	
	
	
	
	
	
	
	

	Link margin
	dB
	7.539
	5.474
	6.826
	7.658
	5.497
	2.812

	Rain margin
	dB
	4.09
	2.39
	3.43
	4.21
	2.41
	0.94

	Rain intensity exceeded 0.01% of average year
	mm/hr
	48.15
	64.98
	40.63
	67.72
	72.32
	36.51

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0647
	0.2530
	0.0543
	0.1083
	0.3156
	0.3142

	
	minutes
	340.1
	1,330.6
	285.7
	569.4
	1,659.9
	1,652.5

	Worst month DBS outage
	%
	0.2631
	0.8621
	0.2261
	0.4120
	1.0449
	1.0409

	
	minutes
	115.3
	377.8
	99.1
	180.6
	458.0
	456.2

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0665
	0.2602
	0.0559
	0.1114
	0.3246
	0.3232

	
	minutes
	349.8
	1,368.8
	293.9
	585.7
	1,707.4
	1,699.8

	Increase in DBS outage
	minutes
	9.7
	38.2
	8.2
	16.3
	47.5
	47.3

	Equivalent rain attenuation
	dB
	4.03
	2.349
	3.38
	4.146
	2.368
	0.923

	DBS availability
	%
	99.9335
	99.7398
	99.9441
	99.8886
	99.6754
	99.6768

	C/I terrestrial system must meet
	dB
	22.6
	22.7
	22.8
	22.5
	22.5
	25.0

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0761
	0.2644
	0.0657
	0.1197
	0.3270
	0.3256

	
	minutes
	400.1
	1,390.6
	345.7
	629.4
	1,719.9
	1,712.5

	Increase in DBS unavailability
	%
	17.6
	4.5
	21.0
	10.5
	3.6
	3.6

	Equivalent rain attenuation
	dB
	3.753
	2.327
	3.101
	3.986
	2.357
	0.918

	DBS availability
	%
	99.9239
	99.7356
	99.9343
	99.8803
	99.673
	99.6744

	C/I terrestrial system must meet
	dB
	15.0
	20.7
	14.5
	17.0
	21.5
	24.0

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0704
	0.2587
	0.0600
	0.1140
	0.3213
	0.3199

	
	minutes
	370.1
	1360.6
	315.7
	599.4
	1689.9
	1682.5

	Increase in DBS unavailability
	%
	8.8
	2.3
	10.5
	5.3
	1.8
	1.8

	Equivalent rain attenuation
	dB
	3.912
	2.358
	3.254
	4.094
	2.383
	0.929

	DBS availability
	%
	99.9296
	99.7413
	99.9400
	99.8860
	99.6787
	99.6801

	C/I terrestrial system must meet
	dB
	17.9
	23.7
	17.3
	19.9
	24.4
	26.9


Results for Echostar (continued)
	
	
	Cleveland
	Minneapolis
	Tampa
	Miami
	Phoenix
	Denver

	Earth station latitude
	decimal deg
	41.498
	44.983
	27.95
	25.777
	33.453
	39.749

	Earth station longitude
	decimal deg
	81.697
	93.262
	82.457
	80.192
	112.075
	104.99

	Earth station AMSL
	km
	0.18
	0.24
	0
	0
	0.34
	1.58

	EIRP in direction of earth station
	dBW
	51.6
	50.6
	52.6
	52.6
	47.6
	48.6

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	38705
	38416
	37905
	37962
	37054
	37647

	Elevation angle
	Degrees
	28.962
	32.227
	38.402
	37.689
	50.384
	41.763

	Free space path loss
	dB
	206.009
	206.034
	205.917
	205.93
	205.72
	205.858

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	12.923
	12.197
	13.787
	13.777
	9.943
	10.69

	
	
	
	
	
	
	
	

	Link margin
	dB
	6.823
	6.097
	7.687
	7.677
	3.843
	4.59

	Rain margin
	dB
	3.43
	2.84
	4.24
	4.23
	1.42
	1.83

	Rain intensity exceeded 0.01% of average year
	mm/hr
	45.84
	44.32
	86.43
	95.76
	30.53
	30.29

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0679
	0.0696
	0.1820
	0.2279
	0.1885
	0.0285

	
	minutes
	357.0
	366.1
	957.1
	1,198.9
	991.5
	149.9

	Worst month DBS outage
	%
	0.2745
	0.2805
	0.6472
	0.7873
	0.6674
	0.1290

	
	minutes
	120.3
	122.9
	283.7
	345.1
	292.5
	56.5

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0698
	0.0716
	0.1872
	0.2345
	0.1939
	0.0293

	
	minutes
	362.7
	376.6
	984.4
	1,233.1
	1,019.8
	154.2

	Increase in DBS outage
	minutes
	5.7
	10.5
	27.3
	34.2
	28.3
	4.3

	Equivalent rain attenuation
	dB
	3.379
	2.797
	4.173
	4.161
	1.396
	1.803

	DBS availability
	%
	99.9302
	99.9284
	99.8128
	99.7655
	99.8061
	99.9707

	C/I terrestrial system must meet
	dB
	22.7
	22.8
	22.3
	22.2
	23.9
	23.9

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0793
	0.0810
	0.1934
	0.2393
	0.1999
	0.0399

	
	minutes
	417.0
	426.1
	1,017.1
	1,258.9
	1,051.5
	209.9

	Increase in DBS unavailability
	%
	16.8
	16.4
	6.3
	5.0
	6.0
	40.0

	Equivalent rain attenuation
	dB
	3.155
	2.614
	4.097
	4.112
	1.370
	1.529

	DBS availability
	%
	99.9207
	99.919
	99.8066
	99.7607
	99.8001
	99.9601

	C/I terrestrial system must meet
	dB
	15.3
	15.6
	19.0
	19.8
	20.8
	13.3

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0736
	0.0753
	0.1877
	0.2336
	0.1942
	0.0342

	
	minutes
	387.0
	396.1
	987.1
	1228.9
	1021.5
	179.9

	Increase in DBS unavailability
	%
	8.4
	8.2
	3.1
	2.5
	3.0
	20.0

	Equivalent rain attenuation
	dB
	3.285
	2.721
	4.167
	4.17
	1.394
	1.662

	DBS availability
	%
	99.9264
	99.9247
	99.8123
	99.7664
	99.8058
	99.9658

	C/I terrestrial system must meet
	dB
	18.1
	18.4
	21.9
	22.8
	23.7
	15.9


Results for Echostar (continued)
	
	
	Pittsburgh
	Sacramento
	St. Louis
	Orlando
	Portland
	Indianapolis

	Earth station latitude
	decimal deg
	40.439
	38.583
	38.629
	28.545
	45.518
	39.769

	Earth station longitude
	decimal deg
	80
	121.496
	90.206
	81.377
	122.678
	86.163

	Earth station AMSL
	km
	0.2
	0.01
	0.15
	0.03
	0.06
	0.21

	EIRP in direction of earth station
	dBW
	52.6
	47.6
	49.6
	52.6
	47.6
	50.6

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	38735
	37396
	38082
	38,004
	37979
	38356

	Elevation angle
	Degrees
	28.632
	45.234
	36.193
	37.165
	37.471
	32.933

	Free space path loss
	dB
	206.105
	205.8
	205.958
	205.94
	205.934
	206.02

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	13.653
	9.873
	11.447
	13.771
	9.754
	12.208

	
	
	
	
	
	
	
	

	Link margin
	dB
	7.553
	3.773
	5.347
	7.671
	3.654
	6.108

	Rain margin
	dB
	4.11
	1.39
	2.31
	4.22
	1.33
	2.85

	Rain intensity exceeded 0.01% of average year
	mm/hr
	44.41
	37.51
	56.50
	90.10
	31.12
	53.30

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0476
	0.1948
	0.1660
	0.1927
	0.1433
	0.1090

	
	minutes
	250.5
	1,024.7
	873.3
	1,013.7
	753.8
	573.5

	Worst month DBS outage
	%
	0.2016
	0.6868
	0.5976
	0.6804
	0.5258
	0.4145

	
	minutes
	88.4
	301.0
	261.9
	298.2
	230.5
	181.7

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0490
	0.2004
	0.1708
	0.1983
	0.1474
	0.1122

	
	minutes
	257.7
	1,054.0
	898.3
	1,042.7
	775.3
	589.9

	Increase in DBS outage
	minutes
	7.2
	29.3
	25
	29
	21.5
	16.4

	Equivalent rain attenuation
	dB
	4.051
	1.366
	2.272
	4.153
	1.307
	2.805

	DBS availability
	%
	99.951
	99.7996
	99.8292
	99.8017
	99.8526
	99.8878

	C/I terrestrial system must meet
	dB
	22.8
	24.0
	22.9
	22.3
	24.2
	22.7

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0590
	0.2026
	0.1775
	0.2041
	0.1547
	0.1205

	
	minutes
	310.5
	1,084.7
	933.3
	1,073.7
	813.8
	633.5

	Increase in DBS unavailability
	%
	23.9
	4.0
	6.9
	5.9
	8.0
	10.6

	Equivalent rain attenuation
	dB
	3.678
	1.342
	2.221
	4.084
	1.270
	2.694

	DBS availability
	%
	99.941
	99.7974
	99.8225
	99.7959
	99.8453
	99.8795

	C/I terrestrial system must meet
	dB
	13.9
	20.9
	19.2
	19.2
	19.9
	17.2

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0533
	0.2005
	0.1718
	0.1984
	0.1490
	0.1147

	
	minutes
	280.5
	1054.7
	903.3
	1043.7
	783.8
	603.5

	Increase in DBS unavailability
	%
	12.0
	2.9
	3.5
	3.0
	4.0
	5.2

	Equivalent rain attenuation
	dB
	3.878
	1.366
	2.264
	4.151
	1.299
	2.769

	DBS availability
	%
	99.9467
	99.7995
	99.8282
	99.8016
	99.8510
	99.8853

	C/I terrestrial system must meet
	dB
	16.7
	23.9
	22.1
	22.1
	22.8
	20.1


Results for Echostar (continued)
	
	
	San Diego
	Charlotte
	Cincinnati
	Kansas City
	Milwaukee
	Nashville

	Earth station latitude
	decimal deg
	32.715
	35.229
	39.102
	39.082
	43.039
	36.159

	Earth station longitude
	decimal deg
	117.157
	80.846
	84.51
	94.589
	87.904
	86.782

	Earth station AMSL
	km
	0.04
	0.22
	0.15
	0.24
	0.19
	0.15

	EIRP in direction of earth station
	dBW
	47.6
	52.6
	51.6
	50.6
	50.6
	52.6

	
	
	
	
	
	
	
	

	Distance from GSO satellite to earth station
	km
	36962
	38380
	38399
	37925
	38495
	38093

	Elevation angle
	Degrees
	51.881
	32.648
	32.428
	38.147
	31.32
	36.059

	Free space path loss
	dB
	205.699
	206.025
	206.03
	205.922
	206.052
	205.96

	
	
	
	
	
	
	
	

	Clear sky C/(N+I)
	dB
	9.962
	13.71
	12.975
	12.285
	12.183
	13.756

	
	
	
	
	
	
	
	

	Link margin
	dB
	3.862
	7.61
	6.875
	6.185
	6.083
	7.656

	Rain margin
	dB
	1.43
	4.16
	3.48
	2.91
	2.83
	4.21

	Rain intensity exceeded 0.01% of average year
	mm/hr
	15.02
	61.70
	53.77
	53.97
	42.93
	60.66

	
	
	
	
	
	
	
	

	Average yearly DBS outage
	%
	0.0618
	0.0780
	0.0818
	0.0944
	0.0761
	0.0672

	
	minutes
	324.9
	410.3
	430.0
	496.8
	400.1
	353.5

	Worst month DBS outage
	%
	0.2529
	0.3098
	0.3227
	365.8000
	0.3030
	0.2721

	
	minutes
	110.8
	135.8
	141.4
	160.3
	132.8
	119.3

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0636
	0.0802
	0.0841
	0.0972
	0.0782
	0.0691

	
	minutes
	334.2
	422.0
	442.3
	511.0
	411.5
	363.6

	Increase in DBS outage
	minutes
	9.3
	11.7
	12.3
	14.2
	11.4
	10.1

	Equivalent rain attenuation
	dB
	1.408
	4.098
	3.427
	2.865
	2.787
	4.148

	DBS availability
	%
	99.9364
	99.9198
	99.9159
	99.9028
	99.9218
	99.9309

	C/I terrestrial system must meet
	dB
	24.3
	22.6
	22.6
	22.7
	22.8
	22.6

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0732
	0.0894
	0.0932
	0.1059
	0.0875
	0.0786

	
	minutes
	384.9
	470.3
	490.0
	556.8
	460.1
	413.5

	Increase in DBS unavailability
	%
	18.4
	14.6
	13.9
	12.2
	15.0
	17.0

	Equivalent rain attenuation
	dB
	1.300
	3.867
	3.241
	2.730
	2.620
	3.875

	DBS availability
	%
	99.9268
	99.9106
	99.9068
	99.8941
	99.9125
	99.9214

	C/I terrestrial system must meet
	dB
	16.6
	15.7
	15.9
	16.7
	15.9
	15.2

	
	
	
	
	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0675
	0.0837
	0.0875
	0.1002
	0.0818
	0.0729

	
	minutes
	354.9
	440.3
	460.0
	526.8
	430.1
	383.5

	Increase in DBS unavailability
	%
	9.2
	7.3
	7.0
	6.1
	7.5
	8.5

	Equivalent rain attenuation
	dB
	1.361
	4.007
	3.355
	2.817
	2.72
	4.033

	DBS availability
	%
	99.9325
	99.9163
	99.9125
	99.8998
	99.9182
	99.9271

	C/I terrestrial system must meet
	dB
	19.4
	18.6
	18.8
	19.5
	18.7
	18.0


Results for Echostar (continued)
	
	
	Columbus
	Greenville

	Earth station latitude
	decimal deg
	39.963
	34.847

	Earth station longitude
	decimal deg
	83.005
	82.4

	Earth station AMSL
	km
	0.22
	0.29

	EIRP in direction of earth station
	dBW
	51.6
	52.6

	
	
	
	

	Distance from GSO satellite to earth station
	km
	38535
	38264

	Elevation angle
	Degrees
	30.864
	34.009

	Free space path loss
	dB
	206.061
	205.999

	
	
	
	

	Clear sky C/(N+I)
	dB
	12.952
	13.729

	
	
	
	

	Link margin
	dB
	6.852
	7.629

	Rain margin
	dB
	3.46
	4.18

	Rain intensity exceeded 0.01% of average year
	mm/hr
	51.20
	62.60

	
	
	
	

	Average yearly DBS outage
	%
	0.0763
	0.1000

	
	minutes
	401.0
	525.7

	Worst month DBS outage
	%
	0.3037
	0.3843

	
	minutes
	133.1
	168.4

	
	
	
	

	Average yearly DBS outage + 2.86%
	%
	0.0785
	0.1029

	
	minutes
	412.6
	540.7

	Increase in DBS outage
	minutes
	11.59
	15

	Equivalent rain attenuation
	dB
	3.408
	4.117

	DBS availability
	%
	99.9215
	99.8971

	C/I terrestrial system must meet
	dB
	22.6
	22.5

	
	
	
	

	Average yearly DBS outage + 60 minutes
	%
	0.0877
	0.1114

	
	minutes
	461.0
	585.7

	Increase in DBS unavailability
	%
	3.2
	11.4

	Equivalent rain attenuation
	dB
	3.232
	3.941

	DBS availability
	%
	99.9123
	99.8886

	C/I terrestrial system must meet
	dB
	15.7
	16.7

	
	
	
	

	Average yearly DBS outage + 30 minutes
	%
	0.0820
	0.1057

	
	minutes
	431.0
	555.7

	Increase in DBS unavailability
	%
	7.5
	5.7

	Equivalent rain attenuation
	dB
	3.328
	4.056

	DBS availability
	%
	99.9180
	99.8943

	C/I terrestrial system must meet
	dB
	18.6
	19.6


ATTACHMENT 1

Description Of Excel Spreadsheet To Calculate Rain Rate And Mathcad Worksheet To Calculate Satellite Outage

The Excel spreadsheet shown in Attachment 2 calculates the rain rate exceeded for 0.01% of an average year as a function of the latitude and longitude of a specific point on the surface of the earth.  The spreadsheet is based upon ITU-R Rec. P.837-2 “Characteristics of Precipitation for Propagation Modeling”.  This Recommendation uses 3 data bases, that are contained within the spreadsheet, to look up values of Pr6(Lat, Lon), Mc(Lat, Lon) and Ms(Lat, Lon) based upon the latitude and longitude of the point of interest.  The final value for rain rate is based upon the four steps and several equations contained within the recommendation.

The spreadsheet is divided into six interlocked sub-sheets.  An “Input” sheet contains the locations and altitude above sea level of the 32 cities used in the NPRM.  A sheet labeled “work sheet” is where the actual lookups and calculations are performed.  The bilinear interpolations are performed along constant latitude lines first and then along the longitude line.  The rain rate exceeded 0.01% of the time is calculated.  This value is “hard-wired” into the worksheet in cell “AT1”.  The sub-sheet labeled “output” repeats the input location data, rounded to 1 decimal place, and includes the calculated value of R0.01(Lat, Lon),  the rain rate exceeded for 0.01% of an average year, again rounded to two decimal places.   The three sheets labeled “PR6”, “XMS” and “XMC” contain the ITU data bases required for the calculation.

The Mathcad worksheet shown in Attachment 3 takes a number of input parameters and determines the percentage of time, in an average year, that a space system will experience a rain outage.  A geostationary satellite system is assumed. 

The input parameters are:
Satellite longitude (degrees)

Earth station latitude and longitude (degrees)


Earth station altitude above mean sea level (km)


Frequency (GHz)

Rain Rate exceed 0.01% of the time (%) at the site of the Earth station

Rain margin (dB).  This is the amount of loss, and increase in noise temperature, due to rain that can be introduced in the communications link to drive the total link margin to zero. 

Polarization tilt angle for the satellite-to-earth station link.  Assumed to be 45 degrees (i.e., curricular polarization) for the BSS

The Mathcad sheet calculates the elevation angle from the earth station to the satellite and then uses the procedures and equations contained within ITU-R Rec. P618-6 to determine the rain loss exceeded for various percentages of an average year.   The value of rain margin is used, via a Mathcad interpolation function, to obtain the corresponding percentage of time.  For convenience, the attenuation vs. percentage of time curve is graphed towards the bottom of the sheet.  

Note:  The Excel spreadsheet and the Mathcad worksheet are available on the Internet at http://www.fcc.gov/oet/dockets/et98-206/staff_analysis.
ATTACHMENT 2

Microsoft Excel Spreadsheet used to Calculate Rain Rates for Selected Cities

Input Parameters

	City Name
	
	Latitude
	
	
	
	Longitude
	
	
	AMSL

	
	Degrees
	Minute
	Seconds
	
	Degrees
	Minute
	Seconds
	
	(km)

	New York
	40
	45
	6
	
	-73
	59
	38
	
	0.01

	Los Angeles
	34
	3
	15
	
	-118
	14
	31
	
	0.10

	Chicago
	41
	52
	28
	
	-87
	38
	22
	
	0.18

	Philadelphia
	39
	56
	58
	
	-75
	9
	20
	
	0.00

	San Francisco
	37
	46
	39
	
	-122
	24
	44
	
	0.03

	Boston
	42
	21
	24
	
	-71
	3
	23
	
	0.01

	Washington/Baltimore
	38
	53
	51
	
	-77
	0
	32
	
	0.01

	Dallas Ft. Worth
	32
	47
	10
	
	-96
	47
	38
	
	0.14

	Detroit
	42
	19
	48
	
	-83
	2
	57
	
	0.18

	Atlanta
	33
	45
	10
	
	-84
	23
	37
	
	0.30

	Houston
	29
	45
	27
	
	-95
	21
	38
	
	0.01

	Seattle-Tacoma
	47
	36
	31
	
	-122
	20
	17
	
	0.01

	Cleveland
	41
	29
	51
	
	-81
	41
	50
	
	0.18

	Minneapolis-St. Paul
	44
	58
	57
	
	-93
	15
	44
	
	0.24

	Tampa-St. Petersburg-Sarasota
	27
	56
	59
	
	-82
	27
	24
	
	0.00

	Miami-Ft. Lauderdale
	25
	46
	38
	
	-80
	11
	31
	
	0.00

	Phoenix
	33
	27
	12
	
	-112
	4
	31
	
	0.34

	Denver
	39
	44
	58
	
	-104
	59
	24
	
	1.58

	Pittsburgh
	40
	26
	19
	
	-79
	59
	59
	
	0.20

	Sacramento-Stockton-Modesto
	38
	34
	57
	
	-121
	29
	45
	
	0.01

	St. Louis
	38
	37
	45
	
	-90
	12
	22
	
	0.15

	Orlando-Daytona Beach-Melbourne
	28
	32
	43
	
	-81
	22
	37
	
	0.03

	Portland
	45
	31
	5
	
	-122
	40
	39
	
	0.06

	Indianapolis
	39
	46
	7
	
	-86
	9
	46
	
	0.21

	San Diego
	32
	42
	53
	
	-117
	9
	24
	
	0.04

	Charlotte
	35
	13
	45
	
	-80
	50
	44
	
	0.22

	Cincinnati
	39
	6
	7
	
	-84
	30
	35
	
	0.15

	Kansas City
	39
	4
	56
	
	-94
	35
	21
	
	0.24

	Milwaukee
	43
	2
	19
	
	-87
	54
	15
	
	0.19

	Nashville
	36
	9
	33
	
	-86
	46
	55
	
	0.15

	Columbus, OH
	39
	57
	47
	
	-83
	0
	17
	
	0.22

	Greenville-Spartanburg-Asheville-Anderson
	34
	50
	50
	
	-82
	24
	0
	
	0.29


Output

Rain Rate is rain intensity exceeded 0.01% of an average year (mm/h)

	
	City Name
	Latitude
	Longitude
	Rain Rate
	AMSL

	1
	New York
	40.752
	-73.994
	44.15
	0.01

	2
	Los Angeles
	34.054
	-118.242
	18.87
	0.10

	3
	Chicago
	41.874
	-87.639
	43.84
	0.18

	4
	Philadelphia
	39.949
	-75.156
	48.01
	0.00

	5
	San Francisco
	37.778
	-122.412
	33.63
	0.03

	6
	Boston
	42.357
	-71.056
	37.79
	0.01

	7
	Washington/Baltimore
	38.898
	-77.009
	48.15
	0.01

	8
	Dallas Ft. Worth
	32.786
	-96.794
	64.98
	0.14

	9
	Detroit
	42.330
	-83.049
	40.63
	0.18

	10
	Atlanta
	33.753
	-84.394
	67.72
	0.30

	11
	Houston
	29.758
	-95.361
	72.32
	0.01

	12
	Seattle-Tacoma
	47.609
	-122.338
	36.51
	0.01

	13
	Cleveland
	41.498
	-81.697
	45.84
	0.18

	14
	Minneapolis-St. Paul
	44.983
	-93.262
	44.32
	0.24

	15
	Tampa-St. Petersburg-Sarasota
	27.950
	-82.457
	86.43
	0.00

	16
	Miami-Ft. Lauderdale
	25.777
	-80.192
	95.76
	0.00

	17
	Phoenix
	33.453
	-112.075
	30.53
	0.34

	18
	Denver
	39.749
	-104.990
	30.29
	1.58

	19
	Pittsburgh
	40.439
	-80.000
	44.41
	0.20

	20
	Sacramento-Stockton-Modesto
	38.583
	-121.496
	37.51
	0.01

	21
	St. Louis
	38.629
	-90.206
	56.50
	0.15

	22
	Orlando-Daytona Beach-Melbourne
	28.545
	-81.377
	90.10
	0.03

	23
	Portland
	45.518
	-122.677
	31.12
	0.06

	24
	Indianapolis
	39.769
	-86.163
	53.30
	0.21

	25
	San Diego
	32.715
	-117.157
	15.02
	0.04

	26
	Charlotte
	35.229
	-80.846
	61.70
	0.22

	27
	Cincinnati
	39.102
	-84.510
	53.77
	0.15

	28
	Kansas City
	39.082
	-94.589
	53.97
	0.24

	29
	Milwaukee
	43.039
	-87.904
	42.90
	0.19

	30
	Nashville
	36.159
	-86.782
	60.66
	0.15

	31
	Columbus, OH
	39.963
	-83.005
	51.20
	0.22

	32
	Greenville-Spartanburg-Asheville-Anderson
	34.847
	-82.400
	62.14
	0.29


Worksheet Implementation Of ITU-R Recommendation P.837-2

This worksheet is based on three lookup tables – labeled PR6, XMS, and XMC – which are too large to be included in this document.  They are included in the Excel Spreadsheet available on the Internet at <http://www.fcc.gov/oet/dockets/et98-206/staff_analysis>.

	
	ITU-R Rec. P.837-2
	
	
	
	
	
	
	
	Step 1: Extract Variables Pr6, Mc, Ms from data base
	
	
	
	
	
	
	PR6
	

	
	City
	Lat
	Long
	
	
	
	
	
	
	PR6 Data
	
	
	Linear Interpolate
	
	
	Lin. Int.
	

	
	
	
	
	
	U-Row
	L_Col
	
	
	
	Lookups
	
	
	 on Latitude
	
	
	Long
	

	
	
	
	
	
	
	
	
	U-L
	L-L
	U-R
	L-R
	
	L
	R
	
	
	

	1
	New York
	40.752
	286.006
	
	33
	191
	
	28.04
	25.25
	25.42
	24.02
	
	25.72
	24.25
	
	24.73
	

	2
	Los Angeles
	34.054
	241.758
	
	38
	162
	
	8.96
	8.56
	6.89
	5.53
	
	8.84
	6.49
	
	8.44
	

	3
	Chicago
	41.874
	272.361
	
	33
	182
	
	22.78
	23.74
	24.87
	26.22
	
	22.86
	24.98
	
	24.08
	

	4
	Philadelphia
	39.949
	284.844
	
	34
	190
	
	26.47
	24.12
	25.25
	22.28
	
	25.60
	24.16
	
	24.31
	

	5
	San Francisco
	37.778
	237.588
	
	35
	159
	
	16.31
	12.85
	16.96
	15.27
	
	13.49
	15.59
	
	14.31
	

	6
	Boston
	42.357
	288.944
	
	32
	193
	
	24.76
	25.04
	23.85
	23.44
	
	24.98
	23.54
	
	24.07
	

	7
	Washington/Baltimore
	38.898
	282.991
	
	35
	189
	
	23.56
	24.95
	24.12
	24.47
	
	23.65
	24.14
	
	23.97
	

	8
	Dallas Ft. Worth
	32.786
	263.206
	
	39
	176
	
	18.69
	17.79
	24.04
	24.35
	
	18.56
	24.08
	
	21.16
	

	9
	Detroit
	42.330
	276.951
	
	32
	185
	
	26.20
	25.07
	23.32
	27.58
	
	25.32
	26.64
	
	26.16
	

	10
	Atlanta
	33.753
	275.606
	
	38
	184
	
	31.15
	30.22
	32.52
	30.10
	
	30.68
	31.31
	
	31.15
	

	11
	Houston
	29.758
	264.639
	
	41
	177
	
	25.83
	31.59
	31.15
	35.41
	
	26.76
	31.84
	
	28.92
	

	12
	Seattle-Tacoma
	47.609
	237.662
	
	29
	159
	
	45.60
	41.90
	43.24
	35.10
	
	44.64
	41.12
	
	43.08
	

	13
	Cleveland
	41.498
	278.303
	
	33
	186
	
	27.58
	29.68
	32.66
	33.51
	
	28.28
	32.95
	
	30.78
	

	14
	Minneapolis-St. Paul
	44.983
	266.738
	
	31
	178
	
	18.69
	19.75
	19.33
	20.88
	
	18.70
	19.35
	
	19.23
	

	15
	Tampa-St. Petersburg-Sarasota
	27.950
	277.543
	
	42
	186
	
	32.55
	30.19
	33.70
	32.66
	
	31.69
	33.32
	
	31.73
	

	16
	Miami-Ft. Lauderdale
	25.777
	279.808
	
	43
	187
	
	32.66
	44.54
	49.45
	48.76
	
	42.34
	48.88
	
	45.87
	

	17
	Phoenix
	33.453
	247.925
	
	38
	166
	
	12.95
	9.67
	15.12
	13.27
	
	10.66
	13.83
	
	11.56
	

	18
	Denver
	39.749
	255.010
	
	34
	171
	
	13.66
	12.27
	17.44
	15.50
	
	12.96
	16.47
	
	12.98
	

	19
	Pittsburgh
	40.439
	280.000
	
	34
	187
	
	33.51
	35.53
	32.22
	31.08
	
	33.59
	32.17
	
	32.65
	

	20
	Sacramento-Stockton-Modesto
	38.583
	238.504
	
	35
	160
	
	16.96
	15.27
	15.47
	13.12
	
	16.49
	14.82
	
	16.48
	

	21
	St. Louis
	38.629
	269.794
	
	35
	180
	
	24.90
	24.55
	24.01
	24.46
	
	24.81
	24.12
	
	24.21
	

	22
	Orlando-Daytona Beach-Melbourne
	28.545
	278.623
	
	41
	186
	
	30.56
	32.55
	45.20
	33.70
	
	32.49
	34.04
	
	33.65
	

	23
	Portland
	45.518
	237.323
	
	30
	159
	
	41.90
	38.61
	35.10
	31.24
	
	39.74
	32.57
	
	38.20
	

	24
	Indianapolis
	39.769
	273.837
	
	34
	183
	
	26.22
	28.09
	26.01
	28.73
	
	27.13
	27.33
	
	27.24
	

	25
	San Diego
	32.715
	242.843
	
	39
	162
	
	8.56
	10.71
	5.53
	9.00
	
	8.97
	6.19
	
	6.48
	

	26
	Charlotte
	35.229
	279.154
	
	37
	187
	
	27.21
	28.91
	26.43
	29.57
	
	28.08
	28.05
	
	28.08
	

	27
	Cincinnati
	39.102
	275.490
	
	34
	184
	
	26.01
	28.73
	25.59
	29.46
	
	28.54
	29.20
	
	28.98
	

	28
	Kansas City
	39.082
	265.411
	
	34
	177
	
	20.90
	22.44
	21.76
	22.40
	
	22.36
	22.36
	
	22.36
	

	29
	Milwaukee
	43.039
	272.096
	
	32
	182
	
	21.69
	22.78
	22.85
	24.87
	
	22.02
	23.47
	
	22.60
	

	30
	Nashville
	36.159
	273.218
	
	36
	183
	
	27.90
	29.23
	29.93
	32.36
	
	29.09
	32.10
	
	29.52
	

	31
	Columbus, OH
	39.963
	276.995
	
	34
	185
	
	25.59
	29.46
	29.68
	33.59
	
	26.98
	31.08
	
	29.70
	

	32
	Greenville-Spartanburg-Asheville-Anderson
	34.847
	277.600
	
	37
	186
	
	34.08
	30.03
	27.21
	28.91
	
	30.97
	28.52
	
	30.81
	


	
	
	
	Ster 2 bilinear interpolation
	
	
	
	
	XMS
	
	
	
	
	
	
	
	
	
	XMC
	
	

	
	City
	
	
	
	XMS
	
	
	Linear Interpolate
	
	
	Lin. Int.
	
	
	
	XMC
	
	
	Linear Interpolate
	
	
	Lin. Int.
	

	
	
	
	
	
	Lookups
	
	
	 on Latitude
	
	
	Long
	
	
	
	Lookups
	
	
	 on Latitude
	
	
	Long
	
	

	
	
	
	U-L
	L-L
	U-R
	L-R
	
	L
	R
	
	
	
	U-L
	L-L
	U-R
	L-R
	
	L
	R
	
	
	
	

	1
	New York
	
	799.68
	866.72
	860.87
	773.13
	
	855.46
	787.87
	
	810.13
	
	232.15
	324.79
	222.42
	247.44
	
	309.23
	243.24
	
	264.97
	
	

	2
	Los Angeles
	
	261.56
	173.03
	140.47
	118.92
	
	235.24
	134.06
	
	217.84
	
	49.69
	111.62
	25.65
	34.36
	
	68.10
	28.24
	
	61.25
	
	

	3
	Chicago
	
	573.93
	641.22
	546.72
	698.52
	
	579.58
	559.47
	
	568.04
	
	284.59
	340.84
	263.54
	343.71
	
	289.32
	270.27
	
	278.39
	
	

	4
	Philadelphia
	
	824.59
	732.35
	866.72
	665.28
	
	790.71
	792.72
	
	792.51
	
	282.61
	323.00
	324.79
	281.58
	
	297.45
	308.92
	
	307.72
	
	

	5
	San Francisco
	
	781.44
	289.33
	829.27
	645.88
	
	380.53
	679.87
	
	497.87
	
	197.87
	103.64
	102.39
	214.33
	
	121.10
	193.58
	
	149.52
	
	

	6
	Boston
	
	793.36
	858.34
	731.86
	747.96
	
	842.87
	744.13
	
	780.73
	
	147.31
	239.55
	115.95
	201.49
	
	217.60
	181.13
	
	194.65
	
	

	7
	Washington/Baltimore
	
	702.72
	697.94
	732.35
	625.05
	
	702.39
	725.05
	
	717.36
	
	285.72
	414.24
	323.00
	342.55
	
	294.46
	324.33
	
	314.19
	
	

	8
	Dallas Ft. Worth
	
	444.06
	395.31
	607.97
	550.75
	
	437.11
	599.81
	
	513.68
	
	422.71
	344.92
	509.24
	527.01
	
	411.61
	511.78
	
	458.76
	
	

	9
	Detroit
	
	588.57
	598.39
	503.35
	629.82
	
	596.23
	602.00
	
	599.89
	
	248.31
	298.82
	145.02
	261.57
	
	287.71
	235.93
	
	254.88
	
	

	10
	Atlanta
	
	788.17
	701.66
	820.23
	656.46
	
	745.09
	738.67
	
	740.36
	
	538.43
	594.87
	556.11
	595.20
	
	566.54
	575.58
	
	573.20
	
	

	11
	Houston
	
	490.17
	449.35
	638.51
	497.73
	
	483.58
	615.80
	
	539.91
	
	542.60
	517.68
	621.19
	619.52
	
	538.58
	620.92
	
	573.66
	
	

	12
	Seattle-Tacoma
	
	1612.74
	1306.32
	1210.78
	813.21
	
	1532.87
	1107.15
	
	1344.98
	
	243.49
	124.47
	55.31
	37.27
	
	212.47
	50.61
	
	141.03
	
	

	13
	Cleveland
	
	629.82
	773.12
	748.77
	836.88
	
	677.78
	778.26
	
	731.57
	
	261.57
	357.78
	327.93
	365.91
	
	293.77
	340.64
	
	318.86
	
	

	14
	Minneapolis-St. Paul
	
	487.13
	542.90
	494.49
	564.24
	
	487.76
	495.28
	
	493.97
	
	244.08
	286.84
	267.47
	302.79
	
	244.56
	267.87
	
	263.80
	
	

	15
	Tampa-St. Petersburg-Sarasota
	
	376.69
	303.03
	394.75
	327.10
	
	349.68
	369.95
	
	350.26
	
	685.66
	588.97
	750.78
	691.45
	
	650.21
	729.03
	
	652.47
	
	

	16
	Miami-Ft. Lauderdale
	
	327.10
	356.65
	455.96
	414.38
	
	351.19
	422.06
	
	389.37
	
	691.45
	774.62
	961.33
	886.93
	
	759.26
	900.67
	
	835.43
	
	

	17
	Phoenix
	
	373.13
	243.17
	295.00
	303.71
	
	282.42
	301.08
	
	287.71
	
	155.80
	143.58
	105.44
	124.79
	
	147.27
	118.95
	
	139.25
	
	

	18
	Denver
	
	211.55
	192.18
	323.37
	288.94
	
	201.85
	306.13
	
	202.55
	
	129.82
	145.68
	259.19
	259.26
	
	137.76
	259.23
	
	138.57
	
	

	19
	Pittsburgh
	
	836.88
	850.46
	761.76
	749.82
	
	837.43
	761.27
	
	786.66
	
	365.91
	414.00
	275.68
	298.45
	
	367.87
	276.61
	
	307.03
	
	

	20
	Sacramento-Stockton-Modesto
	
	829.27
	645.88
	346.94
	482.39
	
	778.29
	384.60
	
	777.24
	
	102.39
	214.33
	16.93
	35.45
	
	133.51
	22.08
	
	133.21
	
	

	21
	St. Louis
	
	675.98
	675.96
	675.69
	711.39
	
	675.98
	684.52
	
	683.35
	
	375.23
	397.55
	395.20
	447.38
	
	380.75
	408.11
	
	404.35
	
	

	22
	Orlando-Daytona Beach-Melbourne
	
	461.45
	376.69
	480.55
	394.75
	
	379.23
	397.32
	
	392.78
	
	811.04
	685.66
	794.39
	750.78
	
	689.42
	752.09
	
	736.34
	
	

	23
	Portland
	
	1306.32
	1181.89
	813.21
	695.17
	
	1224.86
	735.93
	
	1119.58
	
	124.47
	92.01
	37.27
	30.09
	
	103.22
	32.57
	
	88.01
	
	

	24
	Indianapolis
	
	698.52
	797.38
	681.75
	808.44
	
	746.70
	743.49
	
	744.91
	
	343.71
	460.62
	322.61
	426.71
	
	400.68
	373.34
	
	385.43
	
	

	25
	San Diego
	
	173.03
	111.07
	118.92
	129.20
	
	161.26
	120.87
	
	125.10
	
	111.62
	53.36
	34.36
	69.61
	
	100.55
	41.06
	
	47.28
	
	

	26
	Charlotte
	
	642.79
	681.28
	664.78
	671.02
	
	662.57
	667.99
	
	663.13
	
	361.91
	571.21
	447.43
	644.69
	
	469.49
	548.82
	
	477.63
	
	

	27
	Cincinnati
	
	681.75
	808.44
	658.08
	764.64
	
	799.83
	757.39
	
	771.82
	
	322.61
	426.71
	299.53
	394.37
	
	419.63
	387.92
	
	398.70
	
	

	28
	Kansas City
	
	599.65
	649.92
	599.57
	632.20
	
	647.17
	630.42
	
	631.41
	
	339.84
	364.29
	363.79
	367.85
	
	362.95
	367.63
	
	367.35
	
	

	29
	Milwaukee
	
	547.83
	573.93
	511.15
	546.72
	
	555.85
	522.08
	
	542.43
	
	265.08
	284.59
	251.82
	263.54
	
	271.08
	255.42
	
	264.86
	
	

	30
	Nashville
	
	798.96
	802.49
	797.48
	798.89
	
	802.12
	798.74
	
	801.63
	
	472.53
	483.76
	459.37
	490.82
	
	482.57
	487.49
	
	483.28
	
	

	31
	Columbus, OH
	
	658.08
	764.64
	773.12
	827.94
	
	696.23
	792.75
	
	760.25
	
	299.53
	394.37
	357.78
	456.21
	
	333.48
	393.02
	
	372.97
	
	

	32
	Greenville-Spartanburg-Asheville-Anderson
	
	761.32
	773.23
	642.79
	681.28
	
	770.47
	672.38
	
	763.93
	
	379.12
	541.10
	361.91
	571.21
	
	503.63
	522.79
	
	504.91
	
	


	
	
	
	Step 3:
	
	Step 4
	Calculate Rainfall rate
	p=
	0.01
	
	%
	

	
	City
	
	prob rain
	
	
	
	
	
	
	
	
	Output
	

	
	
	
	Po
	
	a
	b
	c
	A
	B
	C
	
	Rp
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	New York
	
	7.87
	
	1.11
	0.0060
	0.1876
	0.00661
	-0.141
	-6.669
	
	44.15
	

	2
	Los Angeles
	
	2.20
	
	1.11
	0.0055
	0.1743
	0.00614
	0.170
	-5.393
	
	18.87
	

	3
	Chicago
	
	5.81
	
	1.11
	0.0064
	0.2002
	0.00705
	-0.164
	-6.364
	
	43.84
	

	4
	Philadelphia
	
	7.71
	
	1.11
	0.0062
	0.1960
	0.00691
	-0.193
	-6.648
	
	48.01
	

	5
	San Francisco
	
	4.79
	
	1.11
	0.0059
	0.1858
	0.00655
	-0.037
	-6.171
	
	33.63
	

	6
	Boston
	
	7.60
	
	1.11
	0.0056
	0.1763
	0.00621
	-0.059
	-6.634
	
	37.79
	

	7
	Washington/Baltimore
	
	7.08
	
	1.11
	0.0064
	0.2001
	0.00705
	-0.203
	-6.563
	
	48.15
	

	8
	Dallas Ft. Worth
	
	5.23
	
	1.11
	0.0081
	0.2553
	0.00900
	-0.488
	-6.260
	
	64.98
	

	9
	Detroit
	
	6.16
	
	1.11
	0.0061
	0.1907
	0.00672
	-0.115
	-6.423
	
	40.63
	

	10
	Atlanta
	
	7.56
	
	1.11
	0.0076
	0.2386
	0.00841
	-0.472
	-6.628
	
	67.72
	

	11
	Houston
	
	5.67
	
	1.11
	0.0086
	0.2696
	0.00950
	-0.599
	-6.341
	
	72.32
	

	12
	Seattle-Tacoma
	
	13.18
	
	1.11
	0.0049
	0.1548
	0.00546
	-0.002
	-7.184
	
	36.51
	

	13
	Cleveland
	
	7.47
	
	1.11
	0.0061
	0.1931
	0.00680
	-0.168
	-6.616
	
	45.84
	

	14
	Minneapolis-St. Paul
	
	4.99
	
	1.11
	0.0066
	0.2085
	0.00735
	-0.185
	-6.213
	
	44.32
	

	15
	Tampa-St. Petersburg-Sarasota
	
	3.84
	
	1.11
	0.0114
	0.3583
	0.01262
	-1.022
	-5.952
	
	86.43
	

	16
	Miami-Ft. Lauderdale
	
	4.34
	
	1.11
	0.0123
	0.3880
	0.01367
	-1.246
	-6.072
	
	95.76
	

	17
	Phoenix
	
	2.92
	
	1.11
	0.0064
	0.2008
	0.00708
	-0.030
	-5.677
	
	30.53
	

	18
	Denver
	
	2.17
	
	1.11
	0.0069
	0.2163
	0.00762
	-0.053
	-5.378
	
	30.29
	

	19
	Pittsburgh
	
	8.02
	
	1.11
	0.0059
	0.1873
	0.00660
	-0.143
	-6.687
	
	44.41
	

	20
	Sacramento-Stockton-Modesto
	
	6.99
	
	1.11
	0.0057
	0.1789
	0.00631
	-0.062
	-6.550
	
	37.51
	

	21
	St. Louis
	
	6.81
	
	1.11
	0.0070
	0.2194
	0.00773
	-0.321
	-6.523
	
	56.50
	

	22
	Orlando-Daytona Beach-Melbourne
	
	4.30
	
	1.11
	0.0115
	0.3611
	0.01272
	-1.079
	-6.063
	
	90.10
	

	23
	Portland
	
	11.09
	
	1.11
	0.0047
	0.1496
	0.00527
	0.061
	-7.011
	
	31.12
	

	24
	Indianapolis
	
	7.46
	
	1.11
	0.0066
	0.2082
	0.00734
	-0.267
	-6.615
	
	53.30
	

	25
	San Diego
	
	1.31
	
	1.11
	0.0057
	0.1807
	0.00637
	0.229
	-4.875
	
	15.02
	

	26
	Charlotte
	
	6.78
	
	1.11
	0.0073
	0.2312
	0.00815
	-0.397
	-6.519
	
	61.70
	

	27
	Cincinnati
	
	7.76
	
	1.11
	0.0066
	0.2072
	0.00730
	-0.269
	-6.654
	
	53.77
	

	28
	Kansas City
	
	6.29
	
	1.11
	0.0069
	0.2181
	0.00768
	-0.295
	-6.444
	
	53.97
	

	29
	Milwaukee
	
	5.53
	
	1.11
	0.0064
	0.2004
	0.00706
	-0.156
	-6.316
	
	42.90
	

	30
	Nashville
	
	8.04
	
	1.11
	0.0070
	0.2197
	0.00774
	-0.359
	-6.689
	
	60.66
	

	31
	Columbus, OH
	
	7.69
	
	1.11
	0.0064
	0.2025
	0.00714
	-0.236
	-6.645
	
	51.20
	

	32
	Greenville-Spartanburg-Asheville-Anderson
	
	7.76
	
	1.11
	0.0071
	0.2247
	0.00792
	-0.385
	-6.654
	
	62.14
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Disclaimers:

1) Absolutely no guarantees of accuracy or precision are made;

2) The use of this Mathcad sheet is limited to FCC Docket 98-206/TM-9147/RM-9245; 

3) The Mathcad sheet shall not be used for personal of commercial purposes;

4) Mathcad is a copywritten product of MathSoft, Inc;

5) This sheet was prepared in Mathcad 6.0 Plus Professional Edition (revision e);   

Description: This Mathcad sheet is based in part on ITU-R Rec. P.618-6, Section 2.2.  The 

procedure in ITU-R P.618-6 Section 2.2 estimates the long-term statistics of slant path rain 

attenuation exceed over a satellite-to-earth path, for percentage of the year ranging from 0.001% 

to 5%, for a given location, up to 55 GHz.  Where appropriate, portions other ITU 

Recommendations are included to make this worksheet as stand-alone as possible. In addition, 

some geometry calculations are included that are not in P.618 in order to simplify the input 

parameters.

The sheet also calculates the rain margin for the BSS system and using the rain-attenuation vs. 

probability relation from ITU-R Rec. P618-6, determines the percent of time that a rain outage can 

be expected for the average year and the maximum C/I that should be received at the BSS 

receiver from an MVDDS transmitter assuming that the MVDDS system increases the BSS 

outage time by 2.68% and other interference-caused outage values.  

Some necessary constants

radians-to-degrees

d2r

p

180

degrees-to-radians

r2d

180

p

suggested value for effective radius of the earth for RF calculations (km)

R

e

8500

Earth physical radius (km)

erad

6378.145

GSO physical radius (km)

gsorad

42164.2

BSS System Inputs:

f

12.45

: Frequency (GHz)

satlon

119.0

: BSS satellite longitude (deg) (E=+, W=-)

contour

0.0

:  Relative eirp contour line (dB) at earth station

t

45

: Polarization tilt angle of signal relative to

   horizontal, in degrees.  For circular polarization

 t

 

  is 45 degrees (typical of BSS systems), 

t 

= 0 for 

   linear horizontal and 90 for linear vertical

   polarization. This term is used in ITU-R Rec. 

   P.838-1

cnup

26.231

:  C/N BSS uplink carrier-to-noise ratio (dB)

ciadj

20.0

:  C/I BSS adjacent satellite interference (dB)

citerr

90.0

:  C/I for other terrestrial interference (dB)

Sample Mathcad Worksheet

[image: image2.wmf]: BSS emission bandwidth (Hz)

bw

.

24.0

10

6

:  BSS Information bit rate (bps)

br

.

24.0

10

6

:  Freeze frame threshold, Eb/No (dB)

thresh

6.1

:  BSS earth station antenna gain (dBi)

antg

33.825

:  BSS earth station temp (dB)

temp

85.0

:  BSS earth station antenna mispointing (dB)

mispt

0.5

:  Atmospheric gaseous loss (dB)

atmos

0.2

Earth Location Input Parameters

eirp

52.6

: Satellite down-link peak EIRP (dBW)

elat

38.898

: ES latitude (deg) (N=+, S=-)

elon

77.009

: ES longitude (deg) (E=+, W=-)

h

s

0.01

: ES height above mean sea level (km)

: Rainfall rate exceeded for 0.01% of an average year with

   an integration time of 1 minute.  See ITU-R P.837 for

   estimates or Excel spread sheet: Rain_Rates.xls

R

0.01

48.15

Q1

2.85

: Factors used to convert annual percentage outage

    statistics to worst month outage statistics.  Q1 and B

    are obtained from ITU-R Rec. P.841-1.

B

.13

Calculate range and elevation angle from ES to satellite:

glonr

.

satlon

d2r

elatr

.

elat

d2r

erad

erad

h

s

glatr

0.

elonr

.

elon

d2r

gx

.

.

gsorad

cos

(

)

glonr

cos

(

)

glatr

ex

.

.

erad

cos

(

)

elonr

cos

(

)

elatr

gy

.

.

gsorad

sin

(

)

glonr

cos

(

)

glatr

ey

.

.

erad

sin

(

)

elonr

cos

(

)

elatr

gz

.

gsorad

sin

(

)

glatr

ez

.

erad

sin

(

)

elatr

egx

ex

gx

egy

ey

gy

egz

ez

gz

disteg

egx

2

egy

2

egz

2

range from earth station to BSS sat (km)...:

=

disteg

3.8825

10

4

ele

.

acos

erad

2

disteg

2

gsorad

2

.

.

2

erad

disteg

r2d

90.

elevation angle (deg)

=

ele

27.64

Perform the calculations specified in ITU Rec. P.618-6 to obtain a curve of the attenuation exceeded vs. probability


[image: image3.wmf]Relabel some variable names to the terminology used in P.618-6

q

ele

elevation angle from ES to the satellite (deg)

f

elat

latitude of the Earth Station (deg)

Step 1 - Calculate rain height h'R.  (Based upon "ho" in ITU-R P.839)  A function of the earth 

station latitude.

h

R

if

5

.

0.075

(

)

f

23

>

f

23

if

5

0

f

23

if

5

0

f

21

if

5

.

0.1

(

)

f

21

<

71

f

21

if

0

<

f

71

Latitude =

=

f

38.898

h

R

if

,

,

f

35

if

,

,

f

70

3.2

.

0.075

(

)

f

35

h

R

h

R

For Northern Europe west of  

60 deg long. and North  

America, see ITU-R P.839-2

Step 2: Compute the slant path length Ls below the rain height

=

h

R

2.908

km

L

s

if

h

R

h

s

sin

(

)

.

q

d2r

q

5

if

.

2

h

R

h

s

sin

(

)

.

q

d2r

2

.

2

h

R

h

s

R

e

0.5

sin

(

)

.

q

d2r

<

q

5

km

=

L

s

6.246

km

Step 3: Calculate the horizontal projection, LG, of the slant-path

L

G

.

L

s

cos

(

)

.

q

d2r

km

=

L

G

5.533

km

Step 4: Obtain the rainfall rate, R0.01, exceeded for 0.01% of an average year.  Estimates can 

be obtained from ITU-R P.837 of Rain_Rate.xls;

=

R

0.01

48.15

From input section


[image: image4.wmf]Step 5; Obtain the specific attenuation, 

g

R, from the frequency dependent coefficients in ITU-R 

Rec. ITU-R P.838 and R0.01 as follows:

[ freq   kh            kv          

a

h      

a

v  ]

V_tab

1

2

4

6

7

8

10

12

15

20

25

30

35

40

45

50

60

0.0000387

0.000154

0.00065

0.00175

0.00301

0.00454

0.0101

0.0188

0.0367

0.0751

0.124

0.187

0.263

0.350

0.442

0.536

0.707

0.0000352

0.000138

0.000591

0.00155

0.00265

0.00395

0.00887

0.0168

0.0335

0.0691

0.113

0.167

0.233

0.310

0.393

0.479

0.642

0.912

0.963

1.121

1.308

1.332

1.327

1.276

1.217

1.154

1.099

1.061

1.021

0.979

0.939

0.903

0.873

0.826

0.880

0.923

1.075

1.265

1.312

1.310

0.264

1.200

1.128

1.065

1.030

1.000

0.963

0.929

0.897

0.868

0.824

Rec. P.838-1 indicates logarithmic interpolation for frequency and k and linear for alpha.  Rec. 

P.838-1 goes to 400 GHz, however, P.618-6 is only good to 55 GHz.  Therefore, the table is 

truncated at 60 GHz.  A Mathcad internal function spline interpolation is used.

Define separate vectors to aid in interpolation; define the working vector "vs" and use Mathcad's 

"interp" spline interpolation function

i

..

0

16

freq

i

ln

V_tab

,

i

0

freq

in

ln

(

)

f

=

f

12.45

k

H

i

ln

V_tab

,

i

1

vs

cspline

,

freq

k

H

k

h

exp

interp

,

,

,

vs

freq

k

H

freq

in

=

k

h

0.021

k

V

i

ln

V_tab

,

i

2

vs

cspline

,

freq

k

V

k

v

exp

interp

,

,

,

vs

freq

k

V

freq

in

=

k

v

0.019


[image: image5.wmf]a

H

i

V_tab

,

i

3

vs

cspline

,

freq

a

H

a

h

interp

,

,

,

vs

freq

a

H

freq

in

=

a

h

1.205

a

V

i

V_tab

,

i

4

vs

cspline

,

freq

a

V

a

v

interp

,

,

,

vs

freq

a

V

freq

in

=

a

v

1.311

Polarization tilt angle relative to horizontal (deg)

=

t

45

from input section

k

k

h

k

v

.

.

k

h

k

v

cos

(

)

.

q

d2r

2

cos

(

)

.

.

2

t

d2r

2

=

k

0.02

a

.

k

h

a

h

.

k

v

a

v

.

.

.

k

h

a

h

.

k

v

a

v

cos

(

)

.

q

d2r

2

cos

(

)

.

.

2

t

d2r

.

2

k

=

a

1.256

Returning to ITU-R P.618-6

g

R

.

k

R

0.01

a

=

g

R

2.598

Specific attenuation dB/km

Step 6: Calculate the horizontal reduction factor for 0.01% of the time

r

0.01

1

1

.

0.78

.

L

G

g

R

f

.

0.38

1

e

.

2

L

G

=

r

0.01

0.686

Step 7: Calculate the vertical adjustment factor for 0.01% of the time

z

.

atan

h

R

h

s

.

L

G

r

0.01

r2d

=

z

37.366

L

R

if

.

L

G

r

0.01

cos

(

)

.

q

d2r

>

z

q

otherwise

h

R

h

s

sin

(

)

.

q

d2r

=

L

R

4.283


[image: image6.wmf]c

if

36

f

<

f

36

otherwise

0

=

c

0

=

f

38.898

u

0.01

1

1

.

sin

(

)

.

q

d2r

.

.

31

1

e

q

1

c

.

L

R

g

R

f

2

0.45

=

u

0.01

0.871

Step 8: The effective path length is calculated as:

L

E

.

L

R

u

0.01

km

=

L

E

3.731

Step 9: The predicted attenuation exceeded for 0.01% of an average year is

A

0.01

.

g

R

L

E

dB

=

A

0.01

9.695

Step 10: The estimated attenuation to be exceeded for other percentages of an average year, in 

the range 0.001% to 5%, is calculated by defining "p", the wanted probability by an array going 

from 0.001% to 5.0%, i.e., the "prob" array.

Set up arrays for p, 

b

 and A.  P should go from 0.001% to 5%.  Values outside of this range are 

invalid, see ITU-R P.618-6

Npts

37

number of points in probability array

j

..

0

Npts

index for probability array

arg

j

0.7

j

10

Yields probability from about 5 to 0.001

p

j

10

arg

j

wanted probability of an average year

b

j

.

0.005

(

)

f

36

1.8

.

4.25

sin

(

)

.

q

d2r

b

j

if

,

,

<

p

j

1

if

,

,

<

f

36

if

,

,

q

25

.

0.005

(

)

f

36

b

j

b

j

b

j

b

j

if

0

f

36

otherwise

b

j

b

j

if

0

p

j

1

otherwise

b

j

A

p

j

.

A

0.01

p

j

0.01

0.655

.

0.033

ln

p

j

.

0.045

ln

A

0.01

.

.

b

j

1

p

j

sin

(

)

.

q

d2r

And finally:

For p % of an average year shown graphically


[image: image7.wmf]1

10

3

0.01

0.1

1
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0

5

10

15

20

Slant Path Attenuation re ITU-R P.618-6

Percent of Average Year (%)

Attenuation Exceeded (dB)

Input Parameters

=

f

12.45

Frequency

(GHz)

=

elat

38.898

ES Latitude

 (deg.)

=

elon

77.009

ES Longitude

 (deg)

=

h

s

0.01

ES altitude 

AMSL (km)

=

q

27.64

ES elevation 

(deg)

=

t

45

e-wave tilt 

angle (deg)

=

R

0.01

48.15

rain rate 

exceeded 

0.01%

Now returning to the link budget for the BSS link

l

..

0

700

rain_loss

l

l

100

Rain attenuation (dB) from 0 to 7 dB in steps of 0.01 dB

btl

32.44

.

20

log

(

)

.

f

1000

.

20

log

(

)

disteg

Path loss (dB)

=

btl

206.126

Earth station antenna noise temperature and G/T computation....................................................................

tant

l

.

280

1

10

.

0.1

rain_loss

l

.

4

1

10

.

0.1

rain_loss

l

Antenna noise temp under rain (kelvin)

tsys

l

.

10

0.02

tant

l

temp

=

tsys

0

85

gt

l

antg

.

10

log

tsys

l

=

gt

0

14.531

=

tant

0

0

Carrier-to-noise ratio and other ;link parameters

cn

l

eirp

contour

btl

mispt

gt

l

228.6

.

10

log

(

)

bw

rain_loss

l

atmos

=

cn

0

15.103

cnt

l

.

10

log

10

.

0.1

cn

l

10

.

0.1

cnup

10

.

0.1

ciadj

10

.

0.1

citerr

=

cnt

0

13.639

ebno

l

cnt

l

.

10

log

bw

br


[image: image8.wmf]Link margin

link_marg

l

ebno

l

thresh

=

link_marg

0

7.539

The rain margin is the value of rain loss that drives the link margin to 0 dB. The following loop is exited at the point 

the link margin crosses zero
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The calculated rain margin is:
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Returning to the attenuation vs. probability curve.  interpolating to find the percentage of an 

average year associated with the rain margin

Find the Percent of time associated with the rain margin by interpolating the attn. vs. probability curve
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3.5 sources re ITU Rec's.  The MVDDS therefore can increase the BSS rain outage by 2.86% of 

the Outage_per_year value. 
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The total outage and associated percent of average year, including interference from the MVDDS, 
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To interpolate probability vs. loss curve for a loss given the probability, the indices must be reversed 

because the spline function in Mathcad requires the "y" values to be increasing. 
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Now the external C/I which reduces the initial rain margin to the Attn_out can be calculated.  The 

rain margin is reduced from  
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Therefore the maximum allowable C/I for MVDDS transmissions into the 

    BSS receiver, for a 2.86% increase in outage time, is:

=

C2I1

22.647

dB

______________________________________________________________________________

Conversion of average annual exceeded statistics to worst month statistics

This is derived from ITU-R P.846-1 

Min_month

Min_per_year

12

=

Min_month

4.383

10

4


[image: image10.wmf]Q

(

)

Rain_outage

if

12

<

Rain_outage

Q1

12

1

B

if

.

Q1

Rain_outage

B

<

<

Q1

12

1

B

Rain_outage

3

if

.

Q1

3

B

<

<

3

Rain_outage

30

if

.

.

Q1

3

B

Rain_outage

30

log

.

Q1

3

B

log

(

)

0.3

<

30

Rain_outage

worst_month_outage

.

Rain_outage

Q

(

)

Rain_outage

=

worst_month_outage

0.2631

%

Outage_per_mon

.

worst_month_outage

100

Min_month

=

Outage_per_mon

115.304

Minutes

______________________________________________________________________________

Determine the Maximum C/I if the BSS outage is allowed to increase by 30 minutes a year
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Determine the maximum C/I if the BSS outage is allowed to increase by 60 minutes
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OUTPUT AREA 1  Link Budget Parameters
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Some availabiity/unavailability numbers

Sat link avail (ave. yr) =  

=

Avail0

99.9353

%

Sat link un

 (ave. yr) =  

=

Rain_outage

0.0647

%

total link unavail (ave yr) =

=

Outage_per_yr

340.064

minutes

10% total link unavail (ave yr) =

=

.

0.1

Outage_per_yr

34.006

minutes

5% total link unavail (ave yr) =

=

.

0.05

Outage_per_yr

17.003

minutes

2.86% total link unavail (ave yr) =

=

.

0.0286

Outage_per_yr

9.726

minutes

Sat link unavail (worst mo) =  

=

worst_month_outage

0.2631

%

Total link unavail (worst mo) =

=

Outage_per_mon

115.304

minutes

10% total link unavail (worst mo) =

=

.

.1

Outage_per_mon

11.53

minutes

5% total link unavail (worst mo) =

=

.

.05

Outage_per_mon

5.765

minutes

2.86% total link unavail (worst mo) =

=

.

.0286

Outage_per_mon

3.298

minutes

Rainy sky C/I for 2.86% increase in unavail =

=

C2I1

22.647

dB

___________________________________________________________________________________

Various C/I's for different amounts of interference caused outage
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� See Amendment of Parts 2 and 25 of the Commission’s Rules to Permit Operation of NGSO FSS Systems Co-Frequency with GSO and Terrestrial Systems in the Ku-Band Frequency Range, ET Docket No. 98-206, First Report and Order and Further Notice of Proposed Rule Making, FCC 00-418 (rel. Dec. 8, 2000). 
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