
Tabla R·A·6 (Rav 1)

SV-Gateway LInks

~em Downlink Uplink
Rain Clear Rain Clear

Range km 2326.0 2326.0 2326.0 2326.0

TransmItter

Power daW 0.0 -3.7 13.0 -"! 1:.3

Antenna Gain dB 26.9 26.9 56.3 56.3
Circuit Loss dB ·3.2 ·3.2 -1.0 ~ ~.~

Pointing Loss dB -0.5 -0.5 -0.3 -0.3

EIRP dBWi 23.2 13.5 68.0 43.2 "

System

Margin dB 3.2 3.2 2.1 2.1

Soace Loss dB -185.8 -185.8 -189.1 -189.1

Propagation Loss dB -14.2 -1.5 -30.0 -1.5
Polarization Loss dB -0.2 -0.2 -0.2 -0.2

To(al Prop. Loss dB -203.4 -190.7 -221.4 -192.9

Receiver

:=iec. Sig. S(rengtn d8Wi ·1802 -i 77.2 -153.4 -14.9.7

PClntlr>Q loJss 08 ··J.2 -0.2 -0.8 -0.8
Antenna Gain dB 53.2 53.2 30.1 30.1

Received Signal dBW -127.2 -124.2 -124.1 -120.4

IS K 7314 731.4 1295. d 1295.4
Noise Density dBW/Hz -200.0 -200.0 ·197.5 -197.5
i~oise 8andwidth dBHz 64.9 64.9 649 64.9
Noise dBW -135.1 -135.1 -132.6 -132.6

Link Eb/No dB 7.9 10.9 3.5 12.2
Eb/lo d8 25.0 25.0 16.0 16.0
Computed Eb/(Nb + 10) dB 78 10.7 7.8 10.7
ReqUired Eb/(No + Ie) dB 7 7 7 7 7 7 7 7
Excess Margin d8 0.1 3.0 o 1 3.0

SPFO at GW dew/ m2; 1mhz -1343 -131 3



ATTACHMENT E

An Ixamlnatlon of IRIDIUM Orbits and Gat.way EI.vation Angle-
Impact on System Availability in the Pr.seno. of lMDS Subscriber Transmitt.rs

November 17,1995

This brief paper summarizes the elevation angles expected at the IRIOIUM gateway from
the earth station to the IRIDIUM satellite. this elevation angle is of interest in determining
the potential for LMDS subscriber transmitter interference into the IRIDIUM satellite uplink
receiver. The law of sines for spherical triangles is the fundamental analytical basis
applied herein.

separation betwetnJh. earth station and the satellite:"

Assumptions:

• Gateway site is at mid-CONUS latitude (40 degrees North)

• Spacing of orbit planes is 31.6 degrees (actually one of six planes is at 22 degrees, so
this is worst case)

• Inclination angle Is 90 degrees (actual inclination angle is 86.5 degrees. but difference
is trivial at assumed latitude)

WJth these assumptions, the great-circle angular separation of orbit planes is 24.1 degrees
at 40 degrees North latitude.

.§Ieyation anale between the earth station and the sateUite:

Given the 24.1 degree angular separation between adjacent orbits, we can now examine
the worst-case elevation angle between the earth station and the satellite.

Since the separation between satellites In a given orbit plane is about 32.7 degrees (11
satellites per orbit plane), the maximum angUlar separation between a gateway and satellite
when they are co-longitude Is one half of 32.7 degrees, or 16.35 degrees. Given thIs, and
the orbit altitude of 780 km for the satellites, the worst case elevation angle to the satellite
for co-latitude situations is 13.6 degrees.

For gateway positions between orbits, the worst case (lowest) elevation angle to the
satellite occurs on a constant-latitude line halfway between the positions of the two
adjacent satellites. For this situation at 40 degrees North latitude, the worst case elevation
angle to the satellite is 11.9 degrees.

Further analysis which considers all possible positions of the satellite constellation relative
to the gateway shows the following:



Percentage of TIme Elevation Angle (9) to
Nearest satellite (dea.)

werst 2 % 11.9 <e< 13.6
10% 13.6 < 8 < 15.8

best 88 % e> 15.8

This indicates that the elevation angle to the satellite Is never below 11.9 degrees, and Is
only below 13.6 degrees two percent of the time. Moreover, the elevation angle to the
sateillte Is above 15.8 degrees 66 percent of the time.

ImDact on IRJDIUM Ayallability in the Pres.nce of LMDS Transmmers:

As Motorola has stated, the IRIDIUM system Is designed for operation of gateway feeder
links at elewtlon angles of ten degrees or above. Further, Motorola has indicated concern
about LM OS transmitters causing degradation of system availability if interference from
LMDS consumes IRIDIUM power margins intended for compensation "I4Iin and range."
The availability of the IRIDIUM feeder links has not been disclosed. However, It Is not
necessary to know the avallabll1ty to consider the impact of gateway operation at minimum
elevation angles of 11.9 degrees since we know the system availability is acceptable at
elevation angles of 10 degrees.

At an elevation angle of ten degrees, the range to the satellite Is 2325 km. The minimum
range to the satellite (at zenith) is 780 km. Thus, the power dynamic range of the system
consumed by compensation for range to the satellite is 20 log(2325f7680) =9.5 dB.

Since the totaf power dynamic range of the uplink transmitter Is +12 dBW • (..22.3 dBW) =
34.3 dB (from Motorola system summary table dated 815194), the remaining 24.8 dB after
the range compensation value Is subtracted is for rain compensation at 10 degrees
elevation.

For a slant path through rain at an elevation angle of 11.9 degrees. the length of the path
through rain is 84 percent of the length of the path through rain at 10 degrees elevation.
ConsequenUy, 16 percent of the power margin Is "excess." In other words, wfth only 0.84
X 24.8 dB = 20.8 dB for needed for rain compensation, operation at 11.9 degrees
produces the same gateway link availability as the system has at 10 degrees elevation with
24.8 dB for rain compensatiOM. Thus, 4.0 dB of the system power margin is available for
compensation of other link degradation effects. That Is, at full power, the link C/(N+I) Is 4
dB larger than Motorola requires.

This does not even account for the additional "free-space" margin at the higher elevation
angle, which would prodUce additional margin. Likewise, earth curvature is not considered.
which would al50 produce an additional, although small, margin as the elevation angle
increases from 10 degrees to 11.Q degrees. At 40 degrQe~ north elevation, the freazing­
point Isotherm In the atmosphere Is at about 4 km altitUde for an assumed 99.99%
2vailability. This isotherm level yields a slant path range through the rain of 19.4 km for the
11.9 degree elevation angle-short enough that earth curvature need not be considered.



Result:

Since the "extra" 4 dB of margin 16 not needed to compensate for rain loss or range, the
interference-tcrnolse can be as high as + 0.6 dB (as opposed to the ·13 dB value cited by
Motorola for system operation at a minimum elevation angle of 10 degrees). Viewed
another way, when the interference is 0.6 dB. higher than the interference (as opposed to
13 dB below the Interference level wtth an lIN of -13 dB), the combined noise and
interference would be 4 dB above the -197.5 dBWIHz noise level in the satellite receiver.
Then, WIth the "extra" 4 dB of margin derIVed from operating at or above an elevation angle
of 11.9 degrees, which Is not n..ded for rain or range compensation, the desired
operating point for the Motorola satellite receIVer Is maintained.

Conclusion:

For gateway operation at a mid-CONUS latitude, lIN of +0.6 dB against LMDS Interference
is sufficient to produce the gateway link availability that Motorola states ~ needs. This
conclusion is ba$8d on consideration of gateway elevation angle, levels of potential
interference from LMDS, and the availability design of IRIDIUM to get a true picture of
LMDS impact on IRIDIUM feeder link operations.



Total power spectral density is dependent only on Maximum EIRP (EIRP at the
cell periphery) assuming uniform housing density
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(km)R. 6600
(km)h - 780

B a
ElevatIOn Angle. deg Sat Angle. deg Slant Range. km SmaxiS. dB

0 63.4198 3302.1811 0
1 63.4024 3189.0035 0.30
2 63.3501 3079.8680 0.61
3 63.2633 2974.7804 0.91
4 63.1422 2873.7281 1.21
5 62.9873 2776.6801 1.51
6 62.7992 2683.5889 1.80
7 62.5785 2594.3914 2.10
8 62.3261 2509.0106 2.39
9 62.0429 2427.3575 2.67

10 61.7296 2349.3325 2.96
11 61.3874 2274.8275 3.24
12 61.0173 2203.7275 3.51
13 60.6203 2135.9122 3.78
14 60.1975 2071.2579 4.05
15 59.7501 2009.6387 4.31
16 59.2790 1950.9277 4.57
17 58.7854 1894.9986 4.82
18 58.2703 1841.7260 5.07
19 57.7347 1790.9669 5.31
20 57.1798 1742.6611 5.55
21 56.6064 1696.6314 5.78
22 56.0155 1652.7849 6.01 •23 55.4080 1611.0123 6.23
24 54.7848 1571.2091 6.45
25 54.1467 1533.2750 6.66
26 53.4945 1497.1141 6.87
27 52.8289 1462.6354 7.07
28 52.1508 1429.7521 7.27
29 51.4606 1398.3820 7.46
30 50.7592 1388.4473 7.65
31 50.0471 1339.8741 7.83
32 49.3248 1312.5928 8.01
33 48.5930 1286.5376 8.19
34 47.8522 1261.6463 8.36
35 47.1027 1237.8606 8.52
36 46.3451 1215.1251 8.68
37 45.5799 1193.3881 8.84
38 44.8073 1172.6004 8.99
39 44.0279 1152.7160 9.14
40 43.2419 1133.6917 9.29
41 42.4498 1115.4685 9.43
42 41.6517 1098.0621 9.56
43 40.8481 1081.3823 9.70
44 40.0392 1065.4131 9.83
45 39.2253 1050.1224 9.95
46 38.4067 1035.4803 10.07
47 37.5835 1021.4582 10.19
48 36.7581 1008.0294 10.31
49 35.9246 995.1690 10.42
50 35.0892 982.8530 10.53
51 34.2501 971.0593 10.63
52 33.4076 959.7689 10.73
53 32.5618 948.9559 10.83
54 31.7128 938.6078 10.93
55 30.8608 928.7049 11.02
56 30.0060 919.2308 11.11
57 29.1485 910.1698 11.19
58 28.2885 901.5073 11.28
59 27.4260 893.2294 11.36
60 26.5613 885.3232 11.43
61 25.6943 877.7762 11.51
62 24.8253 870.5770 11.58
63 23.9543 883.7148 11.85
64 23.0814 857.1792 11.71
65 22.2066 850.9607 11.78
66 21.3306 845.0501 11.84
67 20.4527 839.4391 11.90
66 19.5734 834.1195 11.95
69 18.6927 829.0840 12.00
70 17.8106 824.3256 12.05
71 16.9273 819.8376 12.10
72 16.0429 815.6140 12.15 •73 15.1573 811.6490 12.19
74 14.2708 807.9373 12.23
75 13.3833 804.4740 12.27
76 12.4949 801.2546 12.30
77 11.6057 798.2747 12.33
78 10.7158 795.5305 12.36
79 9.8252 793.0186 12.39
80 8.9339 790.7356 12.42
81 8.0421 768.6786 12.44
82 7.1498 786.8450 12.46
83 6.2570 785.2325 12.48
84 5.3639 783.8391 12.49
85 4.4704 782.6630 12.50
86 3.5767 781.7027 12.52
87 2.6627 780.9571 12.52
86 1.7885 780.4252 12.53
89 0.8943 780.1063 12.53
90 0.0009 780.0000 12.53



ATTACHMENT I

Effects of 5% Interference Allocation

The noise temperature for Iridium satellite receiver is stated to be 1295 degrees K. The interference
criteria is 5% for single service or 10% for all services (WG2/6). The required Eb/(No+lo) is 7.7 dB.
These values together with the information data rate were used to calculate the receiver sensitivity.

Allowable interference based on 5 and 10% noise temperature contnbution.
Parameter
Noise Temperature
Interference (10)
Total No+lo
10LOG(KT)
Required Eb/(No + 10)
Receiver Sensitivity (Eb)

Units
degreesK
degreesK
degreesK
dB
dB
dBWIHz

No Interference
1295

o
1295
-197.5

7.7
-189.8

5% Interference
1295

65 (-210 dBW)
1360
-197.3

7.7
-189.6

10% Interference
1295

129 (-207.5 dBW)
1424
-197.1

7.7
-189.4

The signal degradation due to 5% added system temperature is 0.2 dB. Figure 1 indicates how increased
signal power compensates for increased interference. The bit error rate requirement for Eb/(NO+lo)= 7.7
dB is held constant.

-190-195-210 -205 -200
10 (dBW/Hz)

-215

/
V

/

V
V Receiver No I

---- 'V-190

-220

-188

-180

:::-
:0 -184

~
m
~
..Q -186
w

-182

Figure 1 Required Signal Level VS Interference for Eb/(NO+lo)=7.7 dB

Summary:
• An interference of -210 dBWIHz (5% ofTs) results in a 0.2 dB power change.
• An interference of ·207 dBWIHz (10% ofTs) results in 0.4 dB power change.
• An interference of ·200 dBWIHz (10 dB increase in interference) results in 1.7 dB power change.

Conclusions:
• Only 1.7 dB power increase returns satellite to design criteria for interference levels ofup to -200

dBWIHz

• The 30 dB interference problem proposed by Motorola 2 November 1995 does not exist.



ATTACHMENT J

Effect of Satellite Power Control at Minimum Range (Overhead)

Aggregrate sidelobe power from LMDS CPE transmissions is small when the satellite is at short range
because the satellite footprint size is smaller at higher satellite elevations. At minimum range, the
footprint is 75 kID x 75 kID for an area of 5625 sq-km. Compared to the maximum footprint area of
800,000 sq-km, this represents an area reduction of0.007 which reduces the number of subscribers
accordingly. The equivalent CPE sidelobe energy is reduced -21.5 dB. Satellite power would be reduced
from maximum range of 2747 km to 780 km, or -10.9 dB. Therefore, return link sidelobe energy is
reduced more than the satellite uplink power is reduced by power control.

Main beam coupling would occur ifCPE antenna is mispointed and temporarily aligns with the satellite
main beam. At minimum range, the satellite uplink is at minimum power. Table A shows the satellite
link with a 3 dB margin at minimum range. An LMDS CPE transmission main beam is compared in the
last column. The increase in No+lo is from -197.1 dBWIHz to -196.4 dBWIHz, or an increase of 0.7 dB.
With a normal margin of 3 dB, this would require 0.2 dB additional uplink power.

Table A
Elev 90deg Elev 90deg

Parameters Units Iridium Clear LMDS Clear

Frequency GHz 29.2 29.2
Transmit Power dBW -26.8 -14.0
Antenna Gain dB 56.3 34
Losses dB -1.3
EIRP dBWi 28.2 20.0

Range Km 780 780
Space Loss dB -179.5 -179.5
Propagation Loss dB -0.2 -0.2
Polarization Loss dB -0.2 -3
TOTAL LOSS dB -179.9 -182.7

Receive Sig Strength dBW -151.7 -162.7
Pointing Loss dB -0.8 -0.8
Antenna Gain dB 31.1 31.1
RECEIVED SIG POWER dBW -121.4 -132.4

Received Eb (3.125 Mbps) dBWlbit -186.3
Received 10 (2.5 MHz) dBWIHz -196.4

Tn degK 1295 1295
10 (degrees) degK 129 1649
No + 10 (power Density) dBWIHz -197.1 -193.9
Match BW (3.125 Mbps) dB 64.9 64.9
No+lo IN SV MATCHED BW dBWIHz -132.1 -129.0

Link Eb/(No+lo) dB 10.7 7.5
Required Eb/(No+lo) dB 7.7 7.7
SVMargin dB 3.0 -0.2



Conclusions

• The aggregate sidelobe power from CPE return link transmissions reduce more than the SV power
during power control at minimum range.

• At 90 degrees elevation, a CPE transmitter with maximum rule power increase that results in main
beam coupling only has 0.2 dB Eb/(nO+lo) and does not significantly degrade satellite bit error
performance, IE-7 to 2E-7.
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Total power spectra! density is dependent only on Maximum EIRP (EIRP at
the cell periphery) assuming uniform housing density
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Composite CPE Tx Sarellite Interference Potential at 6-15 Degrees Elevation
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~~-------------- -------

(:alculation of Total EIRP

Equivalent Power per Antenna Sector =

lOLog(S) -f lOLog(S('clor Beanmidth) - lOLog(:360) -I- (Avg EIHP/CPE)

--------- -



Demographic Oat. 1&NorlheastlMld-Atlantlc States

z Column A Column B0
c 1 Population mllians 75 75
N 2 SLlface Area sq·km 825,700 825,700
-.J 3 Households millions 25 25
ill 4 Household Density Ht-Vsq.km 30 30
Ul 5 Dwelling Units millions 25 ~~-- NoteA.
- 6 Sullable for LMDS % 80% 50% ~ Note B.
N 7 Take % 25% 25%"
lSI 8 Total Subscribers 5,000,000 2,500,000m

9 SubscribersIMHz 11150 33,333 16,667
10 Peak Demand % 25%
11 Averagf' Demand % ~~-- Notse.
12 # Active CPEs ~kblts/s 8,333 1,667
13 Modulation Efficiency 1 CID~ Note D.
14 NetAcUveCPEs 533 71
15 Circuit Efficiency % 60% 60%
16 Active CPEs 889 119
17 Active CPEslsq-km 0.001077 0,000144

Column -A-'OOlmarizeslhe numbers used in previous analysis and was generated to represent a
"worse" case scenario,

Column "810 represents a more realstlc scenario. It would be appropriate to appty a distributiOn to the
final result to acco..,t for the effects of non·uniform CPE Tx densltlel Ind the effects of varying
demand.

-u
D
G)
m

Not••:
A. Number of hou.eholdalnclude thole In mullple dwelling units (MDUs), theae houaholds would

not have 1 CPE per houshold. individual dwePing units are a bitter Indicatfon of the number of
possible subscribers.

B. LMOS will not be economically viable In 8/1 geographic areas due to the need for Jine.of-sight or
near"' Une-of·slghl conditions. The dendy of trees, buidings of different heights, mountains, etc.
will affect the suitability of a given area. Housing density wtll al80 affect the economic viabllty
of LMDS as a delivefy system versus other alternatives. The percenl suitable for LMOS will vary
from region to region.

C. Peak demand will acc~ for only short periods of time. Average demand Is a belter measure tor
calculating average EIRP.

D. This reflects the use of QPSK modulation which has a typical modulation efficiency of at least
1.5 bHs per Hz.

.
lSI
lSI
-.J

D.Gray Hewlett-Packard Company 11/27/95
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D ~0 rc

N
Northeast South Midwest WBt U.S. Total-,J

~ 1 Population millions 58.93 78.83 59.83 53.66 251.25
lD

2 Surface Area sq-km 515,434 2,171,282 1,950.893 4,543.136 9,180,745U1

- 3 Households mUlions 21.79 28.98 22.12 19.84 92.73
N

4 Household Density HH/sq-km 42 13 11 4 10...
lSI

5 Dwelling Units millions 17.43 23.18 17.70 15.87 74.18m

6 Suitable for LMDS % 600,4 30% 70% 70% ~ 53%
7 Take % 25% 25% 25% 25% 25%
8 Total Subscribers 2,179,000 1,738,800 3,096.800 2,777,600 9,792,200
9 Subscribers/MHz 1/150 14,527 11,592 20.645 18,517 65,281

10 Average Demand % 10% 10% 10°A. 10% 10%
11 # Active CPEs @64kbitsls 1,453 1,159 2.065 1,852 6,528
12 Modulation Efficiency 1.5 1.5 1.5 1.5 1.5
13 Net Active CPEs 62 49 88 79 279
14 Circuit Efficiency % 60% 60% 60% 60% 60%
15 Active CPEs 103 82 147 132 464
16 Active CPEslsq-km 0.0002 0.000038 0.000075 0.000029 0.000051

Source: 1992 Rand-McNaRy Commercial Atlas
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EIRP per Hub It 0 Pet...... Elevatton 11 Nor1belatlMld-AtlAnUc Stat••

Equitl. PM EquN. Pwr Eq"v. Pwr EqUN. PM Tot. EquN.
Region 2

z Au'vI ToUI Total Antenna ArNof1& PSAD EIRP Spec
0 CPE', Ant. sect 1 Ant. sect 2 Ant Sect 3 Ant. sect 4 EIRP ElRP 8RP PoIadza· Blocking NE State, dBWlMHzI dBWlMHlJc S dBWlUHl dBWIMHl dBWIMHz dBWMHz dBWlMHz dBWIMHz dBWlttz lion In dB In dB sq-llnl <U sq·kl'l
N <iID -2.' -1.6 ·12.0 ·13.4 ~.21 20.47 ·39.13 -3.00 -3.00 82&,100 M.I 0025
-J 200 -2.8 -5.6 -12.0 ·13.4 ·0.28 22.73 -37.27 ..3.00 -3.00 825,700 ·42.44 -25

300 -2.8 ·5.8 ·12.0 ·13.4 -G.28 24.49 -35.51 -3.00 -3.00 825,700 ·40.88 -25
to 400 -2.8 ·5.8 ·12.0 ·t3.4 -0.28 25.74 -34.28 ..3.00 -3.00 825,700 -39.43 -25Ul

500 -2.8 -5.6 -12.0 ·13.4 -0.28 26.71 -33.29 -3.00 -3.00 825.700 -38.48 -25
N

600 -2.8 -5.6 ·12.0 -13.4 -0.28 27.50 ·32.50 -3.00 -3.00 825,700 -37.67 -25.. 700 -2.8 -5.6 -12.0 -13.4 -0.28 28.17 -31.83 -3.00 ·3.00 825,700 -37.00 ·25
IS) 800 -2.8 -5.6 -12.0 ·13.4 -0.28 28.75 -31.25 -3.00 ·3.00 825,700 ..J8.42 ·25ro

900 -2.8 -5.8 ·12.0 -13.4 -0.28 29.26 -30.74 -3.00 ·3.00 825.700 -35.91 -25
1000 -2.6 -5.6 ·12.0 -13.4 -0.28 29.72 -30.28 -3.00 -3.00 825,700 -35.45 -25

EIRP per Hub .t 7.5 oeg..... elevation
Region 2

Aclve Equiv. PM EqulY. Pwr EquJv. Pwr EqulY. Pwr Tot. Equtv. ToUI ToUI Antenna ArNof1' PSAD EIRP Spec
CPFs Ant sect 1 Ant sect 2 Ant. sect 3 Ant. Sect 4 EIRP EIRP EIRP PoIaIIza- Blocking NE StaleS cl!lWlMHzI dBWlMHzI

S dBWlMHl dBWIMHl dSWIMHz dBWIIIHr dBWlMHz dBWlMHz dBWIHz tlon In dB In dB sq-knl sq-llm sq-llm
<TID .... ·13." ....23 12.13 -47.Q -3.00 0.00 125,700 § -41

200 -9.8 ·13.4 ~.2S 14.78 -45.22 ..3.00 0.00 825,700 ·46
275 -9.' ·13.4 ....23 18.17 -43.13 -3.00 0.00 821.700 .....00 -41
400 -e.6 -13.4 -8.2S 17.79 ·42.21 -3.00 0.00 825,700 ~4.38 ·46
SOO -9.8 ·13.... -8.23 18.78 -41.24 -3.00 0.00 825,700 -43.41 -<16
600 -9.8 -13.4 -8.23 19.55 ·"0.45 -3.00 0.00 825,700 ~2.e1 -46
700 -e.8 ·134 -8.23 20.22 -38.78 -3.00 0.00 825.700 ~1.94 .<16
800 -e.8 ·13.• -8.23 20.80 -38.20 -3.00 000 825,700 -41.36 -46
900 -S.8 -13.4 -8.23 21.31 -38.89 ·3.00 0.00 825,700 -40.85 -48
1000 -S.8 -13.• ·8.23 21.77 -38.23 .300 0.00 825.700 -40.40 -46

EIRP ptr Hub at 90 Degree. Eleyatlon
Region 2

AcllM EqulY. Pwr EqulY. Pwr Equlv. Pwr EqulY. Pwr Tot. Equiv. ToUI ToUI Antenna ArHot1. PSAD EIRP Spec
CPE'I Ant. Sect 1 Ant sect 2 Ant. sect 3 Ant. sect 4 EIRP EIRP EIRP PoIarlza- BlOCking NE States dBWlMHzI dBWIMHzI

S dBWlMHl dBWIMHz dBWIMHz dBWlMHz dBWlMHz dBWIMHz dBWlttz lion In dB In dB sq·krI sq.km Iq-llm

<lID ·13.0 ·13.00 7.78 ·52.2" -3.00 0.00 821,700 -54.41 -47
200 . -13.0 ·'3.00 10.01 -49.99 -3.00 0.00 825,700 -52.18 ·47
300 -13.0 ·13.00 11.77 -48.23 ·3.00 0.00 825,700 -50.40 -47
400 -13.0 -13.00 13.02 ~8.98 -3.00 0.00 825,700 -49.15 -c
500 -13.0 ·13.00 13.99 -46.01 ·3.00 0.00 825,700 ~8.18 ·47
1&6 ·13.0 .13.00 11.17 -44.13 -3.00 0.00 826,700 -47.00 . -47

700 -13.0 ·13.00 15.45 -44.55 -3.00 0.00 825,700 -48.72 -47
800 -13.0 ·13.00 16.03 -43.97 ·3.00 0.00 825,700 -48.14 -47
900 -13.0 -1S.00 16.54 ·43.48 -3.00 0.00 825,700 -45.63 -47
1000 -13.0 ·13.00 17.00 ·43.00 -3.00 000 825.700 -45.17 -47
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EIRP IHtf Hub at 0 Dear... Elevation Northult a. defined In Rlnd-McNlUy Commercial AIIaI
Region I

z AcGve EquIV. PM Equtv. PM Equiv. Pwr EquIY. Pwr Tot. Equlv. To'" TotAII Antenn. Ar•• PSAD EIRP Spec
0 CPFs Ant. sect t Ant. sect 2 Ant sect 3 Ant. Sect 4 EIRP EtRP EIRP Potarlza· BIocIdng In dBWlMHzI dBWIMHZI
c S dB~Hl dB~Hl d~Hl dB~Hz d~Hl dB¥WMHl dBWItU don In dB In dB Iq·km

~
sq-kl1l

N dID -2.8 -5.8 ·12.0 ·13.4 ~.28 ".11 ....0.16 -3.00 ·3.00 515,434 3. ·26
-J 200 ·2.8 ·5.6 -12.0 ·13.4 ·0.28 22.73 -37.27 -3.00 -3.00 515,434 -40.39 ·25

300 -2.8 ·5.8 -12.0 ·13.4 ·0.28 24.48 ·35.51 -3.00 ·3.00 515,434 ·38.83 ·25
(J) 400 ·2.8 -5.8 ·12.0 ·13.4 ·0.28 25.74 -34.28 ·3.00 ·3.00 515.434 ·37.38 -25
U1 500 -2.6 ·5.8 -12.0 ·13.4 -0.28 28.71 ·33.29 -3.00 ·3.00 515,434 ·36.41 ·25

800 -2.6 ·5.8 ·12.0 ·13.4 -0.28 27.50 ·32.50 -3.00 ·3.00 515,434 ·35.62 ·25
N 700 ·2.8 -5.6 -12.0 ·13.4 -0.28 28.17 ·31.83 ·3.00 -3.00 515,434 ·34.95 ·25..
(S) 800 ·2.8 -5.8 ·12.0 ·13.4 -0.28 28.75 ·31.25 -3.00 ·3.00 515,434 -34.37 -25
(J) 900 ·2.8 -5.8 ·12.0 -13." -0.28 29.26 -30.74 -3.00 ·3.00 515,434 -33.86 -25

1000 ·2.6 ·5.8 -12.0 -13.4 -0.28 29.72 -30.28 -3.00 -3.00 515.434 ·33.40 ·25

EIRP per Hub ,t 7.5 Degree. EltuUon
Region 2

Active Equlv. PM EquIv. Pwr EquIY. PM EquIY. PM Tot Equlv. TotlII Total Anlenna ArN PSAD E1RPSpec
CPE's Ani. sect 1 Ant sect 2 Ant Beet 3 Ant sect 4 EtRP EIRP EIRP PoIarlz.- BlockIng In dBWIMHzI dBWIIIHzl

S dBWIMHz dBWIMHl dBWIIIHz dBWJIIIHz dBWlMHz dBWlMHz dBWIHl don In dB In dB sq-ktn
~

aq-kll'l

T ,'.8 -13." ".23 11.10 ......10 .3.00 0.00 115,434 -48
".8 -13.4 ....23 14.13 -41.87 -3.00 0.00 511,434 -46.• ....

300 -8.8 -13.4 -8.23 16.54 ....3.48 -3.00 0.00 515.434 -43.58 -48
400 ·8.8 ·13.4 -8.23 17.79 ....2.21 -3.00 0.00 515,434 -42.33 ·48
500 ·8.8 -13.4 -8.23 18.78 ....1.24 ·3.00 0.00 515.434 ·41.38 -48
600 -8.8 ·13.4 -8.23 18.55 ....0.45 -3.00 0.00 515,434 -40.57 -48
700 -9.8 ·13.4 -8.23 20.22 ·39.78 -3.00 0.00 515.434 -39.90 -48
800 -8.8 -13.4 -8.23 20.80 -39.20 -3.00 0.00 515,434 -39.32 ·46
900 ·9.8 ·13.4 -8.23 21.31 -38.89 ·3.00 0.00 515.434 -38.81 ·48
'000 ·9.8 -13.4 -8.23 21.77 ·38,23 -3.00 0.00 515.434 -38.35 -46

EIRP per Hub ,t 90 Dlgreu Elev'tIon
Region a

ActIve EqUlv. Pwr Equtv. Pwr Equiv. Pwr Equiv. Pwr Tot. Equtw. 1ot11 TotII Antenna Ar.. PSAD EtRP8pec
CPE'I AnL leet t Ant. Sect 2 Ant. Beet 3 Ant. leet 4 ElRP ElRP EIRP PoIarlza- BIocIdng In dBWIMHzI dBWJIIIHzI

8 dBWlMHl dBWIMH1 dBWIIIHl dBWIIIHz dSWIMHz dBWIIIHz dBWlHl tIon tndB tndB aq-km ii sq-km

<;:> ·13.0 -13.00 7.13 -12.17 -3.00 0.00 stl,434 -47. ·13.0 -13.00 10.01 -49.98 ·3.00 0.00 515,434 . 1 -47
300 ·13.0 -13.00 11.77 -48.23 -3..00 0.00 515.434 ·48.35 ·47
409 ·13.1 -13.00 13.12 -48.18 -3.00 0.00 515,434 ..(7.00 -47
SOO ·13.0 -13.00 13.98 ....8.01 -3.00 0.00 515,434 -48.13 -47
600 -13.0 ·13.00 14.78 ....5.22 -3.00 0.00 515,434 -45.34 -47
700 ·13.0 ·13,00 15.45 ....4.55 -3.00 0.00 515.434 -44.87 ·47
BOO -13.0 -13.00 18.03 -43.97 -3,00 0.00 515,434 ....4.09 ·47
900 -13.0 -13.00 18.54 -43.48 -3.00 0.00 515.434 -43.58 -47
1000 -13.0 -13.00 17.00 -43.00 -3.00 0.00 515,434 -43.12 -47
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EIBP per Hub .t 0 Dum. Elevation SOuth U "flnedln Rand-McN.lly Commercial All••

EquIY. PM Equfv. PM EqllY. Pwr EqulY. Pwr Tot. EquIY.
Region 1

z ActIH ToCaI Total Antenaa Area PSAD EIRP Spec
0 CPE'I Ant sect 1 Ant. 81c12 Ant. sect 3 Ant. a.et .. EIRP EIRP EIRP Pol_au. 8IocIdng In dBWlMHzI d8W1MHIIc 8 dBWIIlIHl dBWIMHz dBWIMHz. cllWlMHz dBWlMHz dBWIIIHz dBWlHz lion In dB lndB Iq-km sq-kln sq-km
N e:uP -2.' .a.' ·12.0 ·13." .0.21 11.18 "'1.14 -3.00 -3.00 2,171,212 <§> -23

" ·2.8 ·5.6 -12.0 ·13.4 -0.28 22.73 -37.27 -3.00 -3.00 2,171,282 ·23
300 -2.6 -5.6 -12.0 ·13.4 ·0.28 24.48 ·35.51 ~.OO -3.00 2,171,282 -44.88 ·23

Ul 400 -2.6 ·5.6 -12.0 ·134 -0.28 25.74 ·34.26 ~.OO -3.00 2,171,282 -43.63 ·23Ul 500 -2.8 ·5.8 -12.0 ·13.4 ·0.28 28.71 ·33.29 -3.00 -3.00 2,171,282 -42.86 -23
800 -2.6 -5.8 -12.0 -13." ·0.28 27.50 -32.50 -3.00 -3.00 2,171,282 ·41.87 ·23N 100 -2.6 -5.8 -12.0 ·13.4 -0.28 28.17 -31.83 -3.00 -3.00 2,171.282 -41.20 ·23
800 -2.8 -5.6 -12.0 ·13.4 -0.28 28.75 ·31.25 -3.00 -3.00 2,171,282 ·40.62 ·23

IS) 900 -2.8 ·5.6 -12.0 ·13." -0.28 29.28 ·30.74 ·3.00 -3.00 2,171,282 ·40.11 ·23
1000 -2.6 -5.8 -12.0 -13.4 -0.28 29.72 ·3028 -3.00 -3.00 2,171,282 ·39.85 -23

EIRP 1M' Hub at 7.5 Deg,., Elev.tfon
RegIon 1

Active Equlv. PM EquIY. PM Equiv. Pwr Equlv. Pwr Tot. Equlv. ToIIII Tobll AntenM Area PSAD EIRPSpec
CPFs Ant. Sect 1 Ant. sect 2 Ant. sect 3 Ant. sect 4 ElRP EIRP ElRP PoIarlz.- Blocking In dBWIMHII dBWlMHzI

S dBWTMHz dBWlMHz dBWIMHz dBWIMHz dBWIIIHz dBWlMHz dBWIHz don In dB In dB sq-km 3 sq-kra

e:uP •••• -13.4 ".23 10." .....08 -3.00 0.00 2,171,212 5.4 ...4
-9.8 -13." -8.23 14.78 -45.22 -3.00 0.00 2,171,282 -51.58 -.c4

300 -9.8 -13.~ -8.23 18.54 -43.~8 -3.00 0.00 2,171,282 ....9.82 -44
400 -9.8 -13.~ -8.23 17.79 -.c2.21 -3.00 0.00 2,171,282 -48.57 -44
500 -9.8 -13.<4 -8.23 18.78 -41.24 -300 0.00 2,'71,282 -47.80 -.c4
600 ..g.8 -13." -8.23 19.55 -40.45 -3.00 0.00 2,171,282 -46.8' -44
700 -9.8 -13.4 -8.23 20.22 -39.78 -3.00 0.00 2,171,282 -46.14 -.c4
800 -9.8 -13." -8.23 20.80 -39.20 -3.00 0.00 2,171,282 -45.56 -44
900 -9.8 -13." -8.23 21.31 -38.89 -3.00 0.00 2,17',282 -45.05 -44
1000 -9.8 -13.4 -8.23 21.n -38.23 -3.00 0.00 2.171,282 -44.59 -44

ElRP per Hub .t 90 Peg,", EleV'tIon
Region 1

ActIv. Equlv. Pwr Equlv. PM' EquIY. Pwr EquIY. Pwr Tot. Equlv. TOCII TotIII Antenn. Ar•• PSAD EIRP 8pec
CPE'. Ant. sect 1 Ant. Sect 2 Ant 8ect 3 Ant. sect .. 8RP EIRP EIRP PoWIza. BIocldng In dBWlMHzI dBW1MHrI

8 dBWIMttz dBwtUHl dBWIMHz dBWIMHz d8WJMHz dBWIIIHl dBWIHZ tlon In dB tndB sq-km sq-km aq.km

T -13.0 -13.00 6.14 -53.16 -3.00 0.00 2,111,212
~

-45
-13.0 -13.00 10.1" -48.88 -3.00 0.00 2,171,282 ~S

300 -13.0 -13.00 11.77 -48.23 -3.00 0.00 2,171,282 -54.80 -45
400 -13.0 -13.00 13.02 -46.98 -3.00 0.00 2.171.282 -53.35 -45
500 -13.0 -13.00 13.99 -46.01 -3.00 0.00 2,171.282 -52.38 -45
800 -13.0 -13.00 14.78 -45.22 ·3.00 0.00 2,171,282 -51.59 ·45
700 -13.0 -13.00 15.045 -44.55 -3.00 0.00 2,171,282 -SO.92 ...5
800 -13.0 -13.00 16.03 -43.97 -3.00 0.00 2,171,282 -50.34 ...5
900 -13.0 -13.00 18.54 -43.46 -3.00 0.00 2,171,282 -49.82 -45
1000 -13.0 -13.00 17.00 -43.00 -3.00 0.00 2,171,282 -49.37 -45
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ElBP per Hub at 0 Degrna Eltvatlon Mldwllt .1 defined In Rand-McNally Commerctal AUII
Region 2

z Aclv. EquIY. Pwr EquIY. PM EquIY. Pwr EquiV. PwI Tot. EquIY. Total Total Antenna ArM PSAD EIRP.pee
0 CPE'. Ant. 8ect 1 Ai'll &eot 2 Antlect S Anl Stet 4 ElRP EtRP EIRP ParID- Blocking In dBWlMHzI dBWlMHlJ
c S dBWIMHz dBWlMHz dBWlMHz dBWlMHl dBWlMHt dBWlMHz dBWIHz Ion In dB In dB sq-km sq·krI sq-km
N 100 -2.8 -5.6 -12.0 -13.4 -0.28 19.12 -40.28 ·3.00 -3.00 1.950,893 ·49.18 -25

"" ~ ·2.• -&•• ·12.0 -13.4 ~U. 21.39 -31.81 -3.00 -3.00 1,960,'93
~

-25
-2.6 -5.6 ·12.0 -13.4 -0.28 24.49 -35.51 -3.00 -3.00 1,950,893 -25

(D 400 -2.6 ..s.6 -12.0 -13.4 ~.28 25.74 -34.26 -3.00 ·3.00 1,950,893 -43.16 -25
UI

500 -2.6 -5.6 ·12.0 -13.4 ·0.28 26.71 ·33.29 -3.00 -3.00 1,950,893 .....2.19 ·25
600 -2.8 -5.8 -12.0 ·13.4 -0.28 27.50 -32.50 -3.00 -3.00 1,950,893 -.41.40 ·25

N
700 -2.6 ·58 -12.0 ·13.4 -0.28 28.11 -31.83 -3.00 -3.00 1,950.893 .....0.73 ·25
800 ·2.8 -5.8 -12.0 -13.4 -0.28 28.75 ·31.25 -3.00 -3.00 1,950,893. -40.15 ·25

lSI 900 -2.8 -5.6 -12.0 ·13.4 -0.28 29.28 -30.74 ·3.00 -3.00 1,950,893 -39.64 -25
10DO ·2.8 ..s.6 -12.0 ·13.4 -0.28 29.72 -30.28 ·3.00 -3.00 1,950,893 -39.18 ·25

EJRP per Hub It 7,5 oe,ee. ElIVaUon
Region 2

Active t::qul,. Pwr EquIv. Pwr EquIY. PM EquiV. Pwr Tot Equly. Tot8I ToIII Antenna Area PSAD EIRP8peC
CPE's Ant. sect 1 Ant. sect 2 Anl Beet 3 Ant. sect 4 EIRP EIRP EIRP Polariz. BIocIdng In dBWIMHzI dBWIMHzI

S dBWIMHL dBWIMHz dBWlMHz dBWIMHt dBWlMHz dBWlMH& dBWMz lion In dB IndB sq·llm sq-Iun Iq.ll..
100 -9.8 -13.4 ·8.23 11.n -48.23 -3.00 0.00 1,950,893 --54.13 -48

~
.... ·13.4 ".23 13."5 ·4'.15 -3.00 0.00 1,950,"3 @t> -41
·9.8 ·13." ·8.23 18.54 -43.46 -3.00 0.00 1,950,893 -49.38 -48

400 ·9.8 -13." -a.23 17.79 -42.21 -3.00 0.00 1,950,893 -48.11 -48
500 -9.8 ·13.4 -8.23 18.76 -41.24 -3.00 0.00 1.950.893 -47.14 -48
600 -8.8 ·13.4 ·8.23 19.55 -40.45 ·3.00 0.00 1,950,893 -48.35 -48
850 ~.. -13." ".23 1t.1O ..to.10 -3.00 0.00 1,'10,19' ...a.oo ....
800 -8.8 -13.4 -8.23 20.80 -39.20 ·3.00 0.00 1,850.893 ·45.10 ·46
900 ..g.8 -13.4 -8.23 21.31 ·38.69 -3.00 0.00 1,950,893 -44.59 ·46
'000 -8.a ·13.4 -8.23 21.77 ~.23 ·3.00 0.00 1,950,893 ·44.13 -48

EIRP RtF Hub at 90 Degree. EleY'Uon
Region 2

A.ctlve Equl'. Pwr EquIY. Pwr Equiv. Pwr Equly. PM Tot Equl'. Total Total Antenna Area PSAD ElRP8pec
CPE'I AnI. sect 1 Ant. Sect 2 Ant sect 3 Ant. sect 4 ElRP ElRP EtRP PoIarlz.· Blocking In dBWIIIHzI dBWIMHzI

S dBWIMHz dBWlMH& dBWIMHz dBWlMHz. dBWIIIHz dBWlMHz dBWIHz tlon In dB IndB sq-lm sq-k11 sq·km
100 -13.0 -13.00 7.00 -53.00 -3.00 0.00 1.950,893 -58.90 -47

~
·13.0 ·13.00 '.87 -1'.33 -3.00 0.00 1,880,193

~
-47

-13.0 -13.00 11.17 -48.23 -3.00 0.00 1,950,893 -47
400 ·13.0 -13.00 13.02 -48.98 ·3.00 0.00 1,950,893 -52.88 -47
500 -13.0 ·13.00 13.99 ·48.01 -3.00 0.00 1.950,893 -51.91 -41
600 -13.0 -13.00 14.78 -45.22 -3.00 0.00 ',950,893 -51.12 ·047
700 -13.0 ·13.00 15.45 -44.55 ·3.00 0.00 1,950,893 -50.45 -47
800 -13.0 ·13.00 18.03 -43.97 -3.00 0.00 1,950,893 -.49.87 -47
900 -13.0 ·13.00 16.54 -43.46 -3.00 0.00 1.950,893 -49.36 -47
1000 -13.0 -13.00 17.00 -43.00 -3.00 0.00 1.950,893 -48.90 -47
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EIRP HI' Hub__t 0 oea..... Elevation Wnt I. deflntclln R.ncI·McNaIy COrnmtn;1a1 Atlal
Reg. 1.4,'

z Actlvi Equlv. PM Equiv. Pwr EquIY. Pwr Equiv. Pwr Tot. Equlv. Total Total Antenna ArM PSAD EIRP Spec
0 CPE'. Ant Sect 1 AnL 8eot 2 Ant BedaAnt Beet 4 EIRP ElRP EIRP PoilrIza- Blocking In dBWIMHzI dBWlMHZIc

S dBWlMHz dBWlMHz dBWIMHz dBWlMHz d8W111Hz dBWIMHz d8WIHz Ion Ind8 In dB aq.tun sq-km sq-km
N 100 -2.6 -5.6 -12.0 -13.4 -0.28 19.72 -40.28 -3.00 --3.00 4.543,136 -52.88 -28-J

~
·2.6 -5.6 -12.0 -13.4 -0.28 20.92 -39.08 -3.00 -3.00 4,543,136

~
·28

-2.6 -5.8 -12.0 -13.4 -0.28 24.49 -35.51 -3.00 -3.00 4,543,136 -26w
400 -28 -5.8 -12.0 -13.4 -0.28 25.14 -34.28 -3.00 -3.00 4,543,136 ~.83 -28In
500 -2.6 -5.6 -12.0 -13.4 -0.28 28.71 -33.29 -3.00 -3.00 4.543.136 -45.87 -26

N 600 -2.8 -5..6 -12.0 -13.4 -0.28 27.50 -32.50 -3.00 -3.00 4,543,136 -45.07 -28
700 -2.6 -5.6 -12.0 -13.4 -0.28 28.17 -31.83 -3.00 -3.00 4.543,'36 -44.40 -26
800 -2.6 -5.6 -12.0 -13.4 -0.28 28.75 -31.25 -3.00 -3.00 ".543,136 -43.82 -26
900 -2.6 -5.6 -12.0 ·13.4 -0.28 29.26 -30.74 -3.00 -3.00 4,543,136 -43.31 -28
1000 -2.6 -5.8 ·12.0 -13.4 -0.28 29.72 -3O.2B -3.00 -3.00 4.543.138 -42.86 -28

EIRP per Hub at 7.5 Degreel ElevlUon
Reg. 3,4,6

Active Equlv. Pwr Equiv. Pwr Equlv. Pwr Equiv. PM Tot. Equlv. Total Tolil AnlenM Ar.. PSAD ElRPSpec
CPE". Ant. sect 1 Ant. &eet 2 Ant Beet S Ant Beet .. EIRP BRP EIRP PoIlflza- Blocking In dBWlMHzI dBWIIIHZI

5 dBWlUHz d8W111Hz dBWIMHz dBWlMHz dBWlUHz dBWlMHz dBWIHz lion In dB In dB sq-km sq-kl1l sq-km
100 -8.8 -13.4 -8.23 11.77 -48.23 -3.00 0.00 4,543,136 -57.80 -47

~
.... -13.4 -1.23 12." ....7.02 -3.00 0.00 4,643,136 § ....-r
-8.8 -13.4 -B.23 16.54 -43.46 -3.00 0.00 4,543,136 -47

400 -9.8 -13.4 -8.23 17.79 -42.21 -3.00 0.00 4,543,136 -51.78 -47
500 -8.8 -13.4 -8.23 18.78 -41.24 -3.00 0.00 4.543,136 -50.81 -47
600 -9.8 -13.4 -8.23 19.55 -40.45 -3.00 0.00 4,543,136 -50.02 -47
700 -9.8 -13.4 -8.23 20.22 -39.78 -3.00 0.00 4,543,136 -49.35 -47
800 -8.8 -13.4 -8.23 20.80 -38.20 -3.00 0.00 4,543,136 -48.77 ....7
900 -8.8 -13.4 -8.23 21.31 -38.89 -3.00 0.00 4,543,136 -48.26 -47
1000 -9.8 -13.4 -8.23 21.77 -38.23 -3.00 0.00 4,543,136 -47.80 -47

ElBf..per Hub at 10 PH..... Elevation
Reg. 3,4,1

ActI_. Equlv. PM Equlv. Pwr Equlv. Pwr Equlv. Pwr Tot. Equiv. Tot. Total Antenna Area PSAD ElRP Spec
CPE's Ani. sect 1 AnI. Bect 2 AnL sect 3 AnI. sect 4 ElRP EIRP BRP PoIerlza- BIocldng In dBWlMHzI dSWIIIHrI

8 d8WlMtiZ dBW/MHz dBWlMHz dBWIMHz dBWIMHz dBWIMHI dBWIHl. tlon In dB In dB sq-km sq-kll'l sq-km
100 -13.0 -13.00 7.00 -53.00 -3.00 0.00 4,543,138 -62.51 -48

~
·13.0 -13.00 8.21 -SUB -3.00 0.00 ".543,138 W -48
-13.0 ·13.00 11.77 -48.23 -3.00 0.00 ",543,136 -48

400 -13.0 -13.00 13.02 -48.98 -3.00 0.00 4,543,138 -58.55 -4B
SOD -13.0 -13.00 13.89 -48.01 -3.00 0.00 4,543,136 ..55.58 -48
600 -13.0 -13.00 14.78 a45.22 -3.00 0.00 4,543,138 -54.79 -48
700 -13.0 -13.00 15.45 -44.55 -3.00 0.00 4,543,138 -54.12 -48
800 -13.0 -13.00 18.03 -43.87 -3.00 0.00 4,543,136 -53.54 -48
900 -13.0 -13.00 18.54 -43.46 -3.00 0.00 4,543.136 --53.03 -48
1000 -13.0 -13.00 17.00 -43.00 -3.00 0.00 4,543,138 -52.51 -4B
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Transmitter EIRP Spectral Limit as per
Proposed Rule 21.1020 & 21.1021, 3rd NPRM with
Projected EIRP Levels for U.s. Regions
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Probability Distribution for Demand and Active
CPE Tx's in 30 Degree Sector
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