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Motivation

Presidential Memorandum to find 500 MHz
spectrum for wireless broadband

FCC and GMF Databases show assignments

Spectrum Surveys show activity levels



Equipment and Setup
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Algorithms

Swept-Spectrum Algorithm

o Used for most of the measured bands

Stepped-Spectrum Algorithm
o Dynamic Range adjustment on a frequency-by-frequency basis
o Measurement band stepping from frequency to frequency

o Sweep Time is set to rotation or sweep rate of radar.

FFT Algorithm

o Measurements using time-domain mode of spectrum analyzer
o Capture time ~ 200 ms

o Median of 5 traces saved to file to minimize impulsive noise

Azimuthal-Scanning Algorithm

o High-gain antenna used to scan space in azimuth.
o Data is captured point-2-point microwave bands .



Clock Plots

Cellular, LMR, and Misc (763 - 1000 MHz)

12:181%1\3/11 .,
11:27 PM. 12:16 PM. UM
11:20 PM. 12:38 PM.
0
12:00 A.M. ijig gﬁ
12:35 A M. 15 E.M.
10:46 PM. 1537 AN 12:27 AM.
10:43 PM. . RN 1:56 PM. (2)
10:00 PYL 10:48 AM. 12'5%:6‘9'%21\4. S\ PAT
10:19 A.M. 153 A M. 2:03PM.
9:19 PM. 2:14 AM.
9:07 PM. 927 AM. gfig ﬁ-ﬁ- b DM
g0 M. 8:59 AM. 305 AM.  3:09 PM.
8:25 PM. 8:50 A.M. 3:30/PM
8:24 F.M. 8:29 AM. 421 AM.  339pM 331 PM.
7:40 P.M. 7:13 AM. :
) 5:25 SAI& M.
4:46 PM.
6250 P.M. . P71
05 PM 5:43 PM.

.
7

30 PM

- -

9



Results

ibration Statistics

Cal

Narrow 1000 to 2000 MHz Data

Narrow 1000 to 2000 MHz data
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Results
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Percent Probability Distributions

Power
(dBm)

Frequency (MHz) - - ->
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Probability
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Results (143 — 149 MHz)

146
44 148
FIXED, MOBILE AMATEUR, AMATEUR-SATELLITE AMATEUR FIXED, MOBILE,
E Referenced to antenma mpul - adjusted for attenuation
S M-
-
= bl
50
S o
= 30
% 2
10
E o A =
7 :'_’O O B L e
= g | | | |
21 144 145 146 147 148 149
Data Spacing = 10,45 Mmutes
1000 | B e % 0 gah ! o . T ?. . ¥ v | P |
| ' s M ‘ . ¢
~ 800} . ; ’ t. : -;‘l‘ﬂﬁ !é\ ' * e ! e ."'. ; " -
. . '
8 ' ;&2 8 ¥ N e :
g 600 ' I e .: . P ’; o o . . * -
—— e ‘ . .
& LN } ) 0 - ¥y )
o 4001 . ! ’ ] I | °—
.E. . 2 .a 24 e G2 o
= 200 - i A * ’ s '0 o o e . |
d ' v o by ' s s 3 .
% lga g % e o é i (] ’
. ' o 8 . ! 1! A S )
143 144 145 146 7 148 149

Ficld Strength (dBuV/m)

Probability (legend), of exceeding power (y-axas) for a given frequency (x-axis)
Threshold = 8 dB above mesn system nosse, Preselector Atlen: 0 dB

Denver Metro

145 146 147 148 149
Frequency (MHz)

Mean Sys Mogse

=== Thseshold




Time {Minutes

Results (143 — 149 MHz)

FIXED, MOBILE

AMATEUR, AMATEUR-SATELLITE

146

AMATEUR

Referenced to antenna input - adjusted for attenuation

143

FIXED, MOBILE,

Field Strength (dBuV/m)

— Peak
—— Mean
Medan

- 3 ' IR - Tr ! .J 8- £ 'S
s § RN Bl e SIR - WS 2

15000~ e eta i | e wi TR = m
. oot Y ‘ re
“'a : ll H = . ;
wt o T} : 1 i : -
10000 +- L Sl X 1 Ry - €. z
o | R 3 p
- P - e

5000 - o ;x 2 =3 2 -
) b | =F: i 3 —
RS 3 MR : -
0 R | s | =

143 144 146 148 149
Probahility (legend), of exceeding power (y-axis) for a given frequency {x-axis)
Threshold = 8 dB above mean system noise. Preselector Aten: 0 dB
(,O -

b Sys Noge

Field Strength (dBuVim)

—_— 1
146 146.5 147
Frequency (MHz)

| A0

148 1485 149

Table Mountain

—001%
e | %
10 0%
36 5%
50.0P%
- T75.0%%
92 0”%
sesvess Threshold




Time (Minutes)

] v .‘ " . ] LA . v ' I ]
500*:' . ,’ :. y ! t *-00 ' ’ .f‘ ) 0 ‘, | : i ) : i
400! 4 . Y & ‘ ¥ :
300 " V4 0 Lot ( A\ ' I ¢ 1
I. ' b Vo l b ! fo |
il : LA 1 ' ’ ﬂ' " l El ] g 3 ! 0 ! |
. Y LK i b, 'Ef | "B S el
! | i GV b 1. w 1 dsa s ' i TR J - .

Field Strength (dBuV/m)

Results (143 — 149 MHz)

146

FIXED, MOBILE AMATEUR, AMATEUR-SATELLITE AMATEUR FIXED, MOBILE,

Referenced to antenna input - adjusted for antenuation

22
o

0 M, A A n

=2{) Femy f‘ e P r """v"{"'"\"'!"‘?‘-' Rl et .‘.'. '""’\"-‘"""-""'-"""'-T‘-'"V-""Y""-""--'"*] "__ '"'.})"-"’f-" i —I NN S, AN 104 e Y_J, - ?».v‘,’ *y “.,‘_,__'-v'-.l...v. e

143 1435 144 1445 145 1455 146 1465 147 1475 148 1485 149

Data Spacing = 164667 Minutes

0
143 144 145 146 147 148 149

Probahility (legend), of exceeding power (y-axis) for a given frequency {x-axis)
Threshold = 8 dB above mean system noise. Preselector Atten: 0 dB

—— Peak

—— Mecan
Median

401

1) s Py -
10 e s _,x,w‘,_._ __)‘.:___v B e ey
201
230 | ] 1 | | ! 1 | | |

143 1435 144 1445 145 1455 146 146.5 147 147.5 148 1485 149

Frequency (MHz)

—001%
—
10 0f%
365%
50.0%%
-T5.07%
92.0P%
sessees Threshold

San Diego



Field Strength (dBuVim)

LWSoSSEELTIRES

g

Time (Minutes)

Ficld Strength (dBuV/m)
oo HESAKSIBEE

10000

=

Results (572 — 596 MH2z)

BROADCASTING

Referenced to antemm mpul - adjusted for attenuation

j}’-- ..... = :\\‘
s o ~ :

| | | | | | | | | | | | | | |
S82 SE3 384 S85 S8 BT S8R 9 S0 S9l 04 S5 %

Data Spacing = 1269 5333 Minutes
L7 1 I | I I

— b "|I’ v ll‘ %] " .‘: ' =
i ANy '. ’ I' -
' ‘ I \ }L [!}- I‘"t l "* !
B ‘ | AL | W ) 1‘,,.»|T
= | - ‘ | ‘I !‘" Wih rv:y’{' y ~
- 1 d) J‘ | ™ (el ¥ '
| A [ y
I~ J ‘% ,. ""l.fk‘ﬂg'l\ I‘] I 'Ih tn ' fL .
ST B T AU | | L LU o VAR et iy Pty S| ) LR RO ORPTTTY WO AT ¥ PP
72 573 574 5§75 576 582 83 S84 85 S86 SBT S8R SE9  SM0 S91 592 593 0S4 595 5%

Frequency (MHz)
Probability (legend), of exceeding power (y-axas) for a given frequency (x-axis)
Threshold = 6 dB above mesn system nosse, Preselector Atten: 0 dB

| | | | | ! | | | | | 1 | |

|
578 5™ S0 Wi 582 SE3  SB4 S85

Frequency (MHz)

592 593 594 595 M

Denver Metro

Peak

== Mean
Median
- Min

. 0003%
—0.0355%
— (.6658%
4.233%
13 60%
28600
45197
60 58%
T189%
31 91%
—$817%
92 36%%
=== Tlyeshold

Mean Sys MNosse




Field Strength (dBuV/m)
woSSE828388

Time (Minutes)

=3

[

Field Strength (dBuV/m)
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Results (902 — 928 MHz)

o iz

RADIOLOCATION, Amateur FIX FIXED, FIXED

Referenced to antemm mpul - adjusted for attenuation

=
;; R
% Peak
et = Mean
= Median
5 - Min
7 0 Mcnn %\s ch
=2 0 l - _
f 92 abs 208 o1l a4 917 920 923 926 929 932 a3s
<10’ Diata szcmg 373917 Mmutm

= -

g .

=2

2 ol

=

-

< 1. -

£ ]

= 3

0 - . " ’ s f ‘.. i L. -t " - . - S
902 w5 8 911 a4 °I 7 920 923 a6 09 932 035

Frequency (MHz)
Probability (legend), of exceeding power (y-axas) for a given frequency (x-axis)
Threshold = 6 4B above mean system nowse; Preselectos Atten: 10 dB

= {.0003%
— 0.0355%
1001~ — 0.6658%
4.233%
80 1 13 60%

i o, 7, 9701

408 \ WW ) T289%

¥

- A : 31919%

Field Strength (dBuVim)

f et 12 vt | i
20 - N o — 38 1M
92 36%%
0 | | | | | | | | | | acaime Tlgashold
a 90s 908 91l a4 a7 oW 923 926 929 912 935
Frequency (MHz)
o (]

Denver Metro



Iime (Minutes)

Field Strength (dBuV/m)

10000

Ficld Strength (dBuV

Results (902 — 928 MH2z)

LAY
523 21l
RADIOLOCATION, Amateur FIX FIXED, FIXED
Referenced to antenna input - adjisted for attenuation

() —

]h‘-? . ,

o0 | Peak ‘
Mean
Medsan
Min

Mean Sys Nowe

917 920 923 926 Tom 935
Frequency (MHz)
Probability (fegend), of exceedmg power (y-axis) for & gven frequency (x-axis)

Threshold = 6 dB above mean system nose, Preselector Atten: 0 dB

120~

110}

100} —o.01®
3 ]| =
o -t
60 - 25.0%
S0t ’ O {4 Y d ‘ ‘I | »“ b 14 ‘ j’i’“:"
E?; | ',,*‘H‘,‘H;‘ u_,.m, ) 4.1.? ARG ;.«J, _[ |

s et - At il bbb e A0S i s

| | | | | .l |

902 005 908 o1 914 917 920 923 926 929 932 935
Frequency (MHz)

Table Mountain



Field Strength (dBuV/m)

Time (Minutes)

Field Strength (dBuV/m)

Results (902 — 928 MH2z)

RADIOLOCATION, Amateur FIX FIXED, FIXED

Referenced to antenma mpul - adjusted for attenuation

00—
S0} —
233{ Peak
60 == Mean
ig Median
0 : ' Min
20 R O YN . 3 = Mean Sys Nogse
] 4...—J,L~'T" LI L ——— ~ - e e _ bdrtinsmmbs Anbddas
920 938
|
il | i
{ -
'
|
on2 N5 o8 911 914 917 920 923 926 929 932 035
Frequency (MHz)
Probability (legend), of exceeding power (y-axas) for a given frequency (x-axis)
Threshold = 6 dB above metn system nosse, Preselector Atlen: 0 dB
100
.,Ql[
80 —0.01%
‘U§ 1.00%
0 10.0%
<('l _ ‘ 250%
501 " ! ‘ﬂ‘ 50.0%
oy | , W P vW\' MM W qlm l. ;-
30§ YRV v ' ) } | \ 92.0% :
bt g o e -f=2 B AL L
105
0] | | | | | | | |
02 ans °9€e 91l a4 a7 o 923 926 929 9312 935

Frequency (MHz)

San Diego



Results (1750 — 1900 MHz)
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Results (1750 — 1900 MHz)

150
s
FIX FIXED, MOBILE, SPACE-OPERATIONS FIXED, MOBILE, MOBILE-SATELLITE
E Referenced to antenma mpul - adjusted for attenuation
> 80r
= 70 R
% 60} Peak
= == Mean
— |
0 4‘2; l L Median
Y — - - — ‘i --ooMin
A () e A Mean Sys Nogse
T 4L l 1 1 Bl ; o
-,:_-)' 1750 1775 1800 1825 1BSG 1875 1900

Data Spacing = 65035 Minutes
| RS IFE 3 ——— - - o E LY L PR S M D15

15000 - | | -
[ i |
| N IELAR «
| (Y T Y|
10000 | BME] |
| SRR R )
4 ! ] ) 1“ \ |l|lg'
5000 ' R} i
‘ | e
| |
| )
‘ ; | 4 bl ¥
ol - 1 .| - (| H .
1750 1775 1800 1825 1850 1875 100
Frequency (MHz)
Probability (legend), of exceeding power (y-axas) for a given frequency (x-axis)
Threshold = 6 dB above mesn systemn nosse, Preselector Atlen: 0 dB
80—
— ‘(oJ
E ;
= DOJ | 0.01%
= } 1.00%
a al ‘ : 100%
& anl 250%
g ‘ 50.0%
8 ‘ - 75.0%
“ } 9020% |
s | = === Threshold
= 10 N I
,-.4‘_ | | ! 1 | J
1750 1775 180G 1825 1850 IS7S 1900

Frequency (MHz)

Table Mountain



Results (1750 — 1900 MHz)
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Results (1900 — 2000 MHz)
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Results (1900 — 2000 MHz)
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Results (1900 — 2000 MHz)
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Results (2550 — 2700 MHz)
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Results (2550 — 2700 MHz)
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Results (2550 — 2700 MHz)
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Results (2700 — 2900 MHz)
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Referenced to antenna inpat - adjusted for attenuation
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Results (5600 — 6200 MHz)
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Results (5600 — 6200 MHz)
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Results (5600 — 6200 MHz)
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Results (56250 — 5925 MHz)
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Results (56250 — 5925 MHz)
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Results (56250 — 5925 MHz)
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Results (8500 — 10000 MHz)
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Results (8500 — 10000 MHz)
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Results (8500 — 10000 MHz)
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Azimuth Angle (degrees)

Results

Azimuthal Scanning

Frequency and Azimuth Angle of Received Signals
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Conclusions

Algorithms and system are still being tested and refined.

Report for Denver Metro Survey is written and awaiting
review.

Table Mountain report has been started.

Possible survey in Chicago area being planned for
September 2012.
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