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NCEE Labs

1.0  Summary of test results
1.1  Test Results
The EUT has been tested according to the following specifications:

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

APPLIED STANDARDS: FCC Part 15, Subpart C
Industry Canada RSS-Gen, RSS-210 Issue 7

AS/NZS 4268:2008

Standard

RSS-210 Issue 8

Section Test Type and Limit Result Remark
15.203 . . Permanently attached
RSS-Gen Unigue Antenna Requirement Pass antenna
15.207 o No connection to AC
RSS-Gen Conducted Emissions NA mains network
15.209 . L Meets the requirement of
RSS-Gen Radiated Emissions Pass the limit.
15.247(a)(1) Minimum Bandwidth, Pass Meets the requirement of
RSS-210 Issue 8 Limit Min. 500kHz the limit.

15.247(b) Maximum Peak Output Power, Limit: Pass Meets the requirement of
RSS-210 Issue 8 Max. 23.9dBm the limit.
15.247(c) Transmitter Radiated Emissions, Pass Meets the requirement of
RSS-210 Issue 8 Limit: Table 15.209 the limit.
15.247(c) Band Edge Measurement, Limit: 20dB Meets the requirement of
less than the peak value of Pass S
RSS-210 Issue 8 the limit.
fundamental frequency
15.247(a) Power Spectral Density Pass Meets the requirement of

the limit.
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1.2

13

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Test Methods

1.2.1 Radiated Emissions

Compliance to 47 CFR Parts 15.209 and 15.247 and Industry Canada RSS
210, Issue 8 was tested in accordance with the methods of ANSI/IEEE
C63.4: 2003 and KDB Publication No. 558074: 2005. Several
configurations were examined and the results presented represent a worst-
case scenario. The EUT was placed on a wooden table approximately
80cm high and centered on a 4m diameter turntable. The table was rotated
to find the angles of maximum emissions and the height of the receiving
antenna above the ground plane was moved from 1m to 4m in both
vertical and horizontal positions. The EUT was tested while sitting
horizontally. All measurements were taken at a distance of 3m from the
EUT for Part 15.209 intentional radiator measurements, and 3m for 15.247
measurements of the fundamental frequency in the 2400.0MHz to
2483.5MHz band and subsequent harmonics.

Reason for amendment
The output power measurements were repeated in order to replicate the
same test methods as was used in the original grant.

The antenna port conducted measurements were repeated with a low-loss
SMA cable. This cable has been added to the equipment list on page 7.

The EIRP measurement column was removed from the table of output
power measurements in Section 4.4. This column was an error and did not
apply to the test results of this unit.

The test setup in Section 4.4 was changed to describe the antenna port
conducted measurement procedure.

The frequencies listed for the highest, middle lowest channels were

changed to match the original grant frequency range. The original test
report was reviewed, and the frequencies did not change.
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NCEE Labs R20130208-20-03B

2.0

FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Description

2.1  Equipment under test

The Equipment Under Test (EUT) was controller used to install into a trolling
motor to allow control form an i-Pilot remote using the i-Pilot System.

EUT Received Date: 21 March 2013
EUT Tested Dates: 22 March 2013 — 24 July 2013
6, 7 November 2013 (antenna port conducted

measurements)

Standard i-Pilot System
FReber V2 Motor Controller
MODEL NUMBER K298UMO000081 and L334UM00664
POWER SUPPLY 12vDC
MODULATION TYPE FM
RADIO .
TECHNOLOGY Half-duplex RF Link
ANTENNA TYPE Internal Dipole
ASSOCIATED L
EQUIPMENT Standard i-Pilot System Remote

NOTE:

1. For more detailed features description, please refer to the manufacturer's specifications or
User's Manual.

2.2 Laboratory description
All testing was performed at the NCEE Lincoln facility. Laboratory
environmental conditions varied slightly throughout the tests:
Relative humidity of 40 + 4%
Temperature of 22 + 3° Celsius

2.3  Description of test modes
The EUT operates on, and was tested at the frequencies below:

Channel | Frequency
1 2452
2 2457
3 2462

These are the only three frequencies possible.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

2.4 Applied standards

The EUT uses digital modulation and operates between 2400.0MHz and
2483.5MHz. There are no provisions for connection to the AC mains. According
to the specifications of the manufacturer, it must comply with the requirements of
the following standards:

FCC Part 15, Subpart C (15.247)
FCC Part 15, Subpart C (15.209)
KDB Publication No. 558074: 2012
Industry Canada RSS-GEN
Industry Canada RSS-210

All test items have been performed and recorded as per the above.

2.5  Description of support units
None

2.6 Configuration of system under test

This EUT was set to transmit in a worse-case scenario with modulation on. The
manufacturer modified the unit to transmit continuously on Channel 1, 2 or 3.
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3.0  Testequipment used

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

LAST CALIBRATION
DESCRIPTION AND
MANUFACTURER MODEL NO. SERIAL NO. CALIBRATION DUE DATE
DATE
Rohde & Schwarz Test Receiver** ES126 100037 2/01/ 2013 02/01/2014
EMCO Biconilog Antenna* 3142B 1647 12/7/2012 12/7/2013
EMCO Horn Antenna** 3115 6415 1/12/2011 1/12/2014
EMCO Horn Antenna*** 3116 2576 6/14/2011 6/14/2014
NCEEPAHF2* TS-PR18 NCEEPA2(assigned) | 03/15/2013 03/15/2014%*+*
Trilithic High Pass Filter* 6HC330 23042 12/15/2012**** 12/15/2013****
A.H. Systems Inc. SMA cable for
antenna port conducted 2584-1 129 11/6/2013**** 11/6/2013****

measurmeents

*Used for radiated measurements above 3GHz
**Used for measurements above 6GHz

***Used for measurements above 18GHz
****|nternal Characterization
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

4.0  Detailed results
4.1  Unique antenna requirement

4.1.1 Standard applicable

For intentional device, according to FCC 47 CFR Section 15.203, an
intentional radiator shall be designed to ensure that no antenna other than
that furnished by the responsible party shall be used with the device.

4.1.2 Antenna description

The antenna is permanently attached and internal to the EUT and not
replaceable.
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NCEE Labs

4.2

Radiated emissions

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

4.2.1 Limits for radiated emissions measurements

Emissions radiated outside of the specified bands shall be applied to the

limits in 15.209 as followed:

FREQUENCIES STFFQ'IS\'IQTH MEASUREMENT
(MHz) (wvim) DISTANCE (m)
0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 3
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3
NOTE:

1. The lower limit shall apply at the transition frequencies.
2. Emission level (dBuV/m) = 20 * log * Emission level (WV/m).

3. As shown in 15.35(b), for frequencies above 1000MHz, the field strength limits are
based on average detector, however, the peak field strength of any emission shall not
exceed the maximum permitted average limits by more than 20dB under any condition of

modulation.
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NCEE Labs

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

4.2.2 Test procedures

a. The EUT was placed on the top of a rotating table 0.8 meters above the
ground plane in a 10 meter semi-anechoic chamber. The table was rotated
360 degrees to determine the position of the highest radiation.

b. The EUT was set 10 meters away from the interference-receiving
antenna, which was mounted on the top of a variable-height antenna
tower.

c. The antenna was a broadband antenna, and its height is varied from one
meter to four meters above the ground to determine the maximum value of
the field strength. Both horizontal and vertical polarizations of the antenna
are used to make the measurement.

d. For each suspected emission, the EUT was arranged to maximize its
emissions and then the antenna height was varied from 1 meter to 4 meters
and the rotating table was turned from 0 degrees to 360 degrees to find the
maximum emission reading.

e. The test-receiver system was set to use a peak detector with a specified
resolution bandwidth. For spectrum analyzer measurements, the
composite maximum of several analyzer sweeps was used for final
measurements.

f. If the emission level of the EUT in peak mode was 10dB lower than the
limit specified, then testing could be stopped and the peak values of the
EUT would be reported. Otherwise the emissions that did not have 10 dB
margin would be re-tested one by one using peak, quasi-peak or average
method as specified and then reported in a data sheet.

g. The EUT was measured in both the horizontal and vertical orientation.

It was found that the vertical position produced the highest emissions, and
this orientation was used for all testing. See Annex A for test photos.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

NOTE:

1. The resolution bandwidth and video bandwidth of test
receiver/spectrum analyzer is 120kHz for Peak detection (PK) and Quasi-
peak detection (QP) at frequencies below 1GHz.

2. The resolution bandwidth 1 MHz for all measurements and at
frequencies above 1GHz, The video bandwidth was 1MHz for peak
measurements and 10Hz for average measurements. A peak detector was
used for all measurements above 1GHz. Measurements were made with
an EMI Receiver.

4.2.3 Deviations from test standard

No deviation.

4.2.4 Test setup

ANTEHHA

3 METERS
st

1- 4METERS

ANTENHA MAST

h 4

EUT

80 CENTIMETERS
TURHTAELE
GROUHD PLAHE

EMI RECEIVER/SPECTRUM AHALYZER

Figure 1 - Radiated Emissions Test Setup

For the actual test configuration, please refer to Appendix A for photographs of the test
configuration.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

4.25 EUT operating conditions
The EUT was powered by 12vDC and set to transmit continuously on the
lowest frequency channel, highest frequency channel and one in the
middle of its operating range. For measurements the EUT was tested alone
in the horizontal position.

4.2.6 Calculation of EUT duty cycle

Marker 1 [T1] RBW 100 kHz RF Att 10 dB
Ref Lv1 61.70 dBNV VBW 1 MHz

87 dABNYV 5.963928 ms SWT 62 ms Unit dBNV

87,

Vi [(T1] 61 .70 dByN

80 ag m

A1 [T1] —-3¢.78 dB

1.242485 ms

2(rr1] -1f.79 4aB
el

AN
41.250501 ms

1VIEW iap

i O '||f‘““-h ‘ ”‘_

| [ [ [ | [ |

-10

Center 2.436873747 GHz 6.2 ms/

Date: 4.DEC.2012 16:24:52

Figure 2 - Duty Cycle = 20log(1.24/41.25) = -30.44dB
Maximum duty cycle allowed is 20dB.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

426 Test results

Standard i-Pilot System

B Motor Controller

MODE Receive

FREQUENCY

INPUT POWER 12vDC RANGE

30MHz - 1GHz

ENVIRONMENTAL | 40% + 5% RH

CONDITIONS 22 4 30C TECHNICIAN KVepuri

Level [dBuV/m]
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Frequency [Hz]
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+ + -Quasi-peak Measurements
Peak Preview Measurements
Limit Line

Figure 3 - Radiated Emissions Plot, Receive
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Table 1 - Radiated Emissions Quasi-peak Measurements, Receive

Frequency | Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.

40.020000 16.33 29.54 13.21 299 359 | VERT
128.040000 0.16 29.54 29.38 102 259 | VERT
192.000000 9.59 33.04 23.45 148 306 | VERT
240.040000 21.89 35.40 13.51 99 183 | VERT
360.040000 30.82 35.40 4.58 104 320 | VERT
480.040000 20.47 35.40 14.93 193 57 | HORI
791.980000 15.19 35.40 20.21 102 270 | HORI

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Standard i-Pilot System

EUT Motor Controller MODE Channel 1
FREQUENCY
INPUT POWER 12vDC e 30MHz — 1GHz

ENVIRONMENTAL | 40% + 5% RH
CONDITIONS 22 +3°C

TECHNICIAN KVepuri

Level [dBuV/m]
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Figure 4 - Radiated Emissions Plot, Channel 1
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Table 2 - Radiated Emissions Quasi-peak Measurements, Channel 1

Frequency | Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.

40.020000 14.57 29.54 14.97 349 46 | VERT

63.180000 5.37 29.54 24.17 203 275 | VERT
127.200000 24.50 33.04 8.54 102 74 | VERT
360.040000 24.85 35.40 10.55 100 322 | VERT
750.220000 15.74 35.40 19.66 114 92 | HORI
794.320000 26.34 35.40 9.06 103 79 | HORI
919.060000 16.98 35.40 18.42 101 92 | HORI

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Standard i-Pilot System

EUT Motor Controller MODE Channel 2
FREQUENCY
INPUT POWER 12vDC A 30MHz — 1GHz

0 0
ENVIRONMENTAL | 40% + 5% RH TECHNICIAN KVepuri

CONDITIONS 22 + 3°C
Level [dBuV/m]
40 -~ -
+
1 1 1 1 1 1 1 1 + 1 1 1 i 1
: : o : . : : : 4 LA L
20 - e I B I 1A LA
i b
i
P ARE N T X 1 S O
0 H 1 H 1 HE 1 1 1 1 H 1 HE
30M 40M 50M 70M 100M 200M 300M 400M 600M 1G
Frequency [Hz]
+ + 'Quasi-peak Measurements
Peak Preview Measurements
Limit Line

Figure 5 - Radiated Emissions Plot, Channel 2
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Table 3 - Radiated Emissions Quasi-peak Measurements, Channel 2

Frequency | Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.
40.020000 14.50 29.54 15.04 350 293 | VERT
62.520000 13.98 29.54 15.56 252 257 | VERT
125.100000 24.60 33.04 8.44 150 278 | VERT
240.040000 21.66 35.40 13.74 99 248 | VERT
360.040000 22.80 35.40 12.60 99 323 | VERT
913.480000 16.80 35.40 18.60 103 84 | HORI
964.360000 16.69 35.40 18.71 101 89 | HORI
REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Standard i-Pilot System

EUT Motor Controller MODE Channel 3
FREQUENCY
INPUT POWER 12vDC e 30MHz — 1GHz

ENVIRONMENTAL | 40% + 5% RH
CONDITIONS 22 +3°C

TECHNICIAN KVepuri

Level [dBuV/m]

T .

R Ty

o0 ) RS SR S N S 5 S I s Sl | (L S

10 F--L ST S S 0 0 . S 3

i
'+
1

5 H | H A S | | | | H N S R
30M 40M 50M 70M 100M 200M 300M 400M 600M 1G
Frequency [Hz]

+ + -Quasl-peak Measurements
Peak Preview Measurements
Limit Line

Figure 6 - Radiated Emissions Plot, Channel 3
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Table 4 - Radiated Emissions Quasi-peak Measurements, Channel 3

Frequency | Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.

39.960000 14.40 29.54 15.14 397 269 | VERT

51.900000 -1.52 29.54 31.06 223 214 | VERT
124.920000 24.93 35.40 10.47 101 256 | VERT
240.040000 21.65 35.40 13.75 99 232 | VERT
699.280000 14.85 35.40 20.55 123 77 | HORI
863.620000 15.62 35.40 19.78 99 94 | HORI
914.260000 16.62 35.40 18.78 109 87 | HORI

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON
EUT Standard i-Pilot System MODE Receive
Motor Controller
FREQUENCY
INPUT POWER 12vDC RANGE 1GHz — 26GHz
ENVIRONMENTAL | 40% + 5% RH .
CONDITIONS 22 + 30C TECHNICIAN KVepuri
Table 5 - Radiated Emissions Average Measurements, Receive
Frequency Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.
4913.00000 46.21 54.00 7.80 163 92 | HORI
Table 6 - Radiated Emissions Peak Measurements, Receive
Frequency Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.
4913.00000 56.88 74.00 17.12 163 92 | HORI
REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)
3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value.
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NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Standard i-Pilot System

EUT Motor Controller MODE Channel 1
FREQUENCY
INPUT POWER 12vDC e 1GHz — 26GHz

ENVIRONMENTAL | 40% + 5% RH
CONDITIONS 22 +3°C

TECHNICIAN KVepuri

Table 7 - Radiated Emissions Average Measurements, Channel 1

Frequency Level Limit Margin | Height | Angle Pol

MHz dBuV/m | dBuV/m | dB cm. deg.
2451.50000 | 83.73* NA NA 187 229 | HORI
4903.00000 | 51.47* 54.00 2.53 100 54 | VERT

Table 8 - Radiated Emissions Peak Measurements, Channel 1

Frequency Level Limit Margin | Height | Angle Pol

MHz dBuV/m | dBuV/m | dB cm. deg.
2451.50000 103.73 NA NA 187 229 | HORI
4903.00000 71.47 74.00 2.53 100 54 | VERT

*Calculated from the peak measurement and the duty cycle correction from Section

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)

2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)

3. The other emission levels were very low against the limit.

4. Margin value = Emission level — Limit value.

highest emission

5. Measurements at the fundamental frequency were done with a peak detector only.
6. NA Field strength limits do not apply at the fundamental frequency.
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R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Standard i-Pilot System

=0T Motor Controller RORE Channel 2
FREQUENCY
INPUT POWER 12vDC RANGE 1GHz — 26GHz
ENVIRONMENTAL | 40% + 5% RH .
CONDITIONS 22 4 30C TECHNICIAN KVepuri
Table 9 - Radiated Emissions Average Measurements, Channel 2
Frequency Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.
2457.50000 83.62* NA NA 187 339 | HORI
4915.00000 52.84* 54.00 1.16 161 216 | HORI
Table 10 - Radiated Emissions Peak Measurements, Channel 2
Frequency Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.
2457.50000 103.62 NA NA 187 339 | HORI
4915.00000 72.84 74.00 1.16 161 216 | HORI

*Calculated from the peak measurement and the duty cycle correction from Section

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)

3. The other emission levels were very low against the limit.
4. Margin value = Emission level — Limit value.

highest emission

5. Measurements at the fundamental frequency were done with a peak detector only.
6. NA Field strength limits do not apply at the fundamental frequency.
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R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

EUT Standard i-Pilot System MODE Channel 3
Motor Controller
FREQUENCY
INPUT POWER 12vDC RANGE 1GHz — 26GHz
ENVIRONMENTAL | 40% + 5% RH .
CONDITIONS 22 4 30C TECHNICIAN KVepuri
Table 11 - Radiated Emissions Average Measurements, Channel 3
Frequency Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuvV/m | dB cm. deg.
2462.50000 84.16* NA NA 100 219 | HORI
4925.00000 | 46.20* 54.00 7.80 129 199 | VERT
Table 12 - Radiated Emissions Peak Measurements, Channel 3
Frequency Level Limit Margin | Height | Angle Pol
MHz dBuV/m | dBuV/m | dB cm. deg.
2462.50000 104.16 NA NA 100 219 | HORI
4925.00000 64.20 74.00 9.80 129 199 | VERT

*Calculated from the peak measurement and the duty cycle correction from Section

REMARKS:

1. Emission level (dBuV/m) = Raw Value (dBuV) + Correction Factor (dB)
2. Correction Factor (dB/m) = Antenna Factor (dB/m) + Cable Factor (dB)

3. The other emission levels were very low against the limit.
4. Margin value = Emission level — Limit value.
highest emission
5. Measurements at the fundamental frequency were done with a peak detector only.
6. NA Field strength limits do not apply at the fundamental frequency.
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4.3

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Bandwidth

4.3.1 Limits of bandwidth measurements
The 6dB bandwidth of the signal must be greater than 0.500MHz.

4.3.2 Test procedures

All measurements were taken at a distance of 3m from the EUT. The
bandwidth of the fundamental frequency was measured by spectrum
analyzer with 100 kHz RBW and 1 MHz VBW. The 6 dB bandwidth is
defined as the bandwidth of which is higher than peak power minus 6dB.

The 99% occupied is defined as the bandwidth at which 99% of the signal
power is found. This corresponds to 20dB down from the maximum
power level. The maximum power was measured with the largest
resolution bandwidth possible (LOMHz) and this value was recorded. The
signal was then captured with a 100kHz resolution bandwidth and the
frequencies where the measurements were 20dB below the maximum
power were marked. The bandwidth between these frequencies was
recorded as the 99% occupied bandwidth.

4.3.3 Deviations from test standard
No deviation.

434 Testsetup

AHTEHHA

H 3 METERS H

1 - 4METERS

AHTEHHA MAST

EUT

¥y

80 CENTIMETERS
TURNTAELE
GROUND PLAHE

EMI RECEIVER/SPECTRUM AHALYZER

Figure 7 - Bandwidth Measurements Test Setup
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4.3.5 EUT operating conditions

The EUT was powered by 12vDC and set to transmit continuously on the

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

lowest frequency channel, highest frequency channel and one in the
middle of its operating range.

4.3.6 Test results

EUT Standard i-Pilot System | )¢ Cont. Transmit
Motor Controller
FREQUENCY | 2400.0MHz -
INPUT POWER 12VDC RANGE 5483 5MH.
ENVIRONMENTAL | 40% + 5% RH .
CONDITIONS 22 4 30C TECHNICIAN KVepuri
CHANNEL o
CHANNEL | FREQUENCY | 6dB BW (MHz) | S4B LimitMin | peqiy 1
(kHz)
(MHz)
1 2452 1583 500.00 PASS
2 2457 1643 500.00 PASS
3 2462 1486 500.00 PASS
REMARKS:
None
CHANNEL ) :
CHANNEL | FREQUENCY ggé’v\?f&“H‘;')ed
(MH2z)
1 2452 2084
2 2457 2264
3 2462 2144
REMARKS:
None
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/ Delta 1 [T2] RBW 100 kHz RF Att 10 dB
Ref Lvl 0.74 dB VBW 1 MHz
87 dB* 1.58316633 MHz SWT 5 ms Unit dBNV/m
87
V2| [T2] 40.94 dABNV/
80 2 4571 21044 S
1lrr2 .74 dB
A { ] a
1.58316/633 MH=z
70
vVi|[(T2] 46.749 dBNV/
2.45150100 GHz
60
IN1
50l2pMa, l 2MaA
1,
;ﬁﬁmf“q‘\l
40 ). §

30 ﬂ I -u‘""- ALL ﬂ - ;__‘_:f!%:d_,‘_ i x TDE

20

10

-10
-13

Center 2.45177154 GHz 1 MHz/ Span 10 MHz

Date: 10.APR.2013 16:01:48

Figure 8 - 6dB Bandwidth, Low Channel
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/ Delta 1 [T2] RBW 100 kHz RF Att 10 dB
Ref Lvl -0.19 dB VBW 1 MHz
87 dB* 1.64328657 MHz SWT 5 ms Unit dBNV/m
87
V2| [T2] 36.7¢9 dBNV/ B
80 2 45 a1 S
1 T2 -gd.1 B
A [ ] 9 d
1.64328/657 MH=z
70
ViliT2] 43.04g dABNV/
2.456431386 GH=z
60|
IN1
50l2ma 2Ma

L
w0 If«w‘m o
'l \
30%@‘&- Ao "——-‘h-i"\_n‘.i.-u'-—hh‘- A r""[

—..n-t"-:‘;.-"u-..‘ vm.-{;ﬁhmmﬁﬂ'w TPE

20

10

-10
-13

Center 2.45638376 GHz 1 MHz/ Span 10 MHz

Date: 10.APR.2013 16:31:13

Figure 9 - 6dB Bandwidth, Middle Channel
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R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

/ Delta 1 [T2] RBW 100 kH=z RE Att 10 d4dB
Ref Lv1l —-0.50 dB VBW 1 MH=z
87 dB* 1.48656749 MHz SWT 5 ms Unit dBNV/m
87
V2| [T2] 38.44 4dABNV/
80 2 ac122l004 cu
Al [T2] -d.50 d4dB
1.48656|749 MH=z
70
vi|iT23 43.14 daByv/
2.4617¢/092 GH=z
60
50l_2nma.
1
o e
40 . i L,
r
I
£ A"
e r ol
3 Oty VAR R ey v v o
20
10
0
-10
-13
Center 2.46177094 GHz 1 MHz/ Span 10 MHz
Date: 10.APR.2013 16:36:59

Figure 10 - 6dB Bandwidth, High Channel
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/ Delta 1 [T1] RBW 100 kH=z RE Att 10 dB
Ref Lvl 0.00 dB VBW 1 MH=z
87 dB* 2.08416834 MHz SWT 5 ms Unit dBNV/m
v - |
V2| [T1] 34.14 AaBnV/
80 2 45090700 CH
1 T1 . B
A [ ] 00 d
2.0841¢6834 MH=z
70|

vVi|[(T2] 54.44 4dBNV/
2.45306413 GHz

60|

IN1

1iMAX o faett PR S Y | P S VN M—‘ﬁ*hlqﬁr—#qrﬂr‘fm%w“ iMa

5 0ff-bperatp - ~ lowa
. Jehrie,
. A

L [ I K

PUATILET  Y UTa ( Tv e |75 N P e A e
20
10

0
-10
-13

Center 2.45177154 GHz 1 MHz/ Span 10 MHz

Date: 10.APR.2013 16:04:47

Figure 11 - 99% Occupied Bandwidth, Low Channel
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/ Delta 1 [T2] RBW 100 kHz RF Att 10 dB
Ref Lvl 0.02 dB VBW 1 MHz
87 dB* 2.26452906 MHz SWT 5 ms Unit dBNV/m
87
*
V2| [T2] 31.34 dBaV/
80 2 455 LY S
allrT2] .02 dB
2.26452[906 MHz
70
ViliT1] 51.549 dABNV/
2.45653406 GHz
60
IN1
1
1VIEW iMA
50\;_2:2‘5 - A% ey S Y. I Lonpi F it Ly s PGt ek B i g IV E N PIVON
40 M\A‘L
A . p.
*[ X
7 \}‘L
30 Lol ] TDE
T T TR VN L RN SVYR 3l ATy . Py o |

20
10
0|
-10
-13
Center 2.45638376 GHz 1 MHz/ Span 10 MHz
Date: 10.APR.2013 16:29:40

Figure 12 - 99% Occupied Bandwidth, Mid Channel
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/ Delta 1 [T1] RBW 100 kHz RE Att 10 dB
Ref Lvl 0.10 dB VBW 1 MHz
87 dB* 2.14428858 MHz SWT 5 ms Unit dBNV/m
v - |
V2| [T1] 33.01 aBynv/ B
80 2 4c1 0711044 S
1 T1 .1 B
alliT1a 0 a
2.14428858 MHz
70
ViliT2] 52.3¢q aByv/
2.46394|529 GH=z
60
1 IN1
1iMAX iMa
b fid e Ty AT, e e VYR hdk Pl Ko S Ardupe d onin

ksl i
40 ;“-w""l"\l“-ﬂ.h

BN e e 4 A 1r = e e S e

20|
10
0
-10]
-13
Center 2.46177094 GHz 1 MHz/ Span 10 MHz
Date: 10.APR.2013 16:39:15

Figure 13 - 99% Occupied Bandwidth, High Channel
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4.4

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Maximum peak output power

4.4.1 Limits of power measurements
The maximum peak output power allowed is 30dBm (1000mW).

4.4.2 Test procedures

These test procedures were chosen to replicate the exact same procedures
as used in the testing for the original grant. The spectrum analyzer was set
to the exact same settings as they were in the testing for the original grant.

1. The EUT was connected to the spectrum analyzer directly with a low-
loss shielded coaxial cable.

2. The resolution bandwidth was set to 10MHz and the video bandwidth
was set to 10MHz to capture the maximum amount of signal. The
analyzer used a peak detector in max hold mode. This represented the
maximum output power.

3. The channel power function of the receiver was used to capture the
signal across the entire band.

4.4.3 Deviations from test standard
No deviation.

444 Testsetup

SPECTRUM
ANALYZER

EUT

445 EUT operating conditions

The EUT was powered by 12vDC and set to transmit continuously on the
lowest frequency channel, highest frequency channel and one in the
middle of its operating range.
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446 Test results

Standard i-Pilot System

B Motor Controller

MODE Cont. Transmit

FREQUENCY 2400.0MHz -

INPUT POWER 12vDC RANGE 2483.5MHz

ENVIRONMENTAL | 40% + 5% RH

CONDITIONS 22 4 30C TECHNICIAN NJohnson

Maximum peak output power

CHANNEL FI;ZSSLI\JIEIIECISY PO\E\I/EIZ EIE?I'PIS’UT PLEIﬁ/I‘I(TP(SJ)I;N n:E)R RESULT
(MHz) (dBm)
1 2452 -0.79 30.00 PASS
2 2457 -1.49 30.00 PASS
3 2462 -1.42 30.00 PASS

Cable loss = 0.42 dB (see page 7)

REMARKS:
None
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Marker 1 [T1] RBW 10 MHz RF ALt 20 dB
® Ref Lwvl —2.40 dBm VBW 10 MHz
5.2 dBm 2.45403808 GH=z SWT 5 ms Unit dBm
5.2
¥1|T11 -4.40 dBn =
0 g 45403808 GHZ

"_‘!”‘"\-1 CH |PWR -1.21 dBm
\ CH|BW 0.00000000 MHz

-10

IN1

—-20
1MAX \\ 1lsa

—-30

—-40

—-&0

[o10]

-70
co

-74.8

Center 2.4516933S GH=z & MH=z/ Span 60 MHz
Date: 7.NOV.2013 13:21:02

Figure 14 - Antenna Port Conducted Peak Output Power, Channel 1

The measurement above does not include any cable attenuation factors. See the Table on
Page 7 for the cable correction values and the corrected power measurements.
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Marker 1 [T1] RBW 10 MH=z RE Attt 20 dB
Ref Lvl -3.14 dBm VBW 10 MH=z
3.6 dBm 2.45624051 GHz SWT 5 ms Unit dBm
3.6
Yi|[T1] -3.14 den
] il n
2.45624051 GHz
/MN;VM-M\\-\ CH | PwR -1.91 dBm
10 / \ CH |BW 0.0000d000 MH=z
-20 { IN1
1MAX 1sAa
-30
—-40 | |
-60
-70 -0
co
-76.4
Center 2.45726255 GHz 6 MHz/ Span 60 MHz
Date: 7.NOV.2013 13:26:44

Figure 15 - Antenna Port Conducted Peak Output Power, Channel 2

The measurement above does not include any cable attenuation factors. See the Table on
Page 7 for the cable correction values and the corrected power measurements.
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Marker 1 [T1] RBW 10 MHz RF ALt 20 dB
Ref Lwvl —2.83 dBm VBW 10 MHz
11.9 dBm 2.46310018 GH=z SWT 5 ms Unit dBm
11.9

10 ¥Yi!rr1g —d.383 4Ap
2.46310018 GHz

5 CH | DIWE —1 84 4dp;
CH |BW 0.0000d000 MHz|

IN1
1MAX ilsa
-10 \
-15

—-20

—-25

—%’,

|

P \

o I h
il Uy

Center 2.461356693 GH=z & MH=z/ Span 60 MHz

Date: 7.NOV.2013 13:29:24
Figure 16 - Antenna Port Conducted Peak Output Power, Channel 3

The measurement above does not include any cable attenuation factors. See the Table on
Page 7 for the cable correction values and the corrected power measurements.
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4.5

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Bandedges

45.1 Limits of bandedge measurements

For emissions outside of the allowed band of operation (2400.0MHz —
2483.5MHz), the emission level needs to be 20dB under the maximum
fundamental field strength. However, if the emissions fall within one of
the restricted bands from 15.205 the field strength levels need to be under
that of the limits in 15.209.

4.5.2 Test procedures

The EUT was tested in the same method as described in section 4.3 -
Bandwidth. The EUT was oriented as to produce the maximum emission
levels. The resolution bandwidth was set to 120kHz and the EMI receiver
was used to scan from the bandedge to the fundamental frequency with a
quasi-peak detector. The highest emissions level beyond the bandedge
was measured and recorded. If the out of band emissions do not fall
within a restricted band from 15.205, then it is required that the out of
band emission be 20dB below that of the fundamental emission level. If
the out of band emission falls with a restricted band from 15.205, then it is
required that the emission be below the limits from 15.2009.

45.3 Deviations from test standard
No deviation.

454 Testsetup
See Section 4.4

455 EUT operating conditions

The EUT was powered by an internal 12vDC and set to transmit
continuously on the lowest frequency channel and the highest frequency
channel.
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R20130208-20-03B

FCC ID:T62-IPCON

IC ID: 4397A-IPCON

45.6 Test results
EUT Standard i-Pilot System |\, Cont. tranmsit
Motor Controller
FREQUENCY 2400.0MHz -
INPUT POWER 12vDC RANGE 2483 5MHz
ENVIRONMENTAL | 40% + 5% RH .
CONDITIONS 22 + 30C TECHNICIAN KVepuri
Highest Restricted Band Measurements
Measurement Highest out of Limit
CHANNEL Frequency band level Detector (dB) Margin | Result
(MH2z) (dBuv)
1 2305.4 50.04 AVG 54.00 3.96 PASS
1 2305.4 61.32 PK 74.00 12.68 PASS
3 2502.9 50.50 AVG 54.00 3.5 PASS
3 2502.9 62.20 PK 74.00 11.80 PASS

*Minimum delta = [highest fundamental peak field strength from Section 4.2 ] — [ Part
15.209 radiated emissions limit. ]

Highest In-band emissions

Meas. Fund. Highest
Band edge Freq. Peak out of Delta Min.
CHANNEL Freq.(MH2) (MHz) Meas. band Detector (dB) Delta | Result
' (dBuV/m) level (dB)
(dBuvV/m)
1 2390.0 2400.18 93.95 59.25 AVG 34.70 | 20.00 | PASS
1 2390.0 2417.68 96.31 65.10 PK 40.21 | 20.00 | PASS
3 2483.5 2470.93 89.29 51.02 AVG 38.27 | 20.00 | PASS
3 2483.5 2470.93 92.29 61.63 PK 30.66 | 20.00 | PASS
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Max/Ref Lv1l Marker 1 [T2] RBW 1 MH=z REF Att 10 dB
150 dB* 93.95 dByYV/m VBW 3 MHz
82 dB* 2.45195415 GHz SWT 5 ms Unit dBNV/m
150
Vi|[T2] 93.95 dBNV/m“
2.45195415 GHz
140
V2l[T2] 59.25 dByV/
2.41768503 GHz
130 V T T SO0~ [S3=AN) s
2.40018590 GH=z
120 Val (T2 50.0 dBy
2.30539897 GHz|IN1
1MAX i1MA
110t 2av
100
1
P20
90
TDE
80
70 [l h
3, F‘l \ ["‘Ix -
6OMW#A=wJ%wWL-¢ww:WJW€ R VO / b it i
4 3K ( ‘
o B2 I PR - Y | W e nand
40
Start 2.301388759 GHz 18.19179873 MHz/ Stop 2.483306746 GHz
Date: 25.JUL.2013 18:39:47

Figure 17 - Band Edge Measurements with Average Detector, 2437 MHz
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Max/Ref Lv1l Marker 2 [T1] RBW 1 MHz RF Att 10 dB
150 dB* 65.10 dBNV/m VBW 3 MHz
82 dB* 2.41768503 GHz SWT 5 ms Unit dByV/m
150
vo|[T1] 65.1d dB\V/m
2.41768503 GHz
140
Vi|rT1) 96.51 dBNV/n
2.45158958 GHz
130 a2 =17 (Savare] [es=n\) T
2.40018/590 GHz
120 ValiTi] 6l 4B\
2.30539897 GHz| IN1
1MAX iMA
11Oty 2av
100 2
P20
90
TDE
80
o, |
2 l !
: . LK W
6 O M e et e plrafiees el A L 5 g g g SRR 5 —_ ] ~LLang
Y Py
50 R D Aclan s = .[“ L___,.___.._,..__J ‘ﬂ..-l'-l—ul‘ﬁ-f'-"""‘"""
40
Start 2.301388759 GHz 18.19179873 MHz/ Stop 2.483306746 GHz
Date: 25.JUL.2013 18:38:33

Figure 18 - Band Edge Measurements with Peak Detector, 2437 MHz
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Max/Ref Lvl Marker 1 [T2] RBW 1 MH=z RE Att 10 dB
150 dB* 89.29 dByYV/m VBW 3 MHz
82 dB* 2.46194414 GH=z SWT 5 ms Unit dBNV/m
150
vi|[rT2] 89.29 dB\V/m
2.46194414 GHz
140
Va2|i[iT2] 51.044 4dB\NV/1
2.47093325 GH=z
130 2 =27 SO0 =& OBy T
2.486331405 GH=z
120 ValiT2] 50.50 dB\
2.50293102 GHz|IN1
1MAX iMA
11Oty 2av
100
P20
90
TDE
Al
80 f[/ \\
70 | \}\{L
38| SRR (U VO SV WU m_»lﬂ‘l/ \\\ P B ot B S LB g L ARl A i AL i
f \ 2 3 a
Y| AT R g — v A i i e ot et s
40
Start 2.425274504 GH=z 8.393645048 MH=z/ Stop 2.509210954 GH=z
Date: 25.JUL.2013 18:45:46

Figure 19 — Band Edge with Average Detector, 2447 MHz

Page 42 of 52



NCEE Labs R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Max/Ref Lvl Marker 1 [T1] RBW 1 MH=z RE Att 10 dB
150 dB* 92.29 dBNV/m VBW 3 MHz
82 dB* 2.46143951 GHz SWT 5 ms Unit dByV/m
150
Vi|rTaig 92.29 dBNV/m
2.46143951 GHz
140
val|rri] 61.63 dBNYV/0
2.47093]325 GHz
130 2 =TT 5T -6 BN T
2.48633405 GHz
120 ValrTi1 6 dBy
2.50293102 GHz| IN1
1MAX iMa
110l zmmx 2av
100
1 P20
o0 .Y
{\ TDF
A
80 /[l hat
70 / \\
f!
2 3 4
PN PRI W I 17 S WMAwAM%M,AM-}ﬁ e
[o5e] AR IJ bt oo Pgrveu)a—i 2n i
40
Start 2.425274504 GHz 8.393645048 MHz/ Stop 2.509210954 GHz
Date: 25.JUL.2013 18:47:12

Figure 20 - Band Edge with Average Detector, 2447 MHz
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4.6

R20130208-20-03B
FCC ID:T62-IPCON
IC ID: 4397A-IPCON

Power Spectral Density

4.6.1 Power spectral density measurements

For digitally modulated systems, the power spectral density conducted
from the intentional radiator to the antenna shall not be greater than 8 dBm
in any 3 kHz band during any time interval of continuous transmission.

4.6.2 Test procedures

All measurements were taken at a distance of 3m from the EUT. The
spectrum analyzer was set to 3 kHz RBW and 30 kHz VBW, the sweep
time was 500s. The power spectral density was measured and recorded at
the frequency with the highest emission. The sweep time is allowed to be
longer than span/3KHz for a full response of the mixer in the spectrum
analyzer.

4.6.3 Deviations from test standard
No deviation.

4.6.4 Testsetup
See section 4.3

4.6.5 EUT operating conditions

The EUT was powered 12vDC and set to transmit continuously on the
lowest frequency channel, highest frequency channel and one in the
middle of its operating range.
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Standard i-Pilot System

B Motor Controller

MODE Continuous transmit

FREQUENCY 2400.0MHz -

INPUT POWER 12vDC RANGE 2483.5MHz

0 0
ENVIRONMENTAL | 40% + 5% RH TECHNICIAN KVepuri

CONDITIONS 22 +3°C
Power Spectral Density
CHANNEL RF POWER MAXIMUM
CHANNEL | FREQUENCY LEVEL IN # KHz POWER LIMIT | RESULT
(MHz) BW (dBm) (dBm)
1 2452 -57.40 8.00 PASS
2 2457 -63.57 8.00 PASS
3 2462 -61.10 8.00 PASS
4 Marker 2 [T1] RBW 3 kHz REF Att 10 dB
@Ref Lv1l 37.83 dBNV/m VBW 1 MH=z
87 dB* 2.45206299 GHz SWT 500 s Unit dBNV/m
87
vol|rT1] 37.873 dBNV/m
80| 4520 Q9o cH
70
60
IN1
1MAX iMA
50|
40 2
..--'!"‘-—-_ it
_ ! ] re—— e
derf.-r e 1""—\..,_
30 ,rf"""_"‘—_""—'*wu_n.vf Mura i TDE
“”-.u"-""fr
20
10
0
-10
-13]
Center 2.45206212 GHz 3 kHz/ Span 30 kHz
Date: 10.APR.2013 16:10:42

Figure 21 - Power Spectral Density Measurement, Low Channel
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/ Marker 2 [T1] RBW 3 kHz RE Att 10 dB
Ref Lvl 31.66 dBNV/m VBW 1 MHz
87 dB* 2.45638229 GHz SWT 500 s Unit dBNV/m
87
*
V2| [T1] 31.64q dABNV/ B
80 2 456382290 CcH
70
60
IN1
1MAX iMa
50
40
2
30 Yo TDE
I I T -
» = e
~F] e,
A—..,u—-—"'*""""""‘—-ﬁ-lu ey
- | o
20 "'u__.wﬁ_'.;wﬂ“' P 147
10
0|
-10
-13
Center 2.45638376 GHz 3 kHz/ Span 30 kHz

Date: 10.APR.2013

16:20:28

Figure 22 - Power Spectral Density Measurement, Mid Channel
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/ Marker 2 [T1] RBW 3 kHz RE Att 10 dB
Ref Lvl 34.13 dBNV/m VBW 1 MHz
87 dB* 2.46206191 GH=z SWT 500 s Unit dBNV/m
87
*
V2| [T1] 34.143 dBNV/
80 2 de204d1901 cHp
70
60
IN1
1MAX iMa
50
40
2
] _LH_'H... _._.______...--"_"'_‘—-.___L‘
30 " e "~ TDE
;W—-‘v—-—-....-q..-_._._ ~ faae eI
JL"’F Tt
gt
20
10
0|
-10
-13
Center 2.46206152 GHz 3 kHz/ Span 30 kHz

Date: 10.APR.2013 16:49:47

Figure 23 - Power Spectral Density Measurement, High Channel
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Appendix A: Test Photos
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Figure 25 - Test Setup
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Appendix B: Sample Calculation

Field Strength Calculation
The field strength is calculated by adding the Antenna Factor and Cable Factor, and
subtracting the Amplifier Gain (if any) from the measured reading. The basic equation
with a sample calculation is as follows:
FS=RA + AF - (-CF + AG) + AV
where FS = Field Strength

RA = Receiver Amplitude

AF = Antenna Factor

CF = Cable Attenuation Factor

AG = Amplifier Gain

AV = Averaging Factor (if applicable)

Assume a receiver reading of 55 dBuV is obtained. The Antenna Factor of 12 and a
Cable Factor of 1.1 is added. The Amplifier Gain of 20 dB is subtracted, giving a field

strength of 48.1 dBuV/m.
FS=55+12—(-1.1 + 20) + 0 = 48.1 dBuV/m

The 48.1 dBuV/m value can be mathematically converted to its corresponding level in
uv/im.

Level in pV/m = Common Antilogarithm [(48.1 dBuV/m)/20]= 254.1 uV/m

AV is calculated by the taking the 20*log(T,/100) where Tq, is the maximum
transmission time in any 100ms window.
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EIRP Calculations

In cases where direct antenna port measurement is not possible or would be inaccurate,
output power is measured in EIRP. The maximum field strength is measured at a
specified distance and the EIRP is calculated using the following equation;

EIRP (Watts) = [Field Strength (V/m) x antenna distance (m)]*/ [30 x Gain (numeric)]
Power (watts) = 10*"[Power (dBm)/10] x 1000

Field Strength (dBuV/m) = Field Strength (dBm) = 107 (for 50Q measurement systems)
Field Strength (V/m) = 10"[Field Strength (dBuV/m) / 20] / 10"6

Gain = 1 (numeric gain for isotropic radiator)
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