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1. Client information

Applicant: Hitec RCD Inc.

Address: 12115 Paine Street, Poway, California, 92064 USA
Telephone number: 858-748-6948

Facsimile number: 858-748-1767

Contact person: Tony Ohm / tonyo@hitecrcd.com

Manufacturer: Hitec RCD PHILIPPINES, INC.

Address: Lot 6 and 8 Blk. 24, Phase 4 CEPZ, Rosario, Cavite, Philippines
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2. Laboratory information
Address

KCTL Inc.

65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
Telephone Number: 82 70 5008 1021

Facsimile Number: 82 505 299 8311

Certificate

KOLAS No.: KT231

FCC Site Designation No.: KR0040

FCC Site Registration No.: 687132

VCCI Site Registration No.: R-3327, G-198, C-3706, T-1849
IC Site Registration No.:8035A
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3. Description of E.U.T.

3.1 Basic description

Applicant: Hitec RCD Inc.

Address of Applicant 12115 Paine Street, Poway, California, 92064 USA

Manufacturer Hitec RCD PHILIPPINES, INC.
Address of Manufacturer IF_)(r)]t”ﬁ)Slrr\]oéf Blk. 24, Phase 4 CEPZ, Rosario, Cavite,
Type of equipment 2.4GHz Aircraft Receiver
Basic Model MRX3
Serial number N/A

3.2 General description

Frequency Range 2413.4 Mz ~ 2 470.4 Mz

Type of Modulation GFSK

Number of Channels 16 Channels

Type of Antenna Monopole Antenna
Antenna Gain 1.51 dBi

Transmit Power 11.36 dBm
Power supply DC6V

Product SW/HW version |V 1.0/V 1.0

Radio SW/HW version V10/V10

Test SW Version V1.0

RF power setting in TEST S\ Referred the measuring instrument from manufacturer

Note : The above EUT information was declared by the manufacturer.
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3.3 Test frequency

Frequency
Lowest frequency 2 413.4 Mz
Middle frequency 2 441.6 Mz
Highest frequency 2 470.4 Mz
3.4 Test Voltage
Mode Voltage
Nominal voltage DC6V
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4. Summary of test results

4 .1 Standards & results

FCC Rule IC Rule Parameter Rep_ort e
Section Result

15.203, :
15.247(b)(4) - Antenna Requirement 5.1 C
15.247(b)(1),(4)| RSS-247, 5.4 (2) | Maximum Peak Output Power 5.2 C
15.247(a)(1) RSS-247, 5.1 (2) | Carrier Frequency Separation 5.3 C
15.247(a)(1) RSS-247,5.1 (1) | 20dB Channel Bandwidth 5.4 C
- RSS-GEN, 6.6 Occupied Bandwidth 5.4 C
15.247(a)il) | RsS.247,5.1 | Number of Hopping Channel 5.5 C
15.247(b)(1)
15.247(a) (iii) | RSS-247,5.1 (4) | Time of Occupancy(Dwell Time) 5.6 C
15.247(d), RSS-247,5.5 . .
15.205(a). RSS-GEN, 2‘6’:[;?0‘:: dEé”a"f;'o“' BandEdge, 5.7 c
15.209(a) 8.9, 10
15.207(a) RSS-GEN, 8.8 Conducted Emissions - N/Aq)
Note: C=complies

NC= Not complies

NT=Not tested

NA=Not Applicable

N/A1) : This test is not applicable because the EUT does not use rechargeable battery.

- The general test methods used to test on this device are ANSI C63.10-2013

4.2 Uncertainty

Measurement ltem Expanded Uncertainty

U= kUc (k= 2)
Conducted RF power 1.44 dB
Conducted Spurious Emissions 1.52 dB

+4.94 dB, - 5.06 dB
30 Mtz ~ 300 Mt

+4.93dB, - 5.05dB

Radiated Spurious Emissions +4.97 dB, - 5.08 dB

300 ML ~ 1 000 Miz:

+4.84 dB, - 4.96 dB

1 Gz ~ 25 Gilz: +6.03 dB, - 6.05 dB
9 kllz ~ 150 kilz: 3.75dB
Conducted Emissions
150 kiiz ~ 30 Miz: 3.36 dB
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5. Test results
5.1 Antenna Requirement

5.1.1 Regulation

According to §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. The use of a
permanently attached antenna or of an antenna that uses a unique coupling to the intentional
radiator shall be considered sufficient to comply with the provisions of this Section. The
manufacturer may design the unit so that a broken antenna can be replaced by the user, but
the use of a standard antenna jack or electrical connector is prohibited.

And according to §15.247(b)(4), the conducted output power limit specified in paragraph (b) of
this section is based on the use of antennas with directional gains that do not exceed 6 dBi.
Except as shown in paragraph (c) of this section, if transmitting antennas of directional gain
greater than 6 dBi are used, the conducted output power from the intentional radiator shall be
reduced below the stated values in paragraphs (b)(1), (b)(2), and (b)(3) of this section, as
appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

5.1.2 Result
-Complied

The transmitter has a Monopole Antenna. Antenna uses a unique coupling.

This test report shall not be reproduced, except in full, without the written approval
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5.2 Maximum Peak Output Power

5.2.1 Regulation

According to §15.247(a)(1) Frequency hopping systems shall have hopping channel carrier
frequencies separated by a minimum of 25 kifz or the 20 dB bandwidth of the hopping channel,

whichever is greater. Alternatively, frequency hopping systems operating in the 2 400-2 483.5 Mz
band may have hopping channel carrier frequencies that are separated by 25 kiiz or two-thirds of

the 20 dB bandwidth of the hopping channel, whichever is greater, provided the systems operate

with an output power no greater than 125 mW.

According to §15.247(b)(1), for frequency hopping systems operating in the 2 400-2 483.5 M
band employing at least 75 non-overlapping hopping channels, and all frequency hopping
systems in the 5 725-5 850 MMz band: 1 watt. For all other frequency hopping systems in the

2 400-2 483.5 Mz band: 0.125 watts.

According to §15.247(b)(4) The conducted output power limit specified in paragraph (b) of this
section is based on the use of antennas with directional gains that do not exceed 6 dBi.

Except as shown in paragraph (c) of this section, if transmitting antennas of directional gain
greater than 6 dBi are used, the conducted output power from the intentional radiator shall be
reduced below the stated values in paragraphs (b)(1), (b)(2), and (b)(3) of this section, as
appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

5.2.2 Measurement Procedure

The method of measurement used to test this FHSS device is ANSI C63.10-2013.

This is an RF-conducted test to evaluate maximum peak output power. Use a direct connection
between the antenna port of the unlicensed wireless device and the spectrum analyzer,

through suitable attenuation.

The hopping shall be disabled for this test:

This test report shall not be reproduced, except in full, without the written approval
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a) Use the following spectrum analyzer settings:
1) Span: Approximately five times the 20 dB bandwidth, centered on a hopping channel.
2) RBW > 20 dB bandwidth of the emission being measured.
3) VBW = RBW.
4) Sweep: Auto.
5) Detector function: Peak.
6) Trace: Max hold.
b) Allow trace to stabilize.
¢) Use the marker-to-peak function to set the marker to the peak of the emission.
d) The indicated level is the peak output power, after any corrections for external attenuators
and cables.
e) A plot of the test results and setup description shall be included in the test report.

NOTE:

A peak responding power meter may be used, where the power meter and sensor system
video bandwidth is greater than the occupied bandwidth of the unlicensed wireless device,
rather than a spectrum analyzer.

This test report shall not be reproduced, except in full, without the written approval
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5.2.3 Test Result

- Complied
-ANT 1
Channel Frequency Result Limit Margin Avarage Power
[M] [dBm] [dBm] [dB] [dBm]
Lowest 2413.4 10.26 30.00 19.74 418
Middle 2 441.6 10.76 30.00 19.24 4.66
Highest 2470.4 11.36 30.00 18.64 5.28
-ANT 2
Channel Frequency Result Limit Margin Avarage Power
[MHz] [dBm] [dBm] [dB] [dBm]
Lowest 24134 9.66 30.00 20.34 3.65
Middle 2441.6 9.06 30.00 20.94 3.00
Highest 24704 8.96 30.00 21.04 2.95
NOTE:

1. We took the insertion loss of the cable loss into consideration within the measuring instrument.
2. It was measured by power sensor.

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIR001-003/1


http://www.kctl.co.kr/

KCTL Inc. Report No.:
65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea KR16-SRF0039 K ' L
TEL: 82-70-5008-1021 FAX: 82-505-299-8311 Page (13) of (55)

www.kctl.co.kr

5.3 Carrier Frequency Separation

5.3.1 Regulation

According to §15.247(a)(1), frequency hopping systems shall have hopping channel carrier
frequencies separated by a minimum of 25 kiiz or the 20 dB bandwidth of the hopping channel,
whichever is greater. Alternatively, frequency hopping systems operating in the 2 400-2 483.5 Mz
band may have hopping channel carrier frequencies that are separated by 25 kifz or two-thirds of
the 20 dB bandwidth of the hopping channel, whichever is greater, provided the systems operate
with an output power no greater than 125 niW.

5.3.2 Measurement Procedure

The method of measurement used to test this FHSS device is ANSI C63.10-2013.

The EUT shall have its hopping function enabled. Use the following spectrum analyzer
settings:

a) Span: Wide enough to capture the peaks of two adjacent channels.

b) RBW: Start with the RBW set to approximately 30% of the channel spacing; adjust as
necessary to best identify the center of each individual channel.

c¢) Video (or average) bandwidth (VBW) = RBW.

d) Sweep: Auto.

e) Detector function: Peak.

f) Trace: Max hold.

g) Allow the trace to stabilize.

Use the marker-delta function to determine the separation between the peaks of the adjacent
channels.

Compliance of an EUT with the appropriate regulatory limit shall be determined. A plot of the
data shall be included in the test report.

This test report shall not be reproduced, except in full, without the written approval
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5.3.3 Test Result

- Complied
-ANT 1
. Carrier frequency .
Frequency [M] Operating Mode separation [V] Limit
. 225 Iz or two-thirds of
24134 Hopping 4.196 the 20 dB bandwidth
. 225 [z or two-thirds of
24416 Hopping 3.586 the 20 dB bandwidth
. 225 [z or two-thirds of
24704 Hopping 3.636 the 20 dB bandwidth
-ANT 2
. Carrier frequency -
Frequency [Mi] Operating Mode separation [\i] Limit
. 225 [z or two-thirds of
24134 Hopping 4.496 the 20 dB bandwidth
. 225 kiz or two-thirds of
24416 Hopping 3.776 the 20 dB bandwidth
. 225 kiz or two-thirds of
24704 Hopping 3.506 the 20 dB bandwidth

NOTEZL: We took the insertion loss of the cable loss into consideration within the measuring instrument.
NOTEZ2: It is all separation difference due to choosing 16 channels randomly.

The min channel separation from 96 channel is 600 kitz, and 2/3 20 dB BW is less than 600 kifz, so the selected

16channels will always greater than 2/3 of 20 dB BW.
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5.3.4 Test Plot

Figure 1.Plot of the Carrier Frequency Separation (Conducted)
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5.4 20 dB Channel Bandwidth
5.4.1 Regulation

According to §15.247(a)(1), frequency hopping systems shall have hopping channel carrier
frequencies separated by a minimum of 25 ki or the 20 dB bandwidth of the hopping channel,
whichever is greater. Alternatively, frequency hopping systems operating in the 2400-2483.5 Mt
band may have hopping channel carrier frequencies that are separated by 25 Kz or two-thirds of
the 20 dB bandwidth of the hopping channel, whichever is greater, provided the systems operate
with an output power no greater than 125 mW.

5.4.2 Measurement Procedure
The method of measurement used to test this FHSS device is ANSI C63.10-2013.

The occupied bandwidth is measured as the width of the spectral envelope of the modulated
signal, at an amplitude level reduced from a reference value by a specified ratio (or in decibels, a
specified number of dB down from the reference value). Typical ratios, expressed in dB, are

-6 dB, —20 dB, and -26 dB, corresponding to 6 dB BW, 20 dB BW, and 26 dB BW, respectively.
In this subclause, the ratio is designated by “—xx dB.” The reference value is either the level of
the unmodulated carrier or the highest level of the spectral envelope of the modulated signal, as
stated by the applicable requirement. Some requirements might specify a specific maximum or
minimum value for the “—xx dB” bandwidth; other requirements might specify that the “—xx dB”
bandwidth be entirely contained within the authorized or designated frequency band.

a) The spectrum analyzer center frequency is set to the nominal EUT channel center
frequency.

The span range for the EMI receiver or spectrum analyzer shall be between two times and
five times the OBW.

b) The nominal IF filter bandwidth (3 dB RBW) shall be in the range of 1% to 5% of the OBW
and video bandwidth (VBW) shall be approximately three times RBW, unless otherwise
specified by the applicable requirement.

c) Set the reference level of the instrument as required, keeping the signal from exceeding the
maximum input mixer level for linear operation. In general, the peak of the spectral envelope
shall be more than [10 log (OBW/RBW)] below the reference level. Specific guidance is
given in 4.1.5.2.

d) Steps a) through c) might require iteration to adjust within the specified tolerances.

e) The dynamic range of the instrument at the selected RBW shall be more than 10 dB below
the target “—xx dB down” requirement; that is, if the requirement calls for measuring the
—-20 dB OBW, the instrument noise floor at the selected RBW shall be at least 30 dB below
the reference value.

f) Set detection mode to peak and trace mode to max hold.
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g) Determine the reference value: Set the EUT to transmit an unmodulated carrier or
modulated signal, as applicable. Allow the trace to stabilize. Set the spectrum analyzer
marker to the highest level of the displayed trace (this is the reference value).

h) Determine the “—xx dB down amplitude” using [(reference value) — xx]. Alternatively, this
calculation may be made by using the marker-delta function of the instrument.

i) If the reference value is determined by an unmodulated carrier, then turn the EUT
modulation ON, and either clear the existing trace or start a new trace on the spectrum
analyzer and allow the new trace to stabilize. Otherwise, the trace from step g) shall be
used for step j).

j) Place two markers, one at the lowest frequency and the other at the highest frequency of
the envelope of the spectral display, such that each marker is at or slightly below the “—xx
dB down amplitude” determined in step h). If a marker is below this “—xx dB down
amplitude” value, then it shall be as close as possible to this value. The occupied
bandwidth is the frequency difference between the two markers. Alternatively, set a marker
at the lowest frequency of the envelope of the spectral display, such that the marker is at
or slightly below the “-xx dB down amplitude” determined in step h). Reset the marker-
delta function and move the marker to the other side of the emission until the delta marker
amplitude is at the same level as the reference marker amplitude. The marker-delta
frequency reading at this point is the specified emission bandwidth.

k) The occupied bandwidth shall be reported by providing plot(s) of the measuring instrument
display; the plot axes and the scale units per division shall be clearly labeled. Tabular data
maybe reported in addition to the plot(s).
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5.4.3 Test Result
- Complied
-ANT 1
20 dB Channel Occupied Bandwidth
Rk Sl Bandwidth(lik) (99 % BW)(\It)
Lowest 0.759 0.731
GFSK Middle 0.767 0.741
Highest 0.775 0.767
-ANT 2
20 dB Channel Occupied Bandwidth
Mode Channel Bandwidth(lliz) (99 % BW)(ik)
Lowest 0.763 0.737
GFSK Middle 0.763 0.733
Highest 0.779 0.751

NOTE: We took the insertion loss of the cable loss into consideration within the measuring instrument.
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5.4.4 Test Plot

Figure 3.Plot of the 20 dB Channel Bandwidth / Occupied Bandwidth (Conducted)
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Middle Channel (2 441.6 M)
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Middle Channel (2 441.6 M)
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5.5 Number of Hopping Channels
5.5.1 Regulation

According to §15.247(a)(1)(iii), Frequency hopping systems in the 2400-2483.5 Mz band shall
use

at least 15 channels. The average time of occupancy on any channel shall not be greater than
0.4 seconds within a period of 0.4 seconds multiplied by the number of hopping channels
employed. Frequency hopping systems may avoid or suppress transmissions on a particular
hopping frequency provided that a minimum of 15 channels are used. According to
§15.247(b)(1), For frequency hopping systems operating in the 2400-2483.5 Mz band employing
at least 75 non-overlapping hopping channels, and all frequency hopping systems in the 5725-
5850 Miz band: 1 watt. For all other frequency hopping systems in the

2400-2483.5 iz band: 0.125 watts.

5.5.2 Measurement Procedure
The method of measurement used to test this FHSS device is ANSI C63.10-2013.

The EUT shall have its hopping function enabled. Use the following spectrum analyzer
settings:

a) Span: The frequency band of operation. Depending on the number of channels the device
supports, it may be necessary to divide the frequency range of operation across
multiple spans, to allow the individual channels to be clearly seen.

b) RBW: To identify clearly the individual channels, set the RBW to less than 30% of the
channel spacing or the 20 dB bandwidth, whichever is smaller.

c) VBW = RBW.

d) Sweep: Auto.

e) Detector function: Peak.

f) Trace: Max hold.

g) Allow the trace to stabilize.

It might prove necessary to break the span up into subranges to show clearly all of the hopping
frequencies. Compliance of an EUT with the appropriate regulatory limit shall be determined for
the number of hopping channels. A plot of the data shall be included in the test report.
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5.5.3 Test Result

- Complied
- ANT 1
Mode Frequency ALTEEL BF [NEEEnE Limit
channel
GFSK 2413.4 -2 470.4 iz 16 215
- ANT 2
Mode Frequency NLTEEL BF NEEEIng Limit
channel
GFSK 2413.4 -2 470.4 M 16 215
NOTE:

1. We took the insertion loss of the cable loss into consideration within the measuring instrument.

2. It can use 96 channels. In that case of TX and RX, it can choose 16 channels randomly on the most clean

condition.
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5.5.4 Test Plot

Figure 4. Plot of the Number of Hopping Channels
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5.6 Time of Occupancy (Dwell Time)

5.6.1 Regulation

According to §15.247(a)(1)(iii), frequency hopping systems in the 2400-2483.5 M band shall use
at least 15 channels. The average time of occupancy on any channel shall not be greater than
0.4 seconds within a period of 0.4 seconds multiplied by the number of hopping channels
employed. Frequency hopping systems may avoid or suppress transmissions on a particular
hopping frequency provided that a minimum of 15 channels are used.

5.6.2 Measurement Procedure
The method of measurement used to test this FHSS device is ANSI C63.10-2013.

The EUT shall have its hopping function enabled. Use the following spectrum analyzer
settings:

a) Span: Zero span, centered on a hopping channel.

b) RBW shall be < channel spacing and where possible RBW should be set >> 1/ T, where
T is the expected dwell time per channel.

c) Sweep: As necessary to capture the entire dwell time per hopping channel; where
possible use a video trigger and trigger delay so that the transmitted signal starts a little to
the right of the start of the plot. The trigger level might need slight adjustment to prevent
triggering when the system hops on an adjacent channel; a second plot might be needed
with a longer sweep time to show two successive hops on a channel.

d) Detector function: Peak.

e) Trace: Max hold.
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Use the marker-delta function to determine the transmit time per hop. If this value varies with
different modes of operation (data rate, modulation format, number of hopping channels, etc.),
then repeat this test for each variation in transmit time.

Repeat the measurement using a longer sweep time to determine the number of hops over the
period specified in the requirements. The sweep time shall be equal to, or less than, the period
specified in the requirements. Determine the number of hops over the sweep time and
calculate the total number of hops in the period specified in the requirements, using the
following equation:

(Number of hops in the period specified in the requirements) =
(number of hops on spectrum analyzer) x (period specified in the requirements / analyzer
sweep time)

The average time of occupancy is calculated from the transmit time per hop multiplied by the
number of hops in the period specified in the requirements. If the number of hops in a specific
time varies with different modes of operation (data rate, modulation format, number of hopping
channels, etc.), then repeat this test for each variation.

The measured transmit time and time between hops shall be consistent with the values
described in the operational description for the EUT.
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5.6.3 Test Result

- Complied
- ANT 1
Hoboin Hopping Number
m%%eg Modulation | Reading[ms] rate of Actual[s] Limit[s]
[hop/s] Channels
Non-AFH GFSK 1.828 142.829 16 0.104 0.40
- ANT 2
Hoboin Hopping Number
m%%eg Modulation | Reading[ms] rate of Actual[s] | Limit[s]
[hop/s] Channels
Non-AFH GFSK 1.828 142.829 16 0.104 0.40

NOTE 1. Non AFH
Actual = Reading x (Hopping rate / Number of channels) x Test period
Hopping rate: 16(channel)/0.112(hopping period) = 142.829 hop/sec
Test period = 0.4 [seconds / channel] x 16 [channel] = 6.4 [seconds]

NOTE 2: We took the insertion loss of the cable loss into consideration within the measuring instrument.
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5.6.4 Test Plot

Figure 5. Plot of the Time of Occupancy (Conducted)
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5.7 Spurious Emission, Band edge and Restricted bands

5.7.1 Regulation

According to §15.247(d), in any 100 kiiz bandwidth outside the frequency band in which the
spread spectrum or digitally modulated intentional radiator is operating, the radio frequency
power that is produced by the intentional radiator shall be at least 20 dB below that in the 100
kiz bandwidth within the band that contains the highest level of the desired power, based on
either an RF conducted or a radiated measurement, provided the transmitter demonstrates
compliance with the peak conducted power limits. If the transmitter complies with the
conducted power limits based on the use of RMS averaging over a time interval, as permitted
under paragraph (b)(3) of this section, the attenuation required under this paragraph shall be
30 dB instead of 20 dB. Attenuation below the general limits specified in Section 15.209(a) is
not required. In addition, radiated emissions which fall in the restricted bands, as defined in
Section 15.205(a), must also comply with the radiated emission limits specified in

Section 15.209(a) (see Section 15.205(c)).

According to §15.209(a), Except as provided elsewhere in this subpart, the emissions from an
intentional radiator shall notexceed the field strength levels specified in the following table:

Frequency (M) Field strength (xV/m) Measurement distance (m)
0.009 - 0.490 2400/F(kliz) 300
0.490 -1.705 24000/F(kikz) 30
1.705 - 30 30 30
30-88 100** 3
88 - 216 150** 3
216 - 960 200%* 3
Above 960 500 3

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this
section shall not be located in the frequency bands 54—72 iz, 7688 Miiz, 174—216 Mz or 470-806 M.
However, operation within these frequency bands is permltted under other sections of this part, e.g., §§15.231
and 15.241.
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According to § 15.205(a) and (b), only spurious emissions are permitted in any of the frequency
bands listed below:

Wiz Mz Wiz b
0.009 - 0.110 16.42 - 16.423 399.9 - 410 45-515
16.69475 - 16.69525
0.495 - 0.505 TS 100052 608 - 614 5.35 - 5.46
21735 - 2.1905 B ok 960 - 1240 7.25-7.75
4.125 - 4.128 el 1300 - 1427 8.025-85
417725 - 417775 15382 1435 - 1626.5 9.0-92
4.20725 - 4.20775 e 1645.5 - 1646.5 9.3-95
6.215 - 6.218 r8 Iy 1660 - 1710 10.6 - 12.7
6.26775 - 6.26825 T 1718.8 - 1722.2 13.25 - 13.4
6.31175 - 6.31225 . 2200 - 2300 14.47 - 14.5
8.291 - 8.294 1900 2310 - 2390 15.35 - 16.2
8.362 - 8.366 oA 2483.5 - 2500 17.7-21.4
8.37625 - 8.38675 (aobs2ezs 2690 - 2900 22.01 - 23.12
8.41425-8.41475 | 207 1509 3260 - 3267 23.6 - 24.0
12.29 - 12.293 oL Lo 3332 - 3339 31.2-318
12.51975 - 12.52025 e 3345.8 - 3358 36.43- 36.5
12.57675 - 12.57725 a0 28 3600 - 4400 Above 38.6
13.36 - 13.41 :

The field strength of emissions appearing within these frequency bands shall not exceed the
limits shown in §15.209. At frequencies equal to or less than 1000 Mz, compliance with the
limits in §15.209 shall be demonstrated using measurement instrumentation employing a
CISPR quasi-peak detector. Above 1000 Miz, compliance with the emission limits in §15.209
shall be demonstrated based on the average value of the measured emissions. The provisions
in §15.35 apply to these measurements.

5.7.2 Measurement Procedure

The method of measurement used to test this FHSS device is ANSI C63.10-2013.

1) Band-edge Compliance of RF Conducted Emissions

These procedures are applicable for determining compliance at authorized-band band-edges
where the requirements are expressed as a value relative to the in-band signal level.
Procedures for determining compliance with field strength limits at or close to the band-edges
are given in 6.10.6 (see also Table A.2).

Band-edge tests are typically performed as a conducted test but may be performed as
radiated measurements on a test site meeting the specifications in 5.2, at the measurement
distances specified in 5.3. The instrumentation shall meet the requirements in 4.1.1 using the
bandwidths and detectors Specified in 4.1.4.2.

When performing radiated measurements, the measurement antenna(s) shall meet the
specifications in 4.3. The EUT shall be connected to an antenna and operated at the highest
power settings following procedures in 6.3.
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For other than frequency-hopping devices, this test sequence shall be performed once. For
devices that support frequency hopping, this test sequence shall be performed twice: once with
the hopping function tumed OFF and then repeated with the hopping function turned ON. The
purpose of the test with the hopping function turned on is to confirm that the RF power remains
OFF while the device is changing frequencies, and that the oscillator stabilizes at the new
frequency before RF power is turned back ON. Overshoot of any oscillator, including phase-lock-
loop stabilized oscillators, can cause the device to be temporarily tuned to frequencies outside
the authorized band, and it is important that no transmissions occur during such temporary
periods. Particular attention to the hopping sequence requirements specified below is needed in
the case of adaptive frequency-hopping devices:

a) Connect the EMI receiver or spectrum analyzer to the EUT using an appropriate RF cable
connected to the EUT output. Configure the spectrum analyzer settings as described in
step e) (be sure to enter all losses between the unlicensed wireless device output and the
spectrum analyzer).

b) Set the EUT to the lowest frequency channel (for the hopping on test, the hopping
sequence shall include the lowest frequency channel).

c) Set the EUT to operate at maximum output power and 100% duty cycle, or equivalent
“normal mode of operation” as specified in 6.10.3.

d) If using the radiated method, then use the applicable procedure(s) of 6.4, 6.5, or 6.6, and
orient the EUT and measurement antenna positions to produce the highest emission level.

e) Perform the test as follows:

1) Span: Wide enough to capture the peak level of the emission operating on the channel
closest to the band edge, as well as any modulation products that fall outside of the
authorized band of operation.

2) Reference level: As required to keep the signal from exceeding the maximum
instrument input mixer level for linear operation. In general, the peak of the spectral
envelope shall be more than [10 log (OBW/RBW)] below the reference level. Specific
guidance is given in 4.1.5.2.

3) Attenuation: Auto (at least 10 dB preferred).

4) Sweep time: Coupled.

5) Resolution bandwidth: 100 kHz.

6) Video bandwidth: 300 kHz.

7) Detector: Peak.
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f) Allow the trace to stabilize. For the test with the hopping function turned ON, this can take
several minutes to achieve a reasonable probability of intercepting any emissions due to
oscillator overshoot.

g) Set the marker on the emission at the band edge, or on the highest modulation product
outside of the band, if this level is greater than that at the band edge. Enable the marker-
delta function, and then use the marker-to-peak function to move the marker to the peak of
the in-band emission.

h) Repeat step c) through step e) for every applicable modulation.

i) Set the EUT to the highest frequency channel (for the hopping on test, the hopping

sequence shall include the highest frequency channel) and repeat step c) through step d).

j) The band-edge measurement shall be reported by providing plot(s) of the measuring
instrument display; the plot axes and the scale units per division shall be clearly labeled.
Tabular data may be reported in addition to the plot(s).
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2) Spurious RF Conducted Emissions:

Conducted spurious emissions shall be measured for the transmit frequency, per 5.5 and 5.6, and at the
maximum transmit powers.

Connect the primary antenna port through an attenuator to the spectrum analyzer input; in the results,
account for all losses between the unlicensed wireless device output and the spectrum analyzer.

The instrument shall span 30 MHz to 10 times the operating frequency in GHz, with a resolution
bandwidth of 100 kHz, video bandwidth of 300 kHz, and a coupled sweep time with a peak detector.
The band 30 MHz to the highest frequency may be split into smaller spans, as long as the entire
spectrum is covered.

3) Spurious Radiated Emissions:

1. The preliminary radiated measurements were performed to determine the frequency producing the
maximum emissions in an semi-anechoic chamber at a distance of 3 meters.

2. The EUT was placed on the top of the 0.8-meter height, 1 x 1.5 meter non-metallic table. To find the
maximum emission levels, the height of a measuring antenna was changed and the turntable was
rotated 360°.

3. The antenna polarization was also changed from vertical to horizontal. The spectrum was scanned
from 9 kiz to 30 Mz using the loop antenna, and from 30 to 1000 Mz using the Bi-Log antenna, and
from 1000 Mtz to 26 500 Miz using the horn antenna.

4. To obtain the final measurement data, the EUT was arranged on a turntable situated on a 4 x 4 meter
in an semi-anechoic chamber. The EUT was tested at a distance 3 meters.

5. Each frequency found during preliminary measurements was re-examined and investigated. The test-
receiver system was set up to average, peak, and quasi-peak detector function with specified
bandwidth.

6. The 0.8m height is for below 1 G testing, and 1.5m is for above 1G testing.

- Procedure for unwanted emissions measurements below 1000 MHz

The procedure for unwanted emissions measurements below 1000 MHz is as follows:
a) Follow the requirements in 12.7.4.

b) Compliance shall be determined using CISPR quasi-peak detection; however, peak detection is
permitted as an alternative to quasi-peak detection.

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIR001-003/1


http://www.kctl.co.kr/

KCTL Inc. Report No.:
65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea KR16-SRF0039 K ' L
TEL: 82-70-5008-1021 FAX: 82-505-299-8311 Page (40) of (55)

www.kctl.co.kr

- Procedure for peak unwanted emissions measurements above 1000 MHz

The procedure for peak unwanted emissions measurements above 1000 MHz is as follows:
a) Follow the requirements in 12.7.4.
b) Peak emission levels are measured by setting the instrument as follows:
1) RBW =1 MHz.
2) VBW = [3 - RBW].
3) Detector = peak.
4) Sweep time = auto.
5) Trace mode = max hold.
6) Allow sweeps to continue until the trace stabilizes. Note that if the transmission is not continuous,
then the time required for the trace to stabilize will increase by a factor of approximately 1/ D,
where D is the duty cycle. For example, at 50% duty cycle, the measurement time will increase by a

factor of two, relative to measurement time for continuous transmission.

- Procedures for average unwanted emissions measurements above 1000 MHz

Method VB-A is averaging using reduced video bandwidth. The procedure for this method is as follows:
a) RBW =1 MHz.

b) Video bandwidth:

1) If the EUT is configured to transmit with D = 98%, then set VBW < RBW / 100
(i.e., 10 kHz), but not less than 10 Hz.

2) If the EUT D is < 98%, then set VBW =1 /T, where T is defined in item a1) of 12.2.

¢) Video bandwidth mode or display mode:

1) The instrument shall be set with video filtering applied in the power domain. Typically,
this requires setting the detector mode to RMS (power averaging) and setting the
average-VBW type to power (rms).

2) As an alternative, the instrument may be set to linear detector mode. Video filtering
shall be applied in linear voltage domain (rather than in a log or dB domain). Some
instruments require linear display mode to accomplish this. Others have a setting for
average-VBW type, which can be set to “voltage” regardless of the display mode.

d) Detector = peak.

e) Sweep time = auto.

f) Trace mode = max hold.

g) Allow max hold to run for at least 50 traces if the transmitted signal is continuous or has at least
98% duty cycle. For lower duty cycles, increase the minimum number of traces by a factor of
1/x, where D is the duty cycle. For example, use at least 200 traces if the duty cycle is 25%. (If a
specific emission is demonstrated to be continuous—i.e., 100% duty cycle—then rather than
turning ON and OFF with the transmit cycle, at least 50 traces should be averaged.)
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5.7.3 Test Result

- Complied

1. Band edge compliance of RF Conducted Emissions was shown in figure 6& 7.
2. Measured value of the Field strength of spurious Emissions (Radiated)

3. lttested x,y and z — 3 axis each, mentioned only worst case data at this report.
-ANT 1

- Below 1 Gz data (Worst-case: Highest channel)

Highest channel (2 470.4 M)

Frequency BZ?%?,:’\{;; Pol. Reading (I:_izlse ér;ﬁ A:;i?;a Factor Result Limit Margin
[MHz] [kHz] IVH | [dB(uV)] [dB] [dB] [dB] [dB]  [[dB(uV/m)] [dB(uV/m)] | [dB]
Quasi-Peak DATA. Emissions below 30 M
) Not ) ) ) ) ) ) ) ) )
Detected
Quasi-Peak DATA. Emissions below 1 (i
199.99 120 H 34.80 3.19 | -32.49 | 11.20 | -18.10 | 16.70 | 43.50 | 26.80
300.02 120 H 34.50 3.83 | -32.53 | 13.60 | -15.10 | 19.40 | 46.00 | 26.60
400.06 120 H 33.90 462 | -32.62 | 1580 | -12.20 | 21.70 | 46.00 | 24.30
829.64 120 \Y 21.80 6.55 | -32.47 | 21.22 | -4.70 17.10 | 46.00 | 28.90
Above Not ) ) ) ) ) ) ) ) )
900.00 Detected
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- Above 1 (iz data

Lowest channel (2 413.4 Mk)

Receiver Cable Amp Antenna

Frequency Bandwidth | °- |Reading | | oo Gain Factor

(M) [kHz] V/H] | [dB(uV)] | [dB] [dB] [dB] [dB]  [dB(uV/m)] [[dB(uV/m)] | [dB]

Factor Result Limit Margin

Peak DATA. Emissions above 1 (iz

1307.19 1000 68.80 | 3.57 | -63.15 | 29.18 | -30.40 | 38.40 | 74.00 | 35.60

2 375.31Y 1000 80.30 | 4.79 | -61.02 | 31.53 | -24.70 | 55.60 | 74.00 | 18.40

6 902.06 1000 62.80 | 7.45 | -61.61 | 35.66 | -18.50 | 44.30 | 74.00 | 29.70

9711.44 1000 62.20 | 8.75 | -61.62 | 36.67 | -16.20 | 46.00 | 74.00 | 28.00

20 547.87 1000 48.30 | 13.10 | -51.40 | 45.60 | 7.30 | 55.60 | 74.00 | 18.40

T IT|IT|T|T|T

21776.12 1000 46.50 | 13.70 | -52.10 | 45.90 | 7.50 | 54.00 | 74.00 | 20.00

Above Not
22 000.00 Detected

Average DATA. Emissions above 1 [z

1307.19 1000 58.10 | 3.57 | -63.15 | 29.18 | -30.40 | 27.70 | 54.00 | 26.30

2 375.31" 1000 61.80 | 4.79 | -61.02 | 31.53 | -24.70 | 37.10 | 54.00 | 16.90

6 902.06 1000 51.50 | 7.45 | -61.61 | 35.66 | -18.50 | 33.00 | 54.00 | 21.00

9711.44 1000 50.80 | 8.75 | -61.62 | 36.67 | -16.20 | 34.60 | 54.00 | 19.40

20 547.87 1000 3710 | 13.10 | -51.40 | 45.60 | 7.30 | 44.40 | 54.00 | 9.60

) s i e s o

21776.12 1000 36.20 | 13.70 | -52.10 | 45.90 | 7.50 | 43.70 | 54.00 | 10.30

Above Not
22 000.00 Detected

) Restricted band.
NOTE 1. Factor = Cable loss — Amp gain + Antenna factor
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Middle channel (2 441.6 Mk)

Receiver Cable Amp Antenna

Frequency | gangwidth | T |R€AING | [oss | Gain | Factor

[Wz] [kHz] V/H | [dB(wV)] | [dB] [dB] [dB] [dB]  [dB(uV/m)] [[dB(uV/m)] | [dB]

Factor Result Limit Margin

Peak DATA. Emissions above 1 (iz

1 956.88 1000 7410 | 444 | -62.76 | 30.82 | -27.50 | 46.60 | 74.00 | 27.40

2198.13 1000 67.50 | 4.65 | -61.60 | 31.25 | -25.70 | 41.80 | 74.00 | 32.20

6 153.50 1000 63.40 | 7.16 | -62.15 | 35.39 | -19.60 | 43.80 | 74.00 | 30.20

10 240.69 1000 61.70 | 9.01 | -61.55 | 37.34 | -15.20 | 46.50 | 74.00 | 27.50

19 911.44 1000 47.50 | 13.00 | -51.70 | 4490 | 6.20 | 53.70 | 74.00 | 20.30

o o o o £

21 575.31 1000 47.10 | 13.60 | -51.80 | 45.90 | 7.70 54.80 | 74.00 | 19.20

Above Not
22 000.00 | Detected

Average DATA. Emissions above 1 [z

1 956.88 1000 59.60 | 4.44 | -62.76 | 30.82 | -27.50 | 32.10 | 54.00 | 21.90

2198.13 1000 58.20 | 4.65 | -61.60 | 31.25 | -25.70 | 32.50 | 54.00 | 21.50

6 153.50 1000 5190 | 7.16 | -62.15 | 35.39 | -19.60 | 32.30 | 54.00 | 21.70

10 240.69 1000 50.40 | 9.01 | -61.55| 37.34 | -15.20 | 35.20 | 54.00 | 18.80

19 911.44 1000 37.00 | 13.00 | -51.70 | 44.90 | 6.20 | 43.20 | 54.00 | 10.80

TITITITIITI<

21 575.31 1000 35.80 | 13.60 | -51.80 | 45.90 | 7.70 | 43.50 | 54.00 | 10.50

Above Not
22 000.00 | Detected

) Restricted band.
NOTE 1. Factor = Cable loss — Amp gain + Antenna factor
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Highest channel (2 470.4 M)

Receiver Pol Readin Cable Amp Antenna
Bandwidth ’ 9 Loss Gain Factor

[Wz] [kHz] V/H | [dB(wV)] | [dB] [dB] [dB] [dB]  [dB(uV/m)] [[dB(uV/m)] | [dB]

Frequency Factor Result Limit Margin

Peak DATA. Emissions above 1 (iz

1957.19 1000 7440 | 444 | -62.76 | 30.82 | -27.50 | 46.90 | 74.00 | 27.10

2 485.00" 1000 80.70 | 4.87 | -61.07 | 31.70 | -24.50 | 56.20 | 74.00 | 17.80

4 940.94 1000 65.90 | 6.53 | -61.45| 35.12 | -19.80 | 46.10 | 74.00 | 27.90

10 188.12 1000 61.80 | 8.98 | -61.56 | 37.28 | -15.30 | 46.50 | 74.00 | 27.50

20 510.69 1000 48.00 | 13.10 | -51.50 | 45.60 | 7.20 | 55.20 | 74.00 | 18.80

ITITITIKIIK

24 956.19 1000 46.30 | 15.00 | -52.60 | 45.50 | 7.90 | 54.20 | 74.00 | 19.80

Above Not
22 000.00 | Detected

Average DATA. Emissions above 1 [z

1957.19 1000 5940 | 444 | -62.76 | 30.82 | -27.50 | 31.90 | 54.00 | 22.10

2 485.00" 1000 61.60 | 4.87 | -61.07 | 31.70 | -24.50 | 37.10 | 54.00 | 16.90

4 940.94 1000 57.30 | 6.53 | -61.45| 35.12 | -19.80 | 37.50 | 54.00 | 16.50

10 188.12 1000 51.00 | 8.98 | -61.56 | 37.28 | -15.30 | 35.70 | 54.00 | 18.30

20 510.69 1000 3710 | 13.10 | -51.50 | 45.60 | 7.20 | 44.30 | 54.00 | 9.70

TITTIKIN

24 956.19 1000 35.40 | 15.00 | -52.60 | 45.50 | 7.90 | 43.30 | 54.00 | 10.70

Above Not
22 000.00 | Detected

) Restricted band.
NOTE 1. Factor = Cable loss — Amp gain + Antenna factor
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- ANT 2
- Above 1 (iz data

Lowest channel (2 413.4 Mk)

Frequency BZ?]((::I?/\I/\;;trh Pol. Reading (I:_?)lee ér:.ﬁ A:;ec?(;\ra Factor Result Limit Margin
[MHz) [khz] [VIH] [dB(uV)] [dB] [dB] [dB] [dB] [dB(uV/m)] [[dB(uV/m)] [dB]

Peak DATA. Emissions above 1 (iz

1264.06 1000 70.30 | 3.51 | -63.09 | 29.08 | -30.50 | 39.80 | 74.00 | 34.20

2 370.31Y 1000 78.60 | 4.78 | -61.00 | 31.52 | -24.70 | 53.90 | 74.00 | 20.10

5 899.75 1000 63.80 | 7.05 | -62.18 | 35.33 | -19.80 | 44.00 | 74.00 | 30.00

9 921.69 1000 60.10 | 8.85 | -61.60 | 36.95 | -15.80 | 44.30 | 74.00 | 29.70

20 631.81 1000 47.90 | 13.10 | -51.40 | 45.70 | 7.40 | 55.30 | 74.00 | 18.70

T IT|IT|T|T|T

21 511.56 1000 47.60 | 13.50 | -51.80 | 46.00 | 7.70 | 55.30 | 74.00 | 18.70

Above Not
22 000.00 | Detected

Average DATA. Emissions above 1 Gz

1264.06 1000 62.30 | 3.51 | -63.09 | 29.08 | -30.50 | 31.80 | 54.00 | 22.20

2370.31" 1000 58.50 | 4.78 | -61.00 | 31.52 | -24.70 | 33.80 | 54.00 | 20.20

5 899.75 1000 5210 | 7.05 | -62.18 | 35.33 | -19.80 | 32.30 | 54.00 | 21.70

9 921.69 1000 5110 | 8.85 | -61.60 | 36.95 | -15.80 | 35.30 | 54.00 | 18.70

20 631.81 1000 3710 | 13.10 | -51.40 | 45.70 | 7.40 | 44.50 | 54.00 | 9.50

TIT|IT|T|T|T|T

21 511.56 1000 35.90 | 13.50 | -51.80 | 46.00 | 7.70 | 43.60 | 54.00 | 10.40

Above Not
22 000.00 | Detected

) Restricted band.
NOTE 1. Factor = Cable loss — Amp gain + Antenna factor
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Middle channel (2 441.6 Mk)

Receiver Cable Amp Antenna

Frequency | gangwidth | T |R€AING | [oss | Gain | Factor

[Wz] [kHz] V/H | [dB(wV)] | [dB] [dB] [dB] [dB]  [dB(uV/m)] [[dB(uV/m)] | [dB]

Factor Result Limit Margin

Peak DATA. Emissions above 1 (iz

1888.13 1000 68.20 | 4.35 | -63.00 | 30.65 | -28.00 | 40.20 | 74.00 | 33.80

2012.50 1000 68.20 | 4.51 | -62.66 | 30.95 | -27.20 | 41.00 | 74.00 | 33.00

6 711.75 1000 63.00 | 7.38 | -61.97 | 35.59 | -19.00 | 44.00 | 74.00 | 30.00

10 275.12 1000 62.30 | 9.02 | -61.60 | 37.38 | -15.20 | 47.10 | 74.00 | 26.90

20 551.06 1000 47.80 | 13.10 | -51.50 | 45.70 | 7.30 | 55.10 | 74.00 | 18.90

I ITI<|I<|T|T

21 363.87 1000 47.70 | 13.40 | -51.70 | 46.00 | 7.70 55.40 | 74.00 | 18.60

Above Not
22 000.00 | Detected

Average DATA. Emissions above 1 [z

1888.13 1000 54.50 | 4.35 | -63.00 | 30.65 | -28.00 | 26.50 | 54.00 | 27.50

2012.50 1000 5740 | 451 | -62.66 | 30.95 | -27.20 | 30.20 | 54.00 | 23.80

6 711.75 1000 51.70 | 7.38 | -61.97 | 35.59 | -19.00 | 32.70 | 54.00 | 21.30

10 275.12 1000 50.60 | 9.02 | -61.60 | 37.38 | -15.20 | 35.40 | 54.00 | 18.60

20 551.06 1000 36.20 | 13.10 | -51.50 | 45.70 | 7.30 | 43.50 | 54.00 | 10.50

I IT<I<|T|T

21 363.87 1000 37.20 | 1340 | -51.70 | 46.00 | 7.70 | 44.90 | 54.00 | 9.10

Above Not
22 000.00 | Detected

NOTE 1. Factor = Cable loss — Amp gain + Antenna factor
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Highest channel (2 470.4 M)

Receiver Pol Readin Cable Amp Antenna
Bandwidth ’ 9 Loss Gain Factor

[Wz] [kHz] V/H | [dB(wV)] | [dB] [dB] [dB] [dB]  [dB(uV/m)] [[dB(uV/m)] | [dB]

Frequency Factor Result Limit Margin

Peak DATA. Emissions above 1 (iz

1 891.56 1000 68.20 | 4.35 | -63.01 | 30.66 | -28.00 | 40.20 | 74.00 | 33.80

2484.69Y 1000 87.80 | 4.87 | -61.07 | 31.70 | -24.50 | 63.30 | 74.00 | 10.70

6 385.50 1000 64.90 | 7.25 | -62.12 | 35.47 | -19.40 | 45.50 | 74.00 | 28.50

10 293.25 1000 61.00 | 9.03 | -61.53 | 3740 | -15.10 | 45.90 | 74.00 | 28.10

19 953.94 1000 48.30 | 13.00 | -51.70 | 45.00 | 6.30 | 54.60 | 74.00 | 19.40

I ITI<|I<|T|T

21740.00 1000 47.50 | 13.60 | -51.90 | 45.90 | 7.60 | 55.10 | 74.00 | 18.90

Above Not
22 000.00 | Detected

Average DATA. Emissions above 1 [z

1 891.56 1000 57.60 | 4.35 | -63.01 | 30.66 | -28.00 | 29.60 | 54.00 | 24.40

2484.69Y 1000 56.30 | 4.87 | -61.07 | 31.70 | -24.50 | 31.80 | 54.00 | 22.20

6 385.50 1000 53.40 | 7.25 | -62.12 | 35.47 | -19.40 | 34.00 | 54.00 | 20.00

10 293.25 1000 50.10 | 9.03 | -61.53 | 37.40 | -15.10 | 35.00 | 54.00 | 19.00

19 953.94 1000 36.90 | 13.00 | -51.70 | 45.00 | 6.30 | 43.20 | 54.00 | 10.80

I IT<I<|T|T

21740.00 1000 35.20 | 13.60 | -51.90 | 45.90 | 7.60 | 42.80 | 54.00 | 11.20

Above Not
22 000.00 | Detected

) Restricted band.
NOTE 1. Factor = Cable loss — Amp gain + Antenna factor
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5.7.4 Test Plot

Figure 6. Plot of the Band Edge (Conducted)
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Figure 7. Plot of the Spurious RF conducted emissions
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Highest Channel (2 470.4 Miz)
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Middle Channel (2 441.6 M)
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6. Test equipment used for test

Equipment Name Manufacturer Model No. Serial No. Neg;,g g
] Spectrum Analyzer R&S FSV40 100989 17.01.07
[ DC Power Supply Agilent E3632A MY40008800 | 17.08.29
] Signal Generator R&S SMRA40 100007 17.06.02
- v%cé?];g?;m R&S SMBV100A 257566 17.01.07
B | Wideband Power Sensor R&S NRP-Z81 102398 17.02.11
] ATTENUATOR HP 8491A 29738 17.01.07
[} Attenuator SCHWARZBECK DGA9552N BU2404 17.04.08
B | EMITEST RECEIVER R&S ESCI 100732 17.08.25
] Bi-Log Antenna SCHWARZBECK VULB 9163 552 18.06.27
[} Horn antenna ETS.lindgren 3116 00086635 17.05.03
[} Horn antenna ETS.lindgren 3117 161225 17.05.03
- Amplifier lNg?g‘S&”EANT 310N 186280 17.04.07
- AMPLIFIER L3 Narda-MiTEQ | AMF7D-07901800 |+ 5003683 | 17.08.26
] AMPLIFIER L-3 Narda-MITEQ [S44-18004000-33-8P| 2000996 17.08.26
] LOOP Antenna R&S HFH2-z2 100355 18.03.03
H Antenna Mast MATURO AM4.0 079/3440509 -
[} Turn Table MATURO CO2000-SOFT - -
H Highpass Filter WT WT-A1698-HS WT160411001 | 17.07.08
H Cable Assembly Radiall TESTPRO 3 - -
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