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1. General information

Applicant: KUSTOM SIGNALS, INC

Applicant address: 9652 Loiret Boulevard, Lenexa KS 66219 USA

Test site: KES Co., Ltd.

Test site address: C-3701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si, Gyeonggi-do, Korea
473-21, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea

FCC rule part(s): 15.247

FCC ID: IVQVANTAGEI1

Test device serial No.: X] Production [ ] Pre-production [ ] Engineering

1.1. EUT description

Equipment under test ~ Bodyworn Camera

Frequency range BT :2402 Mz ~2 480 Mz (LE)
WIFT: 2412 Miz ~2 462 Mz (11b/g/n_HT20)
Model: VANTAGE

Derivative model -
Modulation technique BT : GFSK
WIFI : DSSS, OFDM
Number of channels BT : 40
WIFI : 11
Antenna specification BT : Chip Antenna, Peak gain: 0.5 dBi
WIFI : PCB Antenna, Peak gain: 2.84 dBi
Power source DC 3.7 V Li-ion Battery

1.2. Test configuration

The KUSTOM SIGNALS, INC Bodyworn Camera FCC ID: IVOVANTAGE1 was tested per the
guidance of KDB 558074 D01 v03r05. ANSI C63.10-2013 was used to reference the appropriate EUT setup
for radiated spurious emissions testing and AC line conducted testing.
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1.3. Frequency/channel operations
Ch. Frequency (M) Mode
01 2412 802.11b/g/n_HT20
06 2437 802.11b/g/n_HT20
11 2 462 802.11b/g/n_HT20
1.4. Accessory information
Applicant Equipment Manufacturer Model Power source

1.5. Device modifications

N/A

1.6. Derivation model information

N/A

1.7. Maximum peak output power
Refer to the peak output power.

Note.

1. Radiated emission and power line conducted emission were performed with the EUT set to transmit
at the channel with highest output power as worst-case scenario.

2. Worst-case data rates were:
802.11b mode : 5.5 Mbps
802.11g mode : 6 Mbps
802.11n HT20 mode : MCSO0
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2. Summary of tests
Reference Parameter Test results
15.247(a)(2) 6 dB bandwidth and 99% occupied bandwidth Pass
15.247(b)(3) Peak output power Pass
15.247(e) Power spectral density Pass
15.205 15.209 Radiated restricted band and emission Pass
15.247(d) Conducted spurious emission and band edge Pass
15.207(a) AC conducted emissions Pass
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3. Test results
3.1. 6 dB bandwidth

Test procedure

KDB 558074 D01 v03r05 — Section 8.1 or 8.2

Section 8.1
1. RBW = 100 Kifz.
2. VBW = 3 X RBW.
3. Detector = peak.
4. Trace mode = max hold.
5. Sweep = auto couple.
6. Allow the trace to stabilize
7.

relative to the maximum level measured in the fundamental emission.

Section 8.2

The automatic bandwidth measurement capability of an instrument may be employed using the X dB
bandwidth mode with X set to 6 dB, if the functionality described above (i.e., RBW = 100 kifz, VBW >3 X
RBW, peak detector with maximum hold) is implemented by the instrumentation function. When using this
capability, care shall be taken so that the bandwidth measurement is not influenced by any intermediate
power nulls in the fundamental emission that might be > 6 dB.

Limit

According to §15.247(a)(2), systems using digital modulation techniques may operate 902 ~ 928 Mz, 2 400 ~

Measure the maximum width of the emission that is constrained by the frequencies associated with
the two outermost amplitude points (upper and lower frequencies) that are attenuated by 6 dB

2 483.5 Mz, and 5 725 ~ 5 850 Mz bands. The minimum 6 dB bandwidth shall be at least 500 kilz.

Test results

Test Mode Bandwidth (M) Frequency(Miz) 6 dB bandwidth(Mk) Limit(Mi)

2412 9.768

802.11b 20 2 437 10.072
2 462 10.463
2412 16.498

802.11¢g 20 2 437 16.541 0.5
2 462 16.541
2412 17.757

802.11n 20 2 437 17.713
2462 17.670
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802.11b // Low channel
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802.11b // Middle channel
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802.11b // High channel
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802.11g // Low channel
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802.11g // Middle channel
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802.11g // High channel
rSpeclrum ] @

Ref Level 11.56 dBm Offset 11.56 dB & RBW 100 kHz

Att 20d8 SWT  37.0ps @ VBW 300 kHz Mode Auto FFT
@ 1Pk Max

D211 0.01 di|
16.5410 MHz
0 dBm—— Mi[1] 7.19 dBm)|
| {01 -1410dBp P S PRI VY ey S in, 4537080 GHz
| GWJW M [ WAy o
2 -7.410 denr

-10 dém ,r’ IL\

]
\.-'W\”— WNU

-20 dBm

A

-30 dém

'\"JW]JI,,‘ i

40 dBm

-50 dBm

-60 dBm

=70 dBm

-80 dBm

CF 2.462 GHz

691 pts Span 30.0 MHz
L JL J Measuring... 1304554 %

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The test results in the report only apply to the tested sample.

KES-P-5101-14 Rev. 1 KES A4



KES Co., Ltd.

C-3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, Korea
Tel: +82-31-425-6200 / Fax: +82-31-424-0450
www.kes.co.kr

Test report No.:
KES-RF-16T0055-R1
Page (11) of (65)

802.11n_HT20 // Low channel
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802.11n_HT20 // High channel

Spectrum ] ué’
Ref Level 11.56 dBm Offset 11.56 dB & RBW 100 kHz
ALt 20ds  BWT 37.9 ys @ VBW 300 kHz  Mode Auto FFT
(@ 1Pk Max
D2[1] 1.98 dB|
17.6700 MHz
d mM1[1] 5.15 dBm)|
0.98m {01 -1.320 o 2.4531870 GHz
[T DA st M g A ll,..,.w_»-w.- -\.u).-wlww
7.320 dBnr ! r
-10 dBr
-20 dBm J \\("u—
Ty ey A
" JUARAS i
-30 dBm
=40 dBm
-50 dB
-60 dBi
=70 dBm:
-80 dBm:
CF 2.462 GHz 691 pts Span 30.0 MHz
" m
L J1 , Measuring... HEEEER 1353514 %

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The test results in the report only apply to the tested sample.

KES-P-5101-14 Rev. 1 KES A4



KES Co., Ltd. N
C-3701, 40, Simin-daero 365beon-gil, est report NO.:
KE; Dongan-gu, Anyang-si, Gyeonggi-do, Korea KES-RF-16T0055-R1
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (13) of (65)
www.kes.co.kr

3.2. 99% occupied bandwidth
Test procedure
ANSI C63.10-2013

Limit
None; for reporting purpose only.

Test results

Test Mode Bandwidth (M) Frequency (Mk) 99% occupied bandwidth(Mik)
2412 13.63
802.11b 20 2 437 13.63
2 462 13.54
2412 18.75
802.11¢g 20 2 437 18.93
2462 18.19
2412 19.71
802.11n 20 2 437 19.36
2462 18.89
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802.11b // Low channel
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802.11b // Middle channel
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802.11b // High channel
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802.11g // Low channel
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802.11g // Middle channel
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802.11g // High channel
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802.11n_HT20 // Low channel
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802.11n HT20 // Middle channel
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802.11n_HT20 // High channel

'Specwm 1 [@’]

Ref Level 11.56 dBm Offset 11.56 dB & RBW 300 kHz

ALt 15dB  SWT 126 s @ VBW 1 MHz Mode Auto FFT
@ 1Pk Max
M1[1] 6.05 dBm
2.4685560 GHz
0d8 Occ Bw 18.BB5672938 MHz
dB M1
oda B Ul [T MR W WP W v"-\,h_'..
-10 dg £ s
b
k. L
_r o
= i e,
Terymanas]

CF 2.462 GHz 691 pts Span 30.0 MHz
™ r—g-mm—'
L J1 , Measuring... PR ] sl

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The test results in the report only apply to the tested sample.

KES-P-5101-14 Rev. 1 KES A4



KES Co., Ltd. R
C-3701, 40, Simin-daero 365beon-gil, est report NO.:
KE Dongan-gu, Anyang-si, Gyeonggi-do, Korea KES-RF-16T0055-R1
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (19) of (65)
www.kes.co.kr

3.3. Peak output power
Test procedure
KDB 558074 D01 v03r05 — section 9.1.1 or 9.1.2

Section 9.1.1
This procedure shall be used when the measurement instrument has available a resolution bandwidth
that is greater than the DTS bandwidth.

Set the RBW = DTS bandwidth.

Set VBW = 3 X RBW.

Set span = 3 X RBW

Sweep time = auto couple

Detector = peak

Trace mode = max hold

Allow trace to fully stabilize

Use peak marker function to determine the peak amplitude level

PN R WD =

Section 9.1.2

The maximum peak conducted output power may be measured using a broadband peak RF power
meter. The power meter shall have a video bandwidth that is greater than or equal to the DTS ba
ndwidth and shall utilize a fast-responding diode detector.

Limit

According to §15.247(b)(3), For systems using digital modulation in the 902~928 Mz, 2 400~2 483.5 M,
and 5 725~5 850 Mk bands: 1 Watt. As an alternative to a peak power measurement, compliance with the
one Watt limit can be based on a measurement of the maximum conducted out-put power. Maximum
Conducted Out-put Power is defined as the total transmit power delivered to all antennas and antenna
elements averaged across all symbols in the signaling alphabet when the transmitter is operating at its
maximum power control level. Power must be summed across all antennas and antenna elements. The
average must not include any time intervals during which the transmitter is off or is transmitting at a reduced
power level. If multiple modes of operation are possible (e.g., alternative modulation methods), the
maximum conducted output power is the highest total transmit power occurring in any mode.

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 transmit-ting 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.
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Test results

Output power(dBm)
Mode Channel no. Detector Data rate(Mbps)
2 55
- PK 13.51 13.54 13.62 13.58
AV 12.62 12.64 12.89 12.70
802.11b 06 PK 13.40 13.41 13.47 13.44
AV 12.12 12.18 12.28 12.22
1 PK 13.28 13.29 13.33 13.30
AV 12.04 12.06 12.10 12.08
Output power(dBm)
Mode Channel no. Detector Data rate(Mbps)
6 9 12 18 24 36 48 54
o1 PK 19.56 | 19.53 | 19.51 | 19.54 | 19.50 | 19.44 | 19.38 | 19.35
AV 11.98 | 11.91 | 11.88 | 11.94 | 11.73 | 11.69 | 11.60 | 11.53
802,11 o PK 18.63 | 18.60 | 18.55 | 18.59 | 18.48 | 18.56 | 18.56 | 18.55
AV 11.54 | 1145 | 11.38 | 11.46 | 11.32 | 11.30 | 11.26 | 11.22
1 PK 18.51 | 18.50 | 18.48 | 1849 | 18.45 | 1845 | 18.43 | 18.44
AV 11.01 | 10.92 | 1090 | 10.94 | 1091 | 10.89 | 10.87 | 10.72
Output power(dBm)
Mode Channel no. Detector Data rate(MCS)
0 1 2 3 4 5 6 7
o1 PK 1891 | 18.85 | 18.88 | 18.69 | 18.41 | 18.20 | 18.05 | 17.93
AV 11.94 | 11.89 | 11.91 | 11.81 | 11.63 | 11.21 | 10.86 | 10.72
802.11n o PK 18.39 | 18.29 | 18.30 | 18.12 | 17.99 | 17.80 | 17.77 | 17.60
(HT20) AV 1132 | 1124 | 11.25 | 11.02 | 10.86 | 10.41 | 10.34 | 10.19
1 PK 18.35 | 18.28 | 18.27 | 18.11 | 17.85 | 17.64 | 17.50 | 17.25
AV 10.85 | 10.72 | 10.75 | 10.62 | 10.40 | 10.31 | 10.18 | 10.08
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3.4. Power spectral density
Test procedure
KDB 558074 D01 v03r05 — section 10.2

1. Set analyzer center frequency to DTS channel center frequency.

2. Set the span to 1.5 times the DTS channel bandwidth.

3. Set the RBW : 3 kiz = RBW = 100 kiz

4. Set the VBW > 3 X RBW.

5. Detector = peak.

6. Sweep time = auto couple.

7. Trace mode = max hold.

8. Allow trace to fully stabilize.

9. Use the peak marker function to determine the maximum amplitude level.

10. If measured value exceeds limit, reduce RBW(no less than 3 kiz) and repeat.

Limit

According to §15.247(e), 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 kiz band during any time interval
of continuous transmission. This power spectral density shall be determined in accordance with the
provisions of paragraph (b) of this section. The same method of determining the conducted output power
shall be used to determine the power spectral density.
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Test results
Test Mode Bandwidth (M) Frequency(Miz) PSD (dBm) Limit(dBm)

2412 -9.34

802.11b 20 2 437 -10.16
2 462 -10.20
2412 -10.82

802.11¢g 20 2 437 -11.90 8
2 462 -11.38
2412 -11.16

802.11n 20 2437 -11.04
2462 -12.25
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802.11b // Low channel
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802.11b // Middle channel
f Spectrum ] @

Ref Level 1.56 dBm

Offset 11.56 dB & RBW 3 kHz

Att 10de  SWT 4.4ms @ VBW 10 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] -10.16 dBm)|
n 2.4373910 GHz
-10 dém 3
AP
AT M Ay

=30 dBm

W

el 4

| " L l.i 'y 1w
WOEELlL TSN ERIZL
W
-60 dBm
=70 dBm
-80 dBem
-90 dBrm

CF 2.437 GHz

691 pts Span 30.0 MHz
L JL J Measuring... 20:13:23 %

KES-P-5101-14 Rev. 1

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The test results in the report only apply to the tested sample.

KES

A4



KES Co., Ltd.
C-3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, Korea

Test report No.:
KES-RF-16T0055-R1

Tel: +82-31-425-6200 / Fax: +82-31-424-0450
www.kes.co.kr

Page (24 ) of (65)

802.11b // High channel
rSpeclrum ] @
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802.11g // Low channel
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802.11g // Middle channel
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802.11n_HT20 // Low channel
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802.11n HT20 // Middle channel
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802.11n_HT20 // High channel

'Specwm 1 [@’]
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3.5. Radiated restricted band and emissions

Test setup

The diagram below shows the test setup that is utilized to make the measurements for emission from 9 kifz to

30 Mz Emissions.

Power Cable

Turn Table

EUT

Coaxial
0.8m —Cable

Power

The diagram below shows the test setup that is utilized to make the measurements for emission from 30 Mtz

to 1 (llz emissions.

Power Cable

PR—— i

Ground Plane

EMI Receiver

Turn Table
1m —4m
EUT
Coaxial
0.8m Cable

P i

Ground Plane
Power

EMI Receiver
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The diagram below shows the test setup that is utilized to make the measurements for emission from 1 Gz to
the tenth harmonic of the highest fundamental frequency or to 40 (lz emissions, whichever is lower.

[

... > im < ........ — Horn Antenna

W /
M ) (S 4 m. j— Spﬂﬂ:ll’l-l-"ﬁ
: " ol .3 Analyzer
" -y 1"
Turn : o Alj |
Table : Doy —~ ——

¥ H v - 4 ;
15m: 1 1m X — :
A \ ]w

1 Amplifier

Antenna Tower

Test procedure below 30 MHz

1. The EUT was placed on the top of a rotating table 1.5 meters above the ground at a 3 meter
anechoic chamber test site. The table was rotated 360 degrees to determine the position of the
highest radiation.

2. Then antenna is a loop antenna is fixed at one meter above the ground to determine the maximum
value of the field strength. Both parallel and perpendicular of the antenna are set to make the
measurement.

3. For each suspected emission, the EUT was arranged to its worst case and then the table was turned
from 0 degrees to 360 degrees to find the maximum reading.

4. The test-receiver system was set to average or quasi peak detect function and Specified Bandwidth
with Maximum hold mode.

Test procedure above 30 Mz
1. Spectrum analyzer settings for f <1 (lfz:
Span = wide enough to fully capture the emission being measured
RBW =100 Kz
VBW = RBW
Detector = quasi peak
Sweep time = auto
Trace = max hold
2. Spectrum analyzer settings for f =1 (liz: Peak
Analyzer center frequency was set to the frequency of the radiated spurious emission of interest
RBW =1 Mk
VBW = 3 ik
Detector = peak
Sweep time = auto
Trace = max hold
Trace was allowed to stabilize

@O®LOE

SISISICETACIS)
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3. Spectrum analyzer settings for f =1 (liz: Average

(D Analyzer center frequency was set to the frequency of the radiated spurious emission of interest

@ RBW=1

@ VBW >3 xRBW

@ Detector = RMS, if span/(# of points in sweep) < (RBW/2). Satisfying this condition may
require increasing the number of points in the sweep or reducing the span. If this condition
cannot be satisfied, then the detector mode shall be set to peak.

(® Averaging type = power(i.e., RMS)

1) As an alternative, the detector and averaging type may be set for linear voltage averaging.

2) Some instruments require linear display mode in order to use linear voltage averaging. Log or
dB averaging shall not be used.

® Sweep = auto

(@ Trace = max hold

Perform a trace average of at least 100 traces.

@ A correction factor shall be added to the measurement results prior to comparing to the emission
limit in order to compute the emission level that would have been measured had the test been
performed at 100 percent duty cycle. The correction factor is computed as follows:

1) If power averaging (RMS) mode was used in step (5, then the applicable correction factor is
10 log(1/x), where x is the duty cycle.

2) If linear voltage averaging mode was used in step (5), then the applicable correction factor is
20 log(1/x), where x is the duty cycle.

3) If a specific emission is demonstrated to be continuous (= 98 percent duty cycle) rather than
turning on and off with the transmit cycle, then no duty cycle correction is required for that
emission.

Note.

1. f<30 M, extrapolation factor of 40 dB/decade of distance. Fg = 40log(Dw/Ds)
f =30 M, extrapolation factor of 20 dB/decade of distance. F4 = 20log(Dw/Ds)
Where:

Fa« = Distance factor in dB
Dn = Measurement distance in meters
Ds = Specification distance in meters

3. CF(Correction factors(dB)) = Antenna factor(dB/m) + Cable loss(dB) + or Amp. gain(dB) + or Fq(dB)

4. Field strength(dBgV/m) = Level(dB/V) + CF (dB) + or DCF(dB)

5. Margin(dB) = Limit(dB£V/m) - Field strength(dBV/m)

6. Emissions below 18 (fz were measured at a 3 meter test distance while emissions above 18 (liz
were measured at a 1 meter test distance with the application of a distance correction factor.

7. The fundamental of the EUT was investigated in three orthogonal orientations X, Y and Z, it was
determined that Y _orientation was worst-case orientation; therefore, all final radiated testing was
performed with the EUT in Y orientation.

8. The worst-case emissions are reported however emissions whose levels were not within 20 dB of
respective limits were not reported.
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Limit
According to RSS-Gen, Except when the requirements applicable to a given device state otherwise,
emissions from licence-exempt transmitters shall comply with the field strength limits :

Frequency (Miz) Distance (Meters) Radiated (£V/m)
0.009 ~ 0.490 300 2 400 / F(kikz)
0.490 ~ 1.705 30 24 000 / F(klkz)

1.705 ~30.0 30 30
30~ 88 3 100
88 ~216 3 150
216 ~ 960 3 200
Above 960* 3 500

**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 Mz, 76 ~ 88 Mz, 174 ~ 216 MLz or 470 ~ 806 M.
However, operation within these frequency bands is permitted under other sections of this Part, e.g., Sections
15.231 and 15.241.
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Duty cycle

Regarding to KDB 558074 DO1_v03r05, 6.0, the maximum duty cycles of all modes were investigated and
set the spectrum analyzer as below.

Set RBW = OBW if possible; otherwise, set RBW to the largest available value. Set detector = peak or

average. The zero-span measurement method shall not be used unless both RBW and VBW are > 50/T and
the number of sweep points across duration T exceeds 100.

Test mode Ton time Period Duty cycle Duty cycle | Duty cycle correction factor
(ms) (ms) (Linear) (%) (dB)
802.11b 10.00 10.00 1 100 0
802.11g 10.00 10.00 1 100 0
802.11n(HT20) 10.00 10.00 1 100 0
Note.

1. Duty cycle (Linear) = T, time/Period
2. Duty cycle(%) = (Tx on time / Tx on + off time) x 100
3. DCF(Duty cycle correction factor (dB)) = 10log(1/duty cycle)

802.11b // Middle channel

Spectrum 1 %‘
RefLevel 31.56 dém  Offset 11.56 dB w RBW 10 MHz
Att 40 dB W SWT 10 ms @ VBW 10 MHz
@ 1Pk Clrw
20 dB
SRETSTIY NSRSV M VORI, TRNPIES] (R S SSERENEI (PSR [N——.
10 dB
0 dBl
-10 dBm
-20 dB
-30 dBm
-40 dBm
-50 dBm
-60 dBm
CF 2.437 GHz 691 pts 1.0 ms/
™
Measuring... alllllll "] pritr
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802.11g // Middle channel

fi Spectrum ]

Ref Level 31.56 dBém
Alt 40 dB = SWT

Offset 11.56 dB & RBW 10 MHz
10 ms & VBW 10 MHz
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802.11n HT20 // Middle channel

Spectrum ] =
Ref Level 31.56 dBm Offset 11.56 dB & RBW 10 MHz
Alt 40 dB = SWT 10 ms & VBW 10 MHz

@ 1Pk Clrw

20 dBm

WV W SR FF DRTTRECR ERSPLIT R P (Y RSN PRI U | SRR R ISR SRV RN PR
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Test results (Below 30 Mk)

Mode: 802.11b

Transfer rate: 5.5 Mbps

Distance of measurement: 3 meter

Channel: 11(Worst case)

Frequency Level Ant. Pol. CF Fad Field strength Limit Margin
(Mtz) (dBuv) (HV) (dB) (dB) (dBuV/m) (dBuV/m) (dB)

No spurious emissions were detected within 20 dB of the limit

Test results (Below 1 000 Mtz)

Mode: 802.11b

Transfer rate: 5.5 Mbps

Distance of measurement: 3 meter

Channel: 11(Worst case)

Frequency Level Ant. Pol CF Field strength Limit Margin
(MHz) (dBuV) (H/V) (dB) (dBV/m) (dBV/m) (dB)

216.24 17.99 H 15.09 33.08 46.00 12.92
297.75 18.59 H 17.50 36.09 46.00 9.91
351.07 18.51 H 19.24 37.75 46.00 8.25
432.55 16.64 H 21.46 38.10 46.00 7.90
459.18 18.70 H 22.02 40.72 46.00 5.28
512.65 18.71 H 23.24 41.95 46.00 4.05
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R1

Test results (Above 1 000 Miz)

Mode: 802.11b
Transfer rate: 5.5 Mbps
Distance of measurement: 3 meter
Channel: 01
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
(Miz) (dBV) etect mode (HIV) (dB) (dB) dBN/m) | (dBN/m) (dB)
2338.28 52.39 Peak H -0.30 - 52.09 74.00 21.91
2349.31 30.98 Avg H -0.22 - 30.76 54.00 23.24
2338.61 53.20 Peak \" -0.30 - 52.90 74.00 21.10
2338.61 37.47 Avg \'% -0.30 - 37.17 54.00 16.83
Mode: 802.11b
Transfer rate: 5.5 Mbps
Distance of measurement: 3 meter
Channel: 06
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBV) (HIV) (dB) (dB) (dBA/m) | (dBeV/m) (dB)
No spurious emissions were detected within 20 dB of the limit
Mode: 802.11b
Transfer rate: 5.5 Mbps
Distance of measurement: 3 meter
Channel: 11
Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin
(M) (dB&V) etect mode (HIV) (dB) (dB) dBAV/m) | (dBuV/m) (dB)
2483.50 56.04 Peak H 0.44 - 56.48 74.00 17.52
2483.50 31.28 Avg H 0.44 - 31.72 54.00 22.28
2483.50 49.74 Peak \% 0.44 - 50.18 74.00 23.82
2483.50 31.32 Avg \% 0.44 - 31.76 54.00 22.24
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Mode: 802.11¢g
Transfer rate: 6 Mbps
Distance of measurement: 3 meter
Channel: 01
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBuV) (HIV) (dB) (dB) (dBV/m) | (dBV/m) (dB)
2390.00 60.09 Peak H 0.09 - 60.18 74.00 13.82
2390.00 35.02 Avg H 0.09 - 35.11 54.00 18.89
2390.00 64.43 Peak \% 0.09 - 64.52 74.00 9.48
2390.00 48.94 Avg A% 0.09 - 49.03 54.00 4.97
Mode: 802.11g
Transfer rate: 6 Mbps
Distance of measurement: 3 meter
Channel: 06
Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin
(M) (dB&V) etect mode (HIV) (dB) (dB) dBAV/m) | (dBaV/m) (dB)
No spurious emissions were detected within 20 dB of the limit
Mode: 802.11g
Transfer rate: 6 Mbps
Distance of measurement: 3 meter
Channel: 11
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
(Miz) (dBV) etect mode (HIV) (dB) (dB) dBN/m) | (dBV/m) (dB)
2483.50 62.11 Peak H 0.44 - 62.55 74.00 11.45
2483.50 45.08 Avg H 0.44 - 45.52 54.00 8.48
2483.50 61.82 Peak \" 0.44 - 62.26 74.00 11.74
2483.50 41.52 Avg \'% 0.44 - 41.96 54.00 12.04
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Mode: 802.11n(HT20)
Transfer rate: MCSO0
Distance of measurement: 3 meter
Channel: 01
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBuV) (HIV) (dB) (dB) (dBV/m) | (dBV/m) (dB)
2390.00 63.44 Peak H 0.09 - 63.53 74.00 10.47
2390.00 41.78 Avg H 0.09 - 41.87 54.00 12.13
2390.00 66.99 Peak \% 0.09 - 67.08 74.00 6.92
2390.00 51.73 Avg A% 0.09 - 51.82 54.00 2.18
Mode: 802.11n(HT20)
Transfer rate: MCSO0
Distance of measurement: 3 meter
Channel: 06
Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin
(M) (dB&V) etect mode (HIV) (dB) (dB) dBAV/m) | (dBaV/m) (dB)
No spurious emissions were detected within 20 dB of the limit
Mode: 802.11n(HT20)
Transfer rate: MCSO0
Distance of measurement: 3 meter
Channel: 11
Frequency Level Detect mode Ant. Pol. CF DCF Field strength Limit Margin
(Miz) (dBV) (HIV) (dB) (dB) dBV/m) | (dBV/m) (dB)
2483.50 62.75 Peak H 0.44 - 63.19 74.00 10.81
2483.50 47.15 Avg H 0.44 - 47.59 54.00 6.41
2483.50 68.91 Peak \" 0.44 - 69.35 74.00 4.65
2483.50 44.66 Avg A% 0.44 - 45.10 54.00 8.90
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Test plots (Worst case)

Mode: 802.11b
Transfer rate: 5.5 Mbps
Distance of measurement: 3 meter
Channel: 01
Detected mode: Peak, Hor

Spectrum | iGN SPeR BN &
Ref Level 107.00 dBpV & RBW 1 MHz
ALt 20dB  SWT 15.2 ps @ VBW 3 MHz Mode Auto FFT
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Mode: 802.11b
Transfer rate: 5.5 Mbps
Distance of measurement: 3 meter
Channel: 01
Detected mode: Avg, Hor
Spectrum 2 (%) @
Ref Level 87.00 dBpv & RBW 1 MHz
At DdE SWT 15.2 ys & VBW 3 MHz Mode Auto FFT
Count 100/100
@ 1Rm AvgPwr
m1[1] 30.98 dBpv
80 depv EMT?L‘I\T] GHz
"
\
70 dBpv f v
60 deph r‘ \.
50 dep {[ \\
40 dBy = Wiy
30 B — A
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10 dBp
0 dBpv
-10 dBpv :“1
Start 2.31 GHz 691 pts Stop 2.422 GHz
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Detected mode: Avg, Ver
Spectrum 2 (%) @
Ref Level 97.00 dBpv & RBW 1 MHz
At 10 dE SWT 15.2 ys & VBW 3 MHz Mode Auto FFT
Count 100/100
@ 1Rm AvgPwr
M1[1] 37.47 dBpv
90 dBLv 2.338610 GHz
o ““ﬁ'-\\
80 dBpv /4 \
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60 dBp ||r Ik
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Mode:

Transfer rate:

Distance of measurement:
Channel:

Detected mode:

802.11b
5.5 Mbps
3 meter
11

Peak, Hor

Att

: _ =
Spectrum | iGN SRS &
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& RBW 1 MHz
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Mode: 802.11b
Transfer rate: 5.5 Mbps
Distance of measurement: 3 meter
Channel: 11
Detected mode: Avg, Hor
Spectrum 2 (%) @
Ref Level 97.00 dBpy & RBW 1 MHz
Att 10 dB SWT 7.6 uys & VBW 3 MHz Mode Auto FFT
Count 100/100
@ 1Rm AvgPwr
Mi[1] 31.28 dBpv)
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Detected mode: Avg, Ver
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Mode: 802.11g
Transfer rate: 6 Mbps
Distance of measurement: 3 meter
Channel: 01
Detected mode: Peak, Hor

Spectrum | iGN PO BIC) &
Ref Level 107.00 dBpV & RBW 1 MHz
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Mode:

Transfer rate:

Distance of measurement: 3 meter

Channel:

Detected mode:

Detected mode:

802.11¢g
6 Mbps
01
Avg, Hor
Spectrum 2 | SHSUMSINC) ]
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Mode:

Transfer rate:

802.11g
6 Mbps

Distance of measurement: 3 meter

Channel:

Detected mode:

Detected mode:

11
Peak, Hor

Spectrum | iGN SRS &
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Mode:

802.11¢g

Transfer rate:

6 Mbps

Distance of measurement:

3 meter

Channel:

11

Detected mode:

Avg, Hor

Ref Level
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Mode: 802.11n
Transfer rate: MCSO0
Distance of measurement: 3 meter
Channel: 01
Detected mode: Peak, Hor

Spectrum | iGN PO BIC) &
Ref Level 107.00 dBpV & RBW 1 MHz
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Mode:

Transfer rate:

Distance of measurement: 3 meter

Channel:

Detected mode:

Detected mode:

802.11n
MCSO0
01
Avg, Hor
Spectrum 2 | SHSUMSINC) ]
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Mode: 802.11n
Transfer rate: MCSO0
Distance of measurement: 3 meter
Channel: 11
Detected mode: Peak, Hor
fi Spectrum @
Ref Level 107.00 dBpv & RBW 1 MHz
Att 20 de SWT 7.6 ys & VBW 3 MHz Mode Auto FFT
@ 1Pk Max
M1[1] 62.75 dBpvV
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Mode:

802.11n

Transfer rate:

MCS0

Distance of measurement:

3 meter

Channel:

11

Detected mode:

Avg, Hor

Spectrum2 (%) -
Ref Level 97.00 dBpv @ RBW 1 MHz
At 10dB  SWT 7.6 us @ VBW 3 MHz Mode Auto FFT
Count 100/100
@ 1Rm AvgPwr
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Detected mode: Avg, Ver

Ref Level 97.00 dBpv
ALt 10 dB
Count 100/100

Spectrum 2 (%)
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3.6. Conducted spurious emissions & band edge
Test procedure

Band edge
KDB 558074 D01 v03r05 — Section 11.3

Start and stop frequency were set such that the band edge would be placed in the center of the plot
Span was set large enough so as to capture all out of band emissions near the band edge
RBW = 100 Kz

VBW = 300 kifz

Detector = Peak

Number of sweep points = 2 x Span/RBW

Trace mode = max hold

Sweep time = auto

The trace was allowed to stabilize

WO AR W=

Out of band emissions
KDB 558074 DO1 v03r05 — Section 11.3
1. Start frequency was set to 30 Mz and stop frequency was set to 25 @z for 2.4 (lz frequencies and

40 Gz for 5 (fz frequencies (separated into two plots per channel)

2. RBW = 100 kiz

3. VBW = 300 kilz

4. Detector = Peak

5. Trace mode = max hold

6. Sweep time = auto couple

7. The trace was allowed to stabilize
Limit

According to 15.247(d), in any 100 kiz 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 Kz 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
emission which in the restricted band, as define in section 15.205(a), must also comply the radiated emission
limits specified in section 15.209(a) (see section 15.205(c))
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Test results

802.11b // Low channel

rSpeclrum ] @
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@ 1Pk Max

M1[1] -27.56 dBm)|

. 2.398570 GHz
01 4.220 dBm priiny

0 dBm ;.‘r‘ \\

-10 dém {

02 -15.780 dBny |
-20 dBm f

-30 dBm _ﬂ’ “U.\]

=40 dBm j

-50 dBm f

J
e
’%m_l WY WIREINORTY: SXTAPVARTY LTI YP PO TP ALY, [RVTPRPRea JM-P’Q{J‘"’

=70 dBm

-80 dBm

Start 2.31 GHz 691 pts Stop 2.42 GHz
i , Measuring... =m = ium“!!‘“ y

L& J L

Spectrum 2 @] -
RefLevel 11.56 dBm  Offset 11,56 d8 @ RBW 100 kHz
Att 20¢d8  SWT 300 ms @ VBW 300 kHz  Mode Auto Sweep
(@ 1Pk Max

M1[1] -36.05 dBm|
7.2510 GHz

D1 4.000 dBm

0 dBm

-10 dém

D2 -16.000 dBn

-20 dBm

-30 dém

40 dBm

-50 dBm - TS 7,
J.h-‘ul.;,q-l.m U Lagiupanns T e T B o i

B0

o

=70 dBm

-80 dBm

Start 30.0 MHz 691 pts Stop 30.0 GHz
il Wumu-
J Measuring... 20027504 %

L& J L

KES-P-5101-14 Rev. 1

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.

The test results in the report only apply to the tested sample.

KES

A4



s

KES Co., Ltd.

C-3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, Korea
Tel: +82-31-425-6200 / Fax: +82-31-424-0450
www.kes.co.kr

Test report No.:
KES-RF-16T0055-R1
Page (52 ) of (65)

802.11b // Middle channel

Spectrum 2 @] -
Ref Level 11.56 dBm Offset 11,56 dB8 & RBW 100 kHz
Att 20dE  SWT 300 ms @ VBW 300 kHz Mode Auto Swesp
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802.11b // High channel
(Spectrum | SpSERNENNC) ]

Ref Level 11.56 dBm Offset 11.56 dB & RBW 100 kHz
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802.11g // Low channel

Spectrum | SRR &
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802.11g // Middle channel

Spectrum 2 @] -
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802.11g // High channel
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802.11n_HT20 // Low channel
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802.11n_HT20 // Middle channel
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3.7. AC conducted emissions

Limit

According to 15.207(a), for an intentional radiator that is designed to be connected to the public utility (AC)
power line, the radio frequency voltage that is conducted back onto the AC power line on any frequency or
frequencies, within the band 150 kiz to 30 M, shall not exceed the limits in the following table, as measured
using a 50uH/50 ohm line impedance stabilization network (LISN). Compliance with the provision of this
paragraph shall on the measurement of the radio frequency voltage between each power line and ground at
the power terminal. The lower applies at the boundary between the frequencies ranges.

o Conducted limit (dBxV/m)
Frequency of Emission (Mk) -
Quasi-peak Average
0.15-0.50 66 - 56* 56 - 46*
0.50 —5.00 56 46
5.00-30.0 60 50

Note:

1. All AC line conducted spurious emission are measured with a receiver connected to a grounded LISN
while the EUT is operating at its maximum duty cycle, at maximum power, and the appropriate
frequencies. All data rates and modes were investigated for conducted spurious emission. Only the
conducted emissions of the configuration that produced the worst case emissions are reported in this

section.

2. Both Cable loss and LISN factor are included in measurement level(QP Level or AV Level).
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Test results

Test Report

Common Information

Test Description: Conducted Emission
Model No.: VANTAGE
Mode WIFI L1
Operator Name: KES
1001
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Frequency in Hz

Final_Result

Frequency CuasiPeak | CAverage Limit Margin | Meas. | Bandwidth | Line | Corr.
(MHz) (dBZ) {dBZ]) {dBZ]) (dB) :_III'IG; (kHz) (dB)
ms
0205000 46.47 — 63.41 16.94 | 1000.0 9.000 | L1 9.7
0.205000 28.92 53.41 24.49 | 1000.0 9.000 | L1 9.7
0.300000 39.53 h0.24 10.71 | 1000.0 9.000 | L1 9.7
0.300000 49.64 — 60.24 10.60 | 1000.0 9.000 | L1 9.7
0605000 41.71 =5 56.00 14.29 | 1000.0 9.000 | L1 9.7
0605000 3247 46.00 13.83 | 1000.0 9.000 | L1 9.7
1.045000 34,94 46.00 11.06 | 1000.0 9.000 | L1 9.7
1.045000 42.50 . h6.00 13.50 | 1000.0 9.000 | L1 9.7
11.135000 32.47 . 60.00 27.53 | 1000.0 9.000 | L1 10.0
11.135000 27.23 50.00 22.77 | 1000.0 9.000 [ L1 10.0
29.355000 20.05 = 60.00 39.95 | 1000.0 9.000 [ L1 10.3
29.355000 14.83 R0.00 3547 | 1000.0 9.000 [ L1 10.3

Note; Hot Line
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Test Report

Common Information

Test Description: Conducted Emission
Model No.: VANTAGE
Mode WIFI L2
Operator Name: KES
1001
80
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Frequency in Hz

Final_Result

Frequency GuasiPeak | CAverage Limit Margin | Meas. | Bandwidth | Line | Corr.

(MHz) {dBZ) (dBZJ) (dBZ]) (dB) -:_m"l? {kHz) (dB)
ms

0.305000 45.73 — 60.11 14.38 | 1000.0 9.000 | N 9.6
0.305000 3243 50.11 17.68 | 1000.0 9.000 [ N 9.6
0.575000 42.31 — 56.00 13.69 | 1000.0 9.000 [ N 9.7
0.575000 33.89 46.00 12.11 | 1000.0 9.000 | N 9.7
1.010000 40.81 — hG.00 15.19 | 1000.0 9.000 [ N 9.7
1010000 33.74 46.00 12.26 | 1000.0 9.000 | N 9.7
2.360000 38.67 = 56.00 17.33 | 1000.0 9.000 | N 9.7
2.360000 30.12 46.00 15.88 | 1000.0 9.000 [ N 9.7
5.550000 35.56 . 60.00 24.44 | 1000.0 9.000 | N 9.8
5.550000 30,07 50.00 19.93 | 1000.0 9.000 [ N 9.8
5.560000 35.50 el 60.00 24.50 | 1000.0 9.000 [ N 9.8
5.560000 30.12 50.00 19.88 | 1000.0 9.000 [ N 9.8
9.955000 26.94 R0.00 23.06 | 1000.0 9.000 [ N 9.9
9.955000 J2.15 = 60.00 27.85 | 1000.0 9.000 [ N 9.9

Note; Neutral Line
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Appendix A. Measurement equipment

Equipment Manufacturer Model Serial No. C?:tt:;ig:m CaI?J:tion
Spectrum Analyzer R&S FSV30 100736 1 year 2016.07.25
82?253?2;2?;:(:;“ HP 836308 3844A00786 lyear | 2017.01.25
Attenuator HP 8494B 2630A12857 1 year 2017.01.21
Power Meter Anritsu ML2495A 1438001 1 year 2017.01.25
Pulse Power Sensor Anritsu MA2411B 1339205 1 year 2017.01.25
Loop Antenna R&S HFH2-72.335.4711.52 826532 2 years 2017.03.03
Trilog-broadband Schwarzbeck VULB 9163 9168-713 2 years 2017.05.15
antenna
Horn antenna AH. SAS-571 781 2 years 2017.05.07
High Pass Filter mﬁﬁfﬁgﬁ}r WHJS3000-10TT I lyear | 2016.07.24
Low Pass Filter WEINSCHEL WLKI1.0/18G-10TT 1 1 year 2016.07.24
Preamplifier HP 8447F 2805A02570 1 year 2017.01.21
Brodband preamplifier Schwarzbeck BBV9718 9718-246 1 year 2016.10.23
EMI Test Receiver R&S ESR3 101781 1 year 2017.05.03
EMI Test Receiver R&S ESU26 100552 1 year 2017.04.24
EMI Test Receiver R&S ESR3 101783 1 year 2017.05.03
LISN R&S ENV216 101137 1 year 2017.02.04
Peripheral devices
Device Manufacturer Model No. Serial No.
Notebook Samsung Electronics NP-QX411L HJIV993BB905283V
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