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1. General information

Applicant: Cellreturn Co., Ltd.

Applicant address: 237, Namdongseo-ro, Namdong-gu, Inchon, Republic of Korea
Test site: KES Co., Ltd.

Test site address: 3701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si,

Gyeonggi-do, 14057, Korea
473-21, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea

Test Facility FCC Accreditation Designation No.: KR0100, Registration No.: 444148

FCC rule part(s): 15.247

FCCID: 2AUG3-MPM2154

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

1.1. EUT description
Equipment under test LED MASK PLATINUM

Frequency range 2402 Mz ~2 480 Wz (BLE)

Model: MP-M2134

Modulation technique ~ GFSK

Number of channels 2402 Mz ~2 480 Mz (BLE) : 40ch

Antenna specification ~ Antenna type : PCB Antenna // Peak gain: -0.84 dBi

Power source DC 3.7 V (Battery)
S/W version 1.0.3
H/W version Rev. 1.1

1.2. Test configuration
The Cellreturn Co., Ltd. // LED MASK PLATINUM // FCC ID: 2AUG3-MPM2154 was tested
according to the specification of EUT, the EUT must comply with following standards and KDB documents.

FCC Part 15.247
KDB 558074 D01 v05 102
ANSI C63.10-2013
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1.3. Device modifications

Model name LED Battery
MP-M2154 3 wavelengths 2000 mAh * 2ea
MP-M2124 2 wavelengths 2000 mAh * lea
MP-M2134 3 wavelengths 2000 mAh * lea
MP-M2144 2 wavelengths 2000 mAh * 2ea

1.4. Accessory information
N/A

1.5. Measurement results explanation example
For all conducted test items :

The offset level is set in the spectrum analyzer to compensate the RF cable loss and attenuator factor

between EUT conducted output port and spectrum analyzer. With the offset compensation, the spectrum
analyzer reading level is exactly the EUT RF output level.

Offset(dB) = RF cable loss(dB) + attenuator factor(dB).
=1.52+10=11.52 (dB)

1.6. Measurement Uncertainty

Test Item Uncertainty
Uncertainty for Conduction emission test 2.62 dB
OkHz - 3(QMHz 4.54 dB

Uncertainty for Radiation emission test

MHz - dB
(include Fundamental emission) 30W - 10l 4.36

Above 10z - 25l 5.00 dB

Note. This uncertainty represents an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2.

1.7. Frequency/channel operations

Ch. Frequency (Mk) Rate(Mbps)
00 2402 LE 1 Mbps
20 2442 LE 1 Mbps
39 2 480 LE 1 Mbps
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2. Summary of tests
SO0 T Test description Test results
FCC Part 15 P
15.247(a)(2) 6 dB bandwidth Pass
15.247(b)(3) 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
ANSI C63.10-2013 - Section 11.8.2

Test setup

EUT Attenuator Spectrum analyzer

ANSI C63.10-2013 - Section 11.8.2

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 kiz, 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 ~
2 483.5 Mz, and 5 725 ~ 5 850 Mz bands. The minimum 6 dB bandwidth shall be at least 500 kifz.
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Test results
Mode: LE 1 Mbps

Frequency (M)

6 dB bandwidth(\k)

Limit(Mk)

2402

0.687

2442

0.709

2480

0.716

0.500

Spectrum 3 @] - Spectrum 3 @] o
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M1 1 2.4022243 GHz -2.40 dBm ndB down 687.4 khz M1 1 2.4422315 GHz -3.73 dBm ndB down 709.1 kHz
T1 1 2,4016382 GHz -8.22 dém ndb 6.00 de T1 1 2,4416003 GHz -9.70 dém ndb 6.00 de
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T2 1 2,4803184 GHz -10.97 dBm Q factor 3461.6
Il J - y
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3.2. Output power
Test procedure
ANSI C63.10-2013 - Section 11.9.1.3 and 11.9.2.3.2

Test setup

Power meter,
Power sensor

EUT Attenuator

ANSI C63.10-2013 - Section 11.9.1.3

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 use a fast-responding diode detector.

ANSI C63.10-2013 - Section 11.9.2.3.2

Alternatively, measurements may be performed using a wideband gated RF power meter provided that the
gate parameters are adjusted such that the power is measured only when the EUT is transmitting at its
maximum power control level. Because the measurement is made only during the ON time of the transmitter,
no duty cycle correction is required.

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 Mz 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.
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Test results

Mode: LE 1 Mbps

2402 Mk 2442 Wik 2 480 Mk
Mode Peak Average Peak Average Peak Average
(dBm) (dBm) (dBm) (dBm) (dBm) (dBm)
LE -2.37 -2.65 -3.25 -3.70 -4.23 -4.75
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3.3. Power spectral density
Test procedure
ANSI C63.10-2013 - Section 11.10.2
Test setup
EUT Attenuator Spectrum analyzer

Section 10.2 & ANSI C63.10-2013 - Section 11.10.2
. Set analyzer center frequency to DTS channel center frequency.
. Set the span to 1.5 times the DTS bandwidth.
. Set the RBW to 3 kiz < RBW < 100 ki
. Set the VBW > [3 X RBW].
. Detector = peak.
Sweep time = auto couple.
. Trace mode = max hold.
. Allow trace to fully stabilize.
Use the peak marker function to determine the maximum amplitude level within the RBW.
If measured value exceeds requirement, then reduce RBW (but no less than 3 kHz) and repeat.

TSSO A0 O

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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Results

Mode: LE 1 Mbps

Frequency(Mtk)

PSD (dBm)

Limit(dBm)

2402

-13.70

2442

-15.09

2480

-15.87

8.00
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Measuring...
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34. 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 kiz to
30 Miz Emissions.

Turn Table

EUT
? Coaxial

Power Cable 0.8m M—Cable

- o > [

Ground Plane

Power

EMI Receiver

The diagram below shows the test setup that is utilized to make the measurements for emission from 30 Mz
to 1 (fz emissions.

Turn Table
im — 4m
EUT
f ? Coaxial
Power Cable 0.8m ] Cable

ig—————— 3m ———P T

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 (fz to
the tenth harmonic of the highest fundamental frequency or to 40 Gz emissions, whichever is lower.

i Antenma
{ -~ tower

i

i
=1] fait Jm.
TEA T —

4m /
( Spectrum
I_‘ N analyzer
T \‘_‘_
| |
Turntable i Im \
Sm
"-Pn:-amp] D%E
| | ]

Test procedure

Radiated emissions from the EUT were measured according to the dictates in section 11.11 & 11.12 of ANSI
C63.10-2013.
Test procedure below 30 Mk

1. The EUT was placed on the top of a rotating table 0.8 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, ground parallel and perpendicular of the antenna are set to
make the measurement. It was determined that parallel was worst-case orientation; therefore, all final
radiated testing was performed with the EUT in parallel.

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 Mk

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. The antenna is a bi-log antenna, a horn antenna ,and its height are 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 set to make the measurement.

3. For each suspected emission, the EUT was arranged to its worst case and then the antenna was tuned
to heights from 1 meter to 4 meters and the table was turned from 0 degrees to 360 degrees to find
the maximum reading.

4. The test receiver system was set to Peak Detect Function and Specified Bandwidth with Maximum
Hold Mode.
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5. Spectrum analyzer settings for /<1 GHz:

Span = wide enough to fully capture the emission being measured
RBW =100 kiz

VBW = RBW

Detector = quasi peak

Sweep time = auto

Trace = max hold

2. Spectrum analyzer settings for f =1 (llz: Peak

Analyzer center frequency was set to the frequency of the radiated spurious emission of interest
RBW=1 M

VBW = 3 i

Detector = peak

Sweep time = auto

Trace = max hold

Trace was allowed to stabilize

PUELEE

SISISICICACYS

3. Spectrum analyzer settings for / =1 (Hz: Average

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

RBW =1 M

VBW >3 x RBW

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 (B, 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.

BLoe

3

CISSIS)
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Note.
1. f<30 Mt, extrapolation factor of 40 dB/decade of distance. Fy = 40log(D,,/Ds)
1 =30 Mz, extrapolation factor of 20 dB/decade of distance. Fy = 20log(D,/Ds)

Where:
F; = Distance factor in dB
D,, = Measurement distance in meters
D, = Specification distance in meters

2. Field strength(dBxV/m) = Level(dBxV) + CF (dB) + or DCF(dB)

Margin(dB) = Limit(dBzV/m) - Field strength(dBzV/m)

4. Emissions below 18 (lz 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.

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

6. The worst-case emissions are reported however emissions whose levels were not within 20 dB of
respective limits were not reported.

7. According to exploratory test no any obvious emission were detected from 9 kiiz to 30 M.
Although these tests were performed other than open field site, adequate comparison measurements
were confirmed against 30 m open field site. Therefore sufficient tests were made to demonstrate

that the alternative site produces results that correlate with the ones of tests made in an open field
based on KDB 414788.

98]

Limit
According to 15.209(a), for an intentional radiator devices, the general required of field strength of radiated
emissions from unintentional radiators at a distance of 3 meters shall not exceed the following values :

Frequency (M) Distance (Meters) Radiated (xV/m)
0.009 ~ 0.490 300 2400/F (kz)
0.490 ~ 1.705 30 24000/F(kHz)

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 Miz, 76 ~ 88 Mz, 174 ~ 216 ME 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 D01 _vO05 r02, 6. Measurements of duty cycle and transmission duration shall be
performed using one of the following techniques:

a) A diode detector and an oscilloscope that together have sufficiently short response time to permit accurate
measurements of the on- and off-times of the transmitted signal.

b) The zero-span mode on a spectrum analyzer or EMI receiver if the response time and spacing between
bins on the sweep are sufficient to permit accurate measurements of the on- and off-times of the transmitted
signal.

T,y time Period Duty cycle Duty cycle Duty cycle correction factor
(ms) (ms) (Linear) (%) (dB)
10.0 10.0 1 100 0

Duty cycle (Linear) = T,, time/Period
DCF(Duty cycle correction factor (dB)) = 10log(1/duty cycle)

Middle channel

Spectrum3 & (x)
Ref Level 13.00 dbm  Offset 11,52 dB @ RBW 3 MHz
Att 20dB @ SWT 10ms @ VBW 3 MHz
@ 1Pk Clrw
10d

CF 2.442 GHz 691 pts 1.0 ms/
m——

)i | g... ) J
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Test results (Below 30 M)

Mode:

LE 1 Mbps
3 meter

Distance of measurement:

Channel:

0 (Worst case)

Parallel
<<D (0.009 - 30) MHz LOOP ANT RE TEST>>

KES D-SAC #4(10 m)

SAC #4(10 m)

KES

Standard

: KES

Model
Op. Mode
Operator
Power

Remark1

[dB(uV/m)]
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Note.

No spurious emission were detected below 30 M.
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Test results (Below 1 000 Miz)

Mode: LE 1 Mbps
Distance of measurement: 3 meter
Channel: 0 (Worst case)
Horizontal // Vertical
ys(ig #4110 m) <<D (30 - 1 000) MHz RE TEST>> KES D-SAC #4(10 m)
BpFlose X Pl RS
RE#%Z;E[JWM)]
o0 £ | — | : 1 : S S Sy e 55
; e e T - s R T I
30.00 ‘ 50_‘00 ‘ ‘ ‘ ‘ 00.00 Freauency ‘ ‘ SDD‘ 0o ‘ ‘ ‘ ‘[Urigzﬂ]ﬂ
Final Result
No. Freqguency (P) Reading c.f Result Limit Margin Height Angle Remark
QP QP QP QP
[MHz] [dB(uv)] [dB(1/m)] [dB(uv/m)] [dB(uV/m)] [dB] [cm] [deg]
1 47.703 H 40.7 -22 .1 18.6 40.0 21.4 400.0 345.0
2 53.644 vV 40.0 -22.2 17.8 40.0 22.2 124.0 203.0
3 62.495 H 40.8 -23.6 17.2 40.0 22.8 320.0 213.0
4 104.084 vV 39.8 -23.3 16.5 43.5 27.0 100.0 259.0
5 110.510 H 39.4 -23.5 15.9 43.5 27.6 331.0 309.0
6 210.905 Vv 38.5 -22 .1 16.4 43.5 27 .1 100.0 56.0
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Test results (Above 1 000 Miz)

Mode: LE 1 Mbps

Distance of measurement: 3 meter

Channel: 0

- Spurious

Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin

() (dB) etect mode (H/V) (dB) (dB) (@BV/m) | (dBN/m) (dB)

133140 48.15 Peak H -7.02 - 41.13 74.00 32.87
1 496.40 48.12 Peak H -6.00 - 42.12 74.00 31.88
2 000.00 45.16 Peak H -0.97 - 44.19 74.00 29.81
1036.20 48.02 Peak A\ -8.91 - 39.11 74.00 34.89
133140 48.49 Peak A\ -7.02 - 41.47 74.00 32.53
2107.10 44.69 Peak \'% -0.76 - 4393 74.00 30.07

- Band edge

Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin

() (dBV) etect mode (H/V) (dB) (dB) (BAN/m) | (dBV/m) (dB)

2 368.69 44.00 Peak H -0.26 - 43.74 74.00 30.26
2 374.74 43.68 Peak \'% -0.25 - 4343 74.00 30.57
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Restricted band // Horizontal // Peak

Restricted band // Vertical // Peak

Spectrum (x) (%) (x) Spectrum (%) (x) (x)
Ref Level 98,00 depy © RBW 1 MHz Ref Level 98.00 dBuY ® RBW 1 MHz
Att 10dB  SWT 1ms @ VBW 3 MHz Mode Sweep Att 10de  SWT 1ms @ VBW 3 MHz Mode Sweep
@ 1Pk Max (@ 1Pk Max
M2[1] 44.00 dBpY] M2[1] 43.68 dBpY|
90 dBy 2.368690 GHz a0 dby 2.374740 GHz
Mi[1] 43.34 dBpY| m1[1] 42.13 dBpY|
80 dey z.sluﬂuu GHZ| a0 deus 2.31ﬁu GHz|
70 dBp { \ 70 dey / \
60 dep } \ 60 dey j \
50 dBpi il M2 WW 50 dBys o A e
Py D At i A et W e e e
L 1
30 dBp 30 dey
20 dBp 20 dey
10 dBy 10 dBy
F2 F2
Fl F1
H T H 1
Start 2.3 GHz 691 pts Stop 2.41 GHz Start 2.3 GHz 691 pts Stop 2.41 GHz
Marker Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result | Type | Ref | Trc | X-value Y-value | Function | Function Result |
M1 1 2,31 GHz 43,34 dBpY M1 1 2.31 GHz 42.13 dBpv
] 1 2.36869 GHz 44,00 dBpY m2| 1 2,37474 GHz 43.68 dBpY
M3 1 2.39 GHz 43.23 dBpv M3| 1 2.39 GHz 42.56 dBpY

] J

I

E|
N\

Horizontal // Peak for 1 Gz to 3 Gz

Vertical // Peak for 1 iz to 3 Gk

Spectrum2 @ [J8 3 ®|s © Spectrum2  ® © ©)
Ref Level 57.00 dbuy © RBW 1MHz Ref Level 57.00 By © RBW 1 MHz
Att 10dB  SWT 2ms @ VBW 3 MHz Mode Auto Sweep ate 10d8  SWT 2ms ® VBW 3 MHz Mode Auto Sweep
(@ 1Pk Max (@ 17k Max
M4[1] 45.16 dBpY)| M4[1] 44.69 dBpY|
90 deyi 2.00000 GHZ| 90 By 2.10710 GHz|
M1[1] M1 78.97 dBpY| M1[1] M1 91.32 dBpV|
80 dyi 2.40230 GHz| 80 ey 2.40230 GHz|
70 dey 70 dBy
60 day 60 By
M2 M3 w2 M3
e Losk mﬂm . k4
MLW A 1] A WW it Hrtnebir), M) e o]
40 dBy 40 dBp
30 day 30 dep
20 dey 20 dy
10 dey 10 dey
0 dep 0 dey
Start 1.0 GHz 691 pts Stop 3.0 GHz Start 1.0 GHz 691 pts Stop 3.0 GHz
Marker Marker
Type | Ref | Tre | X-value | Y-value |__Function Function Result | Type | Ref | Trc | X-value Y-value |__Function Function Result
ML 1 2,4023 GHz 78.57 dBpv [ M1 2.4023 GHz 81,32 dBpv
mz 1 1.3314 GHz 48.15 dBpv Mz 1 1.0362 GHz 48.02 dBpv
M3 1 1.4964 GHz 48.12 dBpv ! 1 1.3314 GHz 48.49 dBpv
M4 1 2.0 GHz 45.16 dBpY [ M4 1 2.1071 GHz 44,69 dBpv
)i ] Measuring... @ 4 )i ] Measuring... 7

Horizontal // Peak for 3 Gz to 18 iz

Vertical // Peak for 3 (i to 18 Gz

Spectrum “@1 Spectrum “@1
Ref Level 97.00 dBpv @ RBW 1 MHz Ref Level 97.00 dBpv @ RBW 1 MHz

Att 10de  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep Att 10dB  SWT 60 ms @ VBW 3 MHz _Mode Auto Sweep
[@ 1Pk Max [@ 1Pk Max

90 dep 90 dep

80 dey 80 dey

70 dey 70 dey

60 dey 60 dey

S0 dey 50 dey
| pctpprin PO s, 1y YRy E— o] R [ JETIPEN. INTIAY
30 dey 30 dey

20 dey 20 dey

10 dey 10 dey

0 dep! 0 dept

Start 3.0 GHz 691 pts Stop 18.0 GHz Start 3.0 GHz 691 pts Stop 18.0 GHz

— —

)i ] ing... A Y

I

[ Vi

Note.

- Average test would be performed if the peak result were greater than the average limit.

- No spurious emission were detected above 3 (lfz.
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Mode: LE 1 Mbps
Distance of measurement: 3 meter
Channel: 20
- Spurious
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
(M) (dBY) etect mode H/V) (dB) (dB) (dBAV/m) | (dBuV/m) (dB)
1328.50 48.34 Peak H -7.03 - 41.31 74.00 32.69
1496.40 48.63 Peak H -6.00 - 42.63 74.00 31.37
2 000.00 46.09 Peak H -0.97 - 45.12 74.00 28.88
1 166.40 47.81 Peak \" -8.07 - 39.74 74.00 34.26
1377.70 45.86 Peak \" -6.72 - 39.14 74.00 34.86
2 275.00 44.55 Peak \" -0.44 - 44.11 74.00 29.89
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Horizontal // Peak for 1 Gz to 3 Gz

Vertical // Peak for 1 Gz to 3 Gz

Spectrum2 @ 5 © Spectrum 2 ® © 5
Ref Level 97.00 dBpv © RBW 1 MHz Ref Level 97.00 dBpv © RBW 1 MHz
Att 10dB  SWT 2ms @ VBW 3 MHz _Mode Auto Sweep Att 10d6  SWT 2ms ® VBW 3 MHz _Mode Auto Sweep
(@ 1Pk Max (@ 1Pk Max
MAaL1] 46.00 dBpV Ma[1] 44.55 dBpv]
o0 dy 2.00000 GHz 90 dBy 2.27500 GHz|
m1[1] 76.27 dBpY| mi[1] 74.07 dBpv|
80 dey M1 2.44280 GHz 80 dBy! 2.44280 GHZ|
70 dBy 70 dBy
60 day 60 dBy
oo, 2 e} . 50 a2 "
u it : ks
i ] T R R et A | . \
40 dey 40 dBy
30 dey 30 dBy
20 dap 20 dBy
10 deys 10 dey
0 dey 0 deu
Start 1.0 GHz 601 pts Stop 3.0 GHz Start 1.0 GHz 691 pts Stop 3.0 GHz
marker marker
Type | Ref | Tre | X-value | Y-value | Function Function Result Type | Ref | Tre | X-value Y-value | Function Function Result
ML 1 2.4428 GHz 76.27 dBpV M1 1 2.4428 GHz 74.07 dBpvV
M2 1 13285 GHz 48.34 dBpv M2 1 1.1664 GHz 47.81 depv
M3 1 1.4964 GHz 48.63 dBpv M3 1 1.3777 GHz 45.86 dBpv
M4 1 2.0 GHz 46.09 dBpvV M4 1 2.275 GHz 44.55 dBpV
i | Measuring...  WRNNREEAD W 7 )i ] Measuring... WHARNRRRS 6 7
Horizontal // Peak for 3 Gz to 18 Giz Vertical // Peak for 3 (z to 18 Giz
Spectrum "-%’ Spectrum :%1
Ref Level 97.00 depy @ RBW 1 MHz Ref Level 97.00 dBpv @ RBW 1 MHz
Att 10dB  SWT 60 ms @ VBW 3 MHz _Mode Auto Sweep Att 10de  SWT 60 ms @ VBW 3 MHz Mode Auto Sweep
(@ 1Pk Max [@ 1Pk Max
90 dBp 90 dep
80 dBp 80 dey
70 dBp 70 dey
60 dep 60 dey
50 dBp 50 dey
o | . ok A i g 40 dBug oy 4 N RSN Y T
ot K PRI o T v
30 dBp 30 dey
20 dep 20 dey
10 dey 10 dey
0 dBp 0 dept
Start 3.0 GHz 691 pts Stop 18.0 GHz Start 3.0 GHz 691 pts Stop 18.0 GHz
. S - - —
) v 7 Il Ll Y.

Note.

- Average test would be performed if the peak result were greater than the average limit.
- No spurious emission were detected above 3 (Hz.
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Mode: LE 1 Mbps

Distance of measurement: 3 meter

Channel: 39

- Spurious

Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin

(O) (dB) etect mode (H/V) (dB) (dB) (dBV/m) | (dBN/m) (dB)

1331.40 47.38 Peak H -7.02 - 40.36 74.00 33.64
1 661.40 47.98 Peak H -4.40 - 43.58 74.00 30.42
1 974.00 45.20 Peak H -1.24 - 43.96 74.00 30.04
1230.10 45.20 Peak Vv -7.67 - 37.53 74.00 36.47
1 545.60 4545 Peak \" -5.52 - 39.93 74.00 34.07
2179.50 45.25 Peak \" -0.62 - 44.63 74.00 29.37

- Band edge

Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin

() (dBV) etect mode (H/V) (dB) (dB) (dBAN/m) | (dBV/m) (dB)

2 496.36 46.22 Peak H -0.02 - 46.20 74.00 27.80
2 496.59 44.02 Peak \" -0.02 - 44.00 74.00 30.00
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Restricted band // Horizontal // Peak

Restricted band // Vertical // Peak

Spectrum (x) (%) (x) Spectrum (%) (x) (x)
Ref Level 98,00 dBpy ® RBW 1 MHz Ref Level 98.00 dBuY ® RBW 1 MHz
Att 10dB  SWT 1ms @ VBW 3 MHz Mode Sweep Att 10de  SWT 1ms @ VBW 3 MHz Mode Sweep
(@ 1Pk Max (@ 1Pk Max
M2[1] 46.22 dBpY] M2[1] 44.02 dBpY]
90 dey 2.4963620 GHZ| 90 dBy 2.4965930 GHz|
M1[1] 43.49 dBpV| mM1[1] 43.03 dBpV)|
50 dBy 2.4835000 GHz 80 dBy 2.4835000 GHz
70 gayr 70 gapy
6 dey: 6 dey
/én dep e - 0 dBy
ML ML 2 3|
YY) VU SVE VY. A8 \‘v‘.wq
Pt e Pk i Lt
40 dBp 40 dey et
30 dBy 30 dBy
20 dBy! 20 dBy
10 dBy = 10 dey =
F1 [ Fl i
t t t t
Start 2.478 GHz 691 pts Stop 2.51 GHz Start 2.478 GHz 691 pts Stop 2.51 GHz
Marker’ Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result | Type | Ref | Trc | X-value | Y-value | Function | Function Result |
ML 1 2.4835 GHz 43.49 dBpv M1 1 2.4835 GHz 43.03 dBpY
M2 1 2,496362 GHz 46,22 dBpy mz| 1 2.496593 GHz 44,02 dBpy
M3 1 2.5 GHz 44.90 dBpv w3 1 2.5 GHz 43.40 dBpY
)i ) 0 v i )i ) a... o 7
. .
Horizontal // Peak for 1 (fz to 3 Gz Vertical // Peak for 1 Gz to 3 (lz
Spectrum2 @ (x) (x) Specrum2  ® (x) (x)
Ref Level 97,00 depy ® RBW 1 MHz Ref Level 97.00 dBpy ® RBW 1 MHz
Att 10dB  SWT 2ms @ VBW 3 MHz Mode Auto Sweep Att 108 SWT 2ms ® VBW 3MHz Mode Auto Sweep
@ 1Pk Max @ 1Pk Max
M4[1] 45.20 dBpY)| M4[1] 45.25 dBpY|
90 dep 1.97400 GHz| 90 dBy; 2.17950 GHz|
M1[1] 70.90 dBpY| M1[1] 71.66 dBpVY|
80 dBp 2.48050 GHz| 80 dBp! it 2.48050 GHz|
1 M
70 dey 70 deys
60 dBp! 60 dBy!
o1l dy M2 M3 50 doys - -
prvng S SN VORS¢ IURTRTIN v bstegins] o L L PRI WO \
30 dep 30 dBu;
20 dey 20 dy
10 dep 10 dey:
0 dBy 0 dBy
Start 1.0 GHz 691 pts Stop 3.0 GHz Start 1.0 GHz 691 pts Stop 3.0 GHz
Marker Marker
Type | Ref | Tre | X-value | Y-value |__Function Function Result | Type | Ref | Trc | X-value | Y-value |__Function Function Result
M1 1 2,4805 GHz 70.90 depv M1 2,4805 GHz 71,66 dBpY
M2 1 1.3314 GHz. 47.38 dBpY ‘ M2 1 1.2301 GHz 45.20 dBpv.
M3 1 1.6614 GHz 47.97 dBpv ‘ M3 1 1.5456 GHz 45.45 dBpv.
M4 1 1,974 GHz 45.20 depy - 1 2.1795 GHz 45,25 dBpv

i

] Measuring... @RAN! [

)

T s

Horizontal // Peak for 3 Gz to 18 iz

Vertical // Peak for 3 (i to 18 Gz

Spectrum "-%’ Spectrum “@1
Ref Level 97.00 dBpv © RBW 1 MHz Ref Level 97.00 dBpv © RBW 1 MHz
Att 10dB  SWT 60 ms @ VBW 3 MHz _ Mode Auto Sweep At 10dB_ SWT 60 ms @ VBW 3 MHz _Mode uto Sweep
(@ 1Pk Max (@ 1Pk Max
90 dByi 90 dby
80 By 80 dy
70 dBui 70 dy
60 dBy 60 By
50 dByi 50 dey
40 dl sty o il L 40 Y YA . gl Mt A
40, Rt e bl |40, B A ot [ " sy Ty Zwr = i
30 dByi 30 dBy
20 dBy 20 dy
10 dey 10 dey
0 deys 0 dep
Start 3.0 GHz 691 pts Stop 18.0 GHz Start 8.0 GHz 601 pts Stop 18.0 GHz
—— - —
) P P ) o 0 v

y

Note.

- Average test would be performed if the peak result were greater than the average limit.
- No spurious emission were detected above 3 (lfz.
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Test results (18 Gz to 30 (k) — Worst case

Mode: LE 1 Mbps
Distance of measurement: 3 meter
Channel: 0 (Worst case)
. .
Horizontal Peak Vertical Peak
Spectrum3  &@ (%) Spectrum3 @ (x)

Ref Level 91.00 dBpy @ RBW 1 MHz Ref Level 91.00 dBpY @ RBW 1 MHz

Att 0dB  SWT 48 ms @ VBW 3 MHz  Mode Auto Sweep Att 0dE  SWT 48 ms @ VBW 3 MHz Mode Auto Sweep

@ 1Pk Max @ 1Pk Max

B0 dep 80 deyr

70 dBps 70 dBys

60 dBpi 60 dBy

50 dep 50 dByr

40 dBps 40 dBy

“ul

30 doy il L 30 dBy ]

20 dep 20 deyr

10 dBy 10 dBy

0 dBy 0 dey

Start 18.0 GHz 691 pts Stop 30.0 GHz Start 18.0 GHz 691 pts Stop 30.0 GHz

Marker Marker

)i Measuring...  QERARNEND W 7 )i J 9 A P

Note.

No spurious emission were detected above 18 (ffz.
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3.5. Conducted spurious emissions & band edge
Test setup
EUT Attenuator Spectrum analyzer

Test procedure

Band edge
ANSI C63.10-2013 - Section 11.11

1. 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
Set the RBW = 100 kil

Set the VBW = [3 X RBW].

Detector = Peak

Sweep time = auto

Trace mode = max hold

Allow trace to fully stabilize.

PN R BN

Out of band emissions
ANSI C63.10-2013 - Section 11.11

1. Start frequency was set to 30 Miz and stop frequency was set to 25 (fz for 2.4 (fz frequencies and
40 (Hz for 5 Gz frequencies

2. Set the RBW = 100 kifz

3. Set the VBW = [3 X RBW].

4. Detector = Peak

5. Sweep time = auto

6. Trace mode = max hold

7. Allow trace to fully 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

LE 1 Mbps

Spectrum Spectrum2 @ (x) ()
Ref Level 6.00 dém  Offset 11.52 db @ RBW 100 kHz Ref Level 0.00 dBm  Offset 11.52 dB @ RBW 100 kHz
Att 10d8  SWT  1lms @ VBW 300 kHz _Mode Swesp Att Sdi SWT 250 ms @ VBW 300kHz Mode Auto Sweep
@ 1Pk Max © 1Pk Max
M2[1] -37.86 gpm| 1 mM3[1] -70.59 dBm|
od 2.399300 GHz 4 17.9350 GHz
M1[1] -2.27 difm -0 M1[1] -3.48 dBm
-10d 2.402190 2| 2.3970 GHz
204
-2 dBmmr-
0d it D1 -23.460
D1 -22.300 dBrm } ‘ 304
-30d L
| e
-40d ¥
NW S04
Sod Ll
L MJ\ -0 d M2
60d " ¥ M3
70 | JWK ¥
e vt Wit mof oeinib gy e nadnta Pty 1|
-80d
-80d
90 d
90 d
Start 2.3 GHz 691 pts Stop 2.405 GHz Start 30.0 MHz 601 pts Stop 25.0 GHz
marker Marker
Type | Ref | Trc | X-value | Y-value |__Function | Function Result Type | Ref | Trc | X-value | Y-value |__Function | Function Result |
[ 1 1 2,40210 GHz -2.27 dém | l 2,397 GHz -3.48 dém
M2 1 2.3993 GHz -37.86 dém me| 1 6.842 GHz -66.48 dim
| w3 1 2.39626 GHz -40.15 dém w3 1 17.935 GHz -70.59 dBm
)i ] Measuring... J )i ] Measuring... y
Spectrum Spectrum2 @ (x) ()
Ref Level 6.00 dém  Offset 11.52 db @ RBW 100 kHz Ref Level 0.00 dBm  Offset 11.52 dB @ RBW 100 kHz
Att 10d8  SWT  1lms @ VBW 300 kHz _Mode Swesp Att Sdi SWT 250 ms @ VBW 300kHz Mode Auto Sweep
@ 1Pk Max © 1Pk Max
M1[1] -3.04 dBm| M2[1] -67.38 dBm
od L 2.4417110 GHz] 04 L 6.1910 GHz
B M1[1] -4.54 dBm
2.4330 GHz
-10d 204
[ \ D1 -24.540 dBm
304
20d H
D1 -23.040 dBrm
i
30d
A F Lh s0d
|
-and [k W ] 60 d e
= PN il /\MJ\ - ol T W3
50d WVU T T aRH PP TN W PN
60 debn—t WMMVA L i ik lw,. " 80 d
"M w o0 d
70d
Start 30.0 MHz 601 pts Stop 25.0 GHz
-80d Marker
Type | Ref | Trc | X-value | Y-value |__Function | Function Result |
0d M| 1 2,433 GHz -4.54 dem
me| 1 6.191 GHz -67.38 dim
CF 2.442 GHz 691 pts Span 50.0 MHz M3 1 17.935 GHz -71.31 dém
—
]'[ ] Measuring... 4 ﬂ | Measuring... gl y
Spectrum Spectrum2 &®
Ref Level 6.00 dém  Offset 11,52 db @ RBW 100 kHz Ref Level 0,00 dBm  Offset 11,52 dB @ RBW 100 kHz
Att 10de  SWT 1ms @ VBW 300 kHz _Mode Sweep Att 5di SWT  250ms @ VBW 300 kHz Mode Auto Sweep
@ 1Pk Max © 1Pk Max
M3[1] ~44.10 dBm) M3L1] ~70.64 dBm
0 dBm—+4+ 2.4857530 GHz . ML 18.4410 GHz
% M1[1] -4.17 dBm| -10 M1[1] -5.59 dBm)
-10d 2.4797350 GHz 2.4690 GHz|
[ \ -20d
20 dof : D1 -25.590 dBm
T D1 -24.170 dBrm -30d
-30d
D/ \,\ 40 d
2
a0 A e
-0 d
. ) L J\J
60 d
s0d L Ay
v W 70 di A
70d
-80d
-80d
90 d
90d
Start 2.478 GHz 691 pts Stop 2.5 GHz Start 30.0 MHz 691 pts Stop 25.0 GHz
Marker’ Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result Type | Ref | Trc | X-value | Y-value | Function | Function Result |
[ mr 1 2.479735 GHz -4.17 dBm M1 1 2.469 GHz -5.59 dBm
M2 1 2.48276 GHz -41.08 dém M2 1 5.83 GHz -67.35 dém
| w3 1 2.485753 GHz -44.10 dBm M3 1 18.441 GHz -70.64 dBm
e )|
1 v y j 9 y;
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3.6. AC conducted emissions
Test setup
EUT Adapter LISN
Test Receiver

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 Mz, 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.

According to RSS-Gen Issue 5, 8.8, a radio apparatus that is designed to be connected to the public utility
(AC) power line shall ensure that the radio frequency voltage, which is conducted back onto the AC power
line on any frequency or frequencies, within the band 150 kliz to 30 M, shall not exceed the limits in Table 3.
Unless the requirements applicable to a given device state otherwise, for any radio apparatus equipped to
operate from the public utility AC power supply either directly or indirectly (such as with a battery charger),
the radio frequency voltage of emissions conducted back onto the AC power lines in the frequency range of
0.15 M to 30 Miz shall not exceed the limits shown in Table 3 below. The more stringent limit applies at the
frequency range boundaries.

The conducted emissions shall be measured in accordance with the reference publication mentioned in

Section 3.
Conducted limit (dBzV/m)
Frequency of Emission (M)
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.

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

Hot Line
1001 .
1 Final_Result
04 Frequency | QuasiPeak | CAverage | Limit | Margin | Meas. | Bandwidth | Line | Corr.
(MHz) (dBwV) | (dBpV) | (dBpV) | (dB) | Time | (kHz) (dB)
F {ms)
2 60T 595000 — 13.00 46.00 33.00] 1000.! .000 | L° .6
8 1 .595000 31.08 —| 56.00] 24.92| 1000. .000 | L° .6
é a0t 520000 — 10.19| 46.00] 35.81] 1000. .000 [ L .7
71 + 520000 26.76 —| 56.00] 29.24] 1000.| .000 [ L .7
= & oy 3.550000 — 9.72| 46.00| 36.28] 1000. .000 [ L .7
20+ 3 3.550000 24,69 —| 56.00] 313 000. .000 | L .7
+ * 3 5.620000 — 9.34 50.00 40.6 000.! .000 | L
ol 5.620000 22.64 —| 60.00] 37.3 000. .000 [ L
- i oL LG ; ‘ 5.655000 — 9.34| 50.00] 406 000. .000 [ L
150k 300 400 500 800 1M M 3M 4M 5M 6 8 1M 20M  30M 5.655000 22.78 — 60.00 37.2 000 0001 L
Frequency in Hz
Neutral Line
Final_Result
1007 Frequency | QuasiPeak | CAverage Limit Margin | Meas. | Bandwidth | Line | Corr.
T (MHz) (dBpv) (dBpv) (dBpv) (dB) Time (kHz) (dB)
80t (ms)
I 0.580000 - 8.18 46.00 37.82 | 1000.0 9.000 [N 19.6
2 eof FCC Part 15 0.580000 22.38 - 56.00 33.62 | 1000.0 9.000 | N 19.6
Q [ 0.595000 - 8.66 46.00 37.34| 1000.0 9.000 | N 19.6
& 0.595000 23.29 -— 56.00 32.71| 1000.0 9.000 | N 19.6
g 407 1.540000 - 6.63 46.00 39.37 | 1000.0 9.000 |N 19.7
< T 1.540000 18.68 - 56.00 37.32 | 1000.0 9.000 |N 19.7
20T * LS 2.545000 - 6.84 46.00 39.16 | 1000.0 9.000 | N 19.7
L g ‘ ‘ 2.545000 18.23 - 56.00 37.77 | 1000.0 9.000 | N 19.7
ot . 20.580000 - 6.96 50.00 43.04 | 1000.0 9.000 |N 20.2
20.580000 14.57 - 60.00 45.43 | 1000.0 9.000 [N 20.2
B w0 4w WO M W oaess sooM  am ow 2esrooon | tsiil | avoo| asss| to000l  sooo[N | 203
Frequency in Hz —
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Appendix A. Measurement equipment

Equipment Manufacturer Model Serial No. Cal. Day to next Cal. day
2019.01.16 ~2020.01.16
Spectrum Analyzer R&S FSV30 101389 20200115 < 2021.01.15
Spectrum Analyzer R&S FSV40 101002 2019.06.24 ~2020.06.24
8360B Series Swept 2019.01.15 ~2020.01.15
Signal Generator HP 836308 3844A00786 2020.01.15 ~2021.01.15
. 2019.01.15~2020.01.15
Power Meter Anritsu ML2495A 1438001 20200115 <2021.01.15
. 2019.01.15 ~2020.01.15
Pulse Power Sensor Anritsu MA2411B 1339205 20200115 <2021.01.15
2019.01.15~2020.01.15
Attenuator HP 8494B 2630A12857 20200115 ~2021.01.15
Loop Antenna Schwarzbeck FMZB1513 225 2019.02.15 ~2021.02.15
Trilog-broadband SCHWARZBECK VULB 9163 715 2018.11.29 ~ 2020.11.29

antenna
Horn Antenna AH SAS-571 414 2019.02.11 ~2021.02.11
Horn Antenna SCHWARZBECK BBHA9170 9]?7]3(%‘2‘0 2019.02.19 ~2021.02.19
High Pass Filter Wainwright WHJS3000-10TT 1 2019.06.24 ~ 2020.06.24
Instrument Gmbh
. . 2019.01.16 ~2020.01.16
Band Reject Filter MICRO-TRONICS BRM50702 G272 20200115 ~2021.01.15
Low Pass Filter Wainwright WLK1.0/18G-10TT 1 2019.06.24 ~ 2020.06.24
Instrument Gmbh

. 2019.01.16 ~2020.01.16
Broadband Amplifier Schwarzbeck BBV9721 PS9721-003 2020.01.15 < 2021.01.15
Preamplifier AGILENT 8449B 3008A00538 2019.06.25 ~2020.06.25
Amplifier R&S SCU 01 100603 2019.11.25 ~2020.11.25
EMI Test Receiver R&S ESU26 100551 2019.04.09 ~2020.04.09
EMI Test Receiver R&S ESR3 101783 2019.04.22 ~2020.04.22
DC Power supply Agilent 6632B MY 43004090 2019.06.25 ~2020.06.25
2019.01.25 ~2020.01.25
LISN R&S ENV216 101786 2020.01.20 ~2021.01.20

RF Cable 1 Woken - #B-1 2019.12.09 (Cal. date)

RF Cable 2 Woken - #B-2 2019.12.09 (Cal. date)

Peripheral devices
Device Manufacturer Model No. Serial No.
Notebook computer LG Electronics Inc., LGS53 306QCZP560949
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