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1. General information
Applicant: BNCOM CO.LTD
Applicant address: #1106, M-Techno Center, 46, Gongdan-ro 140 beon-gil, Gunpo-si, Gyeonggi-do,

Test site:

Test site address:

Test Facility

FCC rule part(s):
IC rule part(s):
FCCID:

IC Certification No

Test device serial No.:

Republic of Korea.
KES Co., Ltd.

[ ] 3701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si,
Gyeonggi-do, 14057, Korea

Xl 473-29, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea

FCC Accreditation Designation No.: KR0100, Registration No.: 444148
ISED Registration No.: 23298

15.247

RSS-247

2APDI-BCM-SQ400-AS

8738A-BCMLZ100AS

X Production [ ] Pre-production [ ] Engineering

1.1. EUT description

Equipment under test

Frequency range

Model

Modulation technique
Antenna specification
Power source
Number of channels
H/W Version

S/W Version

Serial No

Bluetooth module

2402 Mz ~2 480 Mz (BDR/EDR)
2402 Mz ~2 480 Mz (LE 1Mbps)
BCM-SQ400-AS

GFSK, 1/4DQPSK, 8DPSK

PCB Antenna // Peak gain: 1.95 dBi
DC33V

2402 Mz ~2 480 Mz (BLE 1 Mbps) : 40 ch
V1.0.0

V1.0.0

23011100001
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1.2. Test configuration

The BNCOM CO.LTD // Bluetooth module / BCM-SQ400-AS

FCC ID: 2APDI-BCM-SQ400-AS // IC: 8738A-BCMSQ400AS was tested according to the specification
of EUT, the EUT must comply with following standards and KDB documents.

FCC Part 15.247

ISED RSS-247 Issue 2 and RSS-Gen Issue 5
KDB 558074 D01 v05 r02

ANSI C63.10-2013

1.3. Derivative Model Information
N/A

1.4. Accessory information

Equipment Manufacturer Model Serial No. Power source

1.5. Sample calculation
Where relevant, the following sample calculation is provided

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).
=0.56 +10=10.56 (dB)

For Radiation test :
Field strength level (dB/4V/m) = Measured level (dBAV) + Antenna factor (dB) + Cable loss (d8) — Amplifier

gain (dB)

1.6. Measurement Uncertainty

Test Item Uncertainty
Uncertainty for Conduction emission test 2.38 dB
Uncertainty for Radiation emission test Below 10l 4.50 dB
(include Fundamental emission) Above 16k 490 dB

Note. This uncertainty represents an expanded uncertainty expressed at approximately the 95% confidence
level using a coverage factor of k=2.
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1.8. Frequency/channel operations
Ch. Frequency (M) Mode
00 2 402 BLE 1 Mbps
20 2442 BLE 1 Mbps
39 2 480 BLE 1 Mbps
2. Summary of tests
Section in Section in
FCC Part 15 RSS-247 & Gen Parameter Test results
- RSS-Gen 6.7 99% occupied bandwidth Pass
15.247(a)(2) RSS-247 5.2(a) 6 dB bandwidth Pass
15.247(b)(3) RSS-247 5.4(d) Output power Pass
15.247(e) RSS-247 5.2(b) Power spectral density Pass
RSS-247 5.5
15.205 15.209 RSS-Gen 8.9, Radiated restricted band and emission Pass
8.10
15.247(d) RSS-247 5.5 Conducted spurious emission and band edge Pass
15.207(a) RSS-Gen 8.8 AC Conducted emissions Pass
Note:
1. This product is powered by DC 3.3 V.
2. By the request of the applicant, test was performed with condition below:
Target power : Default
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3. Test results

3.1. 99% Occupied Bandwidth

Test procedure
ANSI C63.10-2013

Test setup

EUT

Test setting

Attenuator

Spectrum analyzer

1. Span = The instrument center frequency is set to the nominal EUT channel center frequency. The frequency span

for the spectrum analyzer shall be between 1.5 times and 5.0 times the OBW.

2. RBW = The nominal IF filter bandwidth (3 dB RBW) shall be in the range of 1% to 5% of the OBW 3. VBW =

shall be approximately three times the RBW

4. Sweep = auto

5. Detector function = Peak

6. Trace = Max hold

Limit

None; for reporting purpose only.

Test results

Mode Frequency (M) Measured 99 % bandwidth(Mk) Limit(M)
2402 1.044
BLE 1 Mbps 2442 1.039 -
2480 1.044
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Test plot
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3.2

6 dB bandwidth

Test procedure
ANSI C63.10 — section 11.8

Test setup

EUT Attenuator

ANSI C63.10-2013 - Section 11.8.1

1.

Nk

RBW = 100 kifz.

VBW = 3 X RBW.
Detector = peak.

Trace mode = max hold.
Sweep = auto couple.
Allow the trace to stabilize

Spectrum analyz

€r

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

relative to the maximum level measured in the fundamental emission.

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 in 11.8.1 (i.e., RBW = 100 kHz, VBW =
3 X RBW, and 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 M, 2 400 ~
2 483.5 Mz, and 5 725 ~ 5 850 Mz bands. The minimum 6 dB bandwidth shall be at least 500 kifz.

According to RSS-247 5.2 (a), the minimum 6 dB bandwidth shall be 500 kHz.

Test results

Mode Frequency (M) 6 dB bandwidth(Mk) Limit(Mk)
2 402 0.724

BLE 1 Mbps 2 442 0.724 >0.500
2 480 0.724
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Test plot
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3.3. 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 M, 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.

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.

According to RSS-247 5.4 (d), For DTSs employing digital modulation techniques operating in the bands
902-928 MHz and 2400-2483.5 MHz, the maximum peak conducted output power shall not exceed 1W. The
e.i.r.p. shall not exceed 4 W, except as provided in Section 5.4(e).

As an alternative to a peak power measurement, compliance can be based on a measurement of the
maximum conducted output power. The maximum conducted output power is 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
transmitting at a reduced power level. If multiple modes of operation are implemented, the maximum
conducted output power is the highest total transmit power occurring in any mode.
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Test results
Measured output power (dBm)
2402 Mk 2442 Mk 2 480 Mk

Mode

Average Peak Average Peak Average Peak

BLE 1 Mbps 4.79 5.45 4.58 5.23 4.27 4.92
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34. Power spectral density
Test procedure
ANSI C63.10 — section 11.10.2

Test setup

EUT Attenuator Spectrum analyzer

ANSI C63.10 — section 11.10.2
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 klfz

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 within the RBW.
10. If measured value exceeds limit, reduce RBW(no less than 3 kiiz) 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 kilz 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.

According to RSS-247 5.2 (b), The transmitter power spectral density conducted from the transmitter to the
antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous
transmission. This power spectral density shall be determined in accordance with the provisions of Section
5.4(d), (i.e. the power spectral density shall be determined using the same method as is used to determine the
conducted output power).
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Test results
Mode Frequency(Mk) PSD (dBm/3kHz) Limit(dBm/3kHz)
2402 9.17
BLE 1 Mbps 2442 941 8

2 480 -9.65
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Test plot
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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 kfz to
30 Mz Emissions.

Turn Table

EUT
f Coaxial
08m <4—Cable
'1 3m | T
Ground Plane

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.

Tumn Table
im - 4m
EUT
| Coaxial
08m Cable
——— o ———» |
Ground Plane

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.

| —

Antenma

” Iower

Horn
antenna

EUT = e

Spectrum

O

r Pre-amp -—,,.I_I;|
| ]

Turntable

O
om
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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 Mz

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.

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.

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.

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 0.8 meters(30-1000MHz) / 1.5 meters(above
1GHz)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.
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.
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.
The test receiver system was set to Peak Detect Function and Specified Bandwidth with Maximum
Hold Mode.
Spectrum analyzer settings for /<1 (ffz:

(D Span = wide enough to fully capture the emission being measured

@ RBW=100 kil

@ VBW = RBW

@ Detector = quasi peak

(B Sweep time = auto

® Trace = max hold

6. Spectrum analyzer settings for f =1 (lz: Peak

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

VBW = 3 ik

Detector = peak

Sweep time = auto

Trace = max hold

Trace was allowed to stabilize

SISISICASACYS
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7. Spectrum analyzer settings for f/ =1 (llz: Average

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

RBW =1 Mk

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 (), 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.

CIEACS

3

W
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Note.

1. f<30 MH, extrapolation factor of 40 dB/decade of distance. F4 = 40log(Dw/Ds)
1 =30 Mz, extrapolation factor of 20 dB/decade of distance. Fq = 20log(Dn/Ds)

Where:
Fs = Distance factor in dB
Dn = Measurement distance in meters
Ds = Specification distance in meters

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

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

4. Emissions below 18 [z were measured at a 3 meter test distance while emissions above 18 (fz
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 X orientation was worst-case orientation; therefore, all final radiated testing was performed with the
EUT in X orientation.

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

9. According to exploratory test no any obvious emission were detected from 9 kiz 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]
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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 (¢V/m)
0.009 ~ 0.490 300 2400/F (kltz)
0.490 ~ 1.705 30 24000/F (kfz)

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 M, 76 ~ 88 Mz, 174 ~ 216 Miz 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.

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 (Mk) Distance (Meters) Radiated (¢V/m)
0.009 ~ 0.490 300 2 400 / F(klkz)
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

* Unless otherwise specified, for all frequencies greater than 1 GHz, the radiated emission limits for licence-
exempt radio apparatus stated in applicable RSSs (including RSS-Gen) are based on measurements using a
linear average detector function having a minimum resolution bandwidth of 1 MHz. If an average limit is
specified for the EUT, then the peak emission shall also be measured with instrumentation properly adjusted
for such factors as pulse desensitization to ensure the peak emission is less than 20 dB above the average
limit.

Note: Transmitting devices are not permitted in restricted frequency bands unless stated otherwise in

the specific RSS.
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Duty cycle

Regarding to KDB 558074 D0O1_v04, 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 mod Ton time Period Duty cycle Duty cycle Duty cycle correction factor
est mode (ms) (ms) (Linear) (%) (dB)
BLE 1 Mbps 0.386 0.627 0.617 61.67 2.10

Duty cycle (Linear) = To, time/Period

DCF(Duty cycle correction factor (dB)) = 10log(1/duty cycle)

BLE 1

Mbps

Spectrum

Rref Level 20.00 d8m
At
TRG: VID TDF

- RAW 3 MHz
40 dB w SWT 1.7 ms = VBW 10 MHz

@ 15 Max

10 dfm -

PSS v o 1

20 dim

bttt d

PR e |

40 dRm

-50 dBmv

60 o

CF 2,442 GHz

1001 pts.

165.0 ps/

Marker

Type | Ref | Tre | H-valus |
M1 11 215 ps

¥-valus | Function |

Function Result

o1 M1
02| M1

4.48 dém
0.51 d8
064 di

Feasuring...

(e
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Test results (Below 30 M)
Mode: BLE 1 Mbps

Channel 00 (Worst case)

Distance of measurement: 3 meter

Parallel
130
120 E
110 E
100 E
30 E a1 ki Wﬁm%"wﬂ’% | i
_|, 109 ). 100 1.000 10.00 30.000
Final Result
No. Frequency Reading c.f Limit Margin Angle FRemark
QP QP QP
[MHz] [dB(uV)] [dB(1/m)]

1 0.020 413.8 19.5

2 T 212 0.7

3 2 14.3

B 11 10.7

£ 16 9.8

¢ 22 9.3 2
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Test results (Below 1 000 Mk)
Mode: BLE 1 Mbps

Channel 00 (Worst case)

Distance of measurement: 3 meter

Horizontal // Vertical

. —nlw.d'hl'r_l:"'_ M |
g
. bk ! _“q |
EoW II)ﬂl Pu
30.000 50 100.000 500.000 1000. 009
Final Result
No. Fregquency Pol Reading i Result Limit Margin Height Angle Remark
QP QP gp QP
[MHz ] [dB (uVv) ] [dB(1/m) ] [dB{pV/m)] [dB(pV/m)] [dB] [cm] [deqg]
1 50.85 v 44.3 -11.5 32.8 40.0 T2 131.0 270.2
2 62 . 98¢ v 47.4 -13.4 34.0 40.0 6.0 100.0 21 1
3 83.83 v 48.7 -16.9 31.8 40.0 8.2 0 8
4 §3.83 H 44.5 -16.9 27.6 40.0 12.4 ) .B
5 132.82 H 45.6 28.9 43.5 13.6 .0 .2
& 3 3 v 49.2 3.5 43.5 10.0 .0 .2
7 v 49.8 37.0 43.5 6.5 ) 2
8 H 46.3 12. 33.5 43.5 10.0 0 .4
9 v 49.8 -11.7 38.1 46.0 7.9 ) 5.2
10 H 45.3 -11.7 33.6 46.0 2.4 ) .7
11 H 35.1 —6.3 28.8 46.0 17.2 .0 .4
12 H 31.1 -1.7 29 46.0 16.6 0 i)
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Test results (Above 1 000 M)
Mode: BLE 1 Mbps
Channel 00
Distance of measurement: 3 meter
- Spurious
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
() (dBwV) ctect mode (H/V) (dB) (dB) (BN/m) | (BN/m) (dB)
1 399.06 48.40 Peak A\ -7.97 - 40.43 74.00 33.57
179542 47.94 Peak H -4.16 - 43.78 74.00 30.22
4 803.60 48.34 Peak H 4.70 - 53.04 74.00 20.96
4 803.60 42.80 Peak \% 4.70 - 47.50 74.00 26.50
- Band edge
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
() (dBwv) etect mode (H/V) (dB) (dB) (dBV/m) (dBV/m) (dB)
2 360.58 44.44 Peak \% -1.73 - 42.71 74.00 31.29
2 378.73 45.26 Peak H -1.70 - 43.56 74.00 26.85
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
Spectrum 3 (&) ;“3‘ Spectrum 3 (&) i“i'
Ref Level G7.00 dauv - RBW 1 MMz Ref Level G7.00 dauv - RBW 1 MMz
At 10 dB SWT 114 2 » VBW 3 MHz Mode Auto FET Att 10 dB SWT 114 2 » VBW 3 MHz Mode Auto FET
@ 15k Ma @ 15k Ma
M) a... M) . -..‘,I'.I-.-_Il':|luli::f
90 diuv- e 90 diuv- e
0 digy- 0 digy-
&0 dily &0 dilg-
S0 iy, S0 iy -
v kot OV M L e -"\,_"‘-—v-—%.-.._-r\—‘\r-’.‘-—""‘-"\l,w\ P ‘-«v-"'z'm_ | sV Ry LoD gy ..h.__,é«n'ﬂ',.., - B e aa VAT A
0 dily 30 diyA-
20 dBun- 20 dBun-
10 dBu- 10 dBu-
0 dBu T 0 dBu T
CLEEFIT 10001 pts — Slop 2.39 GHz CLEEFIT 10001 pts — .-“.ﬁ .39 G :
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Horizontal // Peak for 1 Gz to 3 Gz

Vertical // Peak for 1 Gz to3 Gz

Spactrum |@ Spactrum |@
Raf Lavel 107.00 cayy - RBW 1 Mz Raf Lavel 107.00 cayy - RBW 1 Mz

e Al 10dE  SWT 10.1ms @ VBW 3 MHz  Mode Auto Sweep e At 1008 SWIT 10.1 ms @ VBW 3 MHz  Mode Auto Sweep

[@ 17k Max (@ 15b Man

Mz 1] M 1]
100 dy—- 109 doa—-
Mi1{1] Mi1{1]

90 dilv— | 90 dilv— |

a0 d i &0 d i

0 e 0 By

50 dB 0 B

Py - . \

40 By +0

30 dBu 30 dBu

20 diu - 20 diu -

10 i —t- - : 10 i —t- - :

Start 1.0 GHz 10001 pts Stop 3.0 GHr Start 1.0 GHz 10001 pts Stop 3.0 GHr
Marknr Marknr

Type | Ret | Tre | H-valus | vevalus | Function | Function Result | Type | Ret | Tre | H-valus | vevalus | Function | Function Result |

M1 1 2.40236 GHz 106.58 dauy M1 1 2.40236 GHz 04,58 dBuY
M2 1 1 TO542 GHz 4704 GBI M2 1 1 30506 GHz 48,40 BV

Messuring WRAMNID 4

T

Horizontal // Peak for 3 Gz to 18 Gz

Vertical // Peak for 3 (i to 18 Gz

Rmef Level 87.00 d@pv - RAW 1 MHz

OdE  SWT 60 ms & VBW 3 MHz  Mode Auto Sweep

stw S Crr e R
1Pk Max

Rmef Level 87.00 d@pv

- RBW 1 MHz

e OSSO [*
t
1Pk Max

OdE  SWT 60 ms = VBW 3 MHz Mode Auto Sweep
M) 4804 by M) 42.00 didpv)
B0 Ay 1.00360 GHz| B0 Ay 100360 GHz|
70 B [ 70 B [
50 di—{ -y - - 1 | 50 dbyty—{— |
Y
s e Y W sdtonta ol
i st e e,
10 B4 | 10 B4 |
0 dlBit— | 0 dlBit— |
10 diiyv- - 10 dg !
Start 9.0 GHE 10001 pis Stop 10.0 GHz Start 9.0 GHE 10001 pis Stop 10.0 GHz
Markar Marker
Type | Ret | Tre | Kevalin | ¥-valuo | Funetion | Function Result | Type | Ret | Tre | Kevalin | v-vatue | Function | Function Result |
M1 1 48036 GHz 48,54 gayv M1 1 48036 GHz 42,80 gByvV

Messuring WRAMNID 4

Tesrarma NRARINAND W8 Pl

Note.

1. Average test would be performed if the peak result were greater than the average limit.
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Mode: BLE 1 Mbps

Channel 20

Distance of measurement: 3 meter

- Spurious

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

(%) (dBwV) etect mode (H/V) (dB) (dB) (dBV/m) | (dBN/m) (dB)
1397.46 47.03 Peak H -7.98 - 39.05 74.00 34.95
1399.86 48.78 Peak \% -7.97 - 40.81 74.00 33.19
159524 48.01 Peak H -6.47 - 41.54 74.00 32.46
1596.84 47.32 Peak \% -6.45 - 40.87 74.00 33.13
4 883.10 42.10 Peak A% 5.31 - 47.41 74.00 26.59
4 884.60 45.87 Peak H 5.32 - 51.19 74.00 22.81
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Horizontal // Peak for 1 (iz to 3 Gz Vertical / Peak for 1 Gz to 3 Gz
S = ([ s — [+
Rl Lavel 107.00 g8y - RBW 1 Mhz Rl Lavel 107.00 g8y - RBW 1 Mhz
EMI 1068 SWIT 101 ms @ VBW IMHz  Mode Auto Sweep EMI 1068 SWIT 101 ms @ VBW IMHz  Mode Auto Sweep
1Pk Max 18k Max
Mol L] 4,01 dnpy] Mol L]
100 Ay 5 240 GHx| 100 Ay
M1{t] M1{t]
0 diluy—- - -+ - - 2442100 GHZ 0 diu—-
80 dly- 80 diiiv-
70 B 70 B
&0 o8, &0 o8,
| |
S0 Ay —]- 8" % - 1 [ !§ A 2 K . S0 iy —{- L 518 - 1 [
1 n i L d oo | 4
a0 ey Yiadinsiindse A0 diys
30 AR 30 AR
20 diu—- | 20 diu—- |
10 dis - 10 dis -
Start 1.0 GHz 10801 pts Stap 3.0 GHz Start 1.0 GHz 10801 pts Stap 3.0 GHz
Marker Marker
Type | Ref | Tre | X-valus | Ywalus | Function | Function Result | Type | Ref | Trc | X-valus | ¥wvalus | Function | Function Result |
M | 1] 2.44236 GHz | 10B.65 dBpv | | M | 1] 2.44236 GHz | 97,96 dBV | |
M2 1 139748 GHz 47.03 BV M2 1 130085 CHz 4B TE BV
M3 1 150524 GHz 48.0) g8V M3 1 1. SOREA GHz 47,31 dBuv

)i T 4

)i T I

Horizontal // Peak for 3 Gz to 18 (i

Vertical // Peak for 3 Giz to 18 GHz

Srearmz © G e e o
Ref Lavel B7.00 d@yy - RBW 1 MHz Pt Rref Level 87.00 dauv - RBW | Mez
Attt OdE  SWT 60 ms & VBW 3 MHz Mode Auto ‘;wﬂ, Sirann Att OdE  SWT ol ms = VBW 3 MHz  Mode Auto Sweep
17k Max \ 1Pk Max
T Milt] a7 dapv]e F M) V210 iy
B0 d 400460 GHz L | &0 d 4.0BTL0 Ghil
70 doat T 70 oy
Setup
60 dBuy— 60 dBu-
| Dewvics
LY T — L e - - L I - 50 diy——— L . 118 1 L
, g o I “w L S W
M g iy sl
20 dBg- [ 20 digs |
0 10 iy
0 HBLv— i 4 ! - L 4 0 Bty — 1
[ Tnstall |
10 e ] | printar 10 ey 1
e,
tart 3.0 GHz 10001 prs Stop 10.0 GHz - tart 3.0 GHz 10001 pts Stop 10.0 GHz
Marker [ Marker
Type| Ret | Tre| Hevahin | ¥-value | Function | Function Resuft | Type | Ret | Tre | Kevahis | ¥-vatue | Function | Function Result |
M1 1 o BE6 GHE 45,87 dBpv . =1 1 4 BEI] GHz 42,10 By

)i 8 Searurina. I W

)i T I

Note.

1. Average test would be performed if the peak result were greater than the average limit.
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Mode: BLE 1 Mbps
Channel 39
Distance of measurement: 3 meter
- Spurious
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
() (dBwv) etect mode (H/V) (dB) (dB) (dBV/m) (dBV/m) (dB)
1595.44 52.82 Peak \% -6.47 - 46.35 74.00 27.65
1598.44 46.85 Peak H -6.44 - 40.41 74.00 33.59
3465.70 42.05 Peak H -0.17 - 41.88 74.00 32.12
3 581.20 42.27 Peak \% 0.30 - 42.57 74.00 31.43
- Band edge
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
() (dBwv) etect mode (H/V) (dB) (dB) (dBV/m) (dBV/m) (dB)
248798 52.42 Peak H -1.67 - 50.75 74.00 23.25
2 487.98 46.81 Peak A% -1.67 - 45.14 74.00 28.86

Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
Spectrum 3 Spectrum 3 J_'uj inP
Raf Lavel 07.00 dByv - REW 1 MHz Raf Lavel 07.00 dByv - REW 1 MHz
At 10 dB SWT 3.8 us w VBW 3 MHz Mode Auto FFT At 10 dB SWT 3.8 us w VBW 3 MHz Mode Auto FET
@ Lok Mg @ Lok M3
M) 1242 Y| M) CERT
oD dBA 10798940 GH oD dBA T FOU1E0 GHa
BD dR. B0 AR
7O dig 7O dig
&0 di 60 il
gy — — == ey S0 dlig _'
- j T T T e e e [y R 2z b == = =2
o "i/ — 40 dlgfy—— = e = e T i
0 dily 30 iy
20 dBun- 20 dBun-
10 dBu- 10 dBu-
0 diu 0 diu
Atart 7 4835 GHz 10001 F!lﬁ Bt 2.5 GHz Atart 7 4835 GHz 10001 F!lﬁ Bt 2.5 GHz
" T T T
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. .
Horizontal // Peak for 1 (iz to 3 Gz Vertical // Peak for 1 Gz to 3 Gl
Speactrum |@ Speactrum |@
Raf Laval 107.00 gy - RBW 1 MHz Raf Laval 107.00 gy - RBW 1 MHz
EMI 1068 SWIT 101 ms @ VBW IMHz  Mode Auto Sweep EMI 10dB  SWIT 10.1 ms w VBW 3 MHiz  Mode Auto Sweep
1Pk Max 1Pk Max
M2 1] 36,05 aBpv] M2 1]
103 dBg-—- 598440 GH| 100 dBN-—- LS
M1{t] 105,00 dDpV M1{t]

B0 dBu—i- | 2 ABNBSN CHz| B0 dBu—i- | 2 AN GHz|
80 di i 20 d i

&0 iy &0 dBy

- L "

1 !l! " "

0 40 - e ST L T S T |
30 Ul 30 Ul

20 dBiN- 20 dBiN-

10 diat—t- . i 10 diat—t- . i

Start 1.0 GHz 10001 pts Stap 3.0 GHr Start 1.0 GHz 10001 pts Stap 3.0 GHr
Markar Markar

Type | Ret | Tre | Hevalus | vevalus | Function | Function Result | Type | Ret | Tre | Hevalus | vevalus | Function | Function Result |

ML 1 T 4BD3E GHe 105.08 g8 ML 1 T 4BD3E GHe B8, 16 dBY
M2 1 159644 GHz 4685 dBuV M2 1 1.50544 GHz £3.61 gBuV
" —rEEET T e

Horizontal // Peak for 3 Gz to 18 (i

Vertical // Peak for 3 @z to 18 Gz

Raf Level 87.00 dBuv & RBW 1 Mbz

Raf Level 87.00 dBuv & RBW 1 Mbz

e o G
Att
1Pk Max

e o G
Att
1Pk Max

OdB  SWI 6D ms » VBW 3 MHz  Mode Auto Sweep OdE  SWIT 6Dms » VBW 3 MHz  Mods Auto Sweep
M) 42,05 ditpv) M) 4227 divpv|
B0 df 3, 46570 GHal B0 df 2.50120 GH]
70 dBad: [ 70 diw [
60 iyt —t- 1 60 i~ 1
|

20 diys 20 diya |
10 iy | 10 iy |
0 e — | 0 e — |
10 gt . 10 gt !
tart 3.0 GHz 10001 pts Stop 10.0 GHz tart 3.0 GHz 10001 pts Stop 10.0 GHz
Markar Marker
Type | Ret | Tre | Kevalis | v-vatue | Function | Function Result | Type | Ret | Tre | Kevahis | ¥-vatue | Function | Function Result |
1 34657 GHe 42.05 dayy 1 3.5612 GHz 43,27 gayv

Messuring WRAMNID

l

T

Note.

1. Average test would be performed if the peak result were greater than the average limit.
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Test results (18 Gz to 25 Giz) — Worst case
Mode: LE 1 Mbps
Channel: 00 (Worst case)
Distance of easurement : 3 meter
Horizontal Peak Vertical Peak
Spectrum 4 (&) %’ Spectrum 4 (%) %’
Ref Level 97,00 dauy - RBW 1 MHz Ref Level 57.00 dapy - RBW 1 MHz
At 10 di SWT 28 ms » VBW 3 MH2 Mode Auto Sweep Alt 10 di SWT 28 ms » VBW 3 MH2 Mode Auto Sweep
[@ 17t Max [@ 17t Max
90 ARy —1- 90 ARy —1-
00 iy 00 iy
70 dig 70 diu
£0 by £0 by

P50 S AR PRI i D i |

30 div

[ A, i A S et A

20 dilty—

10 diuv-

30 div

20 dilty—

0 By

10 diuv-

0 By T

Btart 16.0 GHr 10001 pts Gtop 75.0 GHz
i - — m
Measuring... 2
L JL J e asuring ]

Btart 16.0 GHr 10001 pts Gtop 75.0 GHz
i - — W
Measuring... 2
L JL J e asuring ]

Note.
No spurious emission were detected above 18 (ffz.
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3.6

Conducted spurious emissions & band edge

Test setup

EUT Attenuator Spectrum analyzer

Test procedure

Band edge
ANSI C63.10 — Section 11.11

PRI R WD

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 kifz

VBW = 300 kifz

Detector = Peak

Trace mode = max hold

Sweep time = auto

The trace was allowed to stabilize

Out of band emissions

ANSI C63.10 — Section 11.11

1.

Nk LD

Limit

Start frequency was set to 30 Mk and stop frequency was set to 25 Oz for 2.4 iz frequencies and
40 (Hz for 5 Gz frequencies

RBW = 100 kiz

VBW = 300 ki

Detector = Peak

Trace mode = max hold

Sweep time = auto couple

The trace was allowed to stabilize

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 klz 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

BLE 1 Mbps_Fl1

Ref Lavel 10.00 d8m
At 0B BWT 246.5 ps @ VAW 300 kHz

TOF

- RAW 100 kH1

Mode Auto FFT

1Pk Max

maii]

20 of

30 AR

40

e il bl

r ¥ Y

80 dim

70

&0 d

=4

ftart 2.2975 GHz

32001 pis Siop 2.4075 GHz
Heasuring... m= DT

N/A

Spectrum 3 (@) 2 Spactrum 4 (®) 2
Ref Lavel 20,00 d8m - RAW 100 kHz Ref Level 10,00 d8m - RRAW 100 kHz
Att 40dE  SWT 19 us » VBW 300 kHr Mode auto FET Att 30 dE  SWT 250 ms &« VBW 300 kHz  Mode Auto Sweep
TOF TOF
1Pk Max 1Pk Max
[ Mi1] 574 dBm| RN} 2175 dim|
| 2.40200000 GHr 21.625640 GHr
., |
- A e e N |
o pe | -0 T
<10 o -
20 dpge) 1 1 3 { .
o | R
20 d 1 1
40 dibm I I
&0 dam | 40 o |
40 d 1 70 i 1
<70 o | B0 o |
CF 2,402 GHz 1001 pts Rpan 1. 566 MHz ftart 30.0 MHz 32001 pis Stop 25.0 GHz
Y T e | | T TR
Spectrum 4
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BLE 1 Mbps_F2

Spactrum 3 3 |@
waf Lavel 20.00 d8m - RBW 100 kHz waf Lavel 10.00 d8m - RBW 100 kHz
At 40 dE  EWT 18.8 us @ VBW 300 kHz  Mode Autc FFT At I0dE EWT 250 ms @ VBW 300 kHz  Mode Auto Sweep
TOF TOF
19k Max 1Pk Max
M) 5.45 dBm| CETEY] 21.52 dim|
244199040 GHz 2LATHLL0 GHy
3 dl - o
B i | — |
A —
o — - -0 -
o 7 | B
- ~ ™~
/ |
-20 dipv— . i
| o
30 di - -
40 dlim I I
=0 i | 40 difs |
40 - 70 di -
<0 o | 80 d |
CF 2,443 GHz 1001 pts Bpan 1558 MHz Atart 30.0 MHz 32001 pis Stop 25.0 GHz
Y R | | T e Iy

Raf Level 10.00 d8m = RBW 100 kHT

Att 30 dE  BWT 398.3 ps @ VBW 300 kHr  Mode Auto FFT
TOF
1Pk Max
CETHY]
0 dim- M1l nr
s 44190840 G
A0 dbm 1 A
4 550 i
20
30
40 dm . —]‘-
Lo M 4 P .|t aaadldl e m
W g AL b e iyl i e ;. (e i B L
60 |
0 dfm |
80 o
=
i |
CF 2,442 GHz ~ - — amenip Span 180.0 MHz
an e )
Marker
type | Bef | Tre | *-valus | ¥wolue | Function | Function Result |
ML | ) 2.4410944 GHz | 5,37 dbm | |
M2 1 2.360887E GHr =47 .47 dBm
M3 1 2.507787T9 GHz -47 25 dim

Heasuring..

+ mn T |

N/A
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BLE 1 Mbps_F3

Spectrum 3 (@) 2 Spactrum 4 (®) 2
Ref Lavel 20,00 d8m - RAW 100 kHz Ref Level 10,00 d8m - RRAW 100 kHz
Att 40dE  SWT 19 us » VBW 300 kHr Mode auto FET Att 30 dE  SWT 250 ms &« VBW 300 kHz  Mode Auto Sweep
TOF TOF
1Pk Max 1Pk Max
M1 521 dBm| RN} 2201 dim|
2. 479909690 OHr 22275620 GHr
3 ol i 0 di
S L. S - |
] _-E__ = 10 1
- | \-.. 1
10 g - =
| b
-~ [
- |
30 d 1
40 dibm I I
&0 dam | 40 o |
40 d 1 70 i 1
<70 o | B0 o |
CF 2,48 GHz 1001 pts Rpan 1. 566 MHz ftart 30.0 MHz 2001 pis Stop 25.0 GHz
T e | | it T

Ref Lavel 10.00 d8m
At 0 dE BWT 1706 ps @ VBW 300 kHz
TOF

- RAW 100 kH1

Spectrum 4 (%) | T

Mode Auto FFT

1Pk Max

maii]

M1f1]
2.4 7999360 GHJ|

-30 i f 1

40 di '}

APy

ETTR Lt i
V

80 dim

70

&0 d

Btart 7,47 GHz

I7001 pts Stop 25475 GHz

N/A
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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 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.

Conducted limit (dBV/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
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Test results

Mode: BLE
Transfer rate: 1 Mbps
Distance of measurement: 3 meter
Channel: 00 (Worst case)
Hot Line
1moT
i Final_Result
bood Frequency | QuasiPeak I Mamin nmmam Line
- (MHz) @My | (aouvy | (o \n| - | T | (aB)
2" ] 0.154000 ' 8.08
¥ i 0.154000 -
3 40t 2 0.446000 1082 |
o : £ 2718
20 3.922000 oy .00 2573 1000.0 |
A $ 3.998000 —— 2786 46.00 18. 14 1000.0 | 9.000 | L1
P 3,998000 30.78 | —| 5600 2522 10000 9,000 | L1
oT 26.538000 | 3487 | 5000 1513 1000.0 | 9.000 L1
+ +—t =t + - + 1 | 26.538000 40.21 | - 60.00 19. 79 1000.0 | 9.000 | L1
150k 300 400 500 BOO 1M M M 4M 5M 6 8 10M 20M  30M

Frequency in Hz

Neutral Line

00T
Final_Result
aor ‘Frequency | QuasiPeak | CAverage | Limit | Margin | Meas. | Bandwidth | |
- {MHz) (dB¥ V) (dB¥ V) | (dB¥V) (dB) | Time (kHz) ‘ [dBI
R N S R = s M S : | ims .
Ed 0.158000 | -] B16| 5557 4741 1000.0 9.000 N | 194
L i - * 0.158000 | 2284 e 42.73| 1000.0 9.000 N 19.4
= u 0.846000 | | 1513 30.87 | 10000 9.000 N
& * g 0.846000 | 2017 e 3583 | 10000 9.000 N
* 1.330000 | -~ 30.00 16,00 | 1000.0 9.000 N 0.2 |
20 g > 1.330000 | 3711 - 18.89 | | 10000 9.000 N
16.28 | 10000 N
: - 18.09 | 1000.0 N
- e - et - | = L
160k 300 400 500 BOO 1M i) 3M 4M SM B B 1M 20 30M

Freguency in Hz
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Appendix A. Measurement equipment
Equipment Manufacturer Model Serial No. C?Illig;gf n Cali(:)l:ztion
Spectrum Analyzer R&S FSv40 101002 1 year 2023.06.17
Spectrum Analyzer R&S FSv40 101725 1 year 2023.06.16
ATTENUATOR KEYSIGHT 8493C 825006 1 year 2024.01.17
Power Meter Anritsu ML2495A 1438001 1 year 2024.01.13
Pulse Power Sensor Anritsu MA2411B 1339205 1 year 2024.01.13
SIGNAL GENERATOR KEYSIGHT N5182B MY59100115 1 year 2023.04.27
SIGNAL GENERATOR Anritsu 68369B 002118 1 year 2024.01.14
BAND REJECT FILTER | MICRO-TRONICS BRMS50702 G272 1 year 2024.01.12
Attenuator HUBER-+SUHNER 6806.17.A - 1 year 2023.04.01
Loop Antenna Schwarzbeck FMZB1513 1513-257 2 years 2023.03.18
Horn Antenna AH SAS-571 414 1 year 2024.01.16
Horn Antenna SCHWARZBECK BBHA9170 9}?173(%’5*0 lyear | 2024.01.16
TRILOG-
BROADBAND VULB9163 Schwarzbeck 714 2 years 2024.04.19
ANTENNA
Amplifier N 310N 186549 lyear | 2023.04.21
PREAMPLIFIER HP 8449B 3008A00538 1 year 2023.06.02
BV S SCHWARZBECK BBV9721 PS9721-003 lyear | 2024.01.16
DC POWER SUPPLY AGILENT 6632B MY43004130 1 year 2023.06.17
EMI Test Receiver R&S ESU26 100552 1 year 2023.08.01
LISN R&S ENV216 101787 1 year 2023.11.10
LISN R&S ESH2-75 100450 1 year 2023.11.10
EMI TEST RECEIVER R&S ERS3 101783 1 year 2023.11.11
PULSE LIMITER R&S ESH3-72 101915 1 year 2023.11.10
Peripheral devices
Device Manufacturer Model No. Serial No.
Notebook computer LG Electronics Inc., LG15N54 504NZJV027828
Jig board - - -
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Appendix B. Test setup photos

Radiated emissions Conducted emissions

— -

|

|
L

4

N/A

The end of test report.
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