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1. General information
Applicant: DEVICEDESIGN CO. ,LTD
Applicant address: #815 AceGwanggyoTower, 17, Daehak 4-ro, Yeongtong-gu, Suwon-si, Gyeonggi-
do, Korea
Test site: KES Co., Ltd.
Test site address: [ ] 3701, 40, Simin-daero 365beon-gil, Dongan-gu, Anyang-si,
Gyeonggi-do, 14057, Korea
X] 473-29, Gayeo-ro, Yeoju-si, Gyeonggi-do, Korea
Test Facility FCC Accreditation Designation No.: KR0100, Registration No.: 444148
ISED Registration No.: 23298
FCC rule part(s): 15.247
FCC ID: 2A201-SLDHF1
Test device serial No.:  [X] Production [ ] Pre-production [ ] Engineering

1.1. EUT description
Equipment under test ~ brid.zzz

Frequency range 2402 Mz ~2 480 Mz (BDR/EDR)
2402 Mtz ~2 480 Mz (LE 1Mbps)
Model SLDHF1

Modulation technique  GFSK, n/4DQPSK, 8DPSK

Antenna specification ~FPCB Antenna // Peak gain: 0.73 dBi (Left)
FPCB Antenna // Peak gain: 1.11 dBi (Right)

Power source DC3.7V

Number of channels 2402 Mz ~2480 Mz (BDR/EDR Mbps) : 79 ch
2402 Miz ~2 480 Mz (BLE 1 Mbps) : 40 ch

H/W Version 1.2
S/W Version 1.0
Serial Number BZ23100001
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1.2. Test configuration

The DEVICEDESIGN CO..LTD // brid.zzz // SLDHF1 // FCC ID: 2A201-SLDHF1

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 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 (dB4V/m) = Measured level (dB4V) + Antenna factor (dB) + Cable loss (dB) — Amplifier

gain (dB)

1.6. Measurement Uncertainty

Test Item Uncertainty
Uncertainty for Conduction emission test 2.38 dB
Uncertainty for Radiation emission test Below 1(iz 4.50 dB
(include Fundamental emission) Above 10l 4.90 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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1.7. Frequency/channel operations

Ch. Frequency (M) Mode

00 2 402 BLE 1 Mbps
20 2442 BLE 1 Mbps
39 2 480 BLE 1 Mbps
Ch. Frequency (Mk) Mode

00 2 402 BDR/EDR
40 2442 BDR/EDR
78 2 480 BDR/EDR
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2. Summary of tests
erCCtIi)oar;tili 5 Parameter Test results
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 N/AD
Note:

1. This product is powered by lithium coin battery DC 3.7V.
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. 6 dB bandwidth
Test procedure
ANSI C63.10 — section 11.8
Test setup
EUT Attenuator Spectrum analyzer

ANSI C63.10-2013 - Section 11.8.1
1. RBW = 100 kifz.
VBW = 3 X RBW.
Detector = peak.
Trace mode = max hold.
Sweep = auto couple.
Allow the trace to stabilize
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.

NonA LD

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 Mz, 2 400 ~
2 483.5 Mk, and 5 725 ~ 5 850 ME bands. The minimum 6 dB bandwidth shall be at least 500 kifz.

Test results

(Right)
Mode Frequency(Mk) 6 dB bandwidth(Mikz) Limit(Miz)
2402 0.714
BLE 1 Mbps 2442 0.714 >0.500
2480 0.709
(Left)
Mode Frequency(Mk) 6 dB bandwidth(Mikz) Limit(Miz)
2402 0.724
BLE 1 Mbps 2442 0.719 >0.500
2480 0.719
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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,

EUT Attenuator
Power sensor

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.

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

(Right)
Measured output power (dBm)
2 402 Mk 2 442 ML 2 480 Mk
Mode
Average Peak Average Peak Average Peak
BLE 1 Mbps 7.72 8.11 7.81 8.21 7.71 8.09
(Left)
Measured output power (dBm)
2 402 Mk 2 442 Mk 2 480 Mk
Mode
Average Peak Average Peak Average Peak
BLE 1 Mbps 7.87 8.26 7.96 8.34 7.87 8.26
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3.3. Power spectral density
Test procedure
ANSI C63.10 — section 11.10.2

Test setup

EUT

ANSI C63.10 — section 11.10.2

Attenuator

. Set analyzer center frequency to DTS channel center frequency.
. Set the span to 1.5 times the DTS channel bandwidth.
. Set the RBW : 3 kiz < RBW < 100 K&

. Set the VBW > 3 X RBW.

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

Spectrum analyzer

Use the peak marker function to determine the maximum amplitude level within the RBW.

1
2
3
4
5. Detector = peak.
6
7
8
9.
1

0. If measured value exceeds limit, reduce RBW(no less than 3 kilz) 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

(Right)
Mode Frequency(Mk) PSD(dBm/3liz) Limit(dBm/3}tz)
2 402 -7.58
BLE 1 Mbps 2442 -7.49 8
2 480 -7.62
(Left)
Mode Frequency(Mik) PSD(dBm/3kiz) Limit(dBm/3kHz)
2402 -7.52
BLE 1 Mbps 2442 -7.47 8
2 480 -7.54

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The results shown in this test report refer only to the sample(s) tested unless otherwise stated.

KES-QP16-F01(00-23-01-01)

The authenticity of the test report, contact kes@kes.co.kr

KES

A4




KES Co., Ltd
.y .
3701, 40, Simin-daero 365beon-gil, Test report No.:
KB Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea KES-RF-23T0052
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (15) of (50)
www.kes.co.kr
Test plot
(Right)
BLE 1 Mbps
Spectrum 3 (@) @ Spectrum 3 () @
Ref Lavel 10.00 dam - RBW 3 kHz Ref Lavel 10.00 dam - RBW 3 kHz
Art 3048 BWT 632.1 ps @ VBW 10 kHz  Mode Auto FFT Attt 30 4B BWT 632.1ps & VBW 10 kHz  Mode Auto FFT
ToF TOF
[ 20k May (@ 15k Max
TR 7,50 dam)| T maf1] 7.49 dBm|
[ 2.40 197040 GHz| [ Z.44197040 GHz|
N I'””'w‘f.ﬁ TP TR i iv‘lﬁ (G i
1 ol AT AR ] = f P
" Hﬂ{‘ﬁ,}-ﬁﬁ Nl R4 | "l't I VTN ot V . ; A [-![T 1| R | 'lﬂ LN "L Wi Pk IIV
A d1TT. I U
- “I"h ,I.{W ’H'Ilt‘. " - ul\’h-l.]rhﬂ Hvllr 2 G
oo N | s &
Wi Iy W
o' ‘I“q s}w A
40 60
70 g -70 dBm
0 B ry—— B0 (85— .
CF 2.402 GHz 1001 pts Span 1,558 MHz CF 2.442 GHz 1001 pts 8| n 1,550 MHZ
il Heassring... m w m-m' 4|1 ?T | Measuring... m w m“_m! i
Spectrum 3 3] @
Ref Lavel 10.00 dam - RBW 3 kHz
Art 3048 BWT 632.1 ps @ VBW 10 kHz  Mode Auto FFT
TOF
Sl TR 7.62 dBm)|
[ 2.47997040 GHz|
T L%
-10 1% yTARTY
e T
" l{\f‘ d hlu'm Nu‘r'\', i W ﬂ;i j-ll [NM"; i\ i #“‘w*nj i
o4 A]A.W' ' ' “%'h"h
40 :H IIJ"J' i ]'\f"g\ N/A
o A
40
70 o
0 B ry——
CF 2.48 GHz 1001 pts Span 1,558 MHz
J“: | heasuring... m w muuu‘. 4

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The results shown in this test report refer only to the sample(s) tested unless otherwise stated.
The authenticity of the test report, contact kes@kes.co.kr

KES-QP16-F01(00-23-01-01)

KES

A4



KES Co., Ltd.
3701, 40, Simin-daero 365beon-gil, Test report No.:
KB Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea KES-RF-23T0052
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (16) of (50)
www.kes.co.kr
(Left)
BLE 1 Mbps
Spectrum 3 (@) I'T? Spectrum 3 () I'T?
Ref Lavel 10.00 dam - RBW 3 kHz Ref Lavel 10.00 dam - RBW 3 kHz
Art 3048 BWT 632.1 ps @ VBW 10 kHz  Mode Auto FFT Attt 30 4B BWT 632.1ps & VBW 10 kHz  Mode Auto FFT
ToF TOF
Sl TR 7.52 dam)| e T maf1] 7.47 dBm|
[ 2.40 195300 GHZ| [ | Z.44 194090 GHz|
1n : T -10 I-, o FW = :‘n| ,
A Wxﬂ‘m ’m‘ [ hal U’WW rl"mlﬂih s, a ol ,ﬁ-ﬁﬂ"ﬁ"ﬁ ! H‘I Wy} ﬁ“ﬁw [T
; i ' T " I 1N
stk A'\F?wi' ' ! %I"mﬂ nanl ,!r#- ' L1
My ¥ [
-0 .LN ’ i‘lﬂ 40 -[JII u ”J*l!'\
‘1__»—'?1 |-"'.\,m"’)h1 W, j'i Ir'.'u.-‘!r”'
50 o 50 o8
40 60
70 g -70 dBm
-8 (8 eyt -0 8 —= | . 1

CF 2.402 GHz

CF 7.447 GH.

]

1001 pts kil 1.558 MHz
| heasuring... m w m“m" 4 T

1001 pts Ll 1.558 MHz
T R

Ref Level 10.00 dém

=
Spectrum 3 (@) =
- BBW 3 kb

Art 3048 BWT 632.1 ps @ VBW 10 kHz  Mode Auto FFT

I

ML) 7.54 dBm|
2.47995800 GHa|

| A

T i WAL AR

W,

¥E W"-‘]{L j‘i‘u

", lllv\.'um

70 dBm

40 Em—=

CF 2.48 GHz

1001 pts kil 1.558 MHz
D [ R

N/A

KES-QP16-F01(00-23-01-01)

The authenticity of the test report, contact kes@kes.co.kr

KES

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The results shown in this test report refer only to the sample(s) tested unless otherwise stated.

A4




- KES Co., Ltd.

3701, 40, Simin-daero 365beon-gil,
KB Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea
Tel: +82-31-425-6200 / Fax: +82-31-424-0450

www.kes.co.kr

Test report No.:

KES-RF-23T0052
Page (17) of (50)

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 kifz to

30 Mz Emissions.

Turn Table

EUT
f Coaxial
0.8m 4—Cable
|4 3m I r
Ground Plane

EMI Receiver

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

to 1 (lz emissions.

Turn Tahle
Tm— 4m
EUT
| Coapdial
0&m + Cable
L
ol 3m T

Graund Plans

EMI Recsiver
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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 (llz emissions, whichever is lower.

EUT _\ [—

3m

Turntable

L]

m

T

Im

-
e

Antenna

- ower

Horn
antenna

Spectrum
analyzer

r Pre-amp

=

|
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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 M

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 f<1 (ffz:

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

@ RBW =100 K

@ VBW = RBW

@ Detector = quasi peak

(B Sweep time = auto

® Trace = max hold

6. Spectrum analyzer settings for / =1 (ffz: Peak

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

VBW = 3 M

Detector = peak

Sweep time = auto

Trace = max hold

Trace was allowed to stabilize

SISISICEEACIS)
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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 (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 (), then the applicable correction factor is
20 log(1/x), where x is the duty cycle.

3) Ifa 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.

@
@
®
@

3]

©®RQ
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Note.

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

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

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

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

4. Emissions below 18 (llz 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 X orientation was worst-case orientation; therefore, all final radiated testing was performed with the
EUT in X orientation.

W

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.
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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 (Mk) Distance (Meters) Radiated (1V/m)
0.009 ~ 0.490 300 2400/F (Kifz)
0.490 ~ 1.705 30 24000/F(Klfz)

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 Mz 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_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.

(Right)
Test mode Ton time Period Dut.y cycle Dut); cycle Duty cycle correction factor
(ms) (ms) (Linear) (%) (dB)
BLE 1 Mbps 0.39 0.63 0.62 62.43 2.05
(Left)
Test mode Ton time Period Dut.y cycle Dut); cycle Duty cycle correction factor
(ms) (ms) (Linear) (%) (dB)
BLE 1 Mbps 0.39 0.63 0.62 62.31 2.05
Duty cycle (Linear) = Ton time/Period
DCF(Duty cycle correction factor (dB)) = 10log(1/duty cycle)
BLE 1 Mbps (Right) BLE 1 Mbps (Left)
- Spectrum 4 () fg?l ) Spectrum 4 (&) ':-E'Tl
100 iR | = 1 ciB | [ ol E
s Tl I T B e O Iy T DO it £
" ol {ms 24003 — =
10 i i - i 1_ i T
0 e T 7 ] | et T e e
CF 2442 GHz  iomigms - 1850 ps/ CF 2442 GHz - immipis - 190.0 ps/ |
M;:EI Red | mll bl vah;;!l - Ii| ks uqul;.:mr | Funetion | Function Resilt | M;:;EI Red | Imll ¥ u_lluu _il ¥ vqu!;l:mlr | runetion | Function Result |
o2 MIW 1 A25.3 ps -0.11 di — o .. [ Ml«f 1 £25.1 ps -0.20 di — im“‘ = o
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Test results (Below 30 M)
Mode: BLE 1 Mbps (Right)
Channel 20 (Worst case)

Distance of measurement: 3 meter

Parallel
20 % —ip
40 i Y
30 ; e L . 7T e v Il#dllﬁ SIS
: k] 9 & 1 10.00 30.000
Final Result
No. Freguency Reading Fade Result Limit Margin Engle Remark
QP QP QP QP
[MH=z] [dB(uv)1 [dB(1/m)] [dB{(uv/m)] [dB(pV/m)] [dB] [d=g]

1 0.020 53525 19.9 75.4 121.6 4g.2 550

2 2Tl 26.8 15.8 46.6 985 52:3 13%:9

3 6. 652 3.4 20.4 23.8 €9.5 45.7 63.7
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Mode: BLE 1 Mbps (Left)
Channel 20 (Worst case)
Distance of measurement: 3 meter
Parallel
o E : e e

gg?8  0.1D0 1. 10.000 30.00
Final Result
No. Freguency Reading GuiE Result Limit Margin Angle Remark

QP QP op QP
[MHz]  [dB(pv)] [dB(1/m)] [dB(pV/m)] [dB(uv/m)]  [dB] [deg]

1 0.00% 57.2 19.8 77 .0 128.5 51.5 204.3

2 0.04g 46.9 i 72 66.8 114.3 475 47.8

& G A | S 2 261 66.3 40.2 4.1
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Test results (Below 1 000 M)
Mode: BLE 1 Mbps (Right)
Channel 20 (Worst case)
Distance of measurement: 3 meter
Horizontal // Vertical
| :
a0 £
“ g i M PRNERIE o
; YAy Wu . . — ‘T L bl
3“..‘_-. 50.000 100.000 500.000 1000.000
Final Result
No. Frequency Pol Reading c.t lesult Limit Margin Height Angls Remark
QP QP QP QP
(MHz) dB(uV)] [dB(1/m)] [dB(pV/m)] [dB(uV/m)] [dB] [cm] [deg]
1 31,001 H 27.3 -15.1 12:3 40.0 27.8 199.8 332.4
2 34,486 v = 1 S} =393 7 40.0 22.8 99,8 203.9
3 35.214 H 26.2 —-14.2 12.0 40.0 28.0 400.1 267.6
4 1.883 v 281 =32.9 ¥he2 40.0 24.8 85.8 28.9
5 56.675 v 31.0 =12.4 18.6 40.0 21.4 400.1 314.7
(3 59,221 v 31.3 -12.7 18.6 40.0 21,4 95.8 314.3
7 €7.830 v 30.6 3151 155 40.0 24.5 99.8 0.1
8 118.634 H 29.1 =15.2 13.9 43.5 29.6 199.8 250.0
9 127.121 H 26.3 -15.7 10.6 43.5 32.9 195.8 116.0
10 473.654 v 26.2 -5.8 20.4 46.0 25...6 400.1 0.0
11 654 . 5 H 23.0 =3.6 194 4¢.0 26.6 L9578 0.1
2 985.935 H 23.3 2.2 25,5 54.0 28.5 1%5.8 27.4
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Mode: BLE 1 Mbps (Left)
Channel 20 (Worst case)
Distance of measurement: 3 meter
Horizontal // Vertical
[
=]

it

: —I_I_I—Fé:fl TITTITITTI I I IO T AT I T IoIToT
L
=
;
i

Final Result

No. Freguency Pol Reading c.£ Result Limit Margin Height AZngle Remark
Qp oP QP QP
[MHz] [dB(pv)] [dB(l/m)] [dB(uv/m)] [dB(pV/m}] [dBl] [em] [deg]
1 36.911 v 30.0 =138 16.2 40.0 23.8 99.8 27.8
2 39.458 v Z26.9 i U e | 15.6 40.0 4.4 149.8 332.3
3 46.733 H 2851 i B 13.0 40.0 27.0 400.1 0.1
4 S3.644 v 25.4 2y g 335 40.0 26.7 149.8 27.8
5 598.373 H 21.6 =12..6 9.0 40.0 1.0 995 270.4
3 78.621 Vv 30.2 =182 12.0 40.0 28.0 99.8 111.3
7 106.994 v 2l =142 135 4305 30.0 95.8 308.8
8 187.504 v 25,0 ~13.6& 33157 43.5 31.8 99.8 22.9
9 194 .658 H zZ4.8 =kdd 5 43.5 31.8 400.1 1827
10 300.630 H 237 =10.0 3.7 46.0 32:3 959 3373
i1 512.080 H 25.0 St 185.8 4.0 26.2 859 Bl
12 G64.231 H 22.%6 1.5 24.1 54.0 29 .5 400.1 227.3
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Test results (Above 1 000 M)

Mode: BLE 1 Mbps (Right)

Channel 00

Distance of measurement: 3 meter

- Spurious

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

(i) @@y | T @) (dB) (dB) @BN/m) | (@Bd/m) | (dB)

1125.97 46.04 Peak H -9.14 - 36.90 74.00 37.10
1544.14 52.87 Peak A\ -6.39 - 46.48 74.00 27.52
1716.82 48.38 Peak A\ -4.57 - 43.81 74.00 30.19
3603.03 45.01 Peak \% 0.70 - 45.71 74.00 28.29
3603.03 52.80 Peak H 0.70 - 53.50 74.00 20.50
4.804.87 45.39 Peak H 5.17 - 50.56 74.00 23.44

- Band edge

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

(M) (dBaV) etect mode (H/V) (dB) (dB) (dBN/m) (dBN/m) (dB)

2317.99 40.58 Peak H -1.88 - 38.70 74.00 35.30
2352.37 42.03 Peak A\ -1.87 - 40.16 74.00 33.84

Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
Spectrum 4 1_] E] Spectrum 4 1_,] E']
Ref Lavel 27.00 dapv - RBW 1 MH:z Ref Lavel 27.00 depv - RBW 1 MMz
Att Qi BWT 114 s & VBW 3 MHz  mode sutc FFT Alt Qdi  BWT 114 ps & VBW 3 MHz  mode suto FET
@15k s @17k M3
[ ETTE] 30,58 dByv| [ ™Il V2.0 dBy Y|
80 day | 2.31799 100 GHz 80 day | 2 35237490 GHz
| . |
| |
60 8yt i 60 s i
50 G — l 50 g l
e é._ | ~ oozl - L_“LW A LY A
A Rt -\'r”\JA\’-T‘\—’\F‘_ R e e SN R NP T L= = : = = T
i |
20 diyiv—t :‘ 20 dbyiv—t :‘
10 clyy=—t 10 dBuy—
0 dBu ’ 0 dBy ’
10 dapv- | 10 /- |
Start 7 filIGHZ - 32001 pts Stop 7.39 GHz Start 2.31 GHz - 32001 pts Stop 2.309 GHz
| Measuring... atlnlll 7 | Hessuring... wnn# &
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Horizontal // Peak for 1 (z to 3 iz
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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 (Right)

Channel 20

Distance of measurement: 3 meter

- Spurious

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

(M) (dBV) etect mode (H/V) (dB) (dB) (dB&V/m) (dB&V/m) (dB)

1 460.95 52.33 Peak \% -6.79 - 45.54 74.00 28.46
1718.57 49.05 Peak H -4.54 - 44.51 74.00 29.49
3 663.03 48.51 Average H 1.16 2.05 51.72 54.00 2.28
3 663.49 55.48 Peak H 1.17 - 56.65 74.00 17.35
3 663.49 45.03 Peak \% 1.17 - 46.20 74.00 27.80
4 884.08 37.46 Average H 5.71 2.05 4522 54.00 8.78
4 883.61 45.82 Peak H 5.71 - 51.53 74.00 22.47
4 885.02 41.32 Peak \ 5.72 - 47.04 74.00 26.96
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Horizontal // Peak for 1 iz to3 Cliz

Vertical // Peak for 1 Gz to 3 Gz
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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 (Right)
Channel 39
Distance of measurement: 3 meter
- Spurious
Frequency Level Detect mod Ant. Pol. CF DCF Field strength Limit Margin
(i) @@y | T @) (@B (dB) @B N/m) | (@Bd/m) | (dB)
1716.82 50.77 Peak H -4.57 - 46.20 74.00 27.80
1 887.25 50.37 Peak A\ -2.93 - 47.44 74.00 26.56
3720.21 54.93 Peak H 1.61 - 56.54 74.00 17.46
3720.21 47.93 Average H 1.61 2.05 51.59 54.00 2.41
3720.21 4591 Peak A\ 1.61 - 47.52 74.00 26.48
- Band edge
Frequency Level Detect d Ant. Pol. CF DCF Field strength Limit Margin
(Mik) (dBaV) etect mode (H/V) (dB) (dB) (dB&V/m) (dB&V/m) (dB)
2 483.50 52.53 Peak H -1.66 - 50.87 74.00 23.13
2 483.50 46.04 Peak A\ -1.66 - 44 .38 74.00 29.62
Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
Spectrum 4 (X E’ Spectrum 4 (X E’
e e T— i .
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o | h
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Horizontal // Peak for 1 iz to3 Cliz Vertical // Peak for 1 Gz to 3 Gz
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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 (Left)

Channel 00

Distance of measurement: 3 meter

- Spurious

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

(Mtz) @ay | I @) (dB) (@) (dBV/m) | (@BAV/m) |  (dB)

1014.78 45.98 Peak H -9.87 - 36.11 74.00 37.89
1 047.09 48.60 Peak \% -9.66 - 38.94 74.00 35.06
3 602.56 45.05 Peak \% 0.70 - 45.75 74.00 28.25
3 603.03 52.42 Peak H 0.70 - 53.12 74.00 20.88
4 804.87 44.65 Peak H 5.17 - 49.82 74.00 24.18

- Band edge

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

(ir) @y | M @yw) (dB) (dB) (dBV/m) | (@BV/m) | (dB)

2319.88 41.84 Peak H -1.88 - 39.96 74.00 34.04
2 376.06 40.31 Peak \% -1.87 - 38.44 74.00 35.56
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Horizontal // Peak for 1 (z to 3 (iz

Vertical // Peak for 1 @z to 3 Gz
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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 (Left)

Channel 20

Distance of measurement: 3 meter

- Spurious

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

(M) (dBsV) H/V) (dB) (dB) (dB£V/m) (dBV/m) (dB)
1722.57 48.74 Peak v -4.49 - 44.25 74.00 29.75
1722.63 49.87 Peak -4.49 - 45.38 74.00 28.62
3 663.03 55.43 Peak H 1.16 - 56.59 74.00 17.41
3 663.49 44.29 Peak v 1.17 - 45.46 74.00 28.54
3 663.49 49.25 Average H 1.17 2.05 52.47 54.00 3.58
4 884.00 3291 Average H 5.71 2.05 40.67 54.00 15.38
4 884.55 42.47 Peak v 5.72 - 48.19 74.00 25.81
4 883.61 45.69 Peak H 5.71 - 51.40 74.00 22.60
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Horizontal // Peak for 1 iz to 3 Cliz

Vertical // Peak for 1 Gz to 3 Gz
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1. Average test would be performed if the peak result were greater than the average limit.
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Mode: BLE 1 Mbps (Left)

Channel 39

Distance of measurement: 3 meter

- Spurious

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

(i) @ay | ] @ (dB) (@) (@BA/m) | (@BNm) | (@B

1 055.16 50.54 Peak H -9.61 - 40.93 74.00 33.07
2194.37 50.46 Peak \% -1.90 - 48.56 74.00 25.44
3719.74 45.46 Peak \% 1.60 - 47.06 74.00 26.94
3720.21 48.64 Average H 1.61 2.05 52.30 54.00 1.70
3720.68 52.63 Peak H 1.61 - 54.24 74.00 19.76

- Band edge

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

(Mik) (dBaV) etect mode (H/V) (dB) (dB) (dB&V/m) (dB&V/m) (dB)

2 483.50 46.59 Peak H -1.66 - 44.93 74.00 29.07
2483.50 48.59 Peak \ -1.66 - 46.93 74.00 27.07

Restricted band // Horizontal // Peak Restricted band // Vertical // Peak
Spectrum4 (&) I ’al Spectrum 4 (X I rﬁl
Ref Level 87.00 dapv & RBW 1 MHz Ref Level 87.00 dapv & RBW 1 MHz
Att OdE  SWT 3.8 ps » VBW 3 MHz  Mode aAuto FFT Att OdE  SWT 3.8 us » VAW 3 MHz  Mode auto FFT
@ 1Pk Max @ 1Pk Max
mi[1] mi[1] +8.59 dBpv
80 B — 80 dByy— 2.483500260 GHz
60 dip- 60 By
50 diy {50 o
10 10
0 diyy 0 diyy
Glluurt.-;.da35 OHz Lﬂl‘ll pts Stop 2.5 GHz Glluurt.-;.da35 OHz Lﬂl‘ll pts Stop 2.5 GHz
— T ) y — T ) y
This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The results shown in this test report refer only to the sample(s) tested unless otherwise stated.
The authenticity of the test report, contact kes@kes.co.kr
KES-QP16-F01(00-23-01-01) KES A4



KES Co., Ltd.

Test report No.:

3701, 40, Simin-daero 365beon-gil,
K Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea KES-RF-23T0052
Tel: +82-31-425-6200 / Fax: +82-31-424-0450 Page (39) of (50)
www.kes.co.kr
Horizontal // Peak for 1 (iz to 3 (iz Vertical // Peak for 1 (iz to 3 iz
Specrum | S NSRCN SRe S SR C) (7] | (Seearm O (7]
M T U s s VAW 3Mis_bioda vt Smeep e .,
[®1FF Max [®1FF Max
-~ m2[1] . l\s!‘.‘[:: |I::,I\: -~ mi[1]
i ¥ prd — ' e sd s
90 ki 90 ki
B B
70 diys 70 diys
80 iy
40 diys 40 oy
30 diy 30 diy
20 0
10 diy 10 diy
w 1.0 CHz 32001 pts Stop 3.0 GHz w 1.0 CHz 32001 pts Stop 3.0 CHz
L )i | Measuring.. 41 )i | Measuring.. i

Horizontal // Peak for 3 Gz to 18 @z Vertical // Peak for 3 @z to 18 (z

fLovel B57.00 dBpv W RBW 1 MHz FLovel 57.00 dapy W RBW 1 MHz

OB SWT 60 ms w VBW 3 MH:  Mode Auto Sweep OB SWT 60 ms = VBW 3 MH:  Mode Auto Sweep

Specnm? O SRRSO ——) 7] Specrum? - O SRNSC —C)  [7]
Rl Rl
Att Att
@ 1Pk Man @ 1Pk Max

Mi[1] 52,68 dBpy Mi[1] 45,46 dBpv
60 dBy 9.720680 GHz 0 9.719740 GHz

10 dity 10 dity
od od
10 des 10 dews
Start 3.0 CHz 22001 pts Stop 18.0 GH: Start 3.0 CHz 22001 pts Stop 18.0 CHz
e — e —
L i | easuring.. GURARAAED 4L i Measuring... i

Horizontal // Average for 3 (z to 18 (ifz Vertical // Average for 3 Gz to 18 Gk

Spectrum3 (@) _ ;' ’@
Rof Level 87.00 depy - REBW 1 MMz

Att Odi SWT 60m: w VBW 3MHz  Mode suto Sweep
SGL Count 100,100

@ 1Rm AvgPwr

mi[1] 48,64 dBpv|
20 o 2.720210 GHz

0 o N/A

20 dy

10 gayy

0 i

-10 dByv-

Start 3.0 CHz 32001 pts Stop 18.0 GHz
e - - e - W
8 sl Ready L] ] @

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 GHz) — Worst case

Mode: BLE 1 Mbps (Right)
Channel: 20 (Worst case)
Distance of easurement : 3 meter

Horizontal Peak Vertical Peak
Spectrum "‘a Spectrum
Rof Lovel 87,00 depy w RBW 1 MHz Rof Lovel 57.00 dapy w RBW 1 MHz
Att OdE  SWT 32.1ms » VAW 3 MHz  Mode Auto Sweep Att OdE  SWT 32.1ms » VBW 3 MH:  Mode Auto Sweep
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Note.

No spurious emission were detected above 18 (Hz.
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Mode:
Channel:

Distance of easurement :

BLE 1 Mbps (Left)
20 (Worst case)

3 meter

Horizontal Peak

Vertical Peak

Spectrum
Rof Lovel 87,00 depy

- RBW 1 MHz

Spectrum
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- RBW 1 MHz
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Note.

No spurious emission were detected above 18 (Hz.
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3.5

Test setup

Conducted spurious emissions & band edge

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 ki

VBW = 300 kiiz

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 Miz and stop frequency was set to 25 (Hz for 2.4 (fz frequencies and
40 (Hz for 5 (Hz frequencies

RBW = 100 ki

VBW = 300 kiz

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 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))

This report shall not be reproduced except in full, without the written approval of KES Co., Ltd.
The results shown in this test report refer only to the sample(s) tested unless otherwise stated.
The authenticity of the test report, contact kes@kes.co.kr

KES-QP16-F01(00-23-01-01) KES A4



KES

KES Co., Ltd.

www.kes.co.kr

3701, 40, Simin-daero 365beon-gil,
Dongan-gu, Anyang-si, Gyeonggi-do, 14057, Korea
Tel: +82-31-425-6200 / Fax: +82-31-424-0450

Test report No.:

KES-RF-23T0052
Page (43) of (50)

Test results
(Right)
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BLE 1 Mbps_F2

e | L 3|8

Measuring...
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(Left)

BLE_1 Mbps_F1

Spectrum 4 () 2
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BLE 1 Mbps_F2

St 0 E[ [ RO ———— =]
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Appendix A. Measurement equipment

Equipment Manufacturer Model Serial No. C?Illitl; l;i‘}g;’ n Cali(:)l;‘:.tion
EMI Test Receiver R&S ESU26 100552 1 year 2023.08.01
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 82506 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 BRM50702 G272 1 year 2024.01.12
Attenuator KEYSIGHT - - 1 year 2024.03.21
Loop Antenna Schwarzbeck FMZBI1513 1513-257 2 years 2023.03.18
Horn Antenna AH SAS-571 414 1 year 2024.01.16
Horn Antenna SCHWARZBECK BBHA9170 9]?7]3(?5?0 1 year 2024.01.16
TRILOG-
BROADBAND VULBI163 Schwarzbeck 714 2 years 2024.04.19
ANTENNA
Amplifier IO 310N 186549 lyear | 2023.04.21
PREAMPLIFIER HP 8449B 3008A00538 1 year 2023.06.02
Biﬁ?ﬁ%ﬁg{]) SCHWARZBECK BBV9721 PS9721-003 1 year 2024.01.16
DC POWER SUPPLY AGILENT 6632B MY43004130 1 year 2023.06.17
Peripheral devices
Device Manufacturer Model No. Serial No.
Notebook computer LG Electronics Inc., LG15N54 504NZJV027828
Jig board - - -
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