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1. Applicant

> Name : SOLUM CO.,LTD.

o Address : 4,5,6th F, 357, Guseong-ro, Giheung-gu, Yongin-si, Gyeonggi-do,
Republic of Korea (Zip 16914)

o Date of Receipt : 2023-12-26

2. Manufacturer

> Name : SOLUM CO.,LTD.

o Address : 4,5,6th F, 357, Guseong-ro, Giheung-gu, Yongin-si, Gyeonggi-do,
Republic of Korea (Zip 16914)

3. Factory

> Name : DONGGUAN SOLUM ELECTRONICS CO., LTD.

o Address : Building 2/4/6, No.35, Tongzhen Road, Tongsha, Dongcheng District,
Dongguan City, Guangdong Province, 523127 People's Republic of China

Use of Report : For FCC Conformance

. Test Sample / Model : Signage / WC37FAPBDUO/SM

Date of Test : 2024-02-27 to 2024-03-27

. Test Standard(method) used : FCC 47 CFR part 15 subpart C 15.247

Testing Environment: Temp.: (23 = 1) C, Humidity: (36 * 3) % R.H.

© 0N O U A

. Test Results : Compliance

10. Location of Test : X Permanent Testing Lab [ ] On Site Testing
(Address : 5, Dongbu-ro 221beon-gil, Cheoin-gu, Yongin-si, Gyeonggi-do, Republic of Korea)

The results shown in this test report refer only to the sample(s) tested unless otherwise
stated. This report cannot be reproduced or copied without the written consent of CTK
Tested by Technical Manager

Approval ,@\
Bong-seok Kim: (Sigga»t’ﬁre Young-taek Lee: (Signa ) '

Remark. This report is not related to KOLAS accreditation and relevant regulation.
2024-03-27
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1. General Product Description

1.1 Applicant Information

Company

SOLUM CO.,LTD.

Contact Point

4,5,6th F, 357, Guseong-ro, Giheung-gu, Yongin-si,
Gyeonggi-do, Republic of Korea (Zip 16914)

Contact Person

Name : Ki Dong Lee
E-mail : kdleeO07@solu-m.com
Tel : +82-31-8006-7677

1.2 Product Information

FCC ID 2AFWN-WC37FAPBDWO
Product Description Signage
Model nhame WC37FAPBDUQ/SM

Variant Model name

Operating Frequency

2 402 MHz - 2 480 MHz

RF Output Power

GFSK : -2.316 dBm (0.587 mW)
8-DPSK : 6.199 dBm (4.168 mW)

Antenna Specification

Antenna type : PCB Antenna

Peak Gain : 3.59 dBi
Number of channels 80
Channel Spacing 1 MHz

Type of Modulation

GFSK(1Mbps), 1/4-DQPSK(2Mbps), 8-DPSK(3Mbps)

Power Source

DC19V

RF Power setting in Test SW

Initial value

1.3 Peripheral Devices
-For Conducted Measurement and Radiated Measurement

Device Manufacturer Model No. Serial No.
Notebook HP Inc. HP Probook 455 G7 5CD0234DWM
AC Adapter HP Inc. PPP012D-S 677777-003

1.4 Model Differences

Not applicable

[QF-QP15-07] Ver.01 R102
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2. Accreditations

2.1 Laboratory Accreditations and Listings

Country Agency Registration Number
USA FCC 805871
CN : 8737A
CANADA ISED CAB ID : KRO025
KOREA NRRA KR0025

2.2 Calibration Details of Equipment Used for Measurement

Test equipment and test accessories are calibrated on regular basis. The maximum time

between calibrations is one year or what is recommended by the manufacturer, whichever is
less. All test equipment calibrations are traceable to the Korea Research Institute of Standards
and Science (KRISS), therefore, all test data recorded in this report is traceable to KRISS.
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3. Test Specifications

3.1 Standards

Section in Requirement(s) Status Test
FCC a (Note 1) Condition
15.247(a) Carrier Frequency Separation C
15.247(a) Number of Hopping Frequencies C
15.247(a) 20 dB Bandwidth C
Conducted
15.247(a) Time of occupancy (Dwell Time) C
15.247(b) Maximum peak conducted output power C
15.247(d) Unwanted emission C
15.209 Radiated emission C Radiated
15.207(a) AC Conducted Emission C Line
) Conducted
Note 1: C=Complies NC=Not Complies NT=Not Tested NA=Not Applicable
Note 2: The data in this test report are traceable to the national or international standards.
Note 3: The sample was tested according to the following specification: FCC Part 15.247, ANSI C63.10-2013
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3.2 Mode of operation during the test

The EUT is operated in a manner representative of the typical of the equipments.

During at testing, system components were manipulated within the confines of typical usage to
maximize each emission. All modulation modes were tests.

The results are only attached worst cases.

Test Frequency
Lowest channel Middle channel Highest channel

2 402 MHz 2 441 MHz 2 480 MHz

Test mode

Modulation | Packet type Data rate Duty Cycle(26) Duty Cycle factor(dB)
GFSK DH5 1 Mbps 77.35 1.12
8-DPSK 3-DH5 3 Mbps 77.38 1.11

3.3 Maximum Measurement Uncertainty

The value of the measurement uncertainty for the measurement of each parameter.
Coverage factor k = 2, Confidence levels of 95 %

Description Uncertainty
Conducted RF Output Power 1.5 dB (C.L.: Approx. 95 %, k = 2)
Occupied Bandwidth 0.1 MHz (C.L.: Approx. 95 %, k = 2)
Unwanted Emission(conducted) 3.0 dB (C.L.: Approx. 95 %, k = 2)
Radiated Emissions (f < 1 GHz) 3.88 dB (C.L.: Approx. 95 %, k = 2)
Radiated Emissions (f > 1 GHz) 4.50 dB (C.L.: Approx. 95 %, k = 2)
Line Conducted Emission 2.08 dB (C.L.: Approx. 95 %, k = 2)

3.4 Test Software

Conducted Test Ics Pro Ver. 6.0.3
Radiated Test EP5RE Ver. 6.0.1.0, ES10 Ver. 10.001
Line Conducted Test EMC32 Ver. 10.50.0

[QF-QP15-07] Ver.01 R102
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4. Technical Characteristic Test

4.1 Carrier Frequency Separation
Test Procedures

ANSI C63.10-2013 - Section 7.8.2

The carrier frequency separation was measured with a spectrum analyzer connected to
the antenna terminal, while EUT has its hopping function enabled.

After the trace being stable, the reading value between the peaks of the adjacent
channels using the marker-delta function was recorded as the measurement results.

The spectrum analyzer is set to:

a) Span = 5 MHz (wide enough to capture the peaks of two adjacent channels)

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

c) VBW = 30 kHz (= RBW) d) Sweep = auto
e) Detector function = peak f) Trace = max hold
EUT Spectrum Analyzer
Coax cable

Figure 1 : Measurement setup for the carrier frequency separation

Limit

Frequency hopping systems operating in the 2400-2483.5 MHz band may have hopping
channel carrier frequencies that are separated by 25 kHz or two-thirds of the 20 dB
bandwidth of the hopping channel, whichever is greater, provided the systems operate with

an output power no greater than 125 mWw.

Test Results

Test Adjacent Hoppipg Two-third pf 20dB Minim_um
mode Channel Channel Separation bandwidth Bandwidth Result
[kHZ] [kHZ] [kHZ]
GFSK 1 000.0 0.696 25 Complies
Middle
8-DPSK 1 000.0 0.758 25 Complies

See next pages for actual measured spectrum plots.
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Test mode : GFSK

Agilent Spectrum Analyzer - Swept SA

L [ S0Q A SEMSE:INT) ALIGH AUTO 12:36:12 AM Mar 17, 2024 ﬁ
Marker 2 A 1.015000000 MHz . Avg Type: Log-Pwr TRaCE[5 555 6 ropertes
PNO: Wide 0 1rig:Free Run Avg|Hold:> 1001100 TWPE|M
IFGaindLow — #Atten: 30 dB Ext Gain: 0.60 dB et PPPPR L select Marker
AMKr2 1.000 MHzZ 2"
10dB/div  Ref 20,00 dBm -1.008 dB
JLog
Relative To N
0.0 1
0.0o0 -
< 0 X Axis Scale
FrequencyPk
100 Auto Man
o Marker Trace
[Trace1, Auto Init]
-30.0
-40.0 Lines
Oon Off|
-50.0
-60.0
-70.0
Center 2.441000 GHz Span 5.000 MHz
Res BW 30 kHz #VBW 30 kHz Sweep 6.733 ms (1001 pts)

IMSG

STATUS

Test mode : 8-DPSK

Agilent Spectrum Analyzer - Swept SA

L RF 50 & AC SENSEINT] ALIGN AUTO 03:15:01 PM Mar 19, 2024 Mark
Marker 2 A 1.000000000 MHz | . Avg Type: Log-Pur TRACE[TC 555 g arwer
PHO: Wide 5 Trig: Free Run Avg|Held:»100/100 THPE| A Wikttt
IFGaindLow — WAtten: 30 dB Ext Gain: 0.60 dB P FPPPP o elect Marker
AMKr2 1.000 MHzZ Y
10 dBidiv  Ref 20.00 dBm 0.628 dB
ILog
o Normal
0.00 ‘
Delt
-10.0 ==
-20.0
Fixed
-30.0
-40.0 ol
-50.0
-60.0 Properties®|
-70.0
More
Center 2.441000 GHz Span 5.000 MHz Tof2
Res BW 30 kHz #VBW 30 kHz Sweep 6.733 ms (1001 pts)
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4.2 Number of Hopping Frequencies
Test Procedures

ANSI C63.10-2013 - Section 7.8.3

The number of hopping frequencies was measured with a spectrum analyzer connected
to the antenna terminal, while EUT had its hopping function enabled.

The spectrum analyzer is set to:

a) Frequency range 1: Start = 2389.5 MHz, Stop = 2439.5 MHz
2: Start = 2439.5 MHz, Stop = 2489.5 MHz

b) RBW = 300 kHz (To identify clearly the individual channels, set the RBW to less than
30% of the channel spacing or the 20 dB bandwidth, whichever is smaller)

c) VBW = 300 kHz (= RBW) d) Sweep = auto

e) Detector function = peak f) Trace = max hold
EUT Spectrum Analyzer

Limit

FHSs operating in the band 2400-2483.5 MHz shall use at least 15 hopping channels.

Test Results

Test mode : GFSK

Test mode Total number of Hopping Channels Result
GFSK 79 Complies
8-DPSK 79 Complies

See next pages for actual measured spectrum plots.
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Test Mode

Agilent Spectrum Analyzer - Swept SA
RF S0Q  AC

: GFSK

ALIGNAUTOD 02:45:53 P Mar 19, 2024

L
Marker 2 A 37.026000000 MHz

10 dBidiv
Log

PNO: Fast .:.' Trig: Free Run
IFGain:Low #Atten: 30 dB

Ref 20.00 dBm

Avg Type: Log-Pwr
Avg|Hold:>100/100

TRACE 3456
TVPE(M
peTP PPPPP

AMkr2 37.026 0 MHz
-1.186 dB

Properties

Select Marker.
2

10.0

Relative To N

0

0.00

-0

=200

300

-40.0

-&0.0

1

X Axis Scale
Frequency®

Auto Man

Marker Trace
[Trace1, Auto Init]

Lines
on Off

-B0.0

-

Start 2.39000 GHz
#Res BW 300 kHz

#VBW 300 kHz

Stop 2.43950 GHz
Sweep 1.000 ms (1001 pts)

STATUS

RF S0Q  AC

SEMSE:INT|

ALIGNAUTD 02:46:04 P Mar 19, 2024

Marker 2 A 37.026000000 MHz

PNO: Fast 5D Trig: Free Run

Avg Type: Log-Pwr

TRACE 2456

Properties

Avg|Hold:>100/100 T PE | M il
IFGain:Low #Atten: 30 dB verf PEEEF Select Marker’
AMkr2 37.03 MHz 2
10 d/div  Ref 20.00 dBm - dB
Log
Relative To
il 1 »
0.00 .
X Axis Scale
Frequency®
-10.0 Auto Man
0 Marker Trace
[Trace1, Auto Init]
ol
-400 Lines
on Off|
500
-60.0
=
700
Start 2.43950 GHz Stop 2.48950 GHz
#Res BW 300 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)
msG 1JFile <krc.png> saved STATUS
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Test Mode : 8-DPSK

Agilent Spectrum Analyzer - Swept SA

L RF S0Q  AC SEMSE:INT]| ALIGNAUTO 03:17:09 PM Mar 19, 2024 T
[Marker 2 A 37.026000000 MHz | . Avg Type: Log-Pwr TRACE[T=5 5 6 arker
PHO: Fast Cp0 Trig: Free Run Avg|Hold:>100{100 THPE M b
IEGain:L ow #Atten: 30 dB Ext Gain: 0.60 dB et PPPPR L salect Marker
AMKr2 37.026 0 MHZ 2"
10dR/div Ref 20,00 dBm -1.081 dB
JLog
100 Normal
a0 araval d
Delt
-10.0
-200
Fixed
-300
-400 ofl
-A00
600 Properties»
-0
More
Start 2.39000 GHz Stop 2.43950 GHz 1of2
Res BW 300 kHz #/BW 300 kHz Sweep 1.000 ms (1001 pts)
IMEG STATUS

Agilent Spectrum Analyzer - Swept SA

RF S0Q  AC

SEMSE:INT|

ALIGNAUTD 032:19:01 P Mar 19, 2024

Marker 2 A 40.026000000 MHz

PNO: Fast lI)| Trig: Free Run

Avy Type: Log-Pwr TRACE 2456

Marker

Avg|Hold:>100/100 T PE | M il
IFGain:Low — #Atten: 30 dB Ext Gain: 060 4B erP FPPPR L aalect Marker,
AMKr2 40.03 MHz 2
10 dB/div  Ref 20.00 dBm -0.417 dB
JLog
00 Normal
[ifis] =8 s '
Delt
00
00
Fixed
-30.0
-40.0 off
-50.0
0.0 Properties»
-70.0
More,
Start 2.43950 GHz Stop 2.43950 GHz 1of2
Res BW 300 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)
IMSG STATUS
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4.3 20 dB bandwidth & 9926 Bandwidth
Test Procedures
ANSI C63.10-2013 - Section 6.9.2

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 20 dB relative to the maximum level measured in the fundamental emission.

Test Procedures
ANSI C63.10-2013 - Section 6.9.3

The occupied bandwidth is the frequency bandwidth such that, below its lower and above its
upper frequency limits, the mean powers are each equal to 0.5% of the total mean power of
the given emission.

Use the 99% power bandwidth function of the instrument and report the measured
bandwidth.

The spectrum analyzer is set to:
Center frequency = the highest, middle and the lowest channels

a) Span = 3 MHz (between 2 times and 5 times the OBW)
b) RBW = 30 kHz (1% to 5% of the OBW)
c) VBW = 91 kHz (approximately 3 times RBW)

d) Sweep = auto e) Detector function = peak
f) Trace = max hold

EUT Spectrum Analyzer

Limit

Limit : N/A

[QF-QP15-07] Ver.01 R102
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Test Results

Test mode: GFSK

Frequenc 20 2l e
Channel [,?AHZ] y Bandwidth Bandwidth Result
[MHZ] [MHZ]
Lowest 2 402 0.976 0.882 Complies
Middle 2 441 1.044 0.912 Complies
High 2 480 1.057 0.917 Complies
Test mode: 8-DPSK
Frequenc 20 el S
Channel [,?AHZ] y Bandwidth Bandwidth Result
[MHZ] [MHZ]
Lowest 2 402 1.282 1.177 Complies
Middle 2 441 1.364 1.193 Complies
High 2 480 1.357 1.194 Complies

See next pages for actual measured spectrum plots.

[QF-QP15-07] Ver.01

R102



CTK Co., Ltd.

K (Ho-dong), 113, Yejik-ro, Cheoin-gu,
Yongin-si, Gyeonggi-do, Korea

Tel: +82-31-339-9970

CTK Co., Ltd.

Poims Lo

Fax: +82-31-624-9501

Report No.:
CTK-2024-00852
Page (15) / (47) Pages

[QF-QP15-07] Ver.01

Test mode : GFSK

1173542 P M 16, 210

[ Freq: 2402000000 GHz Radie 5td: None Frequency
== Trig; Frae Run AvglHeld: 1010
OIFGain:Luw #Arten: 30 dB Ext Galn: 0.60 dB Radio Device: BTS
10 dBidiv Ref 20,00 dBm
Log |
1 CenterFreq
1 2. 402000000 GHz
i
Center 2,402 GHz Span 3 MHz CFStep
es BW 30 kHz #VBW 91 kHz Sweep 3.2ms 300,000 kHz
lauto Man|
Occupied Bandwidth Total Power 5.57 dBm
882.28 kHz —
Transmit Freq Error 8.625 kHz OBW Power 99.00 % OHz
x dB Bandwidth 975.5 kHz x dB -20.00 dB
Aratus

Agilen Spectium Anoky Decupied BW
v 1 | SLUGHAUTD 1104560 My 16, 2004
Center Freq: 2.441000000 GHz Radie 5td: None Frequency
== Trig; Frae Run AvglHeld: 1010
OIFGain:Luw #Arten: 30 dB Ext Galn: 0.60 dB Radio Device: BTS
10 dBidiv Ref 20,00 dBm
Log
CenterFreq
2.441000000 GHz
Center 2441 GHz Span 3 MHz CFS
es BIW 30 kHz #VBW 91 kHz Sweep 3.2 ms mm:ﬂ:
Aute Man
Occupied Bandwidth Total Power 4.93 dBm
911.71 kHz Freqonse
Transmit Freq Error 9.385 kHz OBW Power 98.00 % 0Hz
x dB Bandwidth 1.044 MHz x dB -20.00 dB

00 GH:
AvglHeld: 1010

Ext Galn: 0.60

ATaTUS

[11:41:27 M Mar 16, 04

Radio Std: Neone Fraquency

dB Radie Device: BTS

10 dBidiv Ref 20,00 dBm
Log
Center Freq
2.480000000 GHz
Center 2,43 GHz Span 3 MHz CFStep
es BW 30 kHz #VBW 91 kHz Sweep 3.2ms 300,000 kHz
lauto Man|
Occupied Bandwidth Total Power 4.63 dBm
916.50 kHz P
Transmit Freq Error 9.643 kHz OBW Power 99.00 % OHz
x dB Bandwidth 1.057 MHz x dB -20.00 dB

ATaTUS
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Test mode : 8-DPSK

eI T
[ Freq: 2402000000 GHz Radie 5td: None Frequency
== Trig; Frae Run AvglHeld: 1010
OIFGain:Luw #Arten: 30 dB Ext Galn: 0.60 dB Radio Device: BTS
10 dBidiv Ref 20,00 dBm
Log
center Freq
2. 402000000 GHz
Center 2,402 GHz Span 3 MHz CFStep
es BW 30 kHz #VBW 91 kHz Sweep 3.2ms 300,000 kHz
lauto Man|
Occupied Bandwidth Total Power 11.8 dBm
1.1772 MHz —
Transmit Freq Error 14.518 kHz OBW Power 99.00 % OHz
x dB Bandwidth 1.282 MHz x dB -20.00 dB
Aratus

Agilen Spectium Anoky Decupied BW
il = | BLUGHAUTD  O3S07:30 PM Mis 19, 2004
Center Freq: 2.441000000 GHz Radio 5td: None Frequency
== Trig; Frae Run AvglHeld: 1010
OIFGain:Luw #Arten: 30 dB Ext Galn: 0.60 dB Radio Device: BTS
10 dBidiv Ref 20,00 dBm
Log
CenterFreq
2.441000000 GHz
Center 2441 GHz Span 3 MHz CFStep
es BW 30 kHz #VBW 91 kHz Sweep 3.2ms 300,000 kHz
Aute Man
Occupied Bandwidth Total Power 10.5 dBm
1.1933 MHz Freqonse
Transmit Freq Error 10.526 kHz OBW Power 98.00 % 0Hz
x dB Bandwidth 1.364 MHz x dB -20.00 dB

300 GH:
AvglHeld: 1010
Ext Galn: 0.60 dB Radie Device: BTS

ATaTUS

003:10: 75 M Mar 19, 2004

Radio Std: None Frequency

10 dBidiv Ref 20,00 dBm
Log
CenterFreq
2.480000000 GHz
Center 2,43 GHz Span 3 MHz CFStep
es BW 30 kHz #VBW 91 kHz Sweep 3.2ms 300,000 kHz
lauto Man|
Occupied Bandwidth Total Power 10.1 dBm
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4.4 Time of Occupancy
Test Procedures

ANSI C63.10-2013 - Section 7.8.4

The dwell time was measured with a spectrum analyzer connected to the antenna terminal,
while EUT has its hopping function enabled.

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

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

c) Sweep: As necessary to capture the entire dwell time per hopping channel; where
possible use a video trigger and trigger delay so that the transmitted signal starts a
little to the Earbuds (R) of the start of the plot. The trigger level might need slight
adjustment

to prevent triggering when the system hops on an adjacent channel; a second plot
might be needed with a longer sweep time to show two successive hops on a channel.
d) Detector function: Peak.

e) Trace: Max hold.

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

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

Number of hops in the period specified in the requirements =

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

EUT Spectrum Analyzer

Limit

The average time of occupancy on any channel shall not be greater than 0.4 seconds
within a period of 0.4 seconds multiplied by the number of hopping channels employed.
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Test Results

Test mode: GFSK

Mode Number of hops Transmit time Result Limit
Channels per hop(msec) (msec) (msec)
DH1 79 0.380 121.60 400
DH3 79 1.635 261.60 400
DH5 79 2.885 307.74 400

Test mode: 8-DPSK

Mode Number of hops Transmit time Result Limit
Channels per hop(msec) (msec) (msec)
3DH1 79 0.385 123.20 400
3DH3 79 1.635 261.60 400
3DH5 79 2.890 308.28 400
¥ Remark:

Average time of occupancy = Transmit time per hop * Number of hopping channels in 31.6s

According the BLUETOOTH STANDARD SPECIFICATION, the nominal hop rate is 1600 hop/s. All
bluetooth units participating in the piconet are time and hop synchronized to the channel.

- The maximum number of hopping channels in 31.6s for DH1 = 1600/ 2 / 79 * 31.6 = 320.00
- The maximum number of hopping channels in 31.6s for DH3 = 1600/ 4 / 79 * 31.6 = 160.00
- The maximum number of hopping channels in 31.6s for DH5 = 1600/ 6 / 79 * 31.6 = 106.67

See next pages for actual measured spectrum plots.
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4.5 Maximum peak Conducted Output Power
Test Procedures
ANSI C63.10-2013 - Section 7.8.5
This is an RF-conducted test to evaluate maximum peak output power. Use a direct
connection between the antenna port of the unlicensed wireless device and the spectrum

analyzer, through suitable attenuation. The hopping shall be disabled for this test.

The spectrum analyzer is set to:

Center frequency = the highest, middle and the lowest channels
a) Span = 5 MHz (approximately 5 times of the 20 dB bandwidth)
b) RBW = 3 MHz (greater than the 20 dB bandwidth of the emission being measured)

c) VBW = 3 MHz (= RBW) d) Detector = peak
e) Trace = max hold f) Sweep = auto

EUT Spectrum Analyzer
Limit

For FHSs operating in the band 2400-2483.5 MHz, the maximum peak conducted output

power shall not exceed 1.0 W and the e.i.r.p. shall not exceed 4 W if the hopset uses 75 or
more hopping channels.
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Test Results

Test mode : GFSK

Frequency Channel Output Power Output power Result
[MHZz] No. [dBm] [mW]

2 402 0 -2.316 0.587 Complies

2 441 39 -3.411 0.456 Complies

2 480 78 -3.682 0.428 Complies

Test mode : 8-DPSK

Frequency Channel Output Power Output power Result
[MHZz] No. [dBm] [mW]

2 402 0 6.199 4.168 Complies

2 441 39 4.998 3.161 Complies

2 480 78 4.718 2.963 Complies

See next pages for actual measured spectrum plots.
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Test Mode : 8-DPSK
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4.6 Unwanted Emissions (Conducted)

Test Procedures

ANSI C63.10-2013 - Section 7.8.6, 7.8.8

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or
digitally modulated device is operating, the RF power that is produced shall be at least 20 dB
below that in the 100 kHz bandwidth within the band that contains the highest level of the
desired power, based on either an RF conducted or a radiated measurement, provided that
the transmitter demonstrates compliance with the peak conducted power limits. If the
transmitter complies with the conducted power limits based on the use of root-mean-square
averaging over a time interval, as permitted under Section 5.4(4), the attenuation required
shall be 30 dB instead of 20 dB.

The bandwidth at 20 dB down from the highest inband spectral density was measured with a

spectrum analyzer connected to the antenna terminal, while EUT has its hopping function
disabled at the highest, middle and the lowest available channels.

The spectrum analyzer is set to:

Center frequency = the highest, middle and the lowest channels

a) RBW = 100 kHz b) VBW = 300 kHz (= RBW)
c) Span = 10 MHz d) Detector = peak
e) Trace = max hold f) Sweep = auto

EUT Spectrum Analyzer
Limit
> 20 dBc

Test Results

All conducted emission in any 100 kHz bandwidth outside of the spectrum band was at least
20 dB lower than the highest level of the in-band spectral density.

Therefore the applying equipment meets the requirement.

See next pages for actual measured spectrum plots.
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Spurious Emission
Test Mode : GFSK

Lowest channel

Avg Type: Log-Par
e I idaiade
Mk 2.395 GF AutoTune TGN AutoTune
watidy Ref 800 dBm -3.083 dBm watidy Ref 800 dBm -58.921 dBm)
19, gk
Center Freq, Center Freq,
' T 515000000 Gz 20000000000 Gz,
StartFreq) StartFreq)
30.000000 MHz 16.000000000 GHz
Stop Freq) Stop Freq)
15000000000 GHz 25000000000 GHz,
CFStep CFStep
1497000000 GH| ’ 1000000000 GH|
Man| JAute Man|
P it ol ol FreqOffset FreqOffset
0 bz 0 bz
iStart 30 MHz 15.000 GHz Start 15.000 GHz Stop 25.000 GHz |
#Res BW 100 kHz #VBW 300 kHz Sweep 14315 (1001 pts). #Res B 100 kHz FVBW 300 kHz Sweep 055.7 ms (1001 pts)
scs @3 Na Peak Found 1At s L Filw <kire prg> saved Hatus

[Middle Channel]

Avg Type: Log-Par Avg Type: Log-Par
' Trig:Fras Run Ay 300530 Fon T TrigFres Aun Augls e
FGalnlow #atten: 18 48 Ext Gain: .60 48 FGalnlow Bhtten: 18 4B Ext Gain: 0.60 dB Ll
Wkr1 2440 GHa)| Ao Tune ki1 2401 GHE Auta Tune
10 -4.063 dBm Ref £.00 dBm -58.715 dBm
Log
Center Freq, Center Freq,
‘ 7515000000 GHz) 20.000000000 GHz)
StartFreq) StartFreq)
30.000000 MHz 16.000000000 GHz|
Stop Freq) Stop Freq)
15.000000000 GHz, 25.000000000 GHz
CFStep | CF Step)
1.497000000 GHz| ' 1 000000000 GHz,
Man| Man|
Ly [ T FreqOffset FreqOffset
0 Hz 0 Hz
iStart 30 MHz 15.000 GHz Start 15.000 GHz Stop 25.000 GHz |
#Res BW 100 kHz #VBW 300 kHz Sweep 14315 (1001 pts). #Res BW 100 kHz FVBW 300 kHz Sweep 955.7 ms (1001 pts)
scs @3 Na Peak Found 1At s L Filw <kire prg> saved Hatus

[Highest Channel]

Aug Type: Log-Par Aug Type: Log-Par
Avglield>3000 Faw 7o Trig-Fras Aum Avgliold>3000 TP
it Gain: 4,60 4B Shalnlow  #Atien: 18 4 it Gain: 4,60 4B TP P
Wik T YT Auto Tune
Ref £.00 dBm Ref £.00 dBm -58.031 dBm)
Center Freq
20.000000000 GHz
StartFreq) StartFreq)
30.000000 MHz 15.000000000 GHz
Stop Freq) Stop Freq)
15.000000000 GHz 25.000000000 GHz
CF Step CF Step
[} 1497000000 GHz 1,000000000 GHz
Man| ¢ |Bute Man|
e | v ! Freq Offset Freq Offset
OHz OHz
iStart 30 MHz Stop 15.000 GHz | Start 15.000 GHz Stop 25.000 GHz |
L#Res BW 100 kHz #VBW 300 kHz Sweep 1.431s (1001 pts) #Res B 100 kHz #VBW 300 kHz Sweep 055.7 ms (1001 pts)
=55 €3 Queey INTERRUPTED at s s Filw <kre pg> saved an
[QF-QP15-07] Ver.01 R102



CTK Co., Ltd.
K (Ho-dong), 113, Yejik-ro, Cheoin-gu, Report No.:
Yongin-si, Gyeonggi-do, Korea CTK-2024-00852

Tel: +82-31-339-9970 Page (29) / (47) Pages
CTK Co., Ltd. Fax: +82-31-624-9501

Test Mode : 8-DPSK
[Lowest channel]

Avg Type: Log-Par Avg Type: Log-Par
o T TrigFrae Run AvgBisld>3000 b Fon T TrigFres Aun AvgBisld>3000
Bhalniow | SAtten: 18 48 Ext Gain: .60 48 tFEERE, Shaintow © SAten: 18 ¢ Ext Gain: .60 B
85 C Auto Tune TARTT Auto Tune
- Ref 8.00 dBm '
Center Freq, Center Freq,
7515000000 GHz) 20.000000000 GHz)
StartFreq) ! StartFreq)
30.000000 MHz 16.000000000 GHz|
Stop Freq) Stop Freq)
15.000000000 GHz, 25.000000000 GHz
CFStep | | CF Step)
1.497000000 GHz| 1 1 000000000 GHz,
Man| [ ] lauto Man|
" | — 5 =

Freq Offset = | | | | | | Freq Offset
0 Hz 0 Hz

iStart 30 MHz Stop 15.000 GHz | Start 15.000 GHz Stop 25.000 GHz |

#Res BW 100 kHz #VBW 300 kHz Sweep 14315 (1001 pts). #Res BW 100 kHz FVBW 300 kHz Sweep 955.7 ms (1001 pts)

=35 €3 No Poak Found sTans s s Algnmen Compistod sTanm

[Middle Channel]

Trmconstectar Aug Type: Log-Pwr TracelDetector
T Trig: Frae Run Faw T Trig-Fras Rus Avgliold>3000 TP
whtten: 18 4 Ext Galn: .60 4B Select Trace Shalniow — SAtien: 14 4 Ext Galn: .60 4B F e Select Trace
i Mir1 24.02 GHz| iy
Ref 5.00 dBm -59.066 dBm
. Clear Write | Clear Write |
Trace Average| | | | | Trace Average|
Max Hold} Max Hold}
Min Hold| | | | | . Min Hold|
A ViewBlark 2y oo | | | | | | ViewBlank |
Trace On Trace On
More: More:
Start 30 MHz Stop 15.000 GHz 1063 Start 15.000 GHz Stop 25.000 GHz 1063
#Res BWW 100 kHz FVEW 300 kHz Sweep 1.431s (1001 pts), #Res BIW 100 kHz FVBW 300 kHz Sweep 055.7 ms (1001 pts)
scs @3 Na Peak Found 1At s L Filw <kire prg> saved Hatus

[Highest Channel]

Boaintow * WAtien: 18
Auto Tune
Center Freq,
7515000000 GHz)
StartFreq) StartFreq)
30.000000 MHz 16.000000000 GHz|
Stop Freq) Stop Freq)
15.000000000 GHz, 25.000000000 GHz
CFStep | CF Step)
1.497000000 GHz| ’ 1 000000000 GHz,
| Man| | Man|
. FreqOffset ) | | | | | | FreqOffset
0 Hz 0 Hz
iStart 30 MHz Stop 15.000 GHz | Start 15.000 GHz Stop 25.000 GHz |
#Res BW 100 kHz #VBW 300 kHz Sweep 14315 (1001 pts). #Res BW 100 kHz FVBW 300 kHz Sweep 955.7 ms (1001 pts)
scs @3 Na Peak Found 1At s L Filw <kire prg> saved Hatus
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4.7 Radiated Emission

Test Location

X] 10 m SAC (test distance : [ ] 10 m, X 3 m)

X 3 m SAC (test distance : 3 m)

Test Procedures

ANSI C63.10-2013 - Section 6.5, 6.6

1) In the frequency range of 9 kHz to 30 MHz, magnetic field is measured with Loop
Antenna. The center of the Loop Test Antenna is 1m above the ground. During the
measurement the Loop Test Antenna rotates about its vertical axis for maximum

response at each azimuth about the EUT.

2) In the frequency range above 30 MHz, Bi-Log Test Antenna(30 MHz to 1 GHz) and
Horn Test Antenna(above 1 GHz) are used. Test Antenna is 3m away from the EUT.
Test Antenna height is carried from 1m to 4m above the ground to determine the
maximum value of the field strength. The emissions levels at both horizontal and

vertical polarizations should be tested.

Instrument Settings

Frequency Range = 9 kHz ~ 25 GHz (2.4 GHz 10" harmonic)

a) RBW = 1 MHz for f = 1 GHz, 100 kHz for f < 1 GHz, 9 kHz for f < 30 MHz

b) VBW > RBW

c) Sweep time = auto couple

[QF-QP15-07] Ver.01
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Limit :

Unwanted emissions that do not fall within the restricted frequency bands of Table 1 shall

comply either with the limits specified in the applicable RSS or with those specified in this

RSS-Gen.

FCC Part 15 § 15.205 (a) Except as shown in paragraph (d) of this section, only

spurious emissions are permitted in any of the frequency bands listed below:

Table 1. Restricted Frequency Bands

MHz MHz MHz MHz MHz GHz
0.09-0.11 8.3/626.8.38675 73-74.6 399.0-410 2690-2900 10.6-12.7
10.495-0.505 8.41425-8.41475 74.8-75.2 608-614 3260-3267 13.25-13.4
2.1735-2.1905 12.29-12.293 108-121.94 960-1240 3332-3339 14.47-14.5
4.125-4.128 12.51975-12.52025 123-138 1300-1427 3345.8-3358 15.35-16.2
4.17725-4.17775 | 12.57675-12.57725 149.9-150.05 1435-1626.5 3600-4400 17.7-21.4
4.20725-4.20775 13.36-13.41 1155665522457255 1645.5-1646.5 4500-5150 22.01-23.12
6.215-6.218 16.42-16.423 156.7-156.9 1660-1710 5350-5460 23.6-24
6.26775-6.26825 | 16.69475-16.69525 | 162.0125-167.17 1718.8-1722.2 7250-7750 31.2.31.8
6.31175-6.31225 | 16.80425-16.80475 167.72-173.2 2200-2300 8025-8500 36.43-36.5
8.291-8.204 25.5.25.67 240-285 2310-2390 5000-9200 2Above 38.6
8.362-8.366 37.5.38.25 322-335.4 2483.5-2500 9300-9500

1 Until February 1, 1999, this
2 Above 38.6
§ 15.205 (b) Except as provided in paragraphs (d) and (e), the field strength of

restricted band shall be 0.490-0.510 MHz.

emissions appearing within these frequency bands shall not exceed the limits shown is

Section 15.209. At frequencies equal to or less than 1000 MHz, compliance with the limits in

Section 15.209 shall be demonstrated using measurement instrumentation employing a

CISPR quasi-peak detector. Above 1000 MHz, compliance with the emission limits in Section

15.209 shall be demonstrated based on the average value of the measured emissions.

The provisions in Section 15.35 apply to these measurements.
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FCC Part 15 § 15.209 (a) Except as provided elsewhere in this Subpart, the emissions from

an intentional radiator shall not exceed the field strength levels specified in the following

table :

Except when the requirements applicable to a given device state otherwise, emissions from

licence-exempt transmitters shall comply with the field strength limits shown in Table 2

Additionally, the level of any transmitter emission shall not exceed the level of the

transmitter’s fundamental emission.

Table 2. General Field Strength Limits for Licence-Exempt Transmitters

Frequency(MHz) Field Strength Field Strength _Measurement
uV/m@3m dBuV/m@3m Distance (meters)

0.009-0.490 2400/F(kHz) - 300
0.490-1.705 24000/F(kHz) - 30
1.705-30 30 - 30
30-88 100** 40 3
88-216 150** 43.5 3
216-960 200%** 46 3
Above 960 500 54 3

** Except as provided in 15.209(g).fundamental emissions from intentional radiators

operating under this Section shall not be located in the frequency bands 54-72MHz, 76-
88MHz, 174-216MHz, 470-806MHz. However, operation within these frequency bands is
permitted under other sections of this Part, e.g.15.231 and 15.241.

Note :

1) For above 1 GHz, the emission limit in this paragraph is based on measurement
instrumentation employing an average detector, measurement using instrumentation with
a peak detector function, corresponding to 20 dB above the maximum permitted average

limit.

2) For above 1 GHz, limit field strength of harmonics : 54 dBuV/m@3m (AV) and

74 dBuV/m@3m (PK)

3) For measurement above 1GHz, the resolution bandwidth is set to 1 MHz and video
bandwidth is set to 1 MHz for peak measurement and 10 Hz for average
measurement.(Duty Cycle is > 98%,)

4) Duty Cycle is < 98%, VBW setting will need to > 1/T.
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Test Setup:

1) For field strength of emissions from 9 kHz to 30 MHz

Tum Table¢ | EUTe

| S P,
F

< 80cm 3—*4.

Lx

AN
e
Cmmndeiaaa»

Ny
>

= Test Antenna Receivers Preamplifier«

2) For field strength of emissions from 30 MHz to 1 GHz

Test Antenna+

N

A
L]
[]
< 1lm ... 4m >,
1
1]
W

1
|

= 80cm =4 Tum Table«

[
NN

Receiver+ Preamplifier+
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3) For field strength of emissions above 1 GHz

< 3m >

D ettt

C—"

Test Antenna«
|
!

< 1m ... 4m >

1
EUT«
Tm Tabl e‘J a EETEiL f/l-fff.ll'f.ifr’f.fal

O i <

M

= 1.5 m>

=

e e
o

Receiver+ Preamplifier+

[QF-QP15-07] Ver.01 R102



CTK Co., Ltd.

TK (Ho-dong), 113, Yejik-ro, Cheoin-gu,

Yongin-si, Gyeonggi-do, Korea

Tel: +82-31-339-9970
CTK Co., Ltd. Fax: +82-31-624-9501

Report No.:

CTK-2024-00852
Page (35) / (47) Pages

Test results

1) 9 kHz to 30 MHz

Test mode : GFSK_Lowest channel(Worst Case)

The requirements are:

X Complies
Test Data
130 :\ <FCC Part 15 C 3m(%k-30M Loop)
C imit (QF)
120 <BT - :
F M~
[ [~
110 ImSNEY -
1oo b \
C ‘““x___
.90 E
£
5 70 : [
| oeo0 E
@ = JH
] -
[ 50 E IJ Rﬁ. | I,\ -
40 F i MR '“W
= RV LR i sl
TRRLL it
10 £
0.009 0.100 1.000 10.000  30.000
Freguency [MHz]
Frequency Reading c.f Level Limit .
[MHZ] ® [dBuV] [dB(1/m)] [dB(UV/m)] [dB(UV/m)] Ry [ 2])
The emissions 9 kHz to 30 MHz were 20 dB lower than the limit.
Remark :

1. The unwanted emission was measured in the following position: EUT stand-up position(Z
axis), lie-down positon(X,Y axis). The worst emission was found in lie-down position(X

axis) and the worst case was recorded.

A WN

. This data is the Peak(PK) value.

[QF-QP15-07] Ver.01
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2) 30 MHz to 1 GHz

Test mode : GFSK_Lowest channel(Worst Case)

The requirements are:

X Complies
Test Data
&0
50
20
E B
I~ L
=1 -
o 30
-
D
_.
5 b
520 Lok
)
10
a
30 50 100 500 1000
Frequency [MHz]
Jpectrum Selection
Ho. Freguency Fol Reading c.£ Margin Height 2ngle Remark
FE QE-FK
dB (V] ] dE(1/m} 1 [dE] o deg]
1 H 45.9 -8.0 8.1 1 7
2 424 -3.8 8.5 T
2 H 42.1 -5.9 5.8 g
4 44.9 -2.2 3.3 5
5 8.5 -2.1 S .6 1.5
€ H 22.7 1.0 2.2 4 1 204.5
7 8.7 2. 4.5 355.5
Remark :

1. The unwanted emission was measured in the following position: EUT stand-up position(Z
axis), lie-down positon(X,Y axis). The worst emission was found in lie-down position(X

axis) and the worst case was recorded.
. Result = Reading + c.f(Correction factor)

wWN

[QF-QP15-07] Ver.01

. Correction factor = Antenna factor + Cable loss + 6 dB attenuator - Amp Gain

R102



CTK Co., Ltd.
TK (Ho-dong), 113, Yejik-ro, Cheoin-gu, Report No.:
Yongin-si, Gyeonggi-do, Korea CTK-2024-00852
Tel: +82-31-339-9970 Page (37) / (47) Pages
CTK Co., Ltd. Fax: +82-31-624-9501

3) 2 310 MHz to 2 390 MHz

The requirements are:
X Complies

Test Data: GFSK

[dB(uv/m)]
100

NOF

Level

-10
2310.00 2325.00 2350.00 2375.00 2400.00 2420.00
Frequency [MHz]

[dB(uv/m)]
100

NOF

80

60

50

Level

30 — N M'H [

20

-10 . ‘ ‘
2450.00 2460.00 2470.00 2480.00 2490.00 2500.00
Frequency [MHz]
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Test mode : GFSK

Lowest channel

Frequency ) Reading c.f Level PK Level AV Limit PK Limit AV M?Dr'gin MaAr\(j]in Note
[MHZz] [dBuV] ([dB(1/m)]|[dB(uvV/m)]|[dB(uV/m)]|[dB(uV/m)]|[dB(uvV/m)] [dB] [dB]
2 311.3 V 54.9 -6.0 | ----- 489 |  ----- 540 | ----- 5.1 Average
2321.1 H 54.9 -6.0 | ----- 489 |  ----- 540 | ----- 5.1 Average
2 361.9 V 67.6 -5.9 61.7 | ----- 740 |  ----- 12.3 | ----- Peak
2 371.5 H 67.5 -5.9 61.6 | ----- 740 | ----- 124 | ----- Peak
Highest channel
Frequency ) Reading c.f Level PK Level AV Limit PK Limit AV M?Drlg(;in sz’gin Note
[MHZz] [dBuV] ([dB(1/m)]|[dB(uvV/m)]|[dB(uV/m)]|[dB(uV/m)]|[dB(uvV/m)] [dB] [dB]
2 495.7 H 47.0 -5.2 41.8 |  ----- 740 | ----- 32.2 | ----- Peak
2 495.7 H 34.7 -5.2 | ----- 29.5 | ----- 540 | ----- 24.5 Average
2 497.8 V 47.1 -5.2 419 | ----- 740 | ----- 32.1 | ----- Peak
2 497.5 V 34.7 -5.2 | ----- 29.5 | ----- 540 | ----- 24.5 Average
Remarks

1. The unwanted emission was measured in the following position: EUT stand-up position(Z
axis), lie-down position(X,Y axis). The worst emission was found in lie-down position(X
axis) and the worst case was recorded.

2. Correction factor = Antenna factor + Cable loss - Amp Gain

3. Tested at 100% duty cycle.
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Test mode : 8-DPSK

Lowest channel
Frequency ) Reading c.f Level PK Level AV Limit PK Limit AV M?Dr'gin MaAr\(j]in Note
[MHz] [dBuVv] |[dB(1/m)]|[dB(uV/m)]|[dBuV/m)]|[dB(uV/m)]|[dB(uv/m)] [dB] [dB]
2 359.5 H 47.9 -5.9 42.0 | @ ----- 740 | ----- 32.0 | ----- Peak
2 351.9 H 35.5 -59 | ----- 29.6 | ----- 540 | ----- 24.4 Average
2 382.9 V 47.6 -5.8 41.8 | @ ----- 740 |  ----- 32.2 | ----- Peak
2 314.3 \Y 35.6 -6.0 | o ----- 296 | ----- 540 | ----- 24.4 Average
Highest channel
Frequency ) Reading c.f Level PK Level AV Limit PK Limit AV M?Drlg(;in sz’gin Note
[MHZz] [dBuV] ([dB(1/m)]|[dB(uV/m)]|[dB(uV/m)]|[dB(uvV/m)]|[dB(uvV/m)] [dB] [dB]
2 492.3 H 47.3 -5.2 42.1 | ----- 740 | ----- 31.9 | ----- Peak
2494.0 H 34.7 -5.2 | ----- 29.5 | ----- 540 | ----- 24.5 Average
2 491.6 V 47.6 -5.2 424 | ----- 740 | ----- 31.6 | ----- Peak
2 491.8 V 34.6 -5.2 | ----- 294 | ----- 540 | ----- 24.6 Average
Remarks

1. The unwanted emission was measured in the following position: EUT stand-up position(Z
axis), lie-down position(X,Y axis). The worst emission was found in lie-down position(X
axis) and the worst case was recorded.

2. Correction factor = Antenna factor + Cable loss - Amp Gain

3. Tested at 100% duty cycle.
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5) 1 GHz to 26.5 GHz

The requirements are:
X] Complies

Test DATA : GFSK

[dB(uv/m)]
100

20

80

01

60

501

Level

30

T
|
|
I
|
|
|
[
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|

20 |

|

I | " 1
10 M i ‘\.‘.amumw s i o 10 !

- v ! b
| -t T
WA ; ‘ Db
|
|
|
|

f wm sl - |
o o i A R—— i ‘
| |
| |
-10 L |
1000.00 2000.00 5000.00 10000.00 18000.00

Frequency [MHz]

[dB(uV/m)]
120

110

100 -

920

80

0r

60

Level

i L
50 by T ot sl A A

T T

B T T T T — e T

30

20

10

oF

-10
18000.00 20000.00 22500.00 25000.00 26500.00
Frequency [MHz]
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Test mode : GFSK

Lowest channel

F”E,?A‘l’fzr]‘cy ®) R[zg‘ii\r/‘]g & (Ci;m)] Level PK [dB(uV/m)] Limit PK [dB(uV/m)] | Margin PK [dB]| Note
1440.0 | H 54.5 -9.9 44.6 74.0 29.4 Peak
Middle channel

F”E,?A‘l’fzr]‘cy ®) R[zg‘ii\r/‘]g & (Ci;m)] Level PK [dB(uV/m)] Limit PK [dB(uV/m)] | Margin PK [dB]| Note
1439.3 |H 54.8 -9.9 44.9 74.0 29.1 Peak
Highest channel

F“E,‘\‘AL;"*ZSCV ®) Fzgg‘f\r/‘]g & (‘i;m)] Level PK [dB(uV/m)] Limit PK [dB(uV/m)] | Margin PK [dB]| Note
1439.3 |H 56.2 -9.9 46.3 74.0 27.7 Peak

Remarks

1. The unwanted emission was measured in the following position: EUT stand-up position(Z
axis), lie-down position(X,Y axis). The worst emission was found in lie-down position(X

axis) and the

worst case was recorded.

2. Correction factor = Antenna factor + Cable loss - Amp Gain
3. Tested at 100% duty cycle.
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Test mode : 8-DPSK

Lowest channel

F”E,?A‘l’fzr]‘cy ®) R[zg‘ii\r/‘]g & (Ci;m)] Level PK [dB(uV/m)] Limit PK [dB(uV/m)] | Margin PK [dB]| Note
1440.0 | H 55.5 -9.9 45.6 74.0 28.4 Peak
Middle channel

F”E,?A‘l’fzr]‘cy ®) R[zg‘ii\r/‘]g & (Ci;m)] Level PK [dB(uV/m)] Limit PK [dB(uV/m)] | Margin PK [dB]| Note
1199.2 |H 54.9 -11.0 43.9 74.0 30.1 Peak
Highest channel

F“E,‘\‘AL;"*ZSCV ®) Fzgg‘f\r/‘]g & (‘i;m)] Level PK [dB(uV/m)] Limit PK [dB(uV/m)] | Margin PK [dB]| Note
1199.9 | H 56.1 -11.0 45.1 74.0 28.9 Peak

Remarks

1. The unwanted emission was measured in the following position: EUT stand-up position(Z
axis), lie-down position(X,Y axis). The worst emission was found in lie-down position(X
axis) and the worst case was recorded.

2. Correction factor = Antenna factor + Cable loss - Amp Gain

3. Tested at 100% duty cycle.
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4.8 AC Power Line Conducted Emissions

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 kHz-30 MHz, shall not exceed the limits.

Instrument Settings

IF Band Width: 9 kHz

Test Procedures

ANSI C63.10-2013 - Section 6.2

The EUT was placed on a non-metallic table 0.8m above the metallic, grounded floor
and 0.4m from the reference ground plane wall. The distance to other metallic surfaces

was at least 0.8m.

Amplitude measurements were performed with a quasi-peak detector and an average

detector.

Limit

Frequency Conducted Limit (dBuV)
(MHz) Quasi-peak Average**
0.15 ~ 0.5 66 to 56* 56 to 46*
0.5~5 56 46
5~ 30 60 50

* The level decreases linearly with the logarithm of the frequency.
** A linear average detector is required.

Test Results

The requirements are:

X Complies
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Test Data
GFSK Hopping mode(Worst Case)
80T
70T
ag—k
& ok
502 i
= :
g T1® £
=)
£ 40T
o
§ T -
30T
207
10T
0 I I —t—t—t—t— I I —t—t—t—— I |
150k 300 400500 800 1M 2M  3M 4M 5M6 8 10M 20M  30M
Frequency in Hz
Final Result
Frequency QuasiPeak | CAverage | Limit | Margin | Meas. Time | Bandwidth | Line Filter | Corr.
{(MHz) (dBuV) (dBuV) (dBuV) (dB) (ms) (kHz) (dB)
0.154500 51.35 65.75 14.41 15000.0 9.000 | N ON 9.8
0.195000 46.84| 53.82 6.98 15000.0 9.000 | L1 ON 9.9
0.199500 52.35 63.63 11.28 15000.0 9.000| N ON 9.8
0.243000 45.02 61.79 16.77 15000.0 9.000 | N ON 9.6
0.258000 38.71 51.50 12.78 15000.0 9.000 | N ON 9.6
0.321000 33.60 49.68 16.09 15000.0 9.000 N ON 9.8
0.528000 37.44 56.00 18.56 15000.0 9.000 N ON 9.8
10.369500 36.70 50.00 13.30 15000.0 9.000 L1 ON 9.8
10.369500 46.50 60.00 13.50 15000.0 9.000| N ON 9.9
10.428000 34.54| 50.00 15.46 15000.0 9.000 | L1 ON 9.8
10.603500 46.85 60.00 13.15 15000.0 9.000 | N ON 9.9
15.486000 35.93 50.00 14.07 15000.0 9.000 N ON 10.0
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4.9 Frequency Hopping System Requirements
Standard Applicable

According to FCC Part 15.247(a)(1), The system shall hop to channel frequencies that are selected
at the system hopping rate from a pseudo randomly ordered list of hopping frequencies. Each
frequency must be used equally on the average by each transmitter. The system receivers shall
have input bandwidths that match the hopping channel bandwidths of their corresponding
transmitters and shall shift frequencies in synchronization with the transmitted signals.

(g) Frequency hopping spread spectrum systems are not required to employ all available hopping
channels during each transmission. However, the system, consisting of both the transmitter and the
receiver, must be designed to comply with all of the regulations in this section should the
transmitter be presented with a continuous data (or information) stream. In addition, a system
employing short transmission bursts must comply with the definition of a frequency hopping system
and must distribute its transmissions over the minimum number of hopping channels specified in
this section.

(h) The incorporation of intelligence within a frequency hopping spread spectrum system that
permits the system to recognize other users within the spectrum band so that it individually and
independently chooses and adapts its hopsets to avoid hopping on occupied channels is permitted.
The coordination of frequency hopping systems in any other manner for the express purpose of
avoiding the simultaneous occupancy of individual hopping frequencies by multiple transmitters is
not permitted.

EUT Pseudorandom Frequency Hopping Sequence

The pseudo random sequence may be generated in a nine-stage shift register whose 5th and 9th
stage outputs are added in a modulo-two addition stage, and the result is fed back to the input of the
first stage. The sequence begins with the first ONE of 9 consecutive ONEs; i.e. the shift register is
initialized with nine ones. Number of shift register stages: 9 Length of pseudo-random sequence:
2°-1 = 511 bits Longest sequence of zeros: 8 (non-inverted signal)

Linear Feedback Shift Register for Generation of the PRBS sequence

02 4 6 62 64 8 1 737577

Each frequency used equally on the average by each transmitter. The system receiver have input
bandwidths that match the hopping channel bandwidths of their corresponding transmitters and shift
frequencies in synchronization with the transmitted signals.
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Frequency Hopping System

This transmitter device is frequency hopping device, and complies with FCC part 15.247 rule. This
device uses Bluetooth radio which operates in 2400-2483.5 MHz band. Bluetooth uses a radio
technology called frequency-hopping spread spectrum, which chops up the data being sent and
transmits chunks of it on up to 79 bands (1 MHz each; centred from 2402 to 2480 MHz) in the range
2,400-2,483.5 MHz. The transmitter switches hop frequencies 1,600 times per second to assure a
high degree of data security. All Bluetooth devices participating in a given piconet are synchronized
to the frequency-hopping channel for the piconet. The frequency hopping sequence is determined by
the master's device address and the phase of the hopping sequence (the frequency to hop at a
specific time) is determined by the master's internal clock. Therefore, all slaves in a piconet must
know the master's device address and must synchronize their clocks with the master's clock.

Adaptive Frequency Hopping (AFH) was introduced in the Bluetooth specification to provide an
effective way for a Bluetooth radio to counteract normal interference. AFH identifies "bad" channels,
where either other wireless devices are interfering with the Bluetooth signal or the Bluetooth signal is
interfering with another device. The AFH-enabled Bluetooth device will then communicate with other
devices within its piconet to share details of any identified bad channels. The devices will then switch
to alternative available "good" channels, away from the areas of interference, thus having no impact
on the bandwidth used.

*Example for a Bluetooth device using channel numbers would be :
Ch 44, 35, 78, 03, 15, 21, 76, 40, 56, 13, 02, 19, 67, 39, 78, 20, 21, 64, 75 etc.
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APPENDIX A — Test Equipment Used For Tests

No. Name of Equipment Manufacturer Model No. Serial No. Cal Date Due Date
1 Signal Analyzer Agilent N9020A MY50510324 2023-12-05 2024-12-05
2 Signal Generator Rohde & Schwarz SMB100A 175528 3852:8;:55 585‘5‘:82:3?
3 EMI TEST RECEIVER Rohde & Schwarz ESW44 102039 2023-05-03 | 2024-05-03
4 BILOG ANTENNA TESEQ CBL6111D 60654 2023-08-21 | 2025-08-21
5 Active Loop Antenna SCHWARZBECK FMZB 1513 1513-125 2023-04-15 | 2025-04-15
6 6dB Attenuator PASTERNACK PE7AP006-06 | L20210504000023 | 2023-08-04 | 2024-08-04
7 AMPLIFIER I 310N 411011 2023-08-04 | 2024-08-04
8 Spectrum Analyzer R&S FSV40 101574 2024-01-15 | 2025-01-15
9 PRE AMPLIFIER HP 84498 3008A00620 | 2023-04-21 | 2024-04-21
10 D°“b'z§i‘i§ﬁ‘; Guide ETS-Lindgren 3115 00078895 2023-04-13 | 2024-04-13
11 HORN ANTENNA SCHWARZBECK BBHA9170 1153 2023-10-19 | 2024-10-19
12 |  LOW NOISE AMPLIFIER TESTEK TK-PA1840H 210124-L 2023-10-23 | 2024-10-23
13 Band Reject Filter Micro Tronics BRM50702 G233 2023-12-04 2024-12-04
14 EMI Test Receiver R&S ESR3 102826 2023-05-03 | 2024-05-03
15 LISN R&S ENV216 102698 2023-05-03 | 2024-05-03
16 6dB Attenuator NONE 6B 190557 2023-09-25 | 2024-09-25

No. Cable Manufacturer Model No. Serial No. Check Date
1 (Cif]dcjcbtfd) Junkosha Inc. MWX221 15125151 2023-08-21
2 (Cif]dcjcbtfd) Junkosha Inc. MWX221 15125148 2023-08-21
3 (LmeREOC:j’lﬁte 0 Canare Corporation L-5D2W N/A 2024-03-06
4 (9kHz-3Fé)TVIE|aszI{2diated) Canare Corporation L-5D2W N/A 2024-03-06
5 (9kHZ_§{£:;tF’{'§diated) Canare Corporation L-5D2W N/A 2023-08-23
6 (9kHz-i{g:;tF){|§diated) HUBER+SUHNER | SUCOFLEX 104 |  MY27558/4 2023-08-23
7 (lGHZ_leGIC_be;{eadiated) Junkosha Inc. MWX221 20085246 2023-06-28
8 (1GH2-1P;3FGICE|aszIReadiated) Rosenberger NONE 1520.9927.00 2023-06-28
9 (1GHz-1F;FGCHaszI¢{ea giated) | Sensorview Co., LTD 9518 TPC2204060007 2023-06-28
10 | (15 He _RIOCGE‘ELeRa diated) | Sensorview Co., LTD 9540 TPC2204060009 2023-06-28
11 | (15 oHa -RélFOC(?ElzeRadiated) Sensorview Co., LTD 9A40 TP210713-001 2023-06-28

-END-
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