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Tested by Technical Manager
Affirmation /4“0 ¢

Name : Jaehyoung Le€ (Signature) Name : Seungyong Kim (Signature)

2018-08-20

KCTL Inc.

As a test result of the sample which was submitted from the client, this report does not guarantee
the whole product quality. This test report should not be used and copied without a written agreement
by KCTL Inc.

KCTL-TIR001-003/2



KCTL Inc. Report No.: Tl
65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea KR18-SRF0087-B K
TEL: 82-31-285-0894 FAX: 82-505-299-8311 Page (2) of (139)

www.kctl.co.kr

REPORT REVISION HISTORY

Date Revision Page No
2018-06-28 Originally issued -
2018-08-16 Fully Re-tested all

. 6,12, 13, 90,
2018-08-20 Added note for cable loss offset and revised plot 93103

This report shall not be reproduced except in full, without the written approval of KCTL Inc. This document
may be altered or revised by KCTL Inc. personnel only, and shall be noted in the revision section of the
document. Any alteration of this document not carried out by KCTL Inc. will constitute fraud and shall nullify

the document.

KCTL-TIR001-003/2


http://www.kctl.co.kr/

KCTL Inc. Report No.:
65, Sinwon-ro, Yeongtong-gu, _ _
Suwon-si, Gyeonggi-do, 16677, Korea KR18-SRF0087-B
TEL: 82-31-285-0894 FAX: 82-505-299-8311 Page (3) of (139)
www.ketl.co.kr
[ Contents ]
1. Client iNFOrMAtION ... ..o ettt e e e e et ettt e e e e e e s aanbeaeeeeeeesaannbaaeaaaaeas 4
2. Laboratory INfOrM@Aation ... e e e e e e e e e s e e e e e e e e s s nnnnnneeaeeeaaanns 5
B T o ] o1 o o 1 N = U R 6
T I == Y Tod o [T Yo7y o) o] o [PPSR PPPRRP 6
3.2 GENEral AESCIIPTION .. ..iiiieiiie ettt e e e e e e e e e e s s st e e e e e e s e sanbateeeeeaeeeaanrrnaearaeeeeaanns 6
BTG T 1=t 1 (=Y o [ 1= o o3 ST PRERRR 7
G T 1Ty QY 0] = o = YR 7
4. SUMMArY Of tESt FESUIES ...ttt e et e e e st e e e s abbeeeesabnneeeans 8
4.1 StANAArds & FESUIES ...t e e e s e sttt e e e e e e s e et et e e e e e e e arnraereaeeeeaann 8
4.2 Measurement UNCEITAINTY ...........iiiiiiiiiiit ettt e 8
B TESE FESUIES ...ttt ettt e e e e e ekttt e e e e e s e e ha e et e e e e e e s e nbnben e e e e e e e s nnnnnees 9
5.1 Antenna ReQUIFEMENT ..ottt e et e e e e s nnnneees 9
5.2 Maximum Peak OULPUL POWET .........ociiiiiiiiiiiiieie ettt ee e e e e s tnbae e e e e e e s s snrnrneaeaeeaesanns 10
5.3 Carrier FrequeNCY SEParatioN ............ccoiiiiiiiiiiiie e eiiiee e e e e e e e e e e e e e e s sstn e e e e e e e s ssntnrereeaeeaeaaans 14
5.4 20 dB Channel BandWidth............ocuuiiiiiiii ittt e s nbee e e s ntaeeeennees 27
5.5 Number of HoOpping ChannelS..........cooiiiiii et e e 48
5.6 Time of OccupanCy(DWEll TIME) .......iiiiiiiiiiiiiiie e 56
5.7 Spurious Emission, Band edge and Restricted bands............ccccviiiiiiiiiiicie e 78
LR < T @] oo 18 o3 (Yo B =10 01517 (] o IO PSERR 136
6. Test equipment Used fOrtest.............oooiiiiiii e e e e e e s e e e e e e e e aans 139

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIR001-003/2


http://www.kctl.co.kr/
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204048
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204049
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204050
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204051
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204052
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204053
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204054
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204055
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204056
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204057
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204058
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204059
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204060
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204061
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204062
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204063
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204064
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204065
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204066
file:///C:/Users/160601/Desktop/해령KC수타투!/FCC/KP18-03127_SELVAS%20Healthcare_B240H/KR18-SRF0087-A_Selvas%20Healthcare_B240H_RF%20Report_Bluetooth%20(15.247).docx%23_Toc522204067

KCTL Inc. Report No.: Tl
65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea KR18-SRF0087-B K
TEL: 82-31-285-0894 FAX: 82-505-299-8311 Page (4) of (139)

www.kctl.co.kr

1. Client information

Applicant: SELVAS Healthcare,Inc.
Address: 155, Sinseong-ro, Yuseong-gu, Daejeon, Republic of Korea
Telephone number: +82 42 864 4460

Contact person: Yunse Lee / aiden.y.lee@selvas.com
Manufacturer: SELVAS Healthcare,Inc.
Address: 155, Sinseong-ro, Yuseong-gu, Daejeon, Republic of Korea
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2. Laboratory information

Address

KCTL Inc.

65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
Telephone Number: +82 31 285 0894

Facsimile Number: +82 505 299 8311

FCC Site Designation No: KR0040, FCC Site Registration No: 687132
VCCI Registration No. : R-3327, G-198, C-3706, T-1849

Industry Canada Registration No. : 8035A

KOLAS NO.: KT231
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3. Description of E.U.T.

3.1 Basic description

Applicant SELVAS Healthcare,Inc.
Address of Applicant 155, Sinseong-ro, Yuseong-gu, Daejeon, Republic of Korea
Manufacturer SELVAS Healthcare,Inc.

Address of Manufacturer 155, Sinseong-ro, Yuseong-gu, Daejeon, Republic of Korea

Type of equipment QBraille XL
Basic Model B240H
Serial number N/A

3.2 General description

Frequency Range 2 402 Miz ~ 2 480 Mtz

Type of Modulation GFSK, m/4DQPSK, 8DPSK

The number of channels 79 ch

Type of Antenna Chip Antenna
Antenna Gain 0.5 dBi
Transmit Power 4.35 dBm (Module 1), 2.54 dBm (Module 2)

Operation temperature 21 °C

Power supply DC5V

Product SW/HW version 1.0/ 2.40.3.26556

Radio SW/HW version 1.0/ 2.40.3.26556

Test SW Version CSR Bluesuite 2.5.0

RF power setting in TEST SW| Referred the measuring instrument from manufacturer

Notes : The above EUT information was declared by the manufacturer.
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3.3 Test frequency
Frequency
Lowest frequency 2 402 Mtz
Middle frequency 2 441 i
Highest frequency 2 480 Mtz
3.4 Test Voltage
Mode Voltage
Nominal Voltage DC5V

- 15.247 Requirements for Bluetooth transmitter

® This Bluetooth module has been tested by a Bluetooth Qualification Lab, and we confirm
the following:
1) This system is hopping pseudo-randomly.
2) Each frequency is used equally on the average by each transmitter.
3) The receiver input bandwidths that match the hopping channel bandwidths of their
corresponding transmitters
4) The receiver shifts frequencies in synchronization with the transmitted signals.

® 15.247(g): The system, consisting of both the transmitter and the receiver, must be
designed to comply with all of the regulations in this Section 15.247 should the transmitter
be presented with a continuous data (or information) stream.

® 15.247(h): 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.

This test report shall not be reproduced, except in full, without the written approval
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4. Summary of test results
4.1 Standards & results

FCC Rule Parameter g:cg%rrt] R-Lessljlt
15.203, 15.247(b)(4) Antenna Requirement 5.1 C
15.247(b)(1), (4) Maximum Peak Output Power 5.2 C
15.247(a)(1) Carrier Frequency Separation 5.3 C
15.247(a)(1) 20dB Channel Bandwidth 54 C
- Occupied Bandwidth 54 C
15.247(a)(ii) Number of Hopping Channel 55 C
15.247(b)(1)
15.247(a) (iii) Time of Occupancy(Dwell Time) 5.6 C
15.247(d),15.205(a),15.209(a) FS{Z:R?C‘;Z dEg‘a"f]Z'O”’ BandEdge, 5.7 C
15.207(a) Conducted Emissions 5.8 C
Note1): C = Complies, NC = Not Complies, NT = Not Tested, NA = Not Applicable
Notey): This device is consisted of two bluetooth modules which are same type.
Notes): Two bluetooth modules do not support transmission at the same time.

- The general test methods used to test on this device are ANSI C63.10-2013

4.2 Measurement Uncertainty

Expanded Uncertainty

Measurement ltem U = kUc (k = 2)
Conducted RF power 1.42 dB
Conducted Spurious Emissions 1.58 dB
+4.94 dB, -5.06 dB
30 Miz ~ 300 MH:
+4.93 dB, -5.05 dB
Radiated Spurious Emissions +4.97 dB, -5.08 dB
300 Mtz ~ 1 000 Mz
+4.84 dB, -4.96 dB
1 Gz ~ 25 Gz +6.03 dB, -6.05 dB
9 Kz ~ 150 kilz: 3.75dB
Conducted Emissions
150 Kz ~ 30 Mz 3.36 dB
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5. Test results

5.1 Antenna Requirement

5.1.1 Regulation

According to §15.203, an intentional radiator shall be designed to ensure that no antenna other
than that furnished by the responsible party shall be used with the device. The use of a
permanently attached antenna or of an antenna that uses a unique coupling to the intentional
radiator shall be considered sufficient to comply with the provisions of this Section. The
manufacturer may design the unit so that a broken antenna can be replaced by the user, but
the use of a standard antenna jack or electrical connector is prohibited.

And 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 transmitting 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.

5.1.2 Result
-Complied

The transmitter has permanently attached Chip Antenna (internal antenna) on board.

This test report shall not be reproduced, except in full, without the written approval
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5.2 Maximum Peak Output Power

5.2.1 Regulation

According to §15.247(a)(1) Frequency hopping systems shall have hopping channel carrier
frequencies separated by a minimum of 25 kiz or the 20 dB bandwidth of the hopping channel,
whichever is greater. Alternatively, frequency hopping systems operating in the 2 400-2 483.5 M
band may have hopping channel carrier frequencies that are separated by 25 iz 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 mW.

According to §15.247(b)(1), for frequency hopping systems operating in the 2 400-2 483.5 i
band employing at least 75 non-overlapping hopping channels, and all frequency hopping
systems in the 5 725-5 850 Mk band: 1 watt. For all other frequency hopping systems in the

2 400-2 483.5 Mtz band: 0.125 watts.

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 transmitting 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.

5.2.2 Measurement Procedure

The method of measurement used to test this FHSS device is ANSI C63.10-2013.
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:

This test report shall not be reproduced, except in full, without the written approval
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a) Use the following spectrum analyzer settings:
1) Span: Approximately five times the 20 dB bandwidth, centered on a hopping channel.
2) RBW > 20 dB bandwidth of the emission being measured.
3) VBW = RBW.
4) Sweep: Auto.
5) Detector function: Peak.
6) Trace: Max hold.
b) Allow trace to stabilize.
c) Use the marker-to-peak function to set the marker to the peak of the emission.
d) The indicated level is the peak output power, after any corrections for external attenuators
and cables.
e) A plot of the test results and setup description shall be included in the test report.

NOTE:

A peak responding power meter may be used, where the power meter and sensor system
video bandwidth is greater than the occupied bandwidth of the unlicensed wireless device,
rather than a spectrum analyzer.

This test report shall not be reproduced, except in full, without the written approval
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5.2.3 Test Result

- Complied
- Module 1
- GFSK
ch | Frequency Result Limit Margin Average Power
anne V] [dBm] [dBm] [dB] [dBm]
Lowest 2402 3.34 30.00 26.66 1.87
Middle 2441 3.65 30.00 26.35 2.23
Highest 2480 4.35 30.00 25.65 2.89
- m/4DQPSK
Channel Frequency Result Limit Margin Average Power
[MHz] [dBm] [dBm] [dB] [dBm]
Lowest 2402 1.34 20.97 19.63 -2.47
Middle 2441 1.44 20.97 19.53 -2.41
Highest 2480 2.04 20.97 18.93 -1.71
- 8DPSK
Channel Frequency Result Limit Margin Average Power
[MHz] [dBm] [dBm] [dB] [dBm]
Lowest 2402 1.44 20.97 19.53 -2.50
Middle 2441 1.54 20.97 19.43 -2.39
Highest 2480 2.14 20.97 18.83 -1.75
NOTE:

1.  We took the insertion loss of the cable loss into consideration within the measuring instrument.
Cable loss: 0.5dB
2. It was measured by power sensor.

This test report shall not be reproduced, except in full, without the written approval
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- Module 2
- GFSK
Channel Frequency Result Limit Margin Average Power
[MHz] [dBm] [dBm] [dB] [dBm]
Lowest 2402 1.74 30.00 28.26 0.25
Middle 2 441 1.84 30.00 28.16 0.30
Highest 2480 2.54 30.00 27.46 1.01
- m/4DQPSK
Channel Frequency Result Limit Margin Average Power
[MHz] [dBm] [dBm] [dB] [dBm]
Lowest 2402 -0.66 20.97 21.63 -4.67
Middle 2 441 -0.56 20.97 21.53 -4.61
Highest 2480 0.14 20.97 20.83 -3.99
- 8DPSK
Channel Frequency Result Limit Margin Average Power
[MHz] [dBm] [dBm] [dB] [dBm]
Lowest 2402 -0.46 20.97 21.43 -4.66
Middle 2 441 -0.46 20.97 21.43 -4.64
Highest 2480 0.14 20.97 20.83 -3.97
NOTE:

1. We took the insertion loss of the cable loss into consideration within the measuring instrument.
Cable loss: 0.5 dB
2. It was measured by power sensor.
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5.3 Carrier Frequency Separation

5.3.1 Regulation

According to §15.247(a)(1), frequency hopping systems shall have hopping channel carrier
frequencies separated by a minimum of 25 kiz or the 20 dB bandwidth of the hopping channel,

whichever is greater. Alternatively, frequency hopping systems operating in the 2 400-2 483.5 M
band may have hopping channel carrier frequencies that are separated by 25 kiz 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 mW.

5.3.2 Measurement Procedure

The method of measurement used to test this FHSS device is ANS| C63.10-2013.

The EUT shall have its hopping function enabled. Use the following spectrum analyzer
settings:

a) Span: Wide enough to capture the peaks of two adjacent channels.

b) RBW: 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) Video (or average) bandwidth (VBW) = RBW.

d) Sweep: Auto.

e) Detector function: Peak.

f) Trace: Max hold.

g) Allow the trace to stabilize.

Use the marker-delta function to determine the separation between the peaks of the adjacent
channels.

Compliance of an EUT with the appropriate regulatory limit shall be determined. A plot of the
data shall be included in the test report.
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5.3.3 Test Result

- Complied
- Module 1
- GFSK
Channel Fre?mncy C:;g::;:;i“ﬁm?z?y Limit [Vi]
Lowest 2 402 1.000 0.972
Middle 2 441 1.000 0.919
Highest 2480 1.000 0.991
- 1/4DQPSK
Channel Fre?ﬁﬁncy C:;gz:;ﬁ,?,uﬁm?;y Limit [Vi]
Lowest 2402 1.000 0.887
Middle 2 441 1.000 0.887
Highest 2480 1.000 0.887
- 8DPSK
Channel Fre‘[‘mncy C:;gig:ﬁ)‘:\”gmﬁy Limit [Vi]
Lowest 2402 1.000 0.887
Middle 2 441 1.000 0.887
Highest 2480 1.000 0.887
NOTE:

1. We took the insertion loss of the cable loss into consideration within the measuring instrument.
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- Module 2
- GFSK
Channel Fre?N‘EE”Cy C:;g::;:;i“gm?z?y Limit [MZ]
Lowest 2402 1.000 0.973
Middle 2 441 1.000 0.990
Highest 2 480 1.000 0.993
- /4DQPSK
Channel Fre?ﬁﬁncy C:;gz:;ﬁ,?,uﬁm?;y Limit [MZ]
Lowest 2402 1.000 0.893
Middle 2 441 1.000 0.887
Highest 2480 1.000 0.887
- 8DPSK
Channel Fre?ﬁﬁncy C:;ggg{;?\“ﬁm?z‘]’y Limit [
Lowest 2402 1.000 0.893
Middle 2 441 1.000 0.887
Highest 2480 1.000 0.887
NOTE:

1. We took the insertion loss of the cable loss into consideration within the measuring instrument.
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5.3.4 Test Plot

Figure 1. Plot of the Carrier Frequency Separation
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Highest Channel (2 480 M)
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Highest Channel (2 480 M)
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5.4 20 dB Channel Bandwidth
5.4.1 Regulation

According to §15.247(a)(1), frequency hopping systems shall have hopping channel carrier
frequencies separated by a minimum of 25 kiz or the 20 dB bandwidth of the hopping channel,
whichever is greater. Alternatively, frequency hopping systems operating in the 2 400-2 483.5 M
band may have hopping channel carrier frequencies that are separated by 25 kiz 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 mW.

5.4.2 Measurement Procedure

The method of measurement used to test this FHSS device is ANSI| C63.10-2013.

The occupied bandwidth is measured as the width of the spectral envelope of the modulated
signal, at an amplitude level reduced from a reference value by a specified ratio (or in decibels,
a specified number of dB down from the reference value). Typical ratios, expressed in dB, are
-6 dB, —20 dB, and -26 dB,corresponding to 6 dB BW, 20 dB BW, and 26 dB BW, respectively. In
this subclause, the ratio is designated by “—xx dB.” The reference value is either the level of the
unmodulated carrier or the highest level of the spectral envelope of the modulated signal, as
stated by the applicable requirement. Some requirements might specify a specific maximum or
minimum value for the “—xx dB” bandwidth; other requirements might specify that the “—xx dB”
bandwidth be entirely contained within the authorized or designated frequency band.

a) The spectrum analyzer center frequency is set to the nominal EUT channel center frequency.
The span range for the EMI receiver or spectrum analyzer shall be between two times and
Five times the OBW.

b) The nominal IF filter bandwidth (3 dB RBW) shall be in the range of 1 % to 5 % of the OBW
and video bandwidth (VBW) shall be approximately three times RBW, unless otherwise
specified by the applicable requirement.

c) Set the reference level of the instrument as required, keeping the signal from exceeding
the maximum input mixer level for linear operation. In general, the peak of the spectral
envelope shall be more than [10 log (OBW/RBW)] below the reference level. Specific
guidance is given in 4.1.5.2.

d) Steps a) through c) might require iteration to adjust within the specified tolerances.

€) The dynamic range of the instrument at the selected RBW shall be more than 10 dB below
the target “—xx dB down” requirement; that is, if the requirement calls for measuring the —20 dB
OBW, the instrument noise floor at the selected RBW shall be at least 30 dB below the
reference value.

f) Set detection mode to peak and trace mode to max hold.
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g) Determine the reference value: Set the EUT to transmit an unmodulated carrier or
modulated signal, as applicable. Allow the trace to stabilize. Set the spectrum analyzer
marker to the highest level of the displayed trace (this is the reference value).

h) Determine the “—xx dB down amplitude” using [(reference value) — xx]. Alternatively, this
calculation may be made by using the marker-delta function of the instrument.

i) If the reference value is determined by an unmodulated carrier, then turn the EUT
modulation ON, and either clear the existing trace or start a new trace on the spectrum
analyzer and allow the new trace to stabilize. Otherwise, the trace from step g) shall be
used for step j).

j) Place two markers, one at the lowest frequency and the other at the highest frequency of
the envelope of the spectral display, such that each marker is at or slightly below the “—xx dB
down amplitude” determined in step h). If a marker is below this “—xx dB down amplitude”
value,then it shall be as close as possible to this value. The occupied bandwidth is the
frequency difference between the two markers. Alternatively, set a marker at the lowest
frequency of the envelope of the spectral display, such that the marker is at or slightly below
the “—xx dB down amplitude” determined in step h). Reset the marker-delta function and
move the marker to the other side of the emission until the delta marker amplitude is at the
same level as the reference marker amplitude. The marker-delta frequency reading at this
point is the specified emission bandwidth.

k) The occupied bandwidth shall be reported by providing plot(s) of the measuring instrument
display; the plot axes and the scale units per division shall be clearly labeled. Tabular data
may be reported in addition to the plot(s).
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5.4.3 Test Result

- Complied
- Module 1
Mode Channe Frequency | 203 Chamnel | g G
(99 % BW) [Miz]
Lowest 2 402 0.972 0.907
GFSK Middle 2 441 0.919 0.907
Highest 2480 0.991 0.907
Lowest 2 402 1.330 1.189
M4DQPSK Middle 2 441 1.330 1.180
Highest 2 480 1.330 1.185
Lowest 2 402 1.330 1.208
8DPSK Middle 2 441 1.330 1.206
Highest 2 480 1.330 1.206
- Module 2
Mode Channel Frec[]]\zlﬁncy ;Z:EW?:;E% E?a%cduvsilc?%
(99 % BW) [Mi]
Lowest 2 402 0.973 0.901
GFSK Middle 2 441 0.990 0.908
Highest 2480 0.993 0.906
Lowest 2 402 1.340 1.183
TM/4DQPSK Middle 2 441 1.330 1.184
Highest 2 480 1.330 1.182
Lowest 2 402 1.340 1.197
8DPSK Middle 2 441 1.330 1.195
Highest 2 480 1.330 1.195
NOTE:

1. We took the insertion loss of the cable loss into consideration within the measuring instrument.
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5.4.4 Test Plot
Figure 2. Plot of the 20 dB Channel Bandwidth & Occupied Bandwidth (Conducted)
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Middle Channel (2 441 M)
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RefLevel (0.00d6m Offset 0.50dB = RBW 30 kHz
ALt dB  SWT 140 ps (~40 ms) VEBW 100 kHz  Mode Auto FFT
MI[1] T
2.441018000 GH]
0 am
;;\ N
I AYA)
10 d6m o e Ema EEay alA o
~ AN
20 dBm £ N
~ -
7 Y\
-30 @
\
/ \
40 dam - \ A
e ~—] \ \
S N
50 dbm b o
<601 B
70d8m
-80dém
CF 2.441 GHz 10001 pts 300.0 kHz/ Span 3.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value | V-value | Function Function Result |
M1 1 2.441018 GHz -4.31 dBm nds 2
T 1 244034007 GHz -24.33 dBm nd8 down BW 1.33 MHz
12 1 2.44167013 GHz 24.31 dBm Q Factor 1835.3

Highest Channel (2 480 M)

apam 3 '[ x '[;.., ™ X ‘[m ¥ l.,. % ];., % ‘[,,. X ‘I,,. (= | o]
RefLevel 10.00 dBm Offset 050dB & RBW 30 kHz
Att 20d8 SWT 140 us (~40 ms) = VBW 100kHz Mode Auto FFT
TOF
MI[1
2.480018
0 dBm
FASV AV,
-10d8m Feaoa % - AR
- ~
20d8m . —
7 <
£ 3
/ \
J \
40 dBm. yar T v o)
" e |
MY (WA RN
50 dBm = S
60 d8m
708m
90 dom
CF 2.48 GHz 10001 pts 300.0 kHz/ Span 3.0 MHz
2 Marker Table
Type | Ref | Trc | X-Valug ¥-Value | Function Funtion Result |
M1 1 2.4800189 GHz -3.88 dBm nas 20.0 4B
Ti 1 2,47933857 GHz -23.91 dBm naB down BW 1.33 MHz
T2 1 245066693 GHz 23.50 dBm Q Factor 1854.2
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- 8DPSK_20 dB Channel Bandwidth

Lowest Channel (2 402 M)

[ e

twrun | [sm

Br

RefLevel 10.00 dBm  Offset
20 dB

TOF
T Frequenty Sweep

SWT 140 ps (~40 ms)

0.50dB = RBW 30 kHz

VBW 100 kHz  Mode Auto FFT

MI[1]

4
2,4020177

0dBm

-10.dém

20 dem

-30dem

-0 dBm.

N

50 dem

60 dam

70dem

50 dém

CF 2.402 GHz

10001 pts

300.0 kHz/ Span 3.0 MHz

2 Marker Table

Function Funtion Result |

Type | Ref | Tre |
M1 1

T1 1
T2 1

X-Value
2.34020177 GHz

2.40133047 GHz
2.40266623 GHz

Y-Value
-4.25 dBm

-24.25 dBm

24,26 dBm

|
nas
naB down BW
Q Factor

1.33 MHz
1810.4

Middle Channel (2 441 M)

ED ™

[

=

o of

RefLevel 10,00 d6m  Offset
Att

0.50dB = RBW 30 kHz

B SWT 140us(~40ms) » VBW 100kHz Mode Auto FFT

Mi[1] .37 dBim|
2441019200 GHy]

0dom

10d8m

20 dam

-30.dem

-0 d6m

Y

I~ “u"'d TN ,/

50 dBim

60 dem

70 da

80 dBm

[eFzaaicrz

10001 pts

300.0 kHz, Span 3.0 MHz

2 Marker Table

| Function Function Result |

Type | Ref | Tre |
[ 1

T1 1
T2 i

X-Value
2.4410192 GHz

2.44033947 GHz

-24.37 dBi
2.44166743 GHz -24.38 dbi

m
m

noe 20.0 dB
ndf down BW 1.33 MHz
Q) Factor 1838.2
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Highest Channel (2 480 M)
F o o o0 o0 0. 0. 0 oo nDE

RefLevel 10,00 dBm  Offset 0.50dB = RBW 30 kHz
Att B SWT 140us(~40ms) » VBW 100kHz Mode auto FFT

20 dém

-0 dem

—s0d8m — a 7
S APl S \-\,,\ \

50 dBm Ve

60 dBm

70 dBm

50 dém

CF 2.48 GHz 10001 pts 300.0 kHz/ Span 3.0 MHz
| Function Function Result |

2 Marker Table
Type | Ref | Trc | K-Value | ¥-value
M1 1 2.4800192 GHz -3.84 dBm nds 2
71 1 2.47934127 GHz -23.86 dBm nd8 down BW 1.33 MHz
72 1 2.48056773 GHz 23.84 dBm Q Factor 1863.6

- GFSK_Occupied Bandwidth

Lowest Channel (2 402 M)
o = [ = _UI;: O )~ e ]

RefLevel 10.00 dBm  Offset B = RBW 30 kHz
2048 SWT 140 s (~40 ms) = VBW 100kHz Mode Auto FFT

foem S AV

10d8m

20 dbre
] R

30 dBm

-40 déim

N

Yo M

&0 dem

70 da

-0 dam

CF 2,402 GHz 10001 pis 300.0 kHz, Span 3.0 MHz

2 Marker Table
Type | Ref | Trc |
M1 1

| Function | Function Result, J

X-Value L ¥-Value
2.40206779 GHz -0.17 dBm
TL 1 2,401 556944 GHz -16.88 dBm Qe Bw 906.809319068 kHz
T2 1 2.402463754 GHz -18.27 dBm
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Middle Channel (2 441 M)

=

o e ac

O o

B

RefLevel 10,00 dBm  Offset 0.50dB = RBW 30 kHz
Att 2048 SWT 140 ps (~40 ms) = VBW 100 kHz Mode Auto FFT

odam

-10d8m

TR
‘_,f L

20 dém

-0 dem

<40 dom—— A e
\ A
S0 dom

60 dBm

70 dBm

A M

80 déim

CF 2,441 GHz 10001 pts

0.0 kHiz/.

Span 3.0 MHz

2 Marker Table

Function

| Function Result |

Type | Ref | Trc | ¥-value
M1 1 -0.24 dBm
-16.90 dBm
18.16 dBm

K-Value L
2.44106779 GHz
T 1 2.440557544 GHz
T2 1 2.441464054 GHz

Qce Bw

906.509349065 kHz

Highest Channel (2 480 M)

= e e

L1

-

RefLevel 10,00 dBm  Offset 0.50dB = RBW 30 kHz
Att

B SWT 140us(~40 ms) ® VBW 100 kHz Mode Auto FFT

odam

MI[1] e
2 Gl

AT a2

-10d8m -

20 dém

N

aaaam .

(aagrere

50 dBm

N
W 7
o IR

60 dBm

70 dBm

Pt

80 déim

CF 2.48 GHz 10001 pts

0.0 KHiz/

Span 3.0 Mz

2 Marker Table

Type | Ref | Trc | ¥-Value |

Function

| Function Result |

X-Value
M1 1 2.48006899 GHz
T1 1 2.479558444 GHz
12 1 2.480465853 GHz

0.19 dBm
-16.36 dBm
17.77 dBm

907.409259074 kHz
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- t/4DQPSK_Occupied Bandwidth

Lowest Channel (2 402 M)

stsoens | g

[ e

B

;H»,.

SWT

0d8m

Ref Level 10.00 dBm  Offset
20 dB

* fma
0.50dB = RBW 30

140 us (~40 ms)

Kz

VBW 100 kHz  Mode Auto FFT

MI[1]

4
2,4020185

10 dem

20 dam

T ——

30 dBm

40 déim

Mt
-50.d8m

" agvoa—

VAR

&0 dem

70 deur

80 dBm

[cF2a02 Grz

10001 pf

s

300.0 kHz,

Span 3.0 MHZ

2 Marker Table
Type | Ref | Trc |
[ 1

T1 1
T2 1

Y-Value |

Function

Function Result |

X-Value
2.4020183 GHz
2,401 406959 GHz
2.40259574 GHz

-4.10 dBm
-19.76 dBm
-20.93 dBm

1.188781122 MHz

Middle Channel (2 441 M)

stsoens | g

B

"

=

BT 8T

RefLevel 10.00 dBm  Offset
B SWT

0d8m

B = RBW 30 ki

140 yz (~40 ms) = VBW 100 kHz Mode Auto FFT

MI[1]

+ !
2,44102 1000 GHZ]

10d8m

-20 dbun

o

30 dBm

-40 déim

S
-50d8m

e v

N

&0 dem

70 da

-0 dam

CF 2,431 GHz

10001 pts

300.0 kHz,

Span 3.0 Mz

2 Marker Table
Type | Ref | Trc |
M1 1

Function

Function Result, |

T1 1
T2 1

X-Value L Y-
2.441021 GHz -4.1
&,

2.44041055¢ GHz
2.441590641 GHz

1.180081992 MHz
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Highest Channel (2 480 M)

IR T T e J e T e

)~ oLl

RefLevel 10,00 dBm  Offset 0.50dB = RBW 30 kHz
Att

B SWT 140us(~40ms) » VBW 100kHz Mode auto FFT

odam

-10d8m =y

20 dém

-0 dem

5048 /
A
T

50 dBm

60 dBm

70 dBm

50 dém

CF 2.48 GHz 10001 pts 3

0.0 KHiz/

Span 3.0

MHz

2 Marker Table

Function

Function Result

Type | Ref | Trc | X-Value L ¥-Value

M1 1 2.4800198 GHz -3.87 dBm
71 1 2.47940785% GHz -19.14 dBm Qe Bw
12 1 2.480592441 GHz 19.02 dBm

1.184581542 MHz

- 8DPSK_Occupied Bandwidth

Lowest Channel (2 402 M)

tormn | [opm - [ B I -
RefLevel 1000 dBm Offset 0.50 dB RBW 30 kHz

20dB SWT 140 pz (~40 ms) » VBW 100 kHz Mode Auto FFT
TOF
T Occupied Bandwidth

MI[1]

4 y
2,402018900 GH

0dBm
X
Y

048 - —
7 3

20 dem

-30dem

-0 dBm. — /
. A

VY N

50 dem

60 dam

70dem

50 dém

CF 2.402 GHz 10001 pts 300.0 kHz/

2 Marker Table
Y-Value |

Function

Function Result

Span 3.0 MHz

Type | Ref | Trc | X-Valug

[ 1 2.4020189 GHz -4.24 dBm

Ti 1 2,401 39526 GHz -18.87 dBm Qe Bw
T2 1 2.d0260354 GHz 18.84 dBm

1.208279172 MHz
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Middle Channel (2 441 M)

e ISM ¢ '[,u I ™ + [ x ‘[,., x l,.. * '[ x ]!w = J[es .
0 Offset 0.50dB RBW 30 kHz
SWT 140 ys (~40 ms) » VBW 100 kHz Mode Autc FFT
MI[1] 423 dBrm)
2.441019800 GHz]|
o dom
n ".
10 d8m FARPNI BN - L,
7 ~ —
i A
2046
7 -
[ N\
I \
3048 -
! \
/
40 dam: \\ 2
"y N A SN STAN
50 d8m — 7
60 dém
70 dair
208
CF 2.441 GHz 10001 pts 300.0 kHz, Span 3.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value L ¥-Value | Function Function Result |
[ 1 2.4310198 GHz -4.23 dBm
Ti 1 2.44030616 GHz -19.29 dBm Qee Bw 1.205879412 MHz
T2 1 2.44160204 GHz -19.28 dBm

Highest Channel (2 480 M)

prroro- o 6. G-

J”

RefLevel 10,00 dBm  Offset 0.50dB = RBW 30 kHz
Att B

SWT 140 ps (~40 ms) & VBW 100 kHz Mode auto FFT

o ogeenni

3
2.480019500 GHz]

dim}

-0 dem

40 d8m v

— 7
A ey AN A N
s0de

60 dBm

F0dEm

50 dém

CF 2.48 GHz 10001 pts

300.0 kHz/ Span 3.0 Mz

2 Marker Table
Type | Ref | Trc |
M1 1

Function Function Result

X-Value L N
2.4800195 GHz -3.97 dBm
71 1 2.47930706 GHz 18.6

12 1 2.43060324 GHz 18.63

1.206179382 MHz
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- Module 2
- GFSK_20 dB Channel Bandwidth

Lowest Channel (2 402 M)

e [sm ¢ '[m x '[., + T x ]w x [, x '[ x ‘[N + Jann .
RefLevel 10.00 dBm Offset 0.50dB RBW 30 kHz
B SWT 140 ps(~40ms) = VBW 100kHz Mode Auto FFT
T Freauency SWeep
adem ;s
T
10 déi ,\/ Y ‘\
7V W,
™~ A
20 dBm R 3 R
L/ Ray
30d8m =
f, “\
~
el ™
- 7 T/ = ~
A N i, \
il dem A
M
60 dom
701
a0 dbm
EP 2.402 GHz 10001 prs 300.0 kHz, Span 3.0 MHZ
2 Marker Table
Type | Ref | Trc | X-Value L ¥-Value | Function Function Result |
M1 1 2.40206562 GHz -1.89 dBm nas 20.0 dB
Ti 1 2.40152635 GHz -21.89 dBm a8 down BW 973.40 kHz
T2 1 2.40249975 GHz -21.89 dBm Q Factor 2467.7

Middle Channel (2 441 M)

- Ism X ‘[,,., x l.,., % l.,,. ¢ ‘[s.., x l,. % ']w B )[-.u « Jan .
Ref Level 1000 dBm  Offset 050 dB = RBW 30 kHz
Z0dE SWT 140 ps (~40 ms) = VBW 100kHz Mode Auta FFT
ToF
T Frequency SWeep
MI[1]
0 am 2
At TN s
10 d6m T ad
el -
20dm Sv.vd .
P AN
A \
30 dom £ c
- 7 o ~ Is)
40 dBim L & i
7 i 7
SPARAY: " o e W,
Mo / \
~
ey
<601 B a'a
70 dBm
80 B
CF 2441 Giiz 10001 pts 300.0 kHz/ Span 3.0 Mz
2 Marker Table
Type | Ref | Trc | K-Value ¥-Value | Function Funtion Result |

M1 1 2.434106629 GHz -2.08 dBm nas 20.0 d8

T 1 244051105 GHz -22.08 dBrm B down BW 989.60 kHz

T2 1 2,441 50065 GHz 22.11 dBm Q Factar 2466.7
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Highest Channel (2 480 M)
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e

Offset
B SWT 140 ps (~40 ms)

0.50dB = RBW 30 kHz

VBW 100 kiHz  Mode Auto FFT

Mi[1]

snnm

1.62 dBm}
2.480064790 GHz]

-20 dbun

30 dBm

-0 d6m

N A0AY

50 déim

60 dem

[ ™

70 da

-0 dam

CF 2,48 GHz

10001 pts

300.0 kHz,

Span 3.0 Mz

2 Marker Table
Type | Ref | Trc |
M1 1
T 1
12 i

X-Value
2.48006479 GHz

| Function

2.47950055 GHz
2.45050245 GHz

ndg
ndf down BW
Q Factor

Function Result. |

20.0 6B
992.90 kHz

2497.8

- Tt/4ADQPSK_20 dB Channel Bandwidth

Lowest Channel (2 402 M)

twrun | [sm

B

=
0.50

a8

)~

TOF
T Frequenty Sweep

RefLevel 10.00 dBm Offset
20d8 SWT 140 us (~40 ms)

B = RBW 30 kHz

VBW 100 kHz  Mode Auto FFT

odam

-10d8m

20 dém

-30dem

-0 dBm.

e

.
S0

60 dBm

70 dBm

80 déim

CF 2.402 GHz

10001 v

300.0 kHz/

Span 3.0 MHz

2 Marker Table

Function

Type | Ref | Tre |
M1 1

T1 1
T2 1

X-Value
2.4020201 GHz
2.40133557 GHz
2.40267253 GHz

-27.03 dBm
27.05 dBm

|
nas
naB down BW
Q Factor

Function Result |

1.34 MHz
1736.5

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIR001-003/2



http://www.kctl.co.kr/

KCTL Inc.

. Report No.:
65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea

KR18-SRF0087-B
TEL: 82-31-285-0894 FAX: 82-505-299-8311 Page (41) of (139)
www.kctl.co.kr

KCTL

Middle Channel (2 441 M)

—= @GO O O oia
RefLevel 10.00 d6m Offset 0.50dB » RBW 30 kHz
ALt dB  SWT 140 ps (~40 ms)

VBW 100 kiHz  Mode Auto FFT

Mi[1] 3 i)
2441176980 GHz]
o dom
10.6m A T A Nr‘ _
e N T N v
20 dem . A
5
-30 dBm: L \'I
/ \
A0 / 3 a
A P4 \ /
L™ I -
A
60 d8m
70dam
o0 a8m
CF 2,331 Gz 10001 pts 300.0 kHz Span 3.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value " Y-Value | Function Function Result J
[T 1 2.44117698 GHz -6.59 dBm ncB 20.0 B
T1 1 2.44033827 GHz -26.50 dBm nd8 down BW 1.33 MHz
T2 1 244166743 GHz -26.61 dBm Q Factor 1836.6

Highest Channel (2 480 M)

- T - e
2?[' Level 10.00d6m Offset

[ -
0.50d8 » RBW 30 kHz

d8 SWT  140ys (~40 ms) & VBW 100 kiHz Mode Auto FFT

- Gl

MI[1 6.05 dBmj
2.480017700 GH
0 dBm
-10 dBim: ’\\’\ AN
T Vo TV L e
o
20d8m
7 I~
30 dBm =
7 1
/ A
g, kY al
SNV \ ~ f
-~ - v s WS
Y, / oA ‘
™ [y
-60 dBm:
708m
90 dom
CF2.48 GHz 10001 pts 300.0 kHz/ Span 3.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value L V-Value | Function Function Result J
M1 1 2.4800177 GHz -6.05 dBm nds 2 B
T1 1 2.47933737 GHz -26.05 dBm nd8 down BW 1.33 MHz
T2 1 2.43066863 GHz 26.05 dBm Q Factor 1852.9
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- 8DPSK_20 dB Channel Bandwidth

Lowest Channel (2 402 M)
S e e e )~ @ Y Y e ]

RefLevel 10.00 dBm  Offset 0.50dB = RBW 30 kHz
2048 SWT 140 us (~40 ms) = VBW 100 kHz  Mode Auto FFT

TOF
T Frequenty Sweep

MI[1]

7.25
2,401997900

0dBm

-10.d8m - AT A I e v
- \/‘v\

20 dém

e o Y

~40 dBm. v v
. Anl S
v N M
g ,/«“ |

YA R

Ve

60 dam

70dem

80 déim

CF 2.402 GHz 10001 pts 300.0 kHz/ Span 3.0 MHz
2 Marker Table
Type | Ref | Tre |
M1 1

Function Funtion Result |

X-Value L Y-Value |
2.34019979 GHz -7.25 dBm nas Pl
Ti 1 2.40133467 GHz -27.29 dBm ndf down BW 1.34 MHz
T2 1 2.40267073 GHz 27.27 dBm Q) Factor 1797.8

Middle Channel (2 441 M)

[— Ism ] '[,,.) x '..., [ x ‘[,,, x l,,. « Jor [ J[.,., W ]x.- .
RefLevel 10.004d6m Offset 0.50dB = RBW 30 kHz
ALt B SWT 140 ps (~40 ms) VEW 100 kHz  Mode Auto FFT
3
.
10.8m
VY R,
— b \n,
-20 dBm R
-30 dBm: r \‘\
7 T
/ "
~s0dom s i
vy / \ {
- vl e ey [
B = I ~
V S N
60 dem
70 darm
a0 dom
CF 2431 GHz 10001 pis 300.0 kHz Span 3.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value | ¥-Value Function Function Result
[T 1 2.4410129 GHz -6.74 dBm ncB 20.0 B
1 1 244033827 GHz -26.77 dBm nd8 down BW 1.33 MHz
T2 1 244166593 GHz -26.75 dBm Q Factor 1838.6
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Highest Channel (2 480 M)

S X T"‘ x '[;., « Yo ] '[s., x I,. o x ‘[,,. x ‘]... (= l o
Offset 0.50d8 = RBW 30 kHz
B SWT 140 ps (~40 ms) VEBW 100 kHz  Mode Auto FFT
MI[1]
1
0dom
1040 AN
et NN A
Y e, e
20dom o
1f AN
a Al
30 dem
F \
/ \ )
s0dam 1 \ Ta
. e / N |
A A SN
N /N
80 dbm
70d8m
-80dém
CF2.48 GHz 10001 pts 300.0 kHz/ Span 3.0 MHz
2 Marker Table
Type | Ref | Trc | K-Value | ¥-value | Function Function Result J
M1 1 2.4800186 GHz -6.23 dBm nds 2
T1 1 2.47933827 GHz -26.24 dBm nd8 down BW 1.33 MHz
72 1 2.48066473 GHz 26.23 dBm Q Factor 1859.6

- GFSK_Occupied Bandwidth

Lowest Channel (2 402 M)

TEEmET @0 @G Bt o b
RefLevel 1000 dEm Offset 0.50 dB RBW 30 kHz
ALt 2

B SWT 140 us (~40ms) = VBW 100kHz Mode Auto FFT

Mi[1]
2.4
0 dam L

VA
10 dBm. /‘/-J L

y A
7 VY
-20 dbun '

30 dBm

40 déim 8 £

el MAYs W - AT M
o

oA
60 deim
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Middle Channel (2 441 M)
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- t/4DQPSK_Occupied Bandwidth
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Highest Channel (2 480 M)
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Middle Channel (2 441 M)
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Highest Channel (2 480 M)
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5.5 Number of Hopping Channels
5.5.1 Regulation

According to §15.247(a)(1)(iii), Frequency hopping systems in the 2 400-2 483.5 M band shall
use at least 15 channels. 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. Frequency hopping systems may avoid or suppress transmissions on a particular
hopping frequency provided that a minimum of 15 channels are used. According to
§15.247(b)(1), For frequency hopping systems operating in the 2 400-2 483.5 Mz band employing
at least 75 non-overlapping hopping channels, and all frequency hopping systems in the 5 725-
5 850 Miz band: 1 watt. For all other frequency hopping systems in the

2 400-2 483.5 MMz band: 0.125 watts.

5.5.2 Measurement Procedure
The method of measurement used to test this FHSS device is ANSI C63.10-2013.

The EUT shall have its hopping function enabled. Use the following spectrum analyzer settings:

a) Span: The frequency band of operation. Depending on the number of channels the device
supports, it may be necessary to divide the frequency range of operation across
multiple spans, to allow the individual channels to be clearly seen.

b) RBW: 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 = RBW.

d) Sweep: Auto.

e) Detector function: Peak.

f) Trace: Max hold.

g) Allow the trace to stabilize.

It might prove necessary to break the span up into subranges to show clearly all of the hopping
frequencies. Compliance of an EUT with the appropriate regulatory limit shall be determined for
the number of hopping channels. A plot of the data shall be included in the test report.
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5.5.3 Test Result

- Complied
- Module 1
Mode Frequency [M] Number of hopping channel Limit
GFSK 2402 -2480 79 215
m/4DQPSK 2402 -2 480 79 215
8DPSK 2402 -2 480 79 215
- Module 2
Mode Frequency [Mt] Number of hopping channel Limit
GFSK 2402 -2 480 79 215
m/4DQPSK 2402 -2 480 79 215
8DPSK 2402 -2480 79 215
NOTE:

1. We took the insertion loss of the cable loss into consideration within the measuring instrument.

2. Measurement is made with EUT operating in hopping mode between 79 channels providing a worse case scenario

as compared to AFH mode hopping between 20 channels.

KCTL-TIR001-003/2
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5.5.4 Test Plot

Figure 3. Plot of the Number of Hopping Channels (Conducted)
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5.6 Time of Occupancy(Dwell Time)

5.6.1 Regulation

According to §15.247(a)(1)(iii), frequency hopping systems in the 2 400-2 483.5 Mz band shall
use at least 15 channels. 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. Frequency hopping systems may avoid or suppress transmissions on a particular
hopping frequency provided that a minimum of 15 channels are used.

5.6.2 Measurement Procedure
The method of measurement used to test this FHSS device is ANSI C63.10-2013.

The EUT shall have its hopping function enabled. Use the following spectrum analyzer settings:

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 right 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.
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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)

The average time of occupancy is calculated from the transmit time per hop multiplied by the
number of hops in the period specified in the requirements. If the number of hops in a specific
time varies with different modes of operation (data rate, modulation format, number of hopping
channels, etc.), then repeat this test for each variation.

The measured transmit time and time between hops shall be consistent with the values
described in the operational description for the EUT.

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIR001-003/2


http://www.kctl.co.kr/

KCTL Inc. Report No.: Tl
65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea KR18-SRF0087-B K
TEL: 82-31-285-0894 FAX: 82-505-299-8311 Page (58) of (139)

www.kctl.co.kr

5.6.3 Test Result

- Complied
- Module 1
- Non-AFH
. Number
Packet type Fre?Mlazncy Reading [ms] Ho?ﬁéng/;sgate of Result [s] Limit [s]
P Channels
DH1 2 441 0.396 800.000 79 0.127 0.400
DH3 2 441 1.652 400.000 79 0.264 0.400
DH5 2 441 2.902 266.667 79 0.310 0.400
2-DH1 2 441 0.408 800.000 79 0.131 0.400
2-DH3 2 441 1.661 400.000 79 0.266 0.400
2-DH5 2 441 2.912 266.667 79 0.311 0.400
3-DH1 2 441 0.407 800.000 79 0.130 0.400
3-DH3 2 441 1.660 400.000 79 0.266 0.400
3-DH5 2 441 2.912 266.667 79 0.311 0.400
- AFH
. Number
Packet type Fre‘[‘M‘;Ze]"Cy Reading [ms] H°‘[’rf’c')”§s';ate of Result [s] | Limit[s]
P Channels
DH1 2 441 0.396 400.000 20 0.063 0.400
DH3 2 441 1.651 200.000 20 0.132 0.400
DH5 2 441 2.902 133.333 20 0.155 0.400
2-DH1 2 441 0.407 400.000 20 0.065 0.400
2-DH3 2 441 1.661 200.000 20 0.133 0.400
2-DH5 2 441 2.909 133.333 20 0.155 0.400
3-DH1 2 441 0.408 400.000 20 0.065 0.400
3-DH3 2 441 1.658 200.000 20 0.133 0.400
3-DH5 2 441 2.912 133.333 20 0.155 0.400

NOTE 1. Non AFH
Result = Reading x (Hopping rate / Number of channels) x Test Period
Hopping rate = 1600/time slot
Test period = 0.4 [seconds / channel] x 79 [channel] = 31.6 [seconds]
NOTE 2. AFH
Result = Reading x (Hopping rate / Number of channels) x Test Period
Hopping rate = 800/time slot
Test period = 0.4 [seconds / channel] x 20 [channel] = 8 [seconds]
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- Module 2
- Non-AFH
. Number
Packet type Fre?Mlazncy Reading [ms] Ho?ﬁéng/;sgate of Result [s] | Limit [s]
P Channels
DH1 2 441 0.394 800.000 79 0.126 0.400
DH3 2 441 1.651 400.000 79 0.264 0.400
DH5 2 441 2.899 266.667 79 0.309 0.400
2-DH1 2 441 0.407 800.000 79 0.130 0.400
2-DH3 2 441 1.661 400.000 79 0.266 0.400
2-DH5 2 441 2.902 266.667 79 0.310 0.400
3-DH1 2 441 0.407 800.000 79 0.130 0.400
3-DH3 2 441 1.660 400.000 79 0.266 0.400
3-DH5 2 441 2.902 266.667 79 0.310 0.400
-AFH
. Number
Packet type Fre‘[:‘M‘f]Z"Cy Reading [ns] H°‘[’r‘]’(')”?sgate of Result [s] | Limit[s]
P Channels
DH1 2 441 0.394 400.000 20 0.063 0.400
DH3 2 441 1.652 200.000 20 0.132 0.400
DH5 2 441 2.902 133.333 20 0.155 0.400
2-DH1 2 441 0.408 400.000 20 0.065 0.400
2-DH3 2 441 1.660 200.000 20 0.133 0.400
2-DH5 2 441 2.902 133.333 20 0.155 0.400
3-DH1 2 441 0.406 400.000 20 0.065 0.400
3-DH3 2 441 1.660 200.000 20 0.133 0.400
3-DH5 2 441 2.906 133.333 20 0.155 0.400

NOTE 1. Non AFH
Result = Reading x (Hopping rate / Number of channels) x Test Period
Hopping rate = 1600/time slot
Test period = 0.4 [seconds / channel] x 79 [channel] = 31.6 [seconds]
NOTE 2. AFH
Result = Reading x (Hopping rate / Number of channels) x Test Period
Hopping rate = 800/time slot
Test period = 0.4 [seconds / channel] x 20 [channel] = 8 [seconds]

This test report shall not be reproduced, except in full, without the written approval
KCTL-TIR001-003/2


http://www.kctl.co.kr/

KCTL Inc.

65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 82-31-285-0894 FAX: 82-505-299-8311
www.ketl.co.kr

Report No.:
KR18-SRF0087-B

Page (60) of (139)

5.6.4 Test Plot

Figure 4. Plot of the Time of Occupancy (Conducted)
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