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1. GENERAL INFORMATION

1.1Product Description

Characteristics

Description

Product Name

Bluetooth headset cap

Model number

SL159, SL187
(Note: These models are same except model number and
appearance, here model: SL159 was selected for full test.)

Power Supply

DC 3.7V Battery

Kind of Device

Bluetooth Ver.4.2+EDR

Modulation

GFSK, 11/4-DQPSK

Operating Frequency
Range

2402-2480MHz

Number of Channels

79

Transmit Power Max(PK)

-1.31dBm(0.000740W)

Antenna Type

Internal Antenna

Antenna Gain

0dBi

1.2Test Methodology

Both conducted and radiated testing was performed according to the procedures in
ANSI C63.10-2013. Radiated testing was performed at an antenna to EUT distance 3

meters.

TRF No.: FCC 15.247/A
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1.3Test Facility

Site Description

EMC Lab. :Accredited by CNAS, 2016.10.24
The certificate is valid until 2022.10.28
The Laboratory has been assessed and proved to be in
compliance with CNAS-CL01:2006 (identical to ISO/IEC
17025:2005)
The Certificate Registration Number is L2291.

Accredited by TUV Rheinland Shenzhen 2016.5.19
The Laboratory has been assessed according to the
requirements ISO/IEC 17025.

Accredited by FCC, August 03, 2017
Designation Number: CN1204
Test Firm Registration Number: 882943

Accredited by Industry Canada, November 24, 2015
The Certificate Registration Number is 4480A.

Accredited by A2LA, July 31, 2017
The Certificate Number is 4321.01.

Name of Firm :  EMTEK(SHENZHEN) CO., LTD.

Site Location :  Bldg 69, Majialong Industry Zone, Nanshan District,
Shenzhen, Guangdong, China.
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2. System Test Configuration

2.1 EUT Configuration
The EUT configuration for testing is installed on RF field strength measurement to
meet the Commissions requirement and operating in a manner which intends to
maximize its emission characteristics in a continuous normal application.

2.2 EUT Exercise
The Transmitter was operated in the normal operating mode. The Tx frequency was
fixed which was for the purpose of the measurements.

2.3 Test Procedure

2.3.1 Conducted Emissions

The EUT is a placed on as turn table which is 0.8 m above ground plane.
According to the requirements in Section 13.1.4.1 of ANSI C63.10-2013.
Conducted emissions from the EUT measured in the frequency range between
0.15 MHz and 30MHz using CISPR Quasi-Peak and average detector mode.

2.3.2 Radiated Emissions

Below 1000MHz, The EUT was placed on a turn table which is 0.8m above
ground plane. And above 1000MHz, The EUT was placed on a styrofoam table
which is 1.5m above ground plane. The turn table shall rotate 360 degrees to
determine the position of maximum emission level. EUT is set 3m away from
the receiving antenna which varied from 1m to 4m to find out the highest
emission. And also, each emission was to be maximized by changing the
polarization of receiving antenna both horizontal and vertical. In order to find
out the max. emission, the relative positions of EUT was rotated through three
orthogonal axes according to the requirements in Section 13.1.4.1 of ANSI
C63.10-2013.
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2.4 Configuration of Tested System

Fig. 2-1 Configuration of Tested System

EUT

Table 2-1 Equipment Used in Tested System

Item Equipment Trademark Model No. FCC ID Note
1. B'“etooégg‘eadset N/A SL159 2ABHA0055 |  EUT
2. / / / / /

Note:

(1)  Unless otherwise denoted as EUT in [Remark] column , device(s) used in tested
system is a support equipment.
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3. Summary of Test Results

FCC Rules Description Of Test Result
AC Power Conducted
815.207 Emission N/A(see note 1)
§15.247(d),815.209 Radiated Emission Compliant
§15.247(a)(1) Channel Separation test Compliant
§15.247(a)(1) 20dB Bandwidth Compliant
§15.247(a)(1)(iii) Quantity of Hopping Channel Compliant
§15.247(a)(1)(ii) Time of O(_:rci:rt:]pé?ncy(Dwell Compliant
§15.247(b) Max Peak output Power test Compliant
§15.247(d) Band edge test Compliant
§15.203 Antenna Requirement Compliant

Remark: The product was tested under the battery fully charged.

Note 1: During the charging proceed, the Bluetooth function of this device is inactive.

Note 2: Left and right earbuds have the same RF module and antenna, schematics,
PCB Layout and component, Here right earbud was selected for related
conducted tests. And for the radiated test, both earbuds are under the test.
Right earbug acts as a master device and left earbud acts as a slave device.
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4. Description of test modes

The EUT has been tested under its typical operating condition. Pre-defined engineering
program for regulatory testing used to control the EUT for staying in continuous transmitting.
Only the worst case data were reported.

The EUT has been associated with peripherals pursuant to ANSI C63.10-2013 and
configuration operated in a manner tended to maximize its emission characteristics in a
typical application. Frequency range investigated: radiation (9 KHz to the 10th harmonics of
the highest fundamental frequency or to 40 GHz, whichever is lower).

The EUT has been tested under TX operating condition.

This EUT is a FHSS system, were conducted to determine the final configuration from all
possible combinations. We use software control the EUT, Let EUT hopping on and transmit
with highest power, all the modes GFSK, N/4-DQPSK have been tested. 79 Channels are
provided by EUT. The 3 channels of lower, medium and higher were chosen for test.

Channel Frequency(MHz)
1 2402
40 2441
79 2480

TRF No.: FCC 15.247/A Page 11 of 66 Report No.: ES181119022E Ver.1.0



TRF No.: FCC 15.247/A

5. TEST SYSTEM UNCERTAINTY

EMITEK

Access to the World

The following measurement uncertainty levels have been estimated for tests performed on the

apparatus:
Parameter Uncertainty

Radio Frequency +1x107-5
Maximum Peak Output Power Test +1.0dB
Conducted Emissions Test +2.0dB
Radiated Emission Test +2.0dB
Power Density +2.0dB
Occupied Bandwidth Test +1.0dB
Band Edge Test +3dB
All emission, radiated +3dB
Antenna Port Emission +3dB
Temperature +0.5C
Humidity +3%

Remark: The coverage Factor (k=2), and measurement Uncertainty for a level of Confidence of 95%

Page 12 of 66
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Radiated Emission Test

6.1 Measurement Procedure

1.

2.

The testing follows the guidelines in Spurious Radiated Emissions of ANSI

C63.10-2013.

Below 1000MHz, The EUT was placed on a turn table which is 0.8m above ground

plane. And above 1000MHz, The EUT was placed on a styrofoam table which is 1.5m

above ground plane.

The EUT was set 3 meters from the interference receiving antenna, which was

mounted on the top of a variable height antenna tower.

For each suspected emission, the EUT was arranged to its worst case and then tune

the Antenna tower (From 1m to 4m) and turntable (from O degree to 360 degree) to

find the maximum reading. A pre-amp and a high pass filter are used for the test in
order to get better signal level to comply with the guidelines.

Set to the maximum power setting and enable the EUT transmit continuously.

Final measurement (Above 1GHz): The frequency range will be divided into different

sub ranges depending of the frequency range of the used horn antenna. The EMI

Receiver set to peak and average mode and a resolution bandwidth of 1LMHz. The

measurement will be performed in horizontal and vertical polarization of the

measuring antenna and while rotating the EUT in its vertical axis in the range of 0

degree to 360 degree in order to have the antenna inside the cone of radiation.

Test Procedure of measurement (For Above 1GHz):

1) Monitor the frequency range at horizontal polarization and move the antenna over
all sides of the EUT(if necessary move the EUT to another orthogonal axis).

2) Change the antenna polarization and repeat 1) with vertical polarization.

3) Make a hardcopy of the spectrum.

4) Measure the frequency of the detected emissions with a lower span and resolution
bandwidth to increase the accuracy and note the frequency value.

5) Change the analyser mode to Clear/ Write and found the cone of emission.

6) Rotate and move the EUT, so that the measuring distance can be enlarged to 3m
and the antenna will be still inside the cone of emission.

7) Measure the level of the detected frequency with the correct resolution bandwidth,
with the antenna polarization and azimuth and the peak and average detector,
which causes the maximum emission.

8) Repeat steps 1) to 7) for the next antenna spot if the EUT is larger than the
antenna beamwidth.
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When spectrum scanned from 30MHz to 1GHz setting resolution bandwidth 120KHz and

video bandwidth 300KHz:

EMI Test Receiver Setting
Attenuation Auto

RB 120KHz
VB 300KHz
Detector QP
Trace Max hold

When spectrum scanned above 1GHz setting resolution bandwidth 1MHz, video

bandwidth 3MHz:

EMI Test Receiver Setting
Attenuation Auto

RB 1MHz

VB 3MHz
Detector Peak+AV
Trace Max hold

When spectrum scanned above 1GHz setting resolution bandwidth 1MHz, video

bandwidth 10Hz:

EMI Test Receiver Setting
Attenuation Auto

RB 1MHz
VB 10Hz
Detector Peak
Trace Max hold

TRF No.: FCC 15.247/A
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6.2 Test SET-UP (Block Diagram of Configuration)

(A) Radiated Emission Test Set-Up, Frequency Below 30MHz

Turntable
EUT

Test
Receiver

=

Ground Plane Coaxial Cable

(B) Radiated Emission Test Set-Up, Frequency Below 1000MHz

| ]
e 3Mm __; ‘
Turntable
\ EUT 1m to 4m
Spectrum §
Analyzer 0.8m
A | |

l —/'
Ground Plane E Coaxial Cable

(C) Radiated Emission Test Set-Up, Frequency above 1000MHz

| —

Turntable

x EUT A Dlllh |

Test
Receiver

1.5m Amplifier
[ |
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Item Equipment Manufacturer Model No. Serial No. Characteristics Last Cal. In?e?ll.al
1 Test Receiver Rohde & Escl | 1166:5950.0 | 9KHz-3GHz 1 o516/2018 | 1 Year
Schwarz 3
2. Loop Antenna Schwarzbeck FMZB 1519 012 9 KHz -30MHz 05/16/2018 1 Year
3. Bilog Antenna Schwarzbeck VULB9163 000141 25MHz-2GHz | 05/16/2018 1 Year
4, Power Amplifier CDS RSU-M352 818 1IMHz-1GHz 05/16/2018 1 Year
5. Power Amplifier HP 8447F OPT H64 1GHz-26.5GHz | 05/16/2018 1 Year
6. Color Monitor SUNSPO SP-140A N/A -- 05/16/2018 1 Year
7. Single Line Filter JIANLI XL-3 N/A - 05/16/2018 1 Year
8. Single Phase JIANLI DL-2X100B N/A - 05/16/2018 | 1 Year
Power Line Filter
9. 3 Phase Power JIANLI DL-4X100B N/A ” 05/16/2018 | 1 Year
Line Filter
10. DC Power Filter JIANLI DL-2X50B N/A -- 05/16/2018 1 Year
11. Cable Schwarzbeck PLF-100 549489 9KHz-3GHz 05/16/2018 1 Year
12. Cable Rosenberger CILO2 A0783566 9KHz-3GHz 05/16/2018 1 Year
13. Cable Rosenberger RG 233/U 525178 9KHz-3GHz 05/16/2018 1 Year
14. | Signal Analyzer Rohde & FSV30 103040 9KHz-40GHz | 5/16/2018 | 1 Year
Schwarz
15. Horn Antenna Schwarzbeck BBHA9120D | 9120D-1272 1GHz-18GHz 05/16/2018 1 Year
16. Horn Antenna Schwarzbeck BBHA 9170 BBHggl?OS 14GHz -26.5GHz 05/16/2018 1 Year
17. | Power Amplifier LUNAR EM LNA1€18'4 3101220000 1GHz-26.5GHZ | 5/16/2018 | 1 Year
18. Cable H+S CBL-26 N/A 1GHz-26.5GHz | 05/16/2018 1 Year
19. Cable H+S CBL-26 N/A 1GHz-26.5GHz | 05/16/2018 1 Year
20. Cable H+S CBL-26 N/A 1GHz-26.5GHz | 05/16/2018 1 Year

TRF No.: FCC 15.247/A
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6.4 Radiated Emission Limit

The emissions from an intentional radiator shall not exceed the field strength levels
specified in the following table 15.209(a):

Frequencies Field Strength Measurement Distance
(MHz) (micorvolis/meter) (meters)
0.009~0.490 2400/F(KHz) 300
0.490~1.705 24000/F(KHz) 30
1.705~-30.0 30 30
30~88 100 3
B88~216 150 3
216~960 200 3
Above 960 500 3
15.205 Restricted bands of operation
MHz MHz MHz GHz
0.090-0.110 1642 - 16.423 3999 - 410 45-515
'0.495 - 0.505 16.69475 - 16.69525 608 - 614 535-546
2.1735-2.1905 16.80425 - 16.80475 960 - 1240 725-7.75
4125-4128 255-25.67 1300 - 1427 8025-85
417725 -417775 375-3825 1435 - 16265 90-92
420725 -4.20775 73-746 16455 - 1646.5 93-95
6.215-6.218 748-752 1660 - 1710 10.6-127
626775 - 626825 108 -12194 17188 -17222 1325-134
6.31175-6.31225 123 -138 2200 - 2300 1447 -14.5
8.291 -8.294 1499 - 150.03 2310 - 2390 1535-16.2
8362 - 8366 15652475 - 15652525 2483 5 - 2500 177-214
837625 - 838675 156.7-156.9 2690 - 2900 2201-2312
8.41425-8.41475 162.0125-167.17 3260 - 3267 236-240
1229 -12.2093 167.72-173.2 3332 - 3339 31.2-318
1251975 - 1252025 240 - 285 33458 - 3358 36.43-365
1257675 -12.57725 322-3354 3600 - 4400 )

Remark 1. Emission level in dBuV/m=20 log (uV/m)

2. Measurement was performed at an antenna to the closed point of EUT
distance of meters.

3. Only spurious frequency is permitted to locate within the Restricted Bands
specified in provision of £ 15.205, and the emissions located in restricted
bands also comply with 15.209 limit.
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Below 30MHz:

Operation Mode: TX Test Date : November 19, 2018
Frequency Range: 9KHz~30MHz Temperature : 28T

Test Result: PASS Humidity : 65 %

Measured Distance:  3m Test By: Lin

Freq. Ant.Pol. Emission Limit 3m Over

Level
(MHz) H/V (dBuVv/m) (dBuV/m) (dB)

Note: The low frequency, which started from 9KHz-30MHz, was pre-scanned and the
result which was 20dB lower than the limit line per 15.31(0) was not reported.

Below 1000MHz:

Pass.

All the modulation modes were tested the data of the worst mode (I/4-DQPSK TX
2402MHz) are recorded in the following pages and the others modulation methods do not

exceed the

limits.

Please refer to the following data.

TRF No.: FCC 15.

247/A
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80.0 dBu¥/m

limat1: —_—
Margin:
70
60
50 |-
I
10 I HiH
Il
30 i ;
1] 5
20
10
0.0
30.000 10 50 60 70 80 (MHz) 300 400 500 600D 700  1000.000
Site Chamber #1 Polarization: Horizontal Temperature: 26
Limit: (RE)FCC PART 15 C 3m Power: Battery 3.7V Humidity: 55 %
Mode: TX2402
Note:
Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor ment Limit  Over Height Degree
MHz dBuV dB dBuvim dBuV/m dB Detactor cm degree  Comment
1 30.0000 4269 -18.76 23.93 4000 -16.07 QP
2 218.1800 4958 -16.92 32.66 4600 -13.34 QP
3 237.5800 5412 -1589 38.23 4600 -7.77 QP
4 * 2540700 5393  -15.51 38.42 4600 -7.58 QP
5 301.6000 4238  -13.91 28.47 4600 -17.53 QP
6 800.1800 27.58 -3.29 2429 4600 -21.71 QP
*Maximum data  x:Over limit  l:over margin Operator:  huang
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80.0 dBu¥/m

limit1: —_—
Margin:
70

60

0 [

40 I

30

20

10

0.0

30.000 40 50 60 70 80 (MHz] 300 400 500 600 700  1000.000
Site Chamber #1 Polarization: Vertical Temperature: 26
Limit: (RE)FCC PART 15 C 3m Power: Battery 3.7V Humidity: 55 %
Mode:TX2402
Note:

Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor ment Limit  Over Height Degree
MHz dBuV dB dBuM/m dBuVim dB Detector cm degree  Comment

1 * 300000 4201 -18.76 2325 4000 -16.75 QP
2 53.2800 3660 -16.50 20.10 40.00 -1990 QP
3 126.0300 4068 -19.58 21.10 4350 -2240 QP
4
5

241.4600 4026 -15.94 2432 46.00 -21.68 QP
442 2500 39.62 -10.94 28.68 46.00 -17.32 QP
864.2000 2765 -4.13 23.52 46.00 -2248 QP

s3]

“Maximum data  x:Over limit l:over margin Operator. huang
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Operation Mode: GFSK (CH1: 2402MHz) Test Date : November 19, 2018
Ant. Reading Correct Emission Limit .
Freq. Pol. | Level(dBuV/m) | Factor | Level(dBuV/m) [3m(dBuV/m Margin(dB)
(MHz) | HV PK AV dB PK AV PK | AV PK AV
4804 V 94.44 | 74.95 -32.3 | 62.14 | 4265 | 74 [ 54 | -11.86 | -11.35
7206 V 975 | 78.76 -37.2 60.3 | 4156 | 74 |54 | -13.7 | -12.44
9608 V 98.16 | 79.43 -39.8 | 58.36 | 3963 | 74 | 54 | -15.64 | -14.37
12010 | V 96.88 | 78.08 -405 | 56.38 | 37.58 | 74 [ 54 | -17.62 | -16.42
14412 | V 98.05 | 79.58 417 | 56.35 | 37.88 | 74 [ 54 | -17.65 | -16.12
16814 | V 9547 | 76.58 -40 5547 | 3658 | 74 | 54 | -18.53 | -17.42
4804 H 93.69 | 75.18 -31.6 | 62.09 | 4358 | 74 [ 54 |-1191 | -1042
7206 H 95.71 | 76.82 -355 | 6021 | 4132 | 74 [ 54 | -13.79 | -12.68
9608 H 96.66 | 77.96 -38.3 | 58.36 | 39.66 | 74 | 54 | -15.64 | -14.34
12010 | H 95.35 | 76.52 -39 56.35 | 3752 | 74 | 54 | -17.65 | -16.48
14412 H 98.34 | 79.52 -42 56.34 | 3752 | 74 | 54 | -17.66 | -16.48
16814 | H 946 | 75.88 -39.3 553 |1 3658 | 74 | 54| -18.7 | -17.42
Operation Mode: GFSK (CH40: 2441MHz) Test Date : November 19, 2018
Freq. | Ant. Reading Correct Emission Limit Margin(dB)
Pol. | Level(dBuVv/m) | Factor Level(dBuv/m) 3m(dBuVv/m)
(MH2) | HV | PK AV dB PK AV PK | AV PK AV
4882 | V 94.6 75.95 | -32.3 62.3 43.65 74 54 | -11.7 | -10.35
7323 | V. | 9843 | 79.08 | -37.2 61.23 41.88 74 54 [-12.77 ] -12.12
9764 | V_[100.38 | 80.05 | -39.8 60.58 40.25 74 54 [-13.42| -13.75
12205| V | 99.13 | 80.13 | -40.5 58.63 39.63 74 54 |[-15.37 | -14.37
14646 | V | 97.32 | 78.78 -41 56.32 37.78 74 54 |[-17.68 | -16.22
17087 | V | 96,57 | 77.68 | 41.1 55.47 36.58 74 54 |[-18.53 | -17.42
4882 | H | 93.73 | 74.86 | -31.6 62.13 43.26 74 54 [-11.87 | -10.74
7323 | H | 95.71 | 77.08 | -35.5 60.21 41.58 74 54 [-13.79| -12.42
9764 | H | 9793 | 78.62 | -38.3 59.63 40.32 74 54 [-14.37 | -13.68
12205| H | 95.38 | 76.41 -39 56.38 37.41 74 54 |[-17.62 | -16.59
14646 | H | 98.47 | 79.58 -42 56.47 37.58 74 54 |[-17.53 | -16.42
17087 | H | 96,52 | 78.08 | 415 55.02 36.58 74 54 [-18.98 )| -17.42
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Operation Mode: GFSK (CH79: 2480MHz) Test Date: November 19, 2018
Freq. | Ant Reading Correct Emission Limit Margin(dB)
Pol. | Level(dBuv/m) | Factor Level(dBuV/m) 3m(dBuV/m)

(MHz) | HNV PK AV dB PK AV PK AV PK AV

4960 V 94.62 | 75.92 | -32.3 62.32 43.62 74 54 |-11.68 | -10.38
7440 V 984 | 79.78 | -37.2 61.2 42.58 74 54 -12.8 | -11.42
9920 V 99.1 | 80.12 | -39.8 59.3 40.32 74 54 -14.7 | -13.68
12400 V 99.13 | 80.35 | -40.5 58.63 39.85 74 54 |-15.37 | -14.15
14880 V 97.32 | 7885 | -41 56.32 37.85 74 54 |-17.68 | -16.15
17360 V 96.87 | 77.9 | -41.1 55.77 36.8 74 54 |-18.23 | -17.2
4960 H 9391 | 75.18 | -31.6 62.31 43.58 74 54 |-11.69 | -10.42
7440 H 95.86 | 76.86 | -35.5 60.36 41.36 74 54 |-13.64 | -12.64
9920 H 97.77 | 78,53 | -38.3 59.47 40.23 74 54 | -1453 | -13.77
12400 H 97.63 | 78.85 | -39 58.63 39.85 74 54 |-15.37 | -14.15
14880 H 98.36 | 79.58 | -42 56.36 37.58 74 54 |-17.64 | -16.42
17360 H 96.97 | 77.78 | -415 55.47 36.28 74 54 |-1853 | -17.72

Operation Mode:

Pi/4-DQPSK (CH1: 2402MHz)

Test Date : November 19, 2018

Freq Ant. Reading Correct Emission Limit Over(dB)
' Pol. | Level(dBuV/m) | Factor | Level(dBuV/m) |3m(dBuVv/m)

(MHz) | HNV PK AV dB PK AV PK | AV PK AV
4804 Vv 95,55 [ 75.64 | -32.3 | 63.25 4334 | 74 54 |-10.75]| -10.7
7206 Vv 98.52 | 79.53 | -37.2 61.32 4233 | 74 54 |-12.68 | -11.7
9608 Vv 100.36 | 8145 | -39.8 | 60.56 4165 | 74 54 |[-13.44|-124
12010 V 100.16| 81 -40.5 | 59.66 40.5 74 54 |[-14.34 | -135
14412 \Y 99.95 | 80.99 | 417 58.25 39.29 74 54 |-15.75]| -14.7
16814 Vv 96.36 | 77.63 -40 56.36 3763 | 74 54 |[-17.64 | -16.4
4804 H 9475 | 759 | -316 | 63.15 44.3 74 54 |[-10.85| -9.7
7206 H 96.7 | 77.86 | -35.5 61.2 4236 | 74 54 | -12.8 | -11.6
9608 H 97.93 | 78.88 | -38.3 59.63 4058 | 74 54 |[-14.37|-134
12010 H 97.63 | 78.63 -39 58.63 39.63 | 74 54 |[-15.37|-144
14412 H 99.81 | 80.63 -42 57.81 38.63 | 74 54 |[-16.19| -154
16814 H 955 | 76.88 | -39.3 56.2 3758 | 74 54 | -17.8 | -164
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November 19, 2018

Freq Ant. Reading Correct Emission Limit Over(dB)
" | Pol. | Level(dBuV/m) | Factor Level(dBuV/m) |3m(dBuv/m

(MHz) | HV PK AV dB PK AV PK [ AV PK AV
4882 | V. [ 9362 | 74.62 | -32.3 61.32 42.32 74 | 54 |-12.68 | -11.68
7323 | V| 95.83 | 76.83 | -37.2 58.63 39.63 74 | 54 |-15.37 | -14.37
9764 | V | 97.12 | 7842 | -39.8 57.32 38.62 74 | 54 |-16.68 | -15.38
12205| V | 96.85 | 77.65 | -40.5 56.35 37.15 74 | 54 | -17.65 | -16.85
14646 | V | 96.52 | 78.88 -41 55.52 37.88 74 | 54 |-18.48 | -16.12
17087 | V |96.46 | 77.68 | -41.1 55.36 36.58 74 | 54 |-18.64 | -17.42
4882 H 92.8 | 73.73 | -31.6 61.2 42.13 74 | 54 | -12.8 | -11.87
7323 H 9419 | 75.35 | -35.5 58.69 39.85 74 54 | -15.31 | -14.15
9764 H |95.82 [ 77.26 | -38.3 57.52 38.96 74 | 54 | -16.48 | -15.04
12205 H 9558 | 76.51 -39 56.58 37.51 74 54 | -17.42 | -16.49
14646 H 97.63 | 79.58 -42 55.63 37.58 74 54 | -18.37 | -16.42
17087 H 96.67 | 78.08 | -41.5 55.17 36.58 74 54 | -18.83 | -17.42

Operation Mode:

Pi/4-DQPSK (CH79: 2480MHz)

Test Date : November 19, 2018

Freq Ant. Reading Correct Emission Limit Over(dB)
' Pol. Level(dBuV/m) Factor Level(dBuV/m) 3m(dBuV/m)

(MHz) | HN PK AV dB PK AV PK | AV | PK AV
4960 vV 093.68 | 74.99 -32.3 61.38 42.69 74 | 54 |-12.62[-11.31
7440 V 97.52 78.43 -37.2 60.32 41.23 74 54 |[-13.68 |-12.77
9920 V 0843 | 7948 -39.8 58.63 39.68 74 | 54 |-15.37-14.32
12400 V 98.02 78.97 -40.5 57.52 38.47 74 54 |[-16.48 | -15.53
14880 V 97.3 78.63 -41 56.3 37.63 74 54 | -17.7 |-16.37
17360 Vv 96.46 | 77.68 -41.1 55.36 36.58 74 | 54 |-18.64[-17.42
4960 H 92.97 | 73.92 -31.6 61.37 42.32 74 | 54 |-12.63[-11.68
7440 H 95.91 76.73 -35.5 60.41 41.23 74 54 |[-13.59|-12.77
9920 H 97.56 78.53 -38.3 59.26 40.23 74 54 |-14.74 |-13.77
12400 H 97.58 | 78.63 -39 58.58 39.63 74 | 54 |-15.42|-14.37
14880 H 98.32 79.51 -42 56.32 37.51 74 54 |[-17.68 |-16.49
17360 H 96.83 | 78.49 -41.5 55.33 36.99 74 | 54 |-18.67[-17.01

Other harmonics emissions are lower than 20dB below the allowable limit.
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Note: (1) All Readings are Peak Value and AV.
(2) Emission Level= Reading Level+ Probe Factor +Cable Loss.
(3) The average measurement was not performed when the peak measured data
under the limit of average detection.
(4) Measuring frequencies from 1GHz to 25GHz.
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6.5 Radiated Measurement Photos:
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7. Channel Separation test

7.1 Measurement Procedure
The EUT was operating in hopping mode or could be controlled its channel. Printed out
the test result from the spectrum by hard copy function.

The following table is the setting of spectrum analyzer.

Spectrum analyzer Setting
Attenuation Auto
Span Frequency 3MHz
RBW 100K
VBW 300K
Detector Peak
Trace Max hold
Sweep Time Auto

Limit:

FCC Part 15, Subpart C, 815.247 (a) (1)

Frequency hopping systems shall have hopping channel carrier frequencies separated by
a minimum of 25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.
Alternatively, frequency hopping systems operating in the 2400-2483.5 MHzband 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 mW. 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.

7.2 Test SET-UP (Block Diagram of Configuration)

EUT Spectrum Analyzer

7.3 Measurement Equipment Used:

EQUIPMENT MFR MODEL SERIAL Characteristics LAST

TYPE NUMBER NUMBER CAL.
Spectrum Analyzer |Rohde & Schwarz FSV30 1321.3008K 10Hz-30GHz | 05/16/2018
Coaxial Cable CDS 79254 46107086 10Hz-30GHz | 05/16/2018
Antenna Connector | ARTHUR-YANG | 2244-N1TG1 N/A 10Hz-30GHz | 05/16/2018

Remark: The temporary antenna connector is soldered on the PCB board in order to perform
conducted tests and this temporary antenna connector is listed in the equipment list.

7.4 Measurement Results:
Refer to attached data chart.
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Spectrum Detector: PK Test Date : December 25, 2018
Test By: YF Temperature : 24°C
Test Result: PASS Humidity : 53 %
Modulation: GFSK
Channel number Channel Separation Read Separation Limit
frequency (MHz) Value (kHz) 2/3 20dB Down BW(kHz)
1 2402 1003 >755
40 2441 1003 >753
79 2480 1003 >753
[ Spectrum -] [ua
Ref Level 10.00 d&m & RBW 100 kHz
Al A0 G SWT 19 ps & VBW 200 kHz  Mode asuto FFT
1Pk Max
D2[1] _II.1HrIIL
0 dém . Mi[1) . 4.29 I:II'!-rll
.—-——h!'-__—\\ = ~—& 240197830 GHz
=10 dibrn - il ."-._ .'/. ‘L\'\
~ LY 4 N
30 dBm e =N eury
/|
<30 dm —1— I
x*—-..f""‘\_‘_,..a—' '\x_r"{-' =
-0 B
-=0 dam
=60 dim
-70 digm
20 i
'CF 2,402 GHz 691 pts Span 3.0 MHz
" Measuring...  RRNARRNED 0 ISk
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Spectrum uv::r
Ref Level 10.00 d&m & RBW 100 kHz
Atk A0 dEE  sWT 19 ps & VBW 200 kHz  Mmode auto FFT
1Pk Max
D[] -0.18 dB
1.00290 MHz
0 dém M 1] 6.91 dBm
M1 r 243997970 GHz
mfi}#fﬂ it K L \\ >
\\ /_/ -] J H"\-\_\_\_\_
oo N7 ~ ~]
=30 dim
=401 iR
<50 dam
50 dim
-70 dm
20 dim
CF 2.441 GHz 691 pts Span 3.0 MHz
L ik )b L E o [ERTE R
Spectrum uv::r
Ref Level 10.00 d&m & RBW 100 kHz
Al A0 G SWT 19 ps & VBW 200 kHz  Mode asuto FFT
1Pk Maw
D2[1] -0.32 dB
1.00290 MHz
0 dBrm [ 1] o.56 dBm
. 247095800 GHz
-10 dilm :..:
i AR
s - z -
<30 dém \\“\
40 diEam -
50 dam
50 dim
-70 dim
20 dirm
CF 2.48 GHz 691 pts Span 3.0 MHz
L ik IR TR = W LRT I
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Spectrum Detector: PK Test Date : December 25, 2018
Test By: YF Temperature : 24°C
Test Result: PASS Humidity : 53 %
Modulation: M/4-DQPSK
Channel number Channel Separation Read Separation Limit
frequency (MHz) Value (kHz) 2/3 20dB Down BW(kHz)
1 2402 1003 >952
40 2441 1003 >949
79 2480 1003 >949
Spectrum [uﬂ
Ref Level 10.00 d&m & RBW 100 kHz
Al A0 G SWT 19 ps & VBW 200 kHz  Mode asuto FFT
1Pk Max
D2[1] _II.1HrIIL
0 dBm Mi[1) s . 5.54 I:II'!-rll
[BF . 2.40295950 GHz
40 B e e B .-Lf-_“_"‘ﬂu—r’”_\"'#_ il '_'-u:\"_ '_""""'_"—_\_\_ =
/
-20 dem —~
{
<30 dm — L
RN B, o
=40 QR
-=0 dam
=60 dim
-0 diEm
20 i
'CF 2,402 GHz 691 pts Span 3.0 MHz
i Measuring... [ ERARRNNN G iS4 g
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&

Ref Level 10.00 d&m

30 g

& RBW 100 kHz
SWT 19 pys & VBW 300 kHz Mode Auto FFT

1Pk Max

0 dém

nz[1]

Mi[1)

-0.05 dB
-1.002%90 MH2
7.92 dBm
244095220 GHz

-20 d&m

—

-30 dgm

=<0 i

-50 dem

=50 dim

-70 dam

-0 dim

CF 2.441 GHz
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Spectrum uv::r
Ref Level 10.00 d&m & RBW 100 kHz
Atk A0 dEE  sWT 19 ps & VBW 200 kHz  Mmode auto FFT
B 1Pk Max
D2[1] 0.07 di
-1,00290 MHz
0 dBm M 1] 10.35 dBm
247995660 GHZz
-10 dBm A L3
ﬂfﬂﬂhhthﬂw -\\r‘_—\-\_ﬂ—\—\_;—_;\\
=20 dEm -
=30 digm
4D dam e cmm
<50 dim
50 dim
-70 digam
20 digm
CF 2.48 GHz 691 pts Span 3.0 MHz
L ik )b L m wo [ERETTR
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8. 20dB Bandwidth test

8.1 Measurement Procedure

The EUT was operating in hopping mode or could be controlled its channel. Printed out
the test result from the spectrum by hard copy function.
The RF output of EUT was connected to the spectrum analyzer by RF cable and attenuator.
The path loss was compensated to the results for each measurement.
Set to the maximum power setting and enable the EUT transmit continuously
Set RBW = 1% occupied bandwidth (L00KHz).
Set the video bandwidth (VBW) =300KHz.
Set Span= approximately 2 to 3 times the occupied bandwidth
Set Detector = Peak.
Set Trace mode = max hold.
Set Sweep = auto couple.
The EUT should be transmitting at its maximum data rate. Allow the trace to stabilize. Use
the marker-to-peak function to set the marker to the peak of the emission. Use the
marker-delta function to measure 99% down one side of the emission. Reset the
markerdelta function, and move the marker to the other side of the emission, until it is (as
close as possible to) even with the reference marker level. The marker-delta reading at this
point is the 99% bandwidth of the emission.
If this value varies with different modes of operation (e.g., data rate, modulation format,
etc.), repeat this test for each variation.

Limit:

FCC Part 15, Subpart C, §15.247 (a) (1)

Frequency hopping systems shall have hopping channel carrier frequencies separated by
a minimum of 25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.
Alternatively, frequency hopping systems operating in the 2400-2483.5 MHzband 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 mW. 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.

8.2 Test SET-UP (Block Diagram of Configuration)

EUT Spectrum Analyzer
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EQUIPMENT MFR MODEL SERIAL Characteristics LAST

TYPE NUMBER NUMBER CAL.
Spectrum Analyzer |Rohde & Schwarz FSV30 1321.3008K 10Hz-30GHz | 05/16/2018
Coaxial Cable CDS 79254 46107086 10Hz-30GHz | 05/16/2018
Antenna Connector | ARTHUR-YANG | 2244-N1TG1 N/A 10Hz-30GHz | 05/16/2018

Remark: The temporary antenna connector is soldered on the PCB board in order to perform
conducted tests and this temporary antenna connector is listed in the equipment list.

8.4 Measurement Results:

Refer to attached data chart.

Spectrum Detector: PK Test Date : December 25, 2018
Test By: YF Temperature : 24°C
Test Result: PASS Humidity : 53 %
Modulation: GFSK
Channel frequency 20dB Down
Channel number (MH2) BW (kH2)

1 2402 1133

40 2441 1129

79 2480 1129
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Spectrum uv::r
Ref Level 10.00 d&m & RBW 100 kHz
Atk A0 dEE  sWT 19 ps & VBW 200 kHz  Mmode auto FFT
@ 1Pk Max
»1[1] 4.16 dBm
240192620 GHz
0 dBrm I nda 20.00 di
_}.-v""" _”'H\ Bw 1.133100000 MHz
=10 dan _;""/ \“EIIJHM 2119.7
20 dBm / - - '\;\
-0 dgm '
o
40 dem “-—’“-“‘/ o
L — T
50 dam
&0 dgm
=70 i
20 dirn
CF 2.402 GHz 691 pts Span 3.0 MHz
-Mnrlmr
| Type | Bef | Trc | ¥-walue | ¥-valua | Function | Function Result |
| M1 1 24019262 GHz -4,16 dém ndB down 1.1331 MHz
Tl 1 24013818 GHz -24,12 dém nd@ 20.00 dg
| T2 i 24024949 GHz -24.18 dém Q factor 2118.7
L X T T
Spectrum uv::r
Ref Level 10.00 d&m & RBW 100 kHz
Atk A0 dEE  sWT 19 ps & VBW 200 kHz  Mmode auto FFT
@ 1Pk Max
MI[1] 6.84 dBm
2.44096960 GHz
0 dBrm M1 nda 20.00 di
—— Bw 1.128800000 MHz
-1 dgm: =0 factor 2162.4
e L
-20 dem o) e \.‘E\
-30 dém /f ~]
=4 i
H_,_a—'—"‘—\-u- C— -‘_\\
|
=50 dam oy
&0 dgm
=70 i
20 dirn
CF 2.441 GHz 691 pts Span 3.0 MHz
-Mnrlmr
| Type | Bef | Trc | ¥-walue | ¥-valua | Function | Function Result |
M1 1 24409696 GHz -&,84 dém ndB down 1.1288 MHz
| Tl 1 24403575 GHz -26.78 dém nd@ 20.00 dg
T2 i 24414863 GHz -26.85 dém Q factor 2162.4
L X T T
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Spectrum '1;’5'
Ref Level 10.00 d&m & RBW 100 kHz
Atk A0 dEE  sWT 19 ps & VBW 200 kHz  Mmode auto FFT
@ 1Pk Max
MA[1] 9.43 dBm
2. 47996960 GHz
0 dBrm el nda 20.00 di
- Bw 1.128800000 MHz
-1 dgm: = \Dluctnr 2197.0
<20 diim — atl ——
T 1_‘.—#"" e 1
-30 dam /"" A N
=40 g s
H_'J-Hf‘_ﬁ_\""- \'-‘_,—'-"’_
| S0 ekl =
&0 dgm
=70 i
20 dirn
CF 2.48 GHz 691 pts Span 3.0 MHz
-Mnrlmr
| Type | Bef | Trc | ¥-walue | ¥-valua | Function | Function Result |
M1 1 2,47996946 GHz -9.43 dém ndB down 1.1288 MHz
Tl 1 24793575 GHz -29.41 dém nd@ 20.00 dg
| T2 i 24804863 GHz -29.36 dém Q factor 2197.0
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Spectrum Detector: PK Test Date : December 25, 2018
Test By: YF Temperature : 24°C
Test Result: PASS Humidity : 53 %
Modulation: M/4-DQPSK
Channel frequency 20dB Down
Channel number
(MH2z) BW (kHz)
1 2402 1428
40 2441 1424
79 2480 1424
Spectrum @
Raf Level 10.00 d8m & RBW 100 kHz
Al A0 G SWT 19 ps & VBW 200 kHz  Mode asuto FFT
@ 1Pk May
»1[1] 5.02 dBm
240195220 GHz
O dBm rndB 20.00 de
e i— -—'—”""—"'_"!“"_‘—I-hu__q 1. 428400000 MHz
-10 dim = Q factok., 1681.6
rd
=20 dam ==
J ke
-30 dém —y T
— e R
=4 fiim
=20 dagm
S0 difm
=70 g
20 dim
CF 2.402 GHz 691 pts Span d.0 MHz
Marker |
Type | Ref | Tre | W-walue | -value |  Function | Function Result |
M1 1 24019522 GHz -5.02 dém ndé down 1. 4284 MHz
T1 1 24012012 GHz -24,99 dam ndB 20,00 da
T2 1 2. 4026295 GHz -25.23 daém Q factor 1681.6

— THaran
Measuring...  ERARSRNN ey g
i
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Spectrum uv::r
Ref Level 10.00 d&m & RBW 100 kHz
Atk A0 dEE  sWT 19 ps & VBW 200 kHz  Mmode auto FFT
@ 1Pk Max
»1[1] .72 dBm
2.44095220 GHz
0 dBrm M1 nda 20.00 di
| [ | . Bw 1424000000 MHz
-10 dim = m\ 1714.1
S
-20 dam 'V'/J/ 1\1 =
-30 dBm J}(‘ T\\
ry e et L e
50 dam
&0 dgm
=70 i
20 dirn
CF 2.441 GHz 691 pts Span 3.0 MHz
-Mnrlmr
| Type | Bef | Trc | ¥-walue | ¥-valua | Function | Function Result |
|| M1 1 2, 4409522 GHz -7.72 dém ndg down 1.424 MHz
| Tl 1 24402012 GHz -27.62 dém nd@ 20.00 dg
T2 i 2. 4416252 GHz -27.59 dém Q factor 1714.1

( N R N T

Spectrum uv::r
Ref Level 10.00 d&m & RBW 100 kHz
Al A0 G SWT 19 ps & VBW 200 kHz  Mode asuto FFT
1Pk Max
MA[1] 10.19 dBm
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9. Quantity of Hopping Channel Test

9.1 Measurement Procedure

The EUT was operating in hopping mode or could be controlled its channel. Printed out
the test result from the spectrum by hard copy function.

9.2 Test SET-UP (Block Diagram of Configuration)

EUT Spectrum Analyzer

9.3 Measurement Equipment Used:

EQUIPMENT MFR MODEL SERIAL Characteristics LAST

TYPE NUMBER NUMBER CAL.
Spectrum Analyzer |Rohde & Schwarz FSV30 1321.3008K 10Hz-30GHz | 05/16/2018
Coaxial Cable CDS 79254 46107086 10Hz-30GHz | 05/16/2018
Antenna Connector | ARTHUR-YANG | 2244-N1TG1 N/A 10Hz-30GHz | 05/16/2018

Remark: The temporary antenna connector is soldered on the PCB board in order to perform
conducted tests and this temporary antenna connector is listed in the equipment list.

9.4 Measurement Results:
Refer to attached data chart.

Worst Test Mode GFSK Test Date : December 25, 2018
Test By: YF Temperature : 25 C
Test Result: PASS Humidity : 50 %
Hopping Channel Quantity of Hopping Quantity of Hopping
Frequency Range Channel Channel
2402-2480 79 >15
Spectrum ] [':%]]
Raf Level 10.00 dém & RBW 300 kHz
At — 30dE  SWY 317 us & VBW 1 MHz mode auto FFT
e D2[1] .:..:l-.:..ln
J,H:H‘llw.f"lllll. r!],-ll|[|lll'lrl|ill~|i !ili]--l!--lur||'|lll:"l_ I'|I!1“r!l'llrli-lri|. 1'.“!'1!':“.":'"':'":'-!”1!"'-rl.l' I“:"-"'I"Iﬂl'l“l' 'IiTI;"llf- - .‘I.- ” ;l, Fr ;
_#Dlﬂ AR L LA L |5|-.||-.5JI|IJ 'II'WI |4'J|l|u|\.|||llf'|'l' 'll'ui
|
'qlBU [ | I
40 [l
Htart 2.4 GHz 691 l!tsJ — ill..ll. “SIUD Z.I:EE:ﬂﬁ::Hzé
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10. Time of Occupancy (Dwell Time) test

10.1 Test Description
The Equipment Under Test (EUT) was set up to perform the dwell time measurements.
The EUT was connected to the spectrum analyzer via a short coax cable. The dwell time is
calculated by:

Dwell time = time slot length * hop rate / number of hopping channels * 31.6s

with:

- hop rate = 1600 * 1/s for DH1 packets = 1600 s™

- hop rate = 1600/3 * 1/s for DH3 packets = 533.33 s™

- number of hopping channels = 79

- 31.6 s = 0.4 seconds multiplied by the number of hopping channels =0.4 s * 79
The following table is the setting of spectrum analyzer.

Spectrum analyzer Setting

Attenuation Auto

Span Frequency OHz

RBW 1MHZ

VBW 3MHZ

Detector Peak

Trace Max hold

Sweep Time 1ms for 1DH1,3ms for 1DH3,5ms for 1DH5

10.2 Test SET-UP (Block Diagram of Configuration)

EUT Spectrum Analyzer

10.3 Measurement Equipment Used:

EQUIPMENT MFR MODEL SERIAL Characteristics LAST

TYPE NUMBER NUMBER CAL.
Spectrum Analyzer |Rohde & Schwarz FSV30 1321.3008K 10Hz-30GHz | 05/16/2018
Coaxial Cable CDS 79254 46107086 10Hz-30GHz | 05/16/2018
Antenna Connector | ARTHUR-YANG | 2244-N1TG1 N/A 10Hz-30GHz | 05/16/2018

Remark: The temporary antenna connector is soldered on the PCB board in order to perform
conducted tests and this temporary antenna connector is listed in the equipment list.
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10.4 Test Requirements / Limits
FCC Part 15, Subpart C, 815.247 (a) (1) (iii)

Frequency hopping systems in the 2400-2483.5 MHz 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. Since the
Bluetooth technology uses 79 channels this period is calculated to be 31.6seconds. Refer
to attached data chart.

10.5 Test result

Mode Number of transmission in a traLnirr]r?ighsioc;ns Result Limit
31.6( 79 Hopping*0.4) time(msec) (msec) (msec)
DH1 1600/(2*79) x 31.6 = 320 0.396 126.72 400
DH3 1600/(4*79) x 31.6 =160 1.657 265.12 400
DH5 1600/(6*79) x 31.6 =106.67 2.957 315.42 400

Remark: The results of worst cased was recorded.

DH1:

Spectrum [u;?]
Raf Level 10.00 dam & RBW 1 MHz
ALt 30 dB & SWT 1ms & VBW 3 MH:z
i@ AP Vil
o2[1] 0.07 di
95,65 ps
O dBrm Mi[1] 50.20 dBm
| | E— ey 278.99 p
-10 dém
20 dam
=20 dim
-40 dém
50 dorm o
1 |
: | "
URI L _I[I RILE '"H M
| |
ICF 2.402 GH; 691 pts 100.0 FSI
L I | Heasuring.. [ NENEENED W 1S
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Spectrum 'I;E'
Raf Lavel 10.00 d&m & RBW 1 MHz
ALL 30 dE & BWT Ims & VBW 3 MHz
i@ AP Vil
D2[1] 0.07 dB
165652 ms
O dBw Mi[1] -57.30 dBm
GRO.B7 ps
R S O T —
=10 digm
20 dam
=20 dim
=40 digm
S0 Al
I |
ST ULl
lCF 2441 GH; 691 pts S00.0 FSI
L JL | Heasuring... SEEENNRED i LEYT TR
Spectrum '1;’5'
Ref Lavel 10.00 d&m & RBW 1 MHz
ALL 30 CE & BWT S5ms & VYBW 3 MHz
B AP Vigw
D2[1] 2,40 dB
2.95652 ms
0 dBm Mi[1] -56.32 dBm
1.34783 ms
B s e n _—
=20 dim
=20 dim
=401 gigm
S0 dim
L L
|
CF 2.48 GHz 691 pts S00.0 psf
=

L JL | Measuring.. (NENNEEED W LR
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11. MAXIMUM PEAK OUTPUT POWER TEST

11.1 Measurement Procedure

a. Check the calibration of the measuring instrument(SA) using either an internal
calibrator or a known signal from an external generator.
b. Turn on the EUT and connect it to measurement instrument. Then set it to any
one convenient frequency within its operating range. Set a reference level on the
measuring instrument equal to the highest peak value.
c. The center frequency of the spectrum analyzer is set to the fundamental
frequency and using proper RBW and VBW setting.
d. Measure the captured power within the band and recording the plot.
e. Repeat above procedures until all frequencies required were complete.

The following table is the setting of spectrum analyzer.

Spectrum analyzer Setting
Attenuation Auto
Span Frequency 9MHz
RBW 3MHZ
VBW 10MHZ
Detector Peak
Trace Max hold
Sweep Time Auto
Limit:

FCC Part 15, Subpart C, §15.247 (b) (1)

For frequency hopping systems operating in the 2400-2483.5 MHz band employing at
least 75 non-overlapping hopping channels, and all frequency hopping systems in the
5725-5850 MHz band: 1 watt. For all other frequency hopping systems in the 2400-2483.5
MHz band: 0.125 watts.

11.2 Test SET-UP (Block Diagram of Configuration)

EUT Spectrum Analyzer

11.3 Measurement Equipment Used:

EQUIPMENT MFR MODEL SERIAL Characteristics LAST

TYPE NUMBER NUMBER CAL.
Spectrum Analyzer |Rohde & Schwarz FSV30 1321.3008K 10Hz-30GHz | 05/16/2018
Coaxial Cable CDS 79254 46107086 10Hz-30GHz | 05/16/2018
Antenna Connector | ARTHUR-YANG | 2244-N1TG1 N/A 10Hz-30GHz | 05/16/2018

Remark: The temporary antenna connector is soldered on the PCB board in order to perform
conducted tests and this temporary antenna connector is listed in the equipment list.
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Refer to attached data chart.
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Spectrum Detector: PK Test Date : December 25, 2018
Test By: YF Temperature : 25 °C
Test Result: PASS Humidity : 50 %
Modulation: GFSK
Channel FChanneI Peak Power | Peak Power | Peak Power Pass/Falil
number requency output(dBm) | output(mW) | Limit(mW)
(MHz)
01 2402 -3.56 0.441 125 PASS
40 2441 -6.21 0.239 125 PASS
79 2480 -8.64 0.137 125 PASS
Spectrum [u;?]
Raf Level 10.00 dam & RBW 3 MHZ
AL 0GR SWT 1.3 ps @ VBW 10 MH: Mode asuto FFT
1Pk Max
Ma[1] . . :i:.'nnl!'.rn
0 dBm ‘ . : :
-10 difim — == _ i —
20 dép- g il — -
.-'"--' "‘1-&
=20 di&m
-0 B
50 d2m
50 dim
-70 digm
20 i
'CF 2,402 GHz 691 pts Span 9.0 MHz
" Measuring... [ ERARRNNN G isAsE
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Spectrum uv::r
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Spectrum Detector: PK Test Date : December 25, 2018
Test By: YF Temperature : 25 °C
Test Result: PASS Humidity : 50 %
Modulation: M/4-DQPSK
Channel FChanneI Peak Power | Peak Power | Peak Power Pass/Falil
number requency output(dBm) | output(mW) | Limit(mW)
(MH2)
01 2402 -1.31 0.740 125 PASS
40 2441 -3.83 0.414 125 PASS
79 2480 -6.36 0.231 125 PASS
Spectrum [ET'?]
Ref Level 10.00 d&m & RBW 3 MHz
AL 0GR SWT 1.3 ps @ VBW 10 MH: Mode asuto FFT
1Pk Max
Ma[1] . 1.31 |I!'.m
0 dBm — — T — i :
-10 dir — = il ~ [ —— =
En?;r; [
=30 dim
-0 B
-=0 dam
=60 dim
-70 digm
20 i
CF 2,402 GHz 691 pts SE an 9.0 MHz
T : | Measuring... .Illl.l. (el A é
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12. Band EDGE test

12.1Measurement Procedure

For Conducted Test

1. The transmitter output is connected to a spectrum analyzer. The resolution bandwidth is
set to 100KHz. The video bandwidth is set to 300KHz.

2. The spectrum from 30MHz to 26 GHz is investigated with the transmitter set to the
lowest, middle, and highest channels.

EMI Test Receiver Setting
Attenuation Auto
RBW 100KHz
VBW 300KHz
Detector Peak
Trace Max hold

For Radiated emission Test

The EUT was placed on a styrofoam table which is 1.5m above ground plane.

The measurement procedure at the ban edges was simplified by performing the
measurement in just one plot. Both, the in-band-emission and the unwanted emission were
be encompassed by the span. After trace stabilization, the maximum peak was be
determined by a peak detector and the value was marked by an appropriate limit line. The
second limit line, which is 20dB below the first, marks the limit for the emissions in the
unrestricted band. A maximum-peak-detector marks the highest emission in the
unrestricted band next to the band edge.

The measurements were performed at the lower end of the 2.4GHz band.

Use the following spectrum analyzer settings:

For Restricted Band, When spectrum scanned above 1GHz setting resolution bandwidth
1MHz, video bandwidth 3MHz:

EMI Test Receiver Setting
Attenuation Auto
RBW 1MHz
VBW 3MHz
Detector Peak
Trace Max hold

For Non-Restricted Band, When spectrum scanned above 1GHz setting resolution

bandwidth 100KHz, video bandwidth 300KHz:

EMI Test Receiver Setting
Attenuation Auto
RBW 100KHz
VBW 300KHz
Detector Peak
Trace Max hold
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12.2 Test SET-UP (Block Diagram of Configuration)

For Conducted Test

EUT

For Radiated emission Test

Turntable

EUT

\

Spectrum Analyzer
............ > 3m <<
A\
4m
I
]
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15 - Test
~> M Amplifier Receiver
[ |

12.3 Measurement Equipment Used:
For Conducted Test

EQUIPMENT MFR MODEL SERIAL Characteristics LAST

TYPE NUMBER NUMBER CAL.

Spectrum Analyzer |Rohde & Schwarz FSV30 1321.3008K 10Hz-30GHz | 05/16/2018

Coaxial Cable CDS 79254 46107086 10Hz-30GHz | 05/16/2018
Antenna Connector | ARTHUR-YANG | 2244-N1TG1 N/A 10Hz-30GHz | 05/16/2018

Remark: The temporary antenna connector is soldered on the PCB board in order to perform
conducted tests and this temporary antenna connector is listed in the equipment list.

For Radiated emission Test

ltem Equipment Manufacturer Model No. Serial No. Characteristics Last Cal. Ing:rl'i/.al
1 Signal Rohde & FSV30 103040 | OKHZ-40GHZ | 45160018 | 1 vear
Analyzer Schwarz
2 | Horn Antenna | Schwarzbeck | BBHA9120D 912(;2—12 1GHz-18GHz 05/16/2018 1 Year
3 Power LUNAREM | LNA1G18-40 | 1010000 | 1GHz-26.5GHz | 5/16/5018 | 1 vear
Amplifier 0081
4 Cable H+S CBL-26 N/A 1GHz-26.5GHz 05/16/2018 1 Year
5 Cable H+S CBL-26 N/A 1GHz-26.5GHz 05/16/2018 1 Year
6 Cable H+S CBL-26 N/A 1GHz-26.5GHz 05/16/2018 1 Year
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12.4 Measurement Results:

Refer to attached data chart.
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Spectrum Detector: PK Test Date : December 25, 2018
Test By: YF Temperature : 25°C
Test Result: PASS Humidity : 50 %
1. Conducted Test
For Non-Hopping Mode:
Frequency | Modulation | Peak Power | Result of Band Band edge
(MHz) Output(dBm) edge(dBc) Limit(dBc)
2399.44 GFSK -4.18 37 >20dBc
2398.74 |pi/4-DQPSK -5.03 23.47 >20dBc
2483.73 GFSK -9.32 29.57 >20dBc
2483.63 |pi/4-DOPSK -10.15 26.44 >20dBc

Test plots of GFSK

Spectrum
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Test plots of pi/4-DQPSK
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Ref Level 10.00 d&m
ALL

& RBW 100 kHz

0GR BWT 19 ps & VBW 200 kHz

Mode Auto FFT

1Pk Max
D3[1] 2644 dB
A.6760 MHZ
0 dBm Mi[1] 10.15 dBm|
e ___\_"._.___ § 24799540 GHZ
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D2| M1 1 3.5456 MHz -27.20 d&
D3 M1 1 2676 MHz -3, b4 dB
il HMeasuring...  [JRARRRNND 0 m
For Hopping Mode:
Frequency | Modulation | Peak Power | Result of Band | Band edge
(MHz) Output(dBm) edge(dBc) Limit(dBc)
2398.37 GFSK -4.29 26.72 >20dBc
2398.42 [pi/4-DQPSK -5.11 25.33 >20dBc
2483.73 GFSK -9.32 29.57 >20dBc
2483.7  |pi/4-DOPSK -10.19 28.78 >20dBc
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Test plots of GFSK
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Test plots of pi/4-DQPSK
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4
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2. Radiated emission Test
Worst test modulation: pi/4-DQPSK
For Non-Hopping Mode:

100.0 dBu¥/m

Limit1: —_—

Limit2:

c

&0

20,0
2310.000 [MHz) 2403.000
Site site #1 Polarization: Horizontal Temperature: 26
Limit: (RE)FCC PART 15 B 3m_PEAK Power: Battery 3.7V Humidity: 55 %
Mode: TX2402
Note:
Reading Correct Measure- Antenna Table
No. Mk. Freq.  Level Factor ment Limit  Over Height Degree
MHz dBuV dB dBuVim dBuVim dB Detector cm degree  Comment
1 2397 885 6853 -18.51 50.02 7400 -2398 peak 0
2 2397 885 5012 -1851 31.61 5400 -2239 AVG 0
3 2399187 7251 -1850 54 .01 7400 -1999 peak 0
4 2399 187 56.25 -18.50 3775 5400 -1625 AVG 0
5 2400.000 5855 -1850 40.05 7400 -3395 peak 0
6 * 2402146 10826 -1849 8977 7400 1577 peak 0
*Maximum data  x:Over limit  l.over margin Operator: washington
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Limit1: —_—
Limit2: —
51
1
20.0
2310.000 MHz) 2403.000
Site site #1 Polarization:  Vertical Temperature: 26
Limit: (RE)FCC PART 15 B 3m_PEAK Power: Battery 3.7V Humidity: 55 %

Mode:TX2402

Note:
Reading Correct Measure- Antenna Table
No. Mk.  Freq.  Level Factor ment Limit Over Height Degree
MHz dBuV dB dBuV/m dBuVim dB Detector cm degree  Comment

1 2355477 5401 -1876 3525 7400 -3875 peak 0

2 2355477 3500 -1876 16.24 5400 -3776 AVG 0

3 2400.000 5959 -1850 41.09 7400 -3291 peak 0

4 * 2401673 11003 -1849 91.54 7400 1754 peak 0
“Maximum data  x:Over limit  l:over margin Operator. washington
TRF No.: FCC 15.247/A Page 55 of 66 Report No.: ES181119022E Ver.1.0
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Limit1: —
1 Limit2: _—
[H1]
3
2
20.0 ]
2478.000 [MHz) 2500.000
Site site #1 Polarization: Horizontal Temperature: 26
Limit: (RE)FCC PART 15 B 3m_PEAK Power: Battery 3.7V Humidity: 55 %
Mode: TX2480
Note:
Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor ment  Limit  Over Height Degree
MHz dBuV dB dBuVim dBuVim dB Detector cm degree  Comment
1 * 2480016 11021 -18.03 9218 7400 1818 peak 0
2 2483500 5279  -18.01 3478 7400 -3922 peak 0
3 2486.052 55.52 -18.00 37.52 7400 -36.48 peak 0
4 2486.052 3825 -18.00 20.25 5400 -3375 AVG 0
*Maximum data x:Over limit  l:over margin
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100.0 dBuV¥/m

Limit1: —_—
1 Limit2: -
31}
20.0
2478.000 (MHz] 2500.000
Site site #1 Polarization:  Vertical Temperature: 26
Limit: (RE)FCC PART 15 B 3m_PEAK Power: Battery 3.7V Humidity: 85 %
Mode: TX2480
Note:
Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor ment Limit Over Height Degree
MHz dBuV dB dBuVim dBuV/m dB Detector cm degree  Comment
1 * 2479819 11039  -18.03 92 36 7400 1836 peak 0
2 2483500 5221 -18.01 3420 7400 -3980 peak 0
3 2488934 5475  -17.98 36.77 7400 -37.23 peak 0
4 2488 934 3569 -1798 17.71 5400 -3629 AVG 0
*Maximum data ¥ Over limit  l'over margin Operator: washington
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For Hopping Mode:

1000 dBu¥/m

Limit1: —_—
Limit2:
L ]
;.
(5]
1
20.0
2310.000 {MHz] 2405.000
Site site #1 Polarization: Horizontal Temperature: 26
Limit: (RE)FCC PART 15 B 3m_PEAK Power: Battery 3.7V Humidity: 55 %
Mode: Hopping
Ncte:
Reading Correct Measure- Antenna Table
No. Mk. Freq.  Level Factor ment Limit Over Height Degree
MHz dBuVv dB dBuV/m dBuVY/m dB Detector cm degree  Commeznt
1 2397780 4531 =577 39.54 7400 -3446 peak ]
2 2397780 30.25 =577 2448 5400 -2952 AVG 0
3 2400000 5580 =575 50.05 7400 -2395 peak 0
4 % 2404 240 94 96 -572 89.24 74.00 1524 peak ]
*Maximum data *:Over limit  Lover margin Operator: washington
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100.0 dBu¥/m

Limit1: —_—
Limit2: —_
8
;.
(1]
1
20.0
2310.000 (MHz) 2405.000
Site site #1 Polarization: Vertical Temperature: 26
Limit: (RE)FCC PART 15 B 3m_PEAK Power: Battery 3.7V Humidity: 55%
Mode: Hopping
Note:
Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor ment  Limit  Over Height Degree
MHz dBuV dB dBuM/m dBuVim dB Detector cm degree  Comment
1 2395975 44 85 -578 39.07 7400 -3493 peak 0
2 2395975 39.16 -578 33.38 54 00 -2062 AVG 0
3 2400.000 5996 -575 54 21 7400 -1979 peak 0
4 * 2404 240 9510 -572 8938 7400 1538 peak 0
*Maximum data x:Over limit  Lover margin Operator: washington
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1000  dBuV/m

Limit1: —_—
),_,_n)I Limit2: —_
(5]
2 3
20.0
2478.500 [MHz) 2510.000
Site site #1 Polarization: Horizontal Temperature: 26
Limit: (RE)FCC PART 15 B 3m_PEAK Power: Battery 3.7V Humidity: 55 %
Mode: Hopping
MNote:
Reading Correct Measure- Antenna Table
No. Mk. Freg. Level Factor ment Limit  Over Height Degree
MHz dBuv dB dBuVim dBuV/m dB Detector cm degree  Comment
1 * 2479823 96 92 -5.20 9172 7400 1772 peak 0
2 2483 500 4349 -5.18 38.31 7400 -3569 peak 0
3 2484 989 4402 5.7 38.85 74.00 -35.15 peak 0
4 2484 989 28.15 -5.17 22.98 54.00 -31.02 AVG 0
“Maximum data  x:Over limit  l:over margin Operator: washington
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Limit1: —_—
}‘ Limit2:
[31]
3
2
20.0
2478.500 (MHz) 2510.000
Site site #1 Paolarization:  Vertical Temperature: 26
Limit: (RE)FCC PART 15 B 3m_PEAK Power: Battery 3.7V Humidity: 55 %
Mode: Hopping
Note:
Reading Correct Measure- Antenna Table
No. Mk.  Freq. Level Factor ment Limit  Over Height Degree
MHz dBuY dB dBuVim dBuV/m dB Detector cm degree  Comment
1 * 2478815 98.20 -5.21 92.99 7400 1899 peak 0
2 2483 500 40.37 -5.18 3519 7400 -3881 peak 0
3 2505180 4212 -5.04 37.08 7400 -3692 peak 0
4 2505180 26.00 -5.04 20.96 5400 -33.04 AVG 0
*Maximum data x:Overlimit l:over margin Operator. washington
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13. Antenna Application

13.1 Antenna requirement
The EUT’S antenna is met the requirement of FCC part 15C section 15.203 and 15.247.

FCC part 15C section 15.247 requirements:

Systems operating in the 2402-2480MHz band that are used exclusively for fixed,
point-to-point operations may employ transmitting antennas with directional gain greater than
6dBi provided the maximum peak output power of the intentional radiator is reduced by 1dB
for every 3dB that the directional gain of the antenna exceeds 6dBi.

13.2 Result
The EUT’s antenna, permanent attached antenna, used a PCB antenna and integrated on
PCB, The antenna’s gain is 0dBi and meets the requirement.
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APPENDIX
(Photos of EUT)
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