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TEST REPORT

Equipment under Test : COMBO Novelty Bluetooth Speaker

Model /Type : OR1086NS

Listed Models : N/A

Remark N/A

Applicant : NINGBO SC-STARMAX IMP. & EXP. CO., LTD.

Address : Room513, 5F, No.3 Building, 1377 Loft Center, N0.1377 Jianlan
Road Ningbo China

Manufacturer : NINGBO SC-STARMAX IMP. & EXP. CO., LTD.

Address : 15F, MU Group, Building B16 (West Area), No.2560 Yongjiang

Avenue, Yinzhou District, Ningbo, China. 315048

Test Result: PASS

The test report merely corresponds to the test sample.
It is not permitted to copy extracts of these test result without the written permission of the test
laboratory.
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2 TEST STANDARDS

The tests were performed according to following standards:

FCC Rules Part 15.247: Frequency Hopping, Direct Spread Spectrum and Hybrid Systems that are in
operation within the bands of 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.
ANSI C63.10-2013: American National Standard for Testing Unlicensed Wireless Devices
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3 SUMMARY

3.1 General Remarks

Date of receipt of test sample . 12022.02.14
Testing commenced on : 12022.02.15
Testing concluded on :12022.02.20

3.2 Product Description

Product Name: COMBO Novelty Bluetooth Speaker
Model/Type reference: OR1086NS

Power Supply: gg g\;\(/b)E ngySbB;ttery)
Testing sample ID: MT22020057

Bluetooth :

Supported Type: Bluetooth BR/EDR
Modulation: GFSK, m/4DQPSK, 8DPSK
Operation frequency: 2402MHz~2480MHz
Channel number: 79

Channel separation: 1MHz

Antenna type: PCB Antenna

Antenna gain: -0.58 dBi

3.3 Equipment Under Test
Power supply system utilised

Power supply voltage : | O| 230V /50 Hz 0| 120V / 60Hz

0|12V DC 0|24V DC

@| Other (specified in blank below)

DC 5V (by USB)
DC 3.7V _(by battery)

3.4 Short description of the Equipment under Test (EUT)

This is a XXXXXXXX
This is a COMBO Novelty Bluetooth Speaker For more details, refer to the user's manual of the EUT.
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3.5 EUT operation mode
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The Applicant provides communication tools software(Engineer mode) to control the EUT for staying in

continuous transmitting (Duty Cycle more than 98%) and receiving mode for testing .There are 79 channels
provided to the EUT and Channel 00/39/78 were selected to test.

Operation Frequency:

Channel Frequency (MHz)
00 2402
01 2403
38 2440
39 2441
40 2442
77 2479
78 2480
3.6 Block Diagram of Test Setup
EUT
3.7 Test Item (Equipment Under Test) Description*
3“0”. EUT Name EU.T. Serial number Hardware Software status
designation Description status
EUT A
EUTB

*: declared by the applicant. According to customers information EUTs A and B are the same devices.

3.8 Auxiliary Equipment (AE) Description

AE short EUT Name - Serial number .
designation (if available) EUT Description (if available) Software (if used)

AE 1 Adapter / ADP-60D24 /

AE 2 - / / /

3.9 Antenna Information*

Short_ Antenna Name | Antenna Type Frequency Serial number Antennz_i Peak
designation Range Gain
Antenna 1 PCB Antenna 24-25GHz -0.58 dhi
Antenna 2

*: declared by the applicant.
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3.10 Related Submittal(s) / Grant (s)

This submittal(s) (test report) is intended for the device filing to comply with Section 15.247 of the FCC Part 15,
Subpart C Rules.

3.11 Modifications

No modifications were implemented to meet testing criteria.
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4 TEST ENVIRONMENT

4.1 Address of the test laboratory

Shenzhen Most Technology Service Co., Ltd.

No.5, 2nd Langshan Road, North District, Hi-tech Industrial Park, Nanshan, Shenzhen, Guangdong, China.
The 3m-Semi anechoic test site fulfils CISPR 16-1-4 according to ANSI C63.4:2014 and CISPR 16-1-4:2010
SVSWR requirement for radiated emission above 1GHz.

Test Facility
The test facility is recognized, certified, or accredited by the following organizations:

FCC-Registration No.: 0031192610

Shenzhen Most Technology Service Co., Ltd. EMC Laboratory has been registered and fully described in a
report filed with the (FCC) Federal Communications Commission. The acceptance letter from the FCC is
maintained in our files.

A2LA-Lab Cert. No.: 6343.01

Shenzhen Most Technology Service Co., Ltd. EMC Laboratory has been accredited by A2LA for

technical competence in the field of electrical testing, and proved to be in compliance with ISO/IEC 17025:
2005 General Requirements for the Competence of Testing and Calibration Laboratories and any additional
program requirements in the identified field of testing.

4.2 Environmental conditions

During the measurement the environmental conditions were within the listed ranges:

Radiated Emission:

Temperature: 23°C
Humidity: 48 %
Atmospheric pressure: 950-1050mbar

AC Main Conducted testing:

Temperature: 24°C
Humidity: 45 %
Atmospheric pressure: 950-1050mbar

Conducted testing:
Temperature: 24°C

Humidity: 45 %

Atmospheric pressure: 950-1050mbar




Report No.: MTWG22020070-R2

4.3 Summary of measurement results
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T_e;t . Test Recorded
Specification Test case M Test Channel Test result
clause ode In Report
Carrier GFSK X Lowest GFSK
§15.247(a)(1) Frequency MN/4DQPSK | X Middle Mn/4bQPsK | X Middle Compliant
separation 8DPSK X Highest 8DPSK
Numbgr of GFSK GESK .
§15.247(a)(1) Hopping n/4bQpPsK | X Full X Full Compliant
8DPSK
channels 8DPSK
Time of GFSK X Lowest GFSK
§15.247(a)(1) Occupancy MN/4DQPSK | X] Middle MN/4DQPSK | X] Middle Compliant
(dwell time) 8DPSK X Highest 8DPSK
Specg}}’g‘Fb:ggW'dth GFSK [ Lowest GFSK [ Lowest
§15.247(a)(1) system20dB Nn/4bQPsK | X Middle Nn/4pQPsK | X Middle Compliant
bandwidth 8DPSK X Highest 8DPSK X Highest
Maximum GFSK X Lowest GFSK Xl Lowest
§15.247(b)(1) M/4ADQPSK X Middle M/4ADQPSK X Middle Compliant
outputpower
8DPSK X Highest 8DPSK X Highest
Band GFSK X Lowest GFSK X Lowest .
§15.247(d) edgecompliance M/4DQPSK & Highest M/4DQPSK X Highest Compliant
conducted 8DPSK 9 8DPSK 9
Band GFSK
§15.205 edgecompliance M/4DQPSK % h?;;}is;t GFSK % h?;}isgt Compliant
radiated 8DPSK
TX GFSK X Lowest GFSK X Lowest
§15.247(d) spuriousemissions N/4DQPSK | X1 Middle MN/4DQPSK | X1 Middle Compliant
conducted 8DPSK X1 Highest 8DPSK X] Highest
TX GFSK X Lowest X Lowest
§15.247(d) spuriousemissions MN/4DQPSK | X Middle GFSK X Middle Compliant
radiated 8DPSK X Highest X Highest
Té(nigglrc')‘;‘f GFSK X Lowest
§15.209(a) ; n/4pQPsK | X Middle GFSK X Middle Compliant
radiated 8DPSK | [X] Highest
Below 1GHz 9
§15.107(a) Ermiasions U4DQPSK % Mo GFSK | X Midd N/A
§15.207 missions Q iddle iddle
9KHz-30 MHz 8DPSK X Highest
Remark:

1. The measurement uncertainty is not included in the test result.

2.  We tested all test mode and recorded worst case in report

4.4 Statement of the measurement uncertainty

The data and results referenced in this document are true and accurate. The reader is cautioned that there
may be errors within the calibration limits of the equipment and facilities. The measurement uncertainty was
calculated for all measurements listed in this test report acc. to CISPR 16 - 4 ,Specification for radio

disturbance and

immunity measuring apparatus and methods -

Part 4: Uncertainty

in EMC

Measurements” and is documented in the Shenzhen Most Technology Service Co., Ltd. quality system acc.
to DIN EN ISO/IEC 17025. Furthermore, component and process variability of devices similar to that tested
may result in additional deviation. The manufacturer has the sole responsibility of continued compliance of

the device.

Hereafter the best measurement capability for Shenzhen Most Technology Service Co., Ltd. is reported:

Test Range Measurer_nent Notes
Uncertainty
Radiated Emission 30~1000MHz 4.10dB (1)
Radiated Emission 1~18GHz 4.32 dB (1)
Radiated Emission 18-40GHz 5.54 dB (1)
Conducted Disturbance 0.15~30MHz 3.12dB (1)

(1) This uncertainty represents an expanded uncertainty expressed at approximately the 95%

confidence level using a coverage factor of k=2.
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4.5 Equipments Used during the Test
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Item Equipment Manufacturer Model No. Serial No. iié?;\i%?]f Last Cal. |Cal. Interval
1. L.I.S.N. R&S ENV216 100093 / 2021/04/19 1 Year
2 Thrss\;\f’e'}arf:t\zﬂda' Schwarzback Mess | NNLK8129 8129178 / 2021/04/19 1 Year
3. Receiver R&S ESCI 100492 V3.0-10-2 1 5021/0417 1 Year
4 Receiver R&S ESPI 101202 V3.0-10-2 1 502170477 1 Year
5 | Spectrum analyzer Agilent 9020A MT-E306 Al4.16 2021/04/7 1 Year
6 Bilong Antenna Sunol Sciences JB3 A121206 / 2021/03/14 1 Year
7 Horn antenna HF Antenna HF Antenna MT-E158 / 2021/04/7 1 Year
8 Loop antenna Beijing Daze ZN30900B / / 2021/04/16 1 Year
9 Horn antenna R&S OBH100400 26999002 / 2021/04/16 1 Year

Wireless CMW-BASE-
10 Communication Test R&S CMW500 / 3.7.21 2021/04/15 1 Year
Set
11 | Spectrum analyzer R&S FSP 100019 V440 SP2 | 500104115 1 Year
12 High gain antenna Schwarzbeck LB-180400KF MT-E389 / 2021/03/14 1 Year
13 Preamplifier Schwarzbeck BBV 9743 MT-E390 / 2021/03/14 1 Year
14 Pre-amplifier EMCI EMCO?SA'SS MT-E391 / 2021/03/14 1 Year
15 Pre-amplifier Agilent 83051A MT-E392 / 2021/03/14 1 Year
16 High pass filter unit Tonscend JS0806-F MT-E393 / 2021/03/14 1 Year
17 | RF Cable(belowlGHz) Times 9kHz-1GHz MT-E394 ! 2021/03/14 1 Year
18 RF Cfg'g(z?bo"e Times 1-40G MT-E395 / 2021/03/14 1 Year
19 RF Cable Tonscend 170660 N/A / 2021/03/14 1 Year

(9KHz-40GHz)

Note: The Cal.Interval was one year.
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5 TEST CONDITIONS AND RESULTS

5.1 AC Power Conducted Emission

TEST CONFIGURATION

Vert. reference

plane
ﬁ EMI receiver
—
ooog
©C8ae8 ©

A O

5
/

LISN Reference ground plane

TEST PROCEDURE

1 The equipment was set up as per the test configuration to simulate typical actual usage per the user’'s
manual. The EUT is a tabletop system, a wooden table with a height of 0.8 meters is used and is placed on
the ground plane as per ANSI C63.10-2013.

2 Support equipment, if needed, was placed as per ANSI C63.10-2013

3 All I/O cables were positioned to simulate typical actual usage as per ANSI C63.10-2013

4 The EUT received DC 12V power from adapter, the adapter received AC120V/60Hz and AC 240V/60Hz
power through a Line Impedance Stabilization Network (LISN) which supplied power source and was
grounded to the ground plane.

5 All support equipments received AC power from a second LISN, if any.

6 The EUT test program was started. Emissions were measured on each current carrying line of the EUT
using a spectrum Analyzer / Receiver connected to the LISN powering the EUT.The LISN has two
monitoring points: Line 1 (Hot Side) and Line 2 (Neutral Side). Two scans were taken: one with Line 1
connected to Analyzer / Receiver and Line 2 connected to a 50 ohm load; the second scan had Line 1
connected to a 50 ohm load and Line 2 connected to the Analyzer / Receiver.

7 Analyzer / Receiver scanned from 150 KHz to 30MHz for emissions in each of the test modes.

8 During the above scans, the emissions were maximized by cable manipulation.

AC Power Conducted Emission Limit

For intentional device, according to § 15.207(a) AC Power Conducted Emission Limits is as following :

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

* Decreases with the logarithm of the frequency.

TEST RESULTS
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Remark:

1. All modes were test at Low, Middle, and High channel; only the worst result of XXXXXX Middle
Channel was reported as below:

2. Both 120 VAC, 50/60 Hz and 240 VAC, 50/60 Hz power supply have been tested, only the worst
result of 120 VAC, 60 Hz was reported as below:

3. Remark: Result=Reading value+Factor,and Margin=Limit- Result

Power supply: DC 5V(by USB) Polarization L

80.0 dBu¥

Qp: —_
AVYG:

\ |

20
peak
AVGE
-40
0.150 0.5 [MHz] 5 30.000
Reading Correct Measure-
No Mk Freq  Level Factor ment Limit  Over
MHz dBuv dB dBuv dBuv dB Detector Comment
1 0.2340 38.47 9.60 48.07 62.31 -14.24 QP
2 0.2340 2652 9.60 36.12 5231 -16.19 AVG
3 0.5580 36.33 9.59 4592 56.00 -10.08 QP
4 0.5580 26.14 9.59 3573 46.00 -10.27 AVG
5 1.3500 3155 9.60 4115 56.00 -14.85 QP
6 1.3500 16.38 9.60 2598 46.00 -20.02 AVG
7 3.3420 28.30 9.61 3791 56.00 -18.09 QP
8 3.4100 15.48 9.61 2509 46.00 -20.91 AVG
9 7.5940 26.59 9.66 36.25 60.00 -23.75 QP
10 7.6780 11.59 9.66 21.25 50.00 -28.75 AVG
11 11.5180 11.02 9.69 20.71 50.00 -29.29 AVG
12 11.7460 2541 9.69 35.10 60.00 -24.90 QP

*Maximum data  x:Over limit  L:over margin
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Power supply: | DC 5V(by USB) | Polarization | N
80.0 dBu¥
Qp: —
AVG:
\
20
peak
AYG
-40
0.150 0.5 [MHz] 30.000
Reading Correct Measure-
No. Mk. Freq. Level Factor ~ment Limit  Over
MHz dBuVvV dB dBuv dBuVv dB Detector Comment
1 0.1582 2810 9.60 37.70 5556 -17.86 AVG
2 0.1620 41.52 9.61 51.13 65.36 -14.23 QpP
3 0.2780 38.52 9.59 48 11 60.88 1277 QpP
4 0.2820 28.46 9.59 38.05 50.76 -12.71 AVG
5 0.5580 2978 959 3937 46.00 -663 AVG
6 0.5620 3958 959 4917 56.00 -6.83 QP
7 0.6660 36.32 9.60 4592 56.00 -10.08 QP
8 0.6660 24 51 9.60 3411 46.00 -11.89 AVG
9 1.8820 15.59 9.60 2519 46.00 -20.81 AVG
10 1.9220 26.39 9.60 3599 56.00 -20.01 QP
11 4.1900 28.26 9.62 37.88 56.00 -18.12 QpP
12 4.2140 1528 9.62 2490 46.00 -21.10 AVG
*Maximum data  x:Overlimit l:over margin
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5.2 Radiated Emission

TEST CONFIGURATION

Frequency range 9 KHz — 30MHz
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Turntable

EUT [«—— 3Mm ——

Loop antenna

0.8 m

Test
Receiver

Ground Plane

—

Coaxial Cable

Frequency range 30MHz — 1000MHz

Turntable

Test

Receiver

\

3m

EUT

0.8m

T

1mto 4m

|

Ground Plane

AN

Coaxial Cable :

Frequency range above 1GHz-25GHz

150 II'_II'I

Imlodm

l Antenna

Turntable

‘ bt Ground Plane

J Measurement
Above 1GHz only Instrument

S
- 570 [Controlied—

Control Room
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TEST PROCEDURE

1. The EUT was placed on a turn table which is 0.8m above ground plane when testing
frequency range 9 KHz —1GHz;the EUT was placed on a turn table which is 1.5m above
ground plane when testing frequency range 1GHz — 25GHz.

2. Maximum procedure was performed by raising the receiving antenna from 1m to 4m and
rotating the turn table from 0° to 360° to acquire the highest emissions from EUT.

3. And also, each emission was to be maximized by changing the polarization of receiving
antenna both horizontal and vertical.

4. Repeat above procedures until all frequency measurements have been completed.
5. Radiated emission test frequency band from 9KHz to 25GHz.
6. The distance between test antenna and EUT as following table states:
Test Frequency range Test Antenna Type Test Distance
9KHz-30MHz Active Loop Antenna 3
30MHz-1GHz Ultra-Broadband Antenna 3
1GHz-18GHz Double Ridged Horn Antenna 3
18GHz-25GHz Horn Anternna 1
7. Setting test receiver/spectrum as following table states:
Test Frequency range Test Receiver/Spectrum Setting Detector
9KHz-150KHz RBW=200Hz/VBW=3KHz,Sweep time=Auto QP
150KHz-30MHz RBW=9KHz/VBW=100KHz,Sweep time=Auto QP
30MHz-1GHz RBW=120KHz/VBW=1000KHz,Sweep time=Auto QP
Peak Value: RBW=1MHz/VBW=3MHz,
Sweep time=Auto
1GHz-40GHz Average Value: R%WleHz/VBWleHz, Peak
Sweep time=Auto

Field Strength Calculation

The field strength is calculated by adding the Antenna Factor and Cable Factor and subtracting the
Amplifier Gain and Duty Cycle Correction Factor(if any) from the measured reading. The basic equation with a
sample calculation is as follows:

FS=RA+AF+CL-AG

Where FS = Field Strength CL = Cable Attenuation Factor (Cable Loss)

RA = Reading Amplitude AG = Amplifier Gain

AF = Antenna Factor

Transd=AF +CL-AG

RADIATION LIMIT

For intentional device, according to § 15.209(a), the general requirement of field strength of radiated emission
from intentional radiators at a distance of 3 meters shall not exceed the following table. According to §
15.247(d), in any 100kHz bandwidth outside the frequency band in which the EUT is operating, the radio
frequency power that is produced by the intentional radiator shall be at least 20dB below that in the100kHz
bandwidth within the band that contains the highest level of desired power.

The pre-test have done for the EUT in three axes and found the worst emission at position shown in test setup
photos.

Frequency (MHz) Distance Radiated (dBpV/m) Radiated (pV/m)
(Meters)

0.009-0.49 3 20log(2400/F(KHz))+40log(300/3) 2400/F(KHz)

0.49-1.705 3 20l0g(24000/F(KHz))+ 40log(30/3) 24000/F(KHz)
1.705-30 3 20log(30)+ 40log(30/3) 30
30-88 3 40.0 100
88-216 3 43.5 150
216-960 3 46.0 200
Above 960 3 54.0 500
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TEST RESULTS

Remark:

1. This test was performed with EUT in X, Y, Z position and the worse case was found when EUT in X
position.

2. We measured Radiated Emission at GFSK, /4 DQPSK and 8DPSK mode from 9 KHz to 25GHz and
recorded worst case at GFSK DH5 mode.

3. For below 1GHz testing recorded worst at GFSK DH5 middle channel.

4, Radiated emission test from 9 KHz to 10th harmonic of fundamental was verified, and no emission
found except system noise floor in 9 KHz to 30MHz and not recorded in this report.

5. Remark: Result=Reading value+Factor

For 30MHz-1GHz

Horizontal

70.0 dBu¥/m

Limit: —_—

Margin:
60
50 |-

|
40 2
] 6

10
0
-10.0

30.000 40 50 60 70 80 [MHz) 300 400 500 600 70O 1000000

Reading Correct Measure- Antenna Table
No. Mk.  Freq.  Level Factor ment Limit ~ Over Height Degree
MHz dBuv dB dBuvim dBuv/im dB Detector cm degree  Comment
143.8295 1517 16.93 3210 4350 -1140 QP 200 12

* 239.9873 20.39 17.20 3759 4600 -841 QP 200 42
276.1235 10.91 19.21 3012 4600 -1588 QP 200 11
4754991 342 21.47 2489 4600 -2111 QP 200 49
620.7096 4.96 23.52 2848  46.00 -17.52 QP 200 35
906.4824 4.03 27.53 3156 4600 -1444 QP 200 300

G| | | | R =

*Maximum data  x:Overlimit l:over margin
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Vertical
700 dBu¥/m
Limit: —_—
Margin:
60
50 |-
I
40 q
E
2
30 3 4 EW
20 W
10
0
-10.0
30.000 40 50 60 70 80 [MHz] 300 400 500 600 70O 1000.000
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 * 304238 13.42 2290 36.32 4000 -368 QP 100 250
2 74.1351 18.37 11.58 2995 4000 -1005 QP 100 210
3 137.9028 9.97 17.31 27.28 4350 -18622 QP 100 157
4 281.9946 7.01 19.40 26.41 46.00 -1959 QP 100 21
5 556.7744 3.92 2264 26.56 46.00 -1944 QP 100 42
6 96893338 4 57 2809 32 66 5400 -2134 QP 100 98
*Maximum data  x:Overlimit l:over margin
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For 1GHz to 25GHz
Note: GFSK, Pi/4 DQPSK and 8DPSK all have been tested, only worse case GFSK is reported.
GFSK (above 1GHz)

Page 19 of 45

Frequency(MHz): 2402 Polarity: HORIZONTAL
Frequency Emission Limit Margin Raw Antenna Cable Pre.:-. Correction
(MH2) Level (dBuV/m) (dB) Value Factor Factor amplifier Factor

(dBuVv/m) (dBuV) (dB/m) (dB) (dB) (dB/m)
4804.00 55.71 PK 74 18.29 53.61 31.42 6.98 36.5 1.9
4804.00 46.21 AV 54 7.79 4431 31.42 6.98 36.5 1.9
7206.00 51.31 PK 74 22.69 40.71 37.03 8.87 35.3 10.6
7206.00 42.34 AV 54 11.66 31.74 37.03 8.87 35.3 10.6
Frequency(MHz): 2402 Polarity: VERTICAL
Frequency Emission Limit Margin Raw Antenna Cable Pre.-. Correction
(MHz) Level (dBuV/m) (dB) Value Factor Factor amplifier Factor
(dBuVv/m) (dBuV) (dB/m) (dB) (dB) (dB/m)
4804.00 52.44 PK 74 21.56 50.54 31.42 6.98 36.5 1.9
4804.00 42.05 AV 54 11.95 40.15 31.42 6.98 36.5 1.9
7206.00 55.36 PK 74 18.64 44.76 37.03 8.87 35.3 10.6
7206.00 41.61 AV 54 12.39 31.01 37.03 8.87 35.3 10.6
Frequency(MHz): 2441 Polarity: HORIZONTAL
Frequency Emission Limit Margin Raw Antenna Cable Prg-. Correction
(MHz2) Level (dBuv/m) (dB) Value Factor Factor amplifier Factor
(dBuVv/m) (dBuV) (dB/m) (dB) (dB) (dB/m)
4882.00 49.65 PK 74 24.35 52.93 30.98 7.58 36.5 2.06
4882.00 46.2 AV 54 7.8 44.14 30.98 7.58 36.5 2.06
7323.00 52.66 PK 74 21.34 41.74 37.66 8.56 35.3 10.92
7323.00 43.13 AV 54 10.87 32.21 37.66 8.56 35.3 10.92
Frequency(MHz): 2441 Polarity: VERTICAL
Frequency Emission Limit Margin Raw Antenna Cable Prt?-. Correction
(MHz2) Level (dBuV/m) (dB) Value Factor Factor amplifier Factor
(dBuVv/m) (dBuVv) (dB/m) (dB) (dB) (dB/m)
4882.00 56.29 PK 74 17.71 54.23 30.98 7.58 36.5 2.06
4882.00 46.46 AV 54 7.54 44.4 30.98 7.58 36.5 2.06
7323.00 52.39 PK 74 21.61 41.47 37.66 8.56 35.3 10.92
7323.00 415 AV 54 12.5 30.58 37.66 8.56 35.3 10.92
Frequency(MHz): 2480 Polarity: HORIZONTAL
Frequency Emission Limit Margin Raw Antenna Cable Pre_:-_ Correction
(MHz2) Level (dBuV/m) (dB) Value Factor Factor amplifier Factor
(dBuVv/m) (dBuV) (dB/m) (dB) (dB) (dB/m)
4960.00 56.51 PK 74 17.49 53.44 31.47 7.8 36.2 3.07
4960.00 43.64 AV 54 10.36 40.57 31.47 7.8 36.2 3.07
7440.00 54.89 PK 74 19.11 43.15 38.32 8.72 35.3 11.74
7440.00 42.41 AV 54 11.59 30.67 38.32 8.72 35.3 11.74
Frequency(MHz): 2480 Polarity: VERTICAL
Frequency Emission Limit Margin Raw Antenna Cable Pre_:-_ Correction
(MHz2) Level (dBuV/m) (dB) Value Factor Factor amplifier Factor
(dBuVv/m) (dBuVv) (dB/m) (dB) (dB) (dB/m)
4960.00 56.15 PK 74 17.85 53.08 31.47 7.8 36.2 3.07
4960.00 45,33 AV 54 8.67 42.26 31.47 7.8 36.2 3.07
7440.00 55.11 PK 74 18.89 43.37 38.32 8.72 35.3 11.74
7440.00 42.7 AV 54 11.3 30.96 38.32 8.72 35.3 11.74
REMARKS:

Emission level (dBuV/m) =Raw Value (dBuV)+Correction Factor (dB/m)

Correction Factor (dB/m) = Antenna Factor (dB/m)+Cable Factor (dB)- Pre-amplifier




Report No.: MTWG22020070-R2

3.
4.
5.

Margin value = Limit value- Emission level.
-- Mean the PK detector measured value is below average limit.

The other emission levels were very low against the limit.

Results of Band Edges Test (Radiated)
Note: GFSK, Pi/4 DQPSK and 8DPSK all have been tested, only worse case GFSK is reported.
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GFSK
Frequency(MHz): 2402 Polarity: HORIZONTAL
Erequenc Emission Limit Marain Raw Antenna Cable Pre- Correction
(|\C/I|HZ) y Level (dBuV/m) ( dg) Value Factor Factor amplifier Factor
(dBuVv/m) (dBuV) (dB/m) (dB) (dB) (dB/m)
2390.00 57.62 PK 74 16.38 61.7 27.49 3.32 36.22 -5.41
2390.00 39.64 AV 54 14.36 45.05 27.49 3.32 36.22 -5.41
Frequency(MHz): 2402 Polarity: VERTICAL
Frequenc Emission Limit Marain Raw Antenna Cable Pre- Correction
(I\q/IHz) y Level (dBuV/m) ( dé’) Value Factor Factor amplifier Factor
(dBuVv/m) (dBuVv) (dB/m) (dB) (dB) (dB/m)
2390.00 54.78 PK 74 19.22 60.19 27.49 3.32 36.22 -5.41
2390.00 40.97 AV 54 13.03 46.38 27.49 3.32 36.22 -5.41
Frequency(MHz): 2480 Polarity: HORIZONTAL
Frequenc Emission Limit Mardin Raw Antenna Cable Pre- Correction
(|\C}|HZ) y Level (dBuv/m) ( dl_% Value Factor Factor amplifier Factor
(dBuVv/m) (dBuV) (dB/m) (dB) (dB) (dB/m)
2483.50 57.44 PK 74 16.56 62.95 27.45 3.38 36.34 -5.51
2483.50 39.9 AV 54 14.1 45.41 27.45 3.38 36.34 -5.51
Frequency(MHz): 2480 Polarity: VERTICAL
Erequenc Emission Limit Marain Raw Antenna Cable Pre- Correction
(I\?IHz) y Level (dBuV/m) ( dlg) Value Factor Factor amplifier Factor
(dBuVv/m) (dBuV) (dB/m) (dB) (dB) (dB/m)
2483.50 57.8 PK 74 16.2 63.31 27.45 3.38 36.34 -5.51
2483.50 42.23 AV 54 11.77 47.74 27.45 3.38 36.34 -5.51
REMARKS:
1. Emission level (dBuV/m) =Raw Value (dBuV)+Correction Factor (dB/m)
2. Correction Factor (dB/m) = Antenna Factor (dB/m)+Cable Factor (dB)- Pre-amplifier
3. Margin value = Limit value- Emission level.
4.  -- Mean the PK detector measured value is below average limit.
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5.3 Maximum Peak Output Power

Limit

The Maximum Peak Output Power Measurement is 125mW (20.97).
Test Procedure

Remove the antenna from the EUT and then connect a low loss RF cable from the antenna port to
the powersensor.

Test Configuration

EUT Power Sensor
Test Results
Type Channel Output power (dBm) Limit (dBm) Result
00 -1.82
GFSK 39 -1.75 20.97 Pass
78 -2.25
00 -1.25
T/4ADQPSK 39 -1.12 20.97 Pass
78 -1.67
00 -0.97
8DPSK 39 -0.83 20.97 Pass
78 -1.61

Note: 1.The test results including the cable lose.
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5.4 20dB Bandwidth
Limit
For frequency hopping systems operating in the 2400MHz-2483.5MHz no limit for 20dB bandwidth.

Test Procedure

The transmitter output was connected to the spectrum analyzer through an attenuator. The bandwidth of the
fundamental frequency was measured by spectrum analyzer with 30 KHz RBW and 100 KHz VBW.

The 20dB bandwidth is defined as the total spectrum the power of which is higher than peak power minus
20dB.

Test Configuration

EUT SPECTRUM
ANALYZER
Test Results
Modulation Channel 20dB bandwidth (MHz) Result
CHO00 0.9515
GFSK CH39 0.9524
CH78 0.9527
CHO00 1.302
m/4DQPSK CH39 1.305 Pass
CH78 1.305
CHO00 1.295
8DPSK CH39 1.297
CH78 1.297

Test plot as follows:
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el Sqmetrum Analyzvr - Ouropet B

Rel Value 1. 00 dm

W GainLow

Ref 10.00 dBm

Qccupled Bandwidth

GFSK Modulation

|G T | ghALK 32
Center Frag: 2402000000 GHx Radic Std: None
Trig: Fras Run A glHobd:= 10140

#hran: 20 48 Radie Devica: BTS

#VBIV 100 kHz

Total Power 4.87 dBm

851.64 kHz
Transmit Freq Emoer =1.701 kHz OBW FPower 99.00 %
¥ dB Bandwidth 851.5 kHz ®dB -20.00 dB

el Sqetrum Anhyzvr - Ouroped B

Center Freq 2.441000000 GHz

NiFGaln:Low

Ref 10.00 dBm

Occupled Bandwidth

CHO0

T T T AR T -
Center Frag: 2449000000 GHx Radic 5t
Trig: Fras Run A glHobd:= 10140

T #iran 90 48 Radie Davica: BTS

#VBWW 100 kHz
Total Power 5.05 dBm

851.85 kHz
Transmit Freq Emor -1.890 kHz OBW Power 99,00 %
% dB Bandwidth 952.4 kHz »dB -20.00 dB

Al Sqmectrum Anbyzvr - Ouropiet B8

CGenter Freq 2.480000000 GHz

W GainLow

Ref 10.00 dBm

enter 2,48 GHz
Res BIN 30 kHz

Qccupled Bandwidth

e
Trig: Fras Run AvglHobd:= 10140
#hiten: 20 48

#VBIV 100 kHz

Total Power 4.61 dBm

852.76 kHz
Transmit Freq Emor =2.291 kHz OBW Power 98,00 %
% dB Bandwidth 952.7 kHz % dB -20.00 dB

CH78
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m/4ADQPSK Modulation

el Sqmetrum Analyzvr - Ouropet B

Rel Value 1. 00 dm

Ref 10.00 dBm

25 | VB 100 kHz

Qccupled Bandwidth Total Power
1.1691 MHz

Transmit Freq Emor 8032 Hz OBW Power

% dB Bandwidth 1,302 MHz xdB

G T | gh
Contar Frag: 2 402000000 GHz

W Trig: Frae Run A glHobd:=10/%0

NiFGain:Low #hrtan: 20 48

Radic St Nons

Radis Davica: BTS

98.00 %
-20.00 dB

CHO0

el Sqetrum Anhyzvr - Ouroped B

Center Freq 2.441000000 GHz

eI ECLH T g
Cntar Frag: 2.449000000 GHx

Trig: Fras Run A glHobd:= 10140

¥ GainiLow T #iran 90 48

Ref 10.00 dBm

es | #VBWW 100 kHz

Occupled Bandwidth Total Power
1.1694 MHz

Transmit Freq Emor -1.048 kHz OBW Power

% dB Bandwidth 1,305 MHz xdB

4.88 dBm

90.00 %
-20.00 dB

Al Sqmectrum Anbyzvr - Ouropiet B8

CGenter Freq 2.480000000 GHz .,.
O Trig: Frae Run
WP Giain:Low #Bitan: 20 48

Ref 10.00 dBm

enter 2,48 GHz
Res BIN 30 kHz #VBIW 100 kHz

Qccupled Bandwidth Total Power
1.1700 MHz

Transmit Freq Ermor -1.208 kHz OBW Power

¥ dB Bandwidth 1.305 MHz ®dB

98.00 %
-20.00 dB

CH78
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8DPSK Modulation

Aot Spectrum Aalyerr - Ourupter! B

g ; 1SN T | (hALK i
x dB -20.00 dB Cantar Fraq: 2402000000 GHz Radic Stel: Nens
= W Trig: Free Run A glHobd 10040
W Gain:Low #hran: 20 48 Radie Devica: BTS

Ref 10.00 dBm

25 | #VBIV 100 kHz
Qccupled Bandwidth Total Power
1.1764 MHz

Transmit Freq Emor 1.805 kHz OBW Power 98,00 %
% dB Bandwidth 1.295 MHz % dB -20.00 dB

CHO0

Aot Spectrum Aalyeor - Ouruprerd B

b I T T EONCE T | b
Center Freq 2.441000000 GHz ﬂ;:;:::;;:“mmﬁ:::u.nmm

¥ GainiLow T #iran 90 48

Ref 10.00 dBm

Gl #VBWW 100 kHz
Qccupled Bandwidth Total Power 4.84 dBm
1.1769 MHz

Transmit Freq Emor 1.215 kHz OBW Power 90.00 %
% dB Bandwidth 1.297 MHz »dB -20.00 dB

Al Spwctrum Analyevr - Ouropre B

CGenter Freq 2.480000000 GHz .,.
O Trig: Frae Run
WP Giain:Low #Bitan: 20 48

Ref 10.00 dBm

enter 2,48 GHz
Res BIN 30 kHz #VBIW 100 kHz

Qccupied Bandwidth Total Power 4.28 dBm
1.1778 MHz

Transmit Freq Emor 1.404 kHz OBW Power 98,00 %

% dB Bandwidth 1.297 MHz ®xdB -20.00 dB

CH78
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5.5 Frequency Separation

LIMIT
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According to 15.247(a)(1),frequency hopping systems shall have hopping channel carrier frequencies
separated by minimum of 25KHz or the 2/3*20dB bandwidth of the hopping channel, whichever is greater.

TEST PROCEDURE

The transmitter output was connected to the spectrum analyzer through an attenuator. The bandwidth of the
fundamental frequency was measured by spectrum analyzer with100 KHz RBW and 300 KHz VBW.

TEST CONFIGURATION

SPECTRUM
EUT
ANALYZER
TEST RESULTS
Modulation Channel Channel Separation Limit(MHz) Result
(MHz)
CHO00 0.996
GFSK CH39 0.996 0.6351 Pass
CH78 0.999
CHO00 0.999
m/ADQPSK CH39 1.002 0.8700 Pass
CH78 1.005
CHO00 0.999
8DPSK CH39 0.987 0.8647 Pass
CH78 1.005
20dB bandwidth (MHz) Limit (MHz)
Mode . . .
(worse case) (Carrier Frequencies Separation)
GFSK 0.9527 0.6351
m/4DQPSK 1.305 0.8700
8DPSK 1.297 0.8647
Note:

We have tested all mode at high, middle and low g..channel, and recorded worst case at middle

Test plot as follows:




Report No.: MTWG22020070-R2

Page 27 of 45

_‘ﬂlrl Spectrum Aalyerr - Swept SA
Marker 1 996.000000 kHz

Ref 10,

GFSK Modulation

1 ] 74
Bug Typl-:LnsM Paak Szarch
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2

é.\
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Marker 1 999.000000 kHz

Ref 10,00 dBm

enter 2470500 GHz
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Aoy g Held = 100100

Span 3.000 MHz

#VEW 300 kHz Sweep 1.000 ms (1001 pis)
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_‘ﬂlrl Spectrum Aalyerr - Swept SA
Marker 1 -999.000000 kHz

Ref 10,

m/4ADQPSK Modulation

1 ] 74
Bug Typl-:LnsM Paak Szarch
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7
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bt Spectrum Ahyrr - Swopt S4
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[
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P
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8DPSK Modulation

et Spectrum Aalyrrr - St SA
4 : -

Paak Search

Bug Type: LogPwr
A glHold = 10000

Marker 1 999.000000 kHz Tiae Fous i

Ref 10,

I 1 Marker Delta
enter 2.402500 GHz ) Span 3.000 MHz
B 100 kHz HVEW 300 kHz Sweep 1.000 ms (1001 pis) Mkr—CF
1 y ; 1 —
2 20
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5
&
7
5 More
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1
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bt Spectrum Ahyrr - Swopt S4
Marker 1 987.000000 kHz Aug Type: Log-Par Pash Ssorch
o Trig: Fras Run Ao gl Hobd = 1001400

enter 2441500 GHz Span 5.000 MHz
Ras B 100 kHz ®VEW 300 kHz Sweep 1,000 ms (1001 ps)
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5.6 Number of hopping frequency
Limit

Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels.

Test Procedure

The transmitter output was connected to the spectrum analyzer through an attenuator. Set spectrum analyzer
start 2400MHz to 2483.5MHz with 100 KHz RBW and 300 KHz VBW.

Test Configuration

SPECTRUM
EUT ANALYZER
Test Results
Modulation Number of Hopping Channel Limit Result
GFSK 79
m/4DQPSK 79 215 Pass
8DPSK 79

Test plot as follows:
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bt Spectrum Ahyrr - Swopt 4

- i [ T 11 ghALER i
Ref Level 10.00 dBm Bug Typs: LogPwr
PO ras T Trig: Frae Rus Aoy g|Hobd > 1001400

IF Gkl ww Aiten: 20 4B

Ref 10,00 dBm

il | Il |.

AL R ,'IE.'!||||:I|I

||I|,||||||!.i'-

[start 240000 GHz

#Res BW 100 kHz FVEW 300 kHz

b Spectrum Amahyevr - Swopt S5
1 I UGk HET + 1 ALK e

" 0 Bug Typs: Log-Par
Ref Level 10.00 dBm I AL g e

IF GalnLvw Atten: 20 dB

Ref 10.00 dBm

Start 2,40000 GHz

#Res BW 100 kHz HVEW 300 kHz

Aot Sgmectrum Analyzr - Swopt SA

Rel Level 10.00 dBm g T og-Per
A g|Hold = 10000

PN: faet ) Trig: Free Run

IF GalnLvw Atten: 20 dB

Ref 10.00 dBm

Max Hold

| —

L Min Hold
'h‘ll!wﬂlnﬂ’

Trace On

More

Start 2,40000 GHz

#Res BW 100 kHz HVEW J00 kHz

Stop 2.48300 GHz tpl3
Sweep 7.933 ms (1001 prs)
oot

8DPSK Modulation
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5.7 Time of Occupancy (Dwell Time)
Limit

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

Test Procedure

The transmitter output was connected to the spectrum analyzer through an attenuator. Set center frequency of
spectrum analyzer=operating frequency with 1MHz RBW and 1MHz VBW, Span OHz.

Test Configuration

SPECTRUM
EUT ANALYZER
Test Results
Modulation Packet Buzrsgsn)me Dwe(!)time Limit (s) Result
DH1 0.370 0.1184
GFSK DH3 1.630 0.2608 0.40 Pass
DH5 2.880 0.3072
2-DH1 0.380 0.1216
m/4DQPSK 2-DH3 1.640 0.2624 0.40 Pass
2-DH5 2.890 0.3083
3-DH1 0.380 0.1216
8DPSK 3-DH3 1.645 0.2632 0.40 Pass
3-DH5 2.890 0.3083

Note:We have tested all mode at high,middle and low channel,and recoreded worst case at middle channel.
Dwell time=Pulse time (ms) x (1600 + 2 + 79) x31.6 Second for DH1, 2-DH1, 3-DH1
Dwell time=Pulse time (ms) x (1600 + 4 + 79) x31.6 Second for DH3, 2-DH3, 3-DH3
Dwell time=Pulse time (ms) x (1600 + 6 + 79) x31.6 Second for DH5, 2-DH5, 3-DH5
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Test plot as follows:
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m/4ADQPSK Modulation
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8DPSK Modulation
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5.8 Spurious RF Conducted Emission

TEST CONFIGURATION

Spectrum

EUT Analyzer

TEST PROCEDURE

The Spurious RF conducted emissions compliance of RF radiated emission should be measured by following
the guidance in ANSI C63.10-2013 with respect to maximizing the emission by rotating the EUT, measuring
the emission while the EUT is situated in three orthogonal planes (if appropriate), adjusting the measurement
antenna height and polarization etc. Set RBW=100kHz and VBW= 300KHz to measure the peak field
strength , and mwasure frequeny range from 9KHz to 25GHz.

LIMIT
1. Below -20dB of the highest emission level in operating band.

2. Fall in the restricted bands listed in section 15.205. The maximum permitted average field strength is listed
in section 15.209.

Test plot as follows:
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Band-edge Measurements for RF Conducted Emissions:
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5.9 Pseudorandom Frequency Hopping Sequence
TEST APPLICABLE

For 47 CFR Part 15C section 15.247 (a) (1) requirement:

Frequency hopping systems shall have hopping channel carrier frequencies separated by a
minimum of 25 kHz or the 20 dB bandwidth of the hop-ping channel, whichever is greater.
Alternatively, frequency hopping systems operating in the 2400-2483.5 MHz band may have
hopping channel carrier frequencies that are separated by 25 kHz or two-thirds of the 20 dB
bandwidth of the hopping channel, whichever is greater, provided the systems operate with an
output power no greater than 125 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 hop-ping channel bandwidths of their corresponding
transmitters and shall shift frequencies in synchronization with the transmitted signals.

EUT Pseudorandom Frequency Hopping Sequence Requirement

The pseudorandom frequency hopping sequence may be generated in a nice-stage shift register
whose 5" and 9" stage outputs are added in a modulo-two addition stage. And the result is fed back
to the input of the first stage. The sequence begins with the first one of 9 consecutive ones, for
example: the shift register is initialized with nine ones.

@® Number of shift register stages:9

® Length of pseudo-random sequence:29-1=511 bits

@® Longest sequence of zeros:8(non-inverted signal)

I -
f+‘

-

\T)

Linear Feedback Shift Register for Generation of the PRBS sequence

An example of pseudorandom frequency hopping sequence as follows:
0 2 4 6 62 64 78 1 737577

Each frequency used equally one the average by each transmitter.

The system receiver have input bandwidths that match the hopping channel bandwidths of their
corresponding transmitter and shift frequencies in synchronization with the transmitted signals.
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5.10 Antenna Requirement

Standard Applicable

For intentional device, according to FCC 47 CFR Section 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.

And according to FCC 47 CFR Section 15.247 (c), if transmitting antennas of directional gain
greater than 6dBi are used, the power shall be reduced by the amount in dB that the directional gain
of the antenna exceeds 6dBi.

Refer to statement below for compliance

The manufacturer may design the unit so that the user can replace a broken antenna, but the use of
a standard antenna jack or electrical connector is prohibited. Further, this requirement does not
apply to intentional radiators that must be professionally installed.

Antenna Connected Construction

The directional gains of antenna used for transmitting is -0.58 dBi, and the antenna is an internal
antenna connect to PCB board and no consideration of replacement. Please see EUT photo for
details.

Results: Compliance.
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6 Test Setup Photos of the EUT
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7 Photos of the EUT
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