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TEST RESULT CERTIFICATION

Applicant’'s Name...................... : Ningbo Tonwel Audio Co.,LTD

AdAress.......c.cccoevvveeivciieeenn ; No:28,X|y| Road,Jiangshan Town, Yinzhou,Ningbo,
China

Manufacture's Name................ : Ningbo Tonwel Audio Co.,LTD

Address..........cccoeveveeveieieeenn ; No:28,X|y| Road,Jiangshan Town, Yinzhou,Ningbo,
China

Product Description

Product Name............ccccuee... . ACTIVE SPEAKER

Brand Name...........ccceeeeveeeeeees. - N/A

Model Name...........ccccoeeeveennen. o V4412

Series Model............cccceeveeeeeer V4415

Test Standards.........cocceevnenee. :  FCC Rules and Regulations Part 15 Subpart C, Section 247

Test Procedure...........................  ANSI C63.10:2013

This device described above has been tested by Flux Compliance Service Laboratory, the test results
show that the equipment under test (EUT) is in compliance with the FCC requirements. And it is
applicable only to the tested sample identified in the report.

This report shall not be reproduced except in full, without the written approval of Flux Compliance
Service Laboratory, this document may be altered or revised by Flux Compliance Service Laboratory,
personal only, and shall be noted in the revision of the document..

Date of Test...........ccccvvvrinenenn. ,
Date (s) of performance of tests.: Apr 4, 2023 ~ May 10, 2023

Date of Issue.............ccceueeueueeeeee.:. May 10, 2023
TestResuUlt...........cooeevvvvieieiene. . Pass
Tested by : DL {{ 5/{67/(
(Scott Shen)
‘)tLhIWJ
Reviewed by :
(Duke Qian)
2\
Approved by ; o)
¥
(Jack Wang)
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1. SUMMARY OF TEST RESULTS

Test procedures according to the technical standards:
KDB 558074 D01 15.247 Meas Guidance v05r02

FCC Part 15.247,Subpart C
Stanqard Test Item Judgment Remark
Section
15.207 Conducted Emission PASS --
15.247(a)(1) Hopping Channel Separation PASS --
15.247 (b)(1) Output Power PASS -
15.209 Radiated Spurious Emission PASS --
Conducted Spurious & Band Edge
15.247(d) Emission PASS -
15.247(a)(1 )(i) Number of Hopping Frequency PASS -
15.247(a)(1)(i) Dwell Time PASS --
20dB Bandwidth
15.247(a)(1) 99% Bandwidth PASS --
15.205 Restricted bands of operation PASS -
Part 15.247(d)/part o B
15.209(a) Band Edge Emission PASS
15.203 Antenna Requirement PASS --

NOTE:
(1)” N/A” denotes test is not applicable in this Test Report
(2) All tests are according to ANSI C63.10-2013

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan
Tel: 769-27280901 Fax:769-27280901 http://www.FCS-lab.com
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1.1 TEST FACTORY

Company Name: Flux Compliance Service Laboratory

Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye

Address: West Road Hi-Tech Industrial, Song shan lake Dongguan
Telephone: +86-769-27280901
Fax: +86-769-27280901

Laboray Accreditations

FCC Test Firm Registration Number: 514908
CNAS Number: L15566

Designation number: CN0127
A2LA accreditation number: 5545.01
ISED Number: 25801

1.2 MEASUREMENT UNCERTAINTY
The reported uncertainty of measurement y U, where expended uncertainty U is based on a
standard uncertainty multiplied by a coverage factor of k=2, providing a level of confidence of
approximately 95 %.

No. Item Uncertainty
1 RF output power, conducted +0.71dB
2 Unwanted Emissions, conducted +2.988 dB
3 Conducted Emission (9KHz-150KHz) +4.13dB
4 All emissions radiated (9KHz -30MHz) +3.1dB
5 Conducted Emission (150KHz-30MHz) +4.74 dB
6 All emissions,radiated(<1G) 30MHz-1000MHz +5.2dB
7 All emissions,radiated 1GHz -18GHz +4.66 dB
8 All emissions,radiated 18GHz -40GHz +4.31 dB
9 Occupied bandwidth and PSD +0.3 dB

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan
Tel: 769-27280901 Fax:769-27280901 http://www.FCS-lab.com




| gl S— ]
N Page 8 of 43 Report No.: FCS2023004200W01

2. GENERAL INFORMATION

2.1 GENERAL DESCRIPTION OF THE EUT

Product Name

ACTIVE SPEAKER

Trade Name N/A
Model Name V4412
Series Model V4415

Model Difference

We (Ningbo Tonwel Audio Co.,LTD) hereby state that all the
models are electrical identical including the same software
parameter and hardware design (i.e., circuit design, PCB
Layout, RF module/circuit, antenna type(s) and antenna
location, components on PCB, etc.,), same mechanical
structure and design (including product enclosure, materials,
etc.,), the only difference is the model name and appearance
color.

Channel List

Please refer to the Note 2.

Operation frequency

2402MHz-2480MHz

Modulation: GFSK
Channel number 79 CH
Transmitter rate: 1MHz

Power Supply Input: AC 100-120V, 220-240V, 50-60Hz
Battery N/A

Report number FCS202304200W01

Hardware version number | V1.0

Software version number V1.0

Connecting I/O Port(s)

Please refer to the User's Manual

Note:

1. For a more detailed features description, please refer to the manufacturer’s specifications or the

User's Manual.

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan

Tel: 769-27280901 Fax:769-27280901 http://www.FCS-lab.com
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2.
Channel Frequency Channel Frequency Channel Frequency Channel Frequency
1 2402MHz 21 2422MHz 41 2442MHz 61 2462MHz
2 2403MHz 22 2423MHz 42 2443MHz 62 2463MHz
19 2420MHz 39 2440MHz 59 2460MHz T, 2480MHz
20 2421MHz 40 2441MHz 60 2461MHz
3. Table for Filed Antenna
Model , .
Ant. Brand Name Antenna Type [Connector| Gain (dBi) NOTE
1 NA N/A PCB N/A 0.98 Antenna

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan

Tel: 769-27280901

Fax:769-27280901

http://www.FCS-lab.com
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2.2 BLOCK DIGRAM SHOWING THE CONFIGURATION OF SYSTEM TESTED

During testing channel & power controlling software provided by the customer was used to control
the operating channel as well as the output power level. The RF output power selection is for the
setting of RF output power expected by the customer and is going to be fixed on the firmware of
the final end product.

Block diagram of EUT configuration for test

EUT

Test software: the BlueSuiteCda_3 3 3 604.exe

The test softeware was used to control EUT work in continuous TX mode, and select test channel,
Wireless mode as below table

1.

2.

3.
4.

Nominal rate supply votage, and found that the worst case was the nominal rated supply condition, So

No. Test model descrption
1 Low channel GFSK
2 Middle channel GFSK
3 High channel GFSK
4 Hopping GFSK

Note:

GFSK mode is worst mode.

the report just shows that condition’s data

All the test modes can be supply by battery, only the result of the worst case recorded in the report.

For radiated emission, 3 axis were chosen for testing for each applicable mode.

The EUT used fully charge battery when tested.
During the test, the dutycycle>98%, the test voltage was tuned from 85% to 115% of the

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan

Tel: 769-27280901 Fax:769-27280901 http://www.FCS-lab.com
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)
2.3 DESCRIPTION OF NECESSARY ACCESSORIES AND SUPPORT UNITS
The EUT has been tested as an independent unit together with other necessary accessories or
support units. The following support units or accessories were used to form a representative test
configuration during the tests.
Necessary accessories
Item Equipment Mfr/Brand Model/Type No. S[\elgal Note
N/A N/A N/A N/A N/A N/A
Support units

ltem Equipment Mfr/Brand | Model/Type No. [Serial No.| Note Manufacturer

N/A N/A N/A N/A N/A N/A N/A

Note:

(1)  The support equipment was authorized by Declaration of Confirmation.
(2)  For detachable type 1/O cable should be specified the length in cm in [Length] column.
(3) “YES”is means “shielded” “with core”; “NO” is means “unshielded” “without core”.

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan
Tel: 769-27280901 Fax:769-27280901 http://www.FCS-lab.com
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2.4 EQUIPMENTS LIST

Radiation Test equipment

Kind of Equipment Manufacturer Type No. Company No. |Last calibration|Calibrated until
EMI Test Receiver R&S ESRP 3 FCS-E001 2022.08.30 2023.08.29
Signal Analyzer R&S FSV40-N FCS-E012 2022.08.30 2023.08.29
Active loop Antenna ZHINAN ZN30900C FCS-E013 2022.08.30 2023.08.29
Bilog Antenna SCHWARZBECK VULB 9168 FCS-E002 2022.08.30 2023.08.29
Horn Antenna SCHWARZBECK | BBHA 9120D FCS-E003 2022.08.30 2023.08.29
SHF-EHF Horn
Antenna (18G-40GHz) A-INFO LB-180400-KF FCS-E018 2022.08.30 2023.08.29
Pre'Amp"ﬂ‘;;(O'1 M-3G EMCI EM330N FCS-E004 | 2022.08.30 | 2023.08.29
Pre-Amplifier
(1G-18GHz) N/A TSAMP-0518SE | FCS-E014 2022.08.30 2023.08.29
Pre-Amplifier
(18G-40GHz) TERA-MW TRLA-0400 FCS-E019 2022.08.30 2023.08.29
Temperature & HTC-1 victor FCS-E005 | 2022.08.30 | 2023.08.29
Humidity

Testing Software

EZ-EMC(Ver.STSLAB 03A1 RE)

Conduction Test equipment

Kind of Equipment Manufacturer Type No. Company No. | Last calibration | Calibrated until
EMI Test Receiver R&S ESPI FCS-E020 2022.08.30 2023.08.29
LISN R&S ENV216 FCS-E007 2022.08.30 2023.08.29
LISN ETS 3810/2NM FCS-E009 2022.08.30 2023.08.29
Temperature &
HTC-1 victor FCS-E008 2022.08.30 2023.08.29
Humidity
Testing Software EZ-EMC(Ver.EMC-CON 3A1.1)
RF Connected Test
Kind of Equipment | Manufacturer Type No. Company No. | Last calibration | Calibrated until
MXA SIGNAL Keysight N9020A FCS-E015 | 2022.08.30 | 2023.08.29
Analyzer
Spectrum Analyzer Agilent E4447A MY50180039 2022.08.30 2023.08.29
Spectrum Analyzer R&S FSV-40 101499 2022.08.30 2023.08.29
Power Sensor Agilent UX2021XA FCS-E021 2022.08.30 2023.08.29

Testing Software

EZ-EMC(Ver.STSLAB 03A1 RE)

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan
Tel: 769-27280901

Fax:769-27280901
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3 CONDUCTED EMISSION MEASUREMENT

3.1 LIMIT
Operating frequency band. In case the emission fall within the restricted band specified on Part
207(a) limit in the table below has to be followed.

Conducted Emissionlimit (dBuV)
FREQUENCY (MHz) -
Quasi-peak Average
0.15-0.5 66 - 56 * 56 - 46 *
0.50-5.0 56.00 46.00
5.0-30.0 60.00 50.00

Note:

(1) The tighter limit applies at the band edges.

(2) The limit of " * " marked band means the limitation decreases linearly with the logarithm of the
frequency in the range.

3.2 TEST PROCEDURE
The following table is the setting of the receiver

Receiver Parameters Setting
Attenuation 10 dB
Start Frequency 0.15 MHz
Stop Frequency 30 MHz
IF Bandwidth 9 kHz

a. The EUT was 0.1 meters from the horizontal ground plane and 0.4 meters from the vertical
ground plane with EUT being connected to the power mains through a line impedance
stabilization network (LISN). All other support equipments powered from additional LISN(s).
The LISN provide 50 Ohm/ 50uH of coupling impedance for the measuring instrument.

b. Interconnecting cables that hang closer than 40 cm to the ground plane shall be folded back
and forth in the center forming a bundle 30 to 40 cm long.

c. I/0O cables that are not connected to a peripheral shall be bundled in the center. The end of the
cable may be terminated, if required, using the correct terminating impedance. The overall
length shall not exceed 1 m.

d. LISN at least 80 cm from nearest part of EUT chassis.

e. For the actual test configuration, please refer to the related Item —EUT Test Photos.

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan
Tel: 769-27280901 Fax:769-27280901 http://www.FCS-lab.com
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3.3 TEST SETUP
Receivar
W he
- ——
; | Support
A hdm —— Equipment
Powel 1 BT [— 10em
Supp L.I.%JI. anda

= Ground Reference Plane

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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3.4 TEST RESULTS

Temperature: 25°C Relative Humidity: |50%
Test Mode: GFSK(worst mode) Test Voltage: AC 110V
Result: L Result: Pass
100.0
90
80
70
o \\-.______-
50 —_—
40 % |%| Ll g H
\ , .|l“
30 M Ylmf
20 )\-\/\./ i) - , - ; A
_J L VNS T e e e W T S "|r ! peak
10 g o J' w e e e e e e e e e L B
0.0
0.150 0.500 0.800 [MHz] 5.000 30.000
No. | Frequency | Reading Correct Result Limit Margin Remark
(MHz) (dBuV) Factor(dB) (dBuV) (dBuV) (dB)
1 | 0.1995 | 3357 10.08 43.65 63.63 19.98 QP
2 | 0.1995 | 32.61 10.08 42.69 53.63 10.94 AVG
3 | 02085 | 2662 10.02 36.64 60.28 23.64 QP
4 | 02085 | 1950 10.02 29.52 50.28 20.76 AVG
5 | 03975 | 26.84 10.02 36.86 57.91 21.05 QP
6 | 03975 | 2578 10.02 35.80 47.91 12. 11 AVG
7 | 15.1845 | 34.49 9.82 44.31 60.00 15.69 QP
8 | 15.1845 | 33.49 9.82 43.31 50.00 6.69 AVG
9 | 216689 | 27.38 9.94 37.32 60.00 22.68 QP
10 | 21.6689 | 25.39 9.94 35.33 50.00 14.67 AVG
11 | 272715 | 27.04 9.90 36.94 60.00 23.06 QP
12 | 272715 | 24.23 9.90 34.13 50.00 15.87 AVG

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan
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Temperature: 25°C Relative Humidity: (50%

Test Mode: GFSK(worst mode) Test Voltage: AC 110V

Result: N Result: Pass
100.0

90

80

f0

50

i i\ P ﬁ? y
30 ; i

N M}Lﬂ b I
10 "J L\—J U L\MA]JVWJ[M PO A k

Y T O OSSP e W o e s AVE

0.0

0.150 0.500 0.800 [MHz] 5.000 30.000
No. | Frequency | Reading Correct Result Limit Margin Remark

(MHz) (dBuV) Factor(dB) (dBuV) (dBuV) (dB)

1 | 0.1995 | 32.96 10.05 43.01 63.63 20.62 ap

2 | 0.1995 | 3224 10.05 42.29 53.63 11.34 AVG

3 | 02085 | 3152 10.04 41.56 60.28 18.72 ap

4 | 02985 | 2904 10.04 39.08 50.28 11.20 AVG

5 | 04020 | 26.30 10.00 36.30 57.81 2151 QP

6 | 04020 | 2526 10.00 35.26 47 81 12.55 AVG

7 | 06990 | 17.93 9.98 27.91 56.00 28.09 ap

8 | 06990 | 11.22 9.98 21.20 46.00 24.80 AVG

9 | 145905 | 35.04 9.82 44.86 60.00 15. 14 ap

10 | 14.5905 | 33.51 9.82 43.33 50.00 6.67 AVG

11 | 272805 | 27.14 9.98 37.12 60.00 22.88 ap

12 | 272805 | 24.00 9.98 33.98 50.00 16.02 AVG
Remark:

1. All readings are Quasi-Peak and Average values

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan
Tel: 769-27280901 Fax:769-27280901 http://www.FCS-lab.com
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4. 20 DB BANDWIDTH

4.1 Limit
FCC Part15 {15.247) , Subpart C
Section Test ltem Limit Frequency Fange (MHz)
168.247a(1) 20dB bandwidth s 2400-2483.5

4.2 Test Procedure
(1) Connect EUT’s antenna output to spectrum analyzer by RF cable.

(2) Set the spectrum analyzer as follows

Center Frequency | The centre frequency of the channel under test
Detector Peak
RBW For 20 dB Bandwidth :30KHz
For 99% Bandwidth :1% to 5% of the occupied bandwidth
VBW For 20dB Bandwidth : 23 x RBW
For 99% Bandwidth : approximately 3xRBW
Trace Max hold
Sweep Auto

(3) Check the calibration of the measuring instrument using either an internal calibrator or a known
signal from an external generator

(4) Position the EUT without connection to measurement instrument. 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.

(5) Measure the frequency difference of two frequencies that were attenuated 20 dB from the reference

level. Record the frequency difference as the emission bandwidth.

4.3 Test setup

Spectrum Analyzer EUT
4.4 Test results
TestMode Channel (MHz)| 99%OBW(MHz)| 20dB Bandwidth Verdict
(MHz)
Lowest 2402MHz 0.833 0.930 Pass
Middle 2441MHz 0.834 0.934 Pass
Highest 2480MHz 0.834 0.934 Pass

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song

shan lake Dongguan
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4.5 Original Test Data

20BW, 1DH1 LOWEST OCB,1DH1,LOWEST

=R [ KtysngSpedmmAﬂalyzer D(:up!:dB’W
| SENSE:PULSE [ aiGNAuTO | 11:49:35 AM May 10, 2023 500 CORREC | [ SENSE:PULSE] ALTGNAUTO [ 11:49:58 AM May 10, 2023
Avg Type: Log-Pwr Center Freq 2. 402000000 GHz Center Freq: 2.402000000 GHz Radio Std: None
PNO: Wide Trig: Free Run [——— s Trig: FreeRun Avg|Hold:>10110
IFGain:Low #Atten: 30 dB ‘ #FGain:Low #Atten: 36 dB Radio Device: BTS
Mkr3 2.401 890 GHZ Mkr1 2.4016375 GHz
Ref Offset 0.5 dB Ref Offset 0.5 dB
idiv__Ref 7.79 dBm -2.20 dBm| 10 dBidiv____ Ref 7.48 dBm -21.138 dBm)
Log
e 252
f v oo S [125
< s b O 8 225
i S -325
-425
-625
-62.5
722 -725
-82.5
Center 2.402000 GHz Span 2.000 MHz Center 2402 GHz Span 2 MHz
#Res BW 30 kHz #VBW 100 kHz Sweep 2.133 ms (1001 pts) #Res BW 30 kHz #VBW 100 kHz Sweep 2.733ms
» . :
: PA0T'002 Gite Occupied Bandwidth Total Power 6.58 dBm
-3
1 .401 890 GHz 833'24 kHz
4
g e Transmit Freq Error 54.075 kHz % of OBW Power 99.00 %
z ‘ x dB Bandwidth 922.8 kHz x dB -20.00 dB
3 !
10 K
1 -
status

STATUS isc

20BW,1DH1,MIDDLE ZOBW 1DH1,MIDDLE

= KrysngSpecvum Anllym mmsn =R - Occuy adB’W
ORREC [SENSEPULSE [ AdoNATO | 11:55:39 AM May 10, 2023 R[50 CORREC | SENSEPULSE] [ ALIGN AUTO 11:56:10 AM May 10, 2023
enter Freq 2. 441000000 GHz Avg Type: Log-Pwr TRACE] Center Freq 2.441 0 GHz Center Freq: 2.441000000 GHz Radio Std: None
PN Wide Go Trig: FreeRun v —— . Trig: FreeRun AvglHold:>10/10
PrPPPP o Devi
il #FGain:Low #Atten: 30 dB Radio Device: BTS

IFGain:Low #Atten: 30 dB
Mkr3 2.440 890 GHz| Mkr1 2.4406348 GHZ
Ref Offset 0.5 dB Ref Offset 0.5 dB.
10deidiv__Ref 10.14 dBm 0.14 dBm 10 B/ Ref 9.84 dBm -18.742 dBm
og Log
0 016
f et s 102 e
N<>~/\’J e Q 202
29 L’ S 302
e R 402
99 50
39 1 1 B0,
89.9 -70.2
- 0.2
Center 2.441 GHz Span 2 MHz,
Center 2.441000 GHz Span 2.000 MHz
#Res BW 30 kHz #VBW 100 kHz Sweep 2.133 ms (1001 pts) #Res BW 30 kHz #VBW 100 kHz Sweep 2.733 ms|
: P — s S Occupied Bandwidth Total Power 8.95 dBm
m
2 dB
2.440 890 GHz 0.14 dBm 833.66 kHz
g E Transmit Freq Error 51.580 kHz % of OBW Power 99.00 %
6
7 x dB Bandwidth 923.6 kHz xdB -20.00 dB
: 1
10
1 <
< 5
=9 status usc status

= KrysngSpecvumAn ol Occupea B L&
00 ac CORRE: T SENSE:PULSE] T NAUTO | 12:00:12 PMMay 10,2023 50 SENSE:PULSE] [ alt6N AUTO 12:00:35 PM May 10,2023
enter Freq 2.480000000 GHz Avg Type: Log-Pwr Center Freq: 2.480000000 GHz Radio Std: None
Trig: Free Run —». Trig: FreeRun Avg|Hold: 10/10
#Atten: 30 dB #IFGain:Low #Atten: 30 dB Radio Device: BTS
Mkr1 2.4796332 GHZ
Ref Offset 0.5 dB Ref Offset 0.6 dB
10deidiv__Ref 1218 dBm 2.18 dBm 15 didiv___Ref 11.90 dBm -16.671 dBm
og Log
> 10 .
-~ 181
—— <> C 331
L e 81
/f\l b 63.1
g M 1
-108
8 -123
Center 2.48 GHz Span 2 MHz,
Center 2.480000 GHz Span 2.000 MHz
#Res BW 30 kHz #VBW 100 kHz Sweep 2.133 ms (1001 pts) #Res BW 30 kHz #VBW 100 kHz Sweep 2.733 ms|
L X rvarresmam U CTON L FUNCTION WIDTH] Total Power 11.0 dBm
. . e ErT Occupied Bandwidth
2
f 2.479 886 GHz 833‘59 kHZ
4 .
5 E Transmit Freq Error 50.017 kHz % of OBW Power 99.00 %
6
7 x dB Bandwidth 923.4 kHz x dB -20.00 dB
8
3 1
10
1" -
usa starus e (S
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5. CONDUCTED OUTPUT POWER

5.1 LIMIT
FCC Part 15 Subpart C
Section Test Item Limit Frequency Range
15.247(b)(1) Peak output power Power <1W(30dBm) 2400-2483.5

1.Connect each EUT’s antenna output to power sensor by RF cable and attenuator
2.Measure the PK output power of each antenna port by power sensor.

5.3 TEST SETUP
= ;
'-_--J - el
EuT
Power sensor
5.5 TEST RESULTS
TestMode Channel (MHz) | Result (dBm) Limit (dBm) | Verdict
Lowest 2402MHz 4.02 30 Pass
Middle 2441MHz 3.89 30 Pass
Highest 2480MHz 4.23 30 Pass

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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)
6 NUMBER OF HOPPING CHANNEL
6.1 LIMIT
FCC Part 15.247,Subpart C
RSS-247 Issue 2
Section Test Item Limit FrequencyRange Result
(MHz)
15.247 Number of Hopping
(a)(1)(iii) RSS-247 Channel >15 2400-2483.5 PASS

6.2 TEST PROCEDURE
a The EUT was directly connected to the spectrum analyzer and antenna output port as show in the

block diagram below.
b Spectrum Setting: RBW= 100KHz, VBW=300KHz, Sweep time = Auto

5.3 TEST SETUP

Spectrum Analyzer EUT

6.4 EUT OPERATION CONDITIONS

The EUT tested system was configured as the statements of 2.4 Unless otherwise a special operating
condition is specified in the follows during the testing.

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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6.5 TEST RESULTS

Temperature: 25 °C Relative Humidity: 60%
Test Mode: Hopping Mode -GFSK Mode |[Test Voltage: AC 110V
E T e e ]
RL I RF [500 AC | CORREC | [ SENSE:PULSE] [ ALIGN AUTO | 12:08:45 PM May 10, 2023
[Center Freq 2.441750000 GHz | Trig: Free Run Avg Type: Log-Pwr TR:\,E,E o ’ 20
et “ gatten: 3048 ost|P PPPPP
MKr2 2.479 909 5 GHZ
Ref Offset 0.5 dB 434 dBm

||10 dBidiv. Ref 14.65 dBm
Log

4 F5 "2_
1 fnonag AR nmmnﬂﬂmnﬂmnmﬂrmn,nrmn NANLAARATARANIAANA ﬂﬂ mﬁ ﬂﬂﬂm‘ﬂm ﬁﬂﬁhﬂ
TPy T T T TIVETTIRTavT

1
354 l

|
|
454 H
1

L

RErG

—

-15.4

254

-55.4

-B5.4

754

Start 2.40000 GHz Stop 2.48350 GHz
Res BW 100 kHz #VBW 300 kHz Sweep 8.000 ms (1001 pts)

— 1 v ] runcron ] runcrionwom]
2.401 920 5 GHz -0.0
2.479 909 5 GHz 4.3

SOV~ G LR

i |

IMSG STATUS |
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7. BAND EDGE AND SPURIOUS(CONDUCTED)

7.1 LIMIT

In any 100kHz bandwidth outside the frequency bands in which the spread spectrum intentional
radiator in operating, the radio frequency power that is produced by the intentional radiator shall be at
least 30dB below that in the 100kHz bandwidth within the band that contains the highest level of the
desired power.

7.2 TEST PROCEDURE
(1) Connect EUT’s antenna output to spectrum analyzer by RF cable.

(2) Establish a reference level by using the following procedure:

Center frequency DTS Channel center
frequency

RBW: 100kHz

VBW: 300kHz

Span 1.5times the DTS bandwidth

Detector Mode: Peak

Sweep time: auto

Trace mode Max hold

(3) Establish Allow the trace to stabilize, use the peak marker function to determine the maximum peak
power level to establish the reference level.

(4) Set the spectrum analyzer as follows:

RBW: 100kHz

VBW: 300kHz

Span Encompass frequency range to be
measured

Number of measurement points 2span/RBW

Detector Mode: Peak

Sweep time: auto

Trace mode Max hold

(5) Allow the trace to stabilize, use the peak marker function to determine the maximum amplitude of

all unwanted emissions outside of the authorized frequency band

7.3 TEST SETUP

Lels il o

Spectrum Analayzer EUT

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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7.4 TEST RESULTS

Eut set mode CH or Frequency Result
GFSK CH1 Pass
CH79 Pass

7.5 Original test data
CH1 2402MHZ

 Keysight Spectrum Anslyzer - Swept S [
RL [ RF [s0e ac | correC | | SENSE:PULSE| [ ALIGN AUTO | 11:52:23 AM May 10, 2023
[Center Freq 2.375000000 GHz . Avg Type: Log-Pwr IRALE
PNO: Fast o 1rig: Free Run TYPE|M ¥
IFGain:Low #Atten: 30 dB oerlP PPPPP
Mkr2 2.399 90 GHZ
Ref Offset 0.5 dB
10 deicy__Ref 10.08 dBm -53.90 dBm
0.080 i
992 ‘
-19.9 H‘ 19,92 dsmf
238 r {
33 i | 4
193 2'1 ‘ hwmﬂ"“l
8 » T T — el Vi ap il LI | W)
-63.8
733
Start 2.30000 GHz Stop 2.45000 GHz
Res BW 100 kHz #VBW 300 kHz Sweep 14.40 ms (1001 pts)
[MKRIMODEITRCISCLL X [ ¥ ] _FUNCTION ] FUNCTIONWIDTH] =
N 1 1' 2.398 85 GHz -62.63 dBm
N 1 f 2.399 90 GHz -53.90 dBm

ﬁ Keysight Spectrum Analyzer - Swept SA @@@
| RF [s00 AC | CORREC | | SENSE:PULSE| [ ALIGN AUTO | 12:01:11 PMMay 10, 2023
renter Freq 2.505000000 GHz . Avg Type: Log-Pwr TRACE[1|2 345 6
PNO: Fast 50 Trig: Free Run TYPE{M
IFGain:Low #Atten: 30 dB oerlP PP PP
Mkr2 2.484 90 GHz
Ref Offset 0.5 ¢IB
10 gBicy_Ref 14.45 dBm -53.29 dBm
445
555 JH
156 I & 1555 dBmj
258 ’ }
36 J,J ‘
456 ﬁ(“‘rf#lﬁ‘ . f‘ LMQ
el T,
[P FE RS TR P Or P ey e I SR e T P TP TR TR e W LY YR T T By ey ol
656
756
Start 2.43000 GHz Stop 2.58000 GHz
Res BW 100 kHz #VBW 300 kHz Sweep 14.40 ms (1001 pts)
I N S S 7570 5
2.483 55 GHz -54.43 dBm
N 1 f 2.484 90 GHz -53.29 dBm
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Spurious emissions

Low Channel 30MHz-25GHz

ww Keysight Spectrum Analyzer - Swept SA- o o S
RL [ RF__ [50Q AC | CORREC | [ SENSE:PULSE] ALIGN AUTO | 11:53:10 AM May 10, 2023
[Center Freq 12.515000000 GHz | . Avg Type: Log-Pwr TRACENLI23 45 6
PNO: Fast GO  Trig: FreeRun TYPE PF;I hobrte
IFGain:Low Atten: 14 dB DET]
Ref Offset 0.5 dB Mkr2 2.402 2 GHz
10 dBidiv__Ref 3.84 dBm -0.41 dBm
Log 2
516
6.2 Rk
3
26.2
6.2

452

-5R.2
-BB.2
-76.2

-B6.2
I

Stop 25.00 GHz
87 s (32001 pts

#VBW 300 kHz Sweep 2.3

| Start 0.03 GHz
FUNC

Res BW 100 kHz

N 1 f 6762MHz  -60.97 dBm
N 1 24022 GHz -0.41 dBm
3N 1 f 4.804 7 GHz -29.90 dBm
4 N 1 f 24.065 2 GHz -55.95 dBm
5 3
6
7
8
9
10 M
11 i
1 [} | 3
Ig] | STATUS" -
Middle Channel 30MHz-25GHz
ww Keysight Spectrum Analyzer - Swept SA. ===
RL [ RF [s0q AC [ CORREC | | SENSE:PULSE] [ ALIGN AUTO | 11:57:30 AM May 10, 2023
[Center Freq 12.515000000 GHz | - Avg Type: Log-Pwr TRACEN1]23 45 6
PNO: Fast GO  Trig: FreeRun TYPE PF;I hobrte
IFGain:Low Atten: 16 dB DET]
T — Mkr2 2.441 2 GHz
10 dRidiv Ref 5.57 dBm 1.57 dBm
Log 2
-4.43
144 75|
244 3
44
444
£4.4
G4
744
544 I
Stop 25.00 GHz

Sweep 2.387 s (32001 pts

Start 0.03 GHz
Res BW 100 kHz #VBW 300 kHz
FUNC

576.2 MHz dBm
N 2.441 2 GHz 1.67 dBm
N1 f 4.8820 GHz -33.93 dBm
N |1 24779 2 GHz -54.67 dBm

(1]

STATUS |
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High Channel 30MHz-25GHz

o Keysight Spectrum Analyzer - Swept SA = @_
RL [ RF [soe Ac | correc | | SENSE:PULSE] | ALIGN AUTO | 12:01:58 PM May 10, 2023
[Center Freq 12.515000000 GHz | T Avg Type: Log-Pwr pises EETER:
PNO: Fast © rig: Free Run M AP
IFGain:IiI:w e Atten: 20 dB o Lkl
Ref Offset 0.5 dB Mkr2 2.480 2 GHz
10 dBidiv__ Ref 8.54 dBm 3.28 dBm
Log 5
-1.46
115 555 di|
215 3
315
415 4
514
615

-T1.5 i

Start 0.03 GHz Stop 25.00 GHz
Res BW 100 kHz #VBW 300 kHz Sweep 2.387 s (32001 pts

815

NI1[f 576.2 MHz -61.61 dBm
N 1 f 2480 2 GHz 3.28 dBm
N 1 f 4.960 0 GHz -27.26 dBm
N 1 f 248221 GHz 48.94 dBm

(T |

STATUS |

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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N

7.6 For Hopping Band edge

. Keysight Spectrum Analyzer - Swept SA ]
RL [ RF [soe Ac | correc | | SENSE:PULSE] | ALIGN AUTO | 12:10:49 PM May 10, 2023
Eenter Freq 2.440000000 GHz | Avg Type: Log-Pwr TRACE[1] 3256
- PNO: Fast (50  11ig: FreeRun TYPE| MR
IFGain:Low #Atten: 30 dB B ER PSP
Ref Offset 0.5 dB Mkr4 2.518 40 GHz
10 dBidiv__ Ref 14.63 dBm -54.84 dBm
P | I
463 [
i
= mewmm [l
-15.4 : -15 37 dBm)|
254 #
-35.4
454 J? I S 4
' Y [ ¢
654 e = X e SRR
654
754
Start 2.3000 GHz Stop 2.5800 GHz
Res BW 100 kHz #VBW 300 kHz Sweep 26.80 ms (1001 pts)
1 N (1 ¢ 2.360 76 GHz -55.59 dBm
2 N 1 f 2.399 96 GHz -53.13 dBm
3N 1 f 2.483 68 GHz -54.24 dBm
| R | 2.518 40 GHz -54.64 dBm
5 =
6
7
8
9
10 I
11 =
MsG STATUS |
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8. RADIATED EMISSION MEASUREMENT

8.1 RADIATED EMISSION LIMITS
In any 100 kHz bandwidth outside the operating frequency band. In case the emission fall within
the Restricted band specified on Part15.205(a)&209(a) limit in the table and according to ANSI
C63.10-2013 below has to be followed
LIMITS OF RADIATED EMISSION MEASUREMENT (0.009MHz - 1000MHz)

Frequencies Field Strength Measurement Distance
(MHz) (micorvolts/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
88~216 150 3
216~960 200 3
Above 960 500 3

LIMITS OF RADIATED EMISSION MEASUREMENT (1GHz-25 GHz)

(dBuV/m) (at 3M)
PEAK AVERAGE

Above 1000 74 54

FREQUENCY (MHz)

Notes:
(1) The limit for radiated test was performed according to FCC PART 15C.

(2) The tighter limit applies at the band edges.
(3) Emission level (dBuV/m)=20log Emission level (uV/m).

For Radiated Emission

Spectrum Parameter Setting
Attenuation Auto
Detector Peak/AV
Start Frequency 1000 MHz(Peak/AV)
Stop Frequency 10th carrier hamonic(Peak/AV)
RB / VB (emission in restricted
band) PK=1MHz / 1MHz, AV=1 MHz /10 Hz

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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For Band edge
Spectrum Parameter Setting

Detector Peak/AV
Lower Band Edge: 2300 to 2403 MHz
Upper Band Edge: 2479 to 2500 MHz

Start/Stop Frequency

RB / VB (emission in restricted band) PK=1MHz / 1MHz, AV=1 MHz / 10 Hz
Receiver Parameter Setting
Attenuation Auto

Start ~ Stop Frequency 9kHz~90kHz / RB 200Hz for PK & AV
Start ~ Stop Frequency 90kHz~110kHz / RB 200Hz for QP
Start ~ Stop Frequency 110kHz~490kHz / RB 200Hz for PK & AV
Start ~ Stop Frequency 490kHz~30MHz / RB 9kHz for QP
Start ~ Stop Frequency 30MHz~1000MHz / RB 120kHz for QP

8.2 TEST PROCEDURE

a. The measuring distance of at 3 m shall be used for measurements at frequency 0.009MHz up
to 1GHz,and above 1GHz.

b. The EUT was placed on the top of a rotating table 0.1 meters (above 1GHz is 1.5 m) above the
ground at a 3 meter anechoic chamber test site. The table was rotated 360 degrees to
determine the position of the highest radiation.

c. The height of the equipment shall be 0.1 m(above 1GHz is 1.5 m); the height of the test
antenna shall vary between 1 m to 4 m. horizontal and vertical polarizations of the antenna are
set to make the measurement.

d. The initial step in collecting conducted emission data is a spectrum analyzer peak detector
mode pre-scanning the measurement frequency range. Significant peaks are then marked and
then QuasiPeak detector mode re-measured.

e. If the Peak Mode measured value compliance with and lower than Quasi Peak Mode Limit, the
EUT shall be deemed to meet QP Limits and then no additional QP Mode measurement
performed.

f. For the actual test configuration, please refer to the related Item —EUT Test Photos.

Note:

Both horizontal and vertical antenna polarities were tested
and performed pretest to three orthogonal axis. The worst case emissions were reported

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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8.3 TESTSETUP
(A) Radiated Emission Test-Up Frequency Below 30MHz
Loop Antenna
EUT . 3m N
T— —
10cm [
J Spectrum
Ground Plane Coaxial Cable Analyzer

(B) Radiated Emission Test-Up Frequency 30MHz~1GHz

.:-q— 3m —»
Turntable : i
Spectrum
_15 \ EUT Y L / Analyzer
i
Ground Plane Coaxal Cable

(C) Radiated Emission Test-Up Frequency Above 1GHz

' Amplifier
-— 3m —»
Turntable :
\ EUT Spectrum
P Analyzer
10cm 4
i r f—
Ground Plane J /
Coaxial Cable

Flux Compliance Service Laboratory

Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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8.4. TEST RESULTS

(9KHz-30MHz)

Temperature: 22.7°C Relative Humidity: |61%
Test Voltage: AC 110V Test Mode: GFSK(worst mode)
Freq. Reading Limit Margin State
Test Result
(MHz) (dBuV/m) (dBuV/m) (dB) P/F
-- -- -- -- -- PASS
-- -- -- -- -- PASS
Note:

The amplitude of spurious emissions which are attenuated by more than 20dB below the
permissible value has no need to be reported.
Distance extrapolation factor =40 log (specific distance/test distance)(dB);
Limit line = specific limits (dBuv) + distance extrapolation factor.

Flux Compliance Service Laboratory
Room 105 Floor Bao hao Technology Building 1 NO.15 Gong ye West Road Hi-Tech Industrial, Song
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8.5 (30MHZ-1000MHZ)

Temperature: 24.7°C Relative Humidity: (61%

Test Voltage: AC 110V Phase: Horizontal

Test Mode: GFSK(worst mode)

80.0 dBuy

70

60

50 ]

40 I

30 I f’?\"i hi )"'f/ QL M e
— AN b
® ‘W M!ﬁwf Sl

jﬁm

10 WM& i
[l
0
-10
-20
30.000 0.00 [MHz] 300.00 1000.000
No. | Frequency | Reading Correct Result Limit Margin Remark
(MHz) (dBuV) Factor(dB/ (dBuV/m) | (dBuV/m) (dB)
m)
1 39.2991 30.81 -13.41 17.40 40.00 -22.60 QP
2 84.9995 53.04 -32.27 20.77 40.00 -19.23 QP
3 124.1330 67.98 -32.28 35.70 43.50 -7.80 QP
4 271.3246 72.34 -32.13 40.21 46.00 -5.79 QP
5 351.7079 72.92 -32.05 40.87 46.00 -5.13 QP
6 508.2582 66.68 -31.89 34.79 46.00 -11.21 QP

Note: 1. Margin = Result (Result =Reading + Factor )-Limit
2. If Peak Result complies with QP limit, QP Result is deemed to comply with QP limit.
3. Test setup: RBW: 120 kHz, VBW: 300 kHz, Sweep time: auto.
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Temperature: 22.7°C Relative Humidity:  (61%
Test Voltage: AC 110V Phase: Vertical
Test Mode: GFSK(worst mode)
80.0 dBuy
70
60
50 j
|
40 2 3 2
b ] B
| el

20 1 W lf r\J‘F\ l‘llm Mh

P W] AT Y ] N
20 .

W ﬁ
10 MM\W‘I&
0
-10
-20
30.000 &0.00 [MHz) 200.00 1000.000
No. | Frequency | Reading Correct Result Limit Margin Remark
(MHz) (dBuV) Factor(dB/ | (dBuV/m) | (dBuV/m) (dB)
m)

1 85.5974 60.94 -32.27 28.67 40.00 -11.33 QP

2 101.2883 71.06 -32.30 38.76 43.50 -4.74 QP

3 126.3285 71.40 -32.27 39.13 43.50 -4.37 QP

4 199.2855 69.64 -32.20 37.44 43.50 -6.06 QP

5 248.5520 72.36 -32. 15 40.21 46.00 -5.79 QP

6 378.5842 67.86 -32.02 35.84 46.00 -10.16 QP

Note: 1. Margin = Result (Result =Reading + Factor )-Limit
2. If Peak Result complies with QP limit, QP Result is deemed to comply with QP limit.
3. Test setup: RBW: 120 kHz, VBW: 300 kHz, Sweep time: auto.
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m 8.6 ABOVE 1GHZ

Low CH (GFSK)

Peak value:
Frequency Read el Gable | Eamp Level Limit Line O_ve_r T
(MHz) Level Factor Loss Factor (dBuV/m) | (dBuV/m) Limit | polarization
(dBuV) (dB/m) (dB) (dB) (dB)

4804.00 41.87 31.78 8.60 32.09 50.16 74.00 -23.84 Vertical
7206.00 34.15 36.15 11.65 32.00 49.95 74.00 -24.05 Vertical
9608.00 31.73 37.95 14.14 31.62 52.20 74.00 -21.80 Vertical
12010.00 * 74.00 Vertical
14412.00 * 74.00 Vertical
4804.00 45.63 31.78 8.60 32.09 53.92 74.00 -20.08 Horizontal
7206.00 37.75 36.15 11.65 32.00 53.55 74.00 -20.45 | Horizontal
9608.00 34.29 37.95 14.14 31.62 54.76 74.00 -19.24 | Horizontal
12010.00 ¥ 74.00 Horizontal
14412.00 * 74.00 Horizontal

Average value:

Frequency Read Ao o e Level Limit Line Qvgf ;i

(MHz) Level Factor Loss Factor (dBuV/m) | (dBuV/m) Limit | polarization
(dBuV) (dB/m) (dB) (dB) (dB)

4804.00 28.17 31.78 8.60 32.09 36.46 54.00 -17.54 Vertical
7206.00 22.69 36.15 11.65 32.00 38.49 54.00 -15.51 Vertical
9608.00 23.43 37.95 14.14 31.62 43.90 54.00 -10.10 Vertical
12010.00 * 54.00 Vertical
14412.00 * 54.00 Vertical
4804.00 32.05 31.78 8.60 32.09 40.34 54.00 -13.66 | Horizontal
7206.00 23.29 36.15 11.65 32.00 39.09 54.00 -14.91 Horizontal
9608.00 22.87 37.95 14.14 31.62 43.34 54.00 -10.66 | Horizontal
12010.00 A 54.00 Horizontal
14412.00 ¥ 54.00 Horizontal

Remark:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor
2. The emission levels of other frequencies are very lower than the limit and not show in test report.
3. “" means this data is the too weak instrument of signal is unable to test.
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Middle CH (GFSK)

Peak value:
Froauency | (ouet | actor | Loss | Fador | il | Limitive | Dl | rzaon
(dBuV) (dB/m) (dB) (dB) (dB)

4882.00 37.49 31.85 8.67 32.12 45.89 74.00 -28.11 Vertical
7323.00 32.22 36.37 11.72 31.89 48.42 74.00 -25.58 Vertical
9764.00 29.57 38.35 14.25 31.62 50.55 74.00 -23.45 Vertical
12205.00 * 74.00 Vertical
14646.00 * 74.00 Vertical
4882.00 38.73 31.85 8.67 32.12 47.13 74.00 -26.87 | Horizontal
7323.00 31.30 36.37 11.72 31.89 47.50 74.00 -26.50 | Horizontal
9764.00 27.89 38.35 14.25 31.62 48.87 74.00 -25.13 | Horizontal
12205.00 A 74.00 Horizontal
14646.00 * 74.00 Horizontal
Average value:

Freauercy | ot | “Facor | Loss | Fador | ievel | tmittne | Sl oaon

(dBuV) (dB/m) (dB) (dB) (dB)

4882.00 26.02 31.85 8.67 32.12 34.42 54.00 -19.58 Vertical
7323.00 21.88 36.37 11.72 31.89 38.08 54.00 =15.92 Vertical
9764.00 20.57 38.35 14.25 31.62 41.55 54.00 -12.45 Vertical
12205.00 * 54.00 Vertical
14646.00 2 54.00 Vertical
4882.00 32.23 31.85 8.67 32.12 40.63 54.00 -13.37 | Horizontal
7323.00 24.10 36.37 11.72 31.89 40.30 54.00 -13.70 | Horizontal
9764.00 20.52 38.35 14.25 31.62 41.50 54.00 -12.50 | Horizontal
12205.00 % 54.00 Horizontal
14646.00 * 54.00 Horizontal
Remark:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor
2. The emission levels of other frequencies are very lower than the limit and not show in test report.
3. “*, means this data is the too weak instrument of signal is unable to test.
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High CH(GFSK)

Peak value:
Froauency | [ouer | ‘Factr | Lo | Factor | iovel | tmittine | ol | aion
(dBuV) (dB/m) (dB) (dB) (dB)

4960.00 37.92 31.93 8.73 32.16 46.42 74.00 -27.58 Vertical
7440.00 33.46 36.59 11.79 31.78 50.06 74.00 =23.94 Vertical
9920.00 30.80 38.81 14.38 31.88 52.11 74.00 -21.89 Vertical
12400.00 * 74.00 Vertical
14880.00 * 74.00 Vertical
4960.00 39.55 31.93 8.73 32.16 48.05 74.00 -25.95 | Horizontal
7440.00 32.22 36.59 11.79 31.78 48.82 74.00 -25.18 | Horizontal
9920.00 31.72 38.81 14.38 31.88 53.03 74.00 -20.97 | Horizontal
12400.00 * 74.00 Horizontal
14880.00 * 74.00 Horizontal

Average value:

Freauency | it | “Facor | Loss | Facor | lovel | Lmitlne | ) ager

(dBuV) (dB/m) (dB) (dB) (dB)

4960.00 30.38 31.93 8.73 32.16 38.86 54.00 -15.12 Vertical
7440.00 24.76 36.59 11.79 31.78 41.36 54.00 -12.64 Vertical
9920.00 22.95 38.81 14.38 31.88 44.26 54.00 -9.74 Vertical
12400.00 * 54.00 Vertical
14880.00 * 54.00 Vertical
4960.00 33.04 31.93 8.73 32.16 41.54 54.00 -12.46 | Horizontal
7440.00 24.81 36.59 11.79 31.78 41.41 54.00 -12.59 | Horizontal
9920.00 24.42 38.81 14.38 31.88 45,73 54.00 -8.27 Horizontal
12400.00 x 54.00 Horizontal
14880.00 * 54.00 Horizontal
Remark:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor
2. The emission levels of other frequencies are very lower than the limit and not show in test report.
3. “* means this data is the too weak instrument of signal is unable to test.
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8.7 RADIATED BAND EDGE DATA
Remark: All restriction band have been tested, and only the worst case is shown in report

Low CH (GFSK)

Peak value:
Froavency | vl | “Facr | Loss | Favor | gieuel fmittine | G parzaton
(dBuV) (dB/m) (dB) (dB) (dB)
2390.00 40.20 27.59 5.38 30.18 42.99 74.00 -31.01 Horizontal
2400.00 53.86 27.58 5.39 30.18 56.65 74.00 -17.35 Horizontal
2390.00 39.93 27.59 5.38 30.18 42.72 74.00 -31.28 Vertical
2400.00 53.04 27.58 5.39 30.18 55.83 74.00 -18.17 Vertical
Average value:
Frequency Read AlTenlg Cable Plegip Level Limit Line O.VEfr —_——
(MHz) Level Factor Loss Factor (dBuv/m) | (@BuV/m) Limit Polarization
(dBuV) (dB/m) (dB) (dB) (dB)
2390.00 32.68 27.59 5.38 30.18 35.47 54.00 -18.53 Horizontal
2400.00 39.85 27.58 5.39 30.18 42.64 54.00 -11.36 Horizontal
2390.00 32.51 27.59 5.38 30.18 35.30 54.00 -18.70 Vertical
2400.00 41,79 27.58 5.39 30.18 44.58 54.00 -90.42 Vertical
High CH(GFSK)
Peak value:
Frequency Read Allisnira Gable Freamp Level Limit Line Qvgr o
(MHz) Level Factor Loss Factor (dBuV/m) | (@Buv/m) Limit Polarization
(dBuV) (dB/m) (dB) (dB) (dB)
2483.50 43.48 27.53 5.47 29.93 46.55 74.00 -27.45 Horizontal
2500.00 44.66 27.55 5.49 29.93 47.77 74.00 -26.23 Horizontal
2483.50 43.25 27.53 5.47 29.93 46.32 74.00 -27.68 Vertical
2500.00 41.89 27.55 5.49 29.93 45.00 74.00 -29.00 Vertical
Average value:
Frequency Road Alllenng Cable Floanmp Level Limit Line Qvgr N
(MHz) Level Factor Loss Factor (dBuV/m) | (dBuV/m) Limit Polarization
(dBuV) (dB/m) (dB) (dB) (dB)
2483.50 33.31 27.53 5.47 29.93 36.38 54.00 -17.62 Horizontal
2500.00 32.53 27.55 5.49 29.93 35.64 54.00 -18.36 Horizontal
2483.50 33.75 27.53 5.47 29.93 36.82 54.00 -17.18 Vertical
2500.00 34.69 27.55 5.49 29.93 37.80 54.00 -16.20 Vertical
Remark:

1. Final Level =Receiver Read level + Antenna Factor + Cable Loss — Preamplifier Factor
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9. AVERAGE TIME OF OCCUPANCY

9.1 LIMIT
FCC Parti 5 (15.247), Subpart C
Section Test Item Limit
Frequency Range (MHz)
A
15.247@@)(1) | Tiroof 0.4 sec 2400-2483.5
Occupancy

9.2 TEST PROCEDURE
a. The transmitter output (antenna port) was connected to the spectrum analyzer.

b. Set RBW =1MHz/VBW =1MHz.

c. Use a video trigger with the trigger level set to enable triggering only on full pulses.

d. Sweep Time is more than once pulse time.

e. Set the center frequency on any frequency would be measure and set the frequency span to zero
span.

f. Measure the maximum time duration of one single pulse.

g. Set the EUT for DH5, DH3 and DH1 packet transmitting.

h. Measure the maximum time duration of one single pulse.

i. DH5 Packet permit maximum 1600/ 79 / 6 = 3.37 hops per second in each channel (5 time slots RX,
1 time slot TX). So the number of pulses in the observation period of 31.6 seconds is 3.37x31.6 =
106.6.

j- DH3 Packet permit maximum 1600/ 79 / 4 = 5.06 hops per second in each channel (3 time slots RX,
1 time slot TX). So the number of pulses in the observation period of 31.6 seconds is 5.06x31.6 =
160.

k. DH1 Packet permit maximum 1600 /79 /2 = 10.12 hops per second in each channel (1 time slot RX,
1 time slot TX). So the number of pulses in the observation period of 31.6 seconds is 10.12x31.6 =

320.

9.3 TEST SETUP

Spectrum Analyzer EUT
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9.4 TEST RESULTS

AVERAGE_TIME_OF_OCCUPANCY
CONDITION | MODE FREQUENCY PULSE AVERAGE TIME LIMIT BURST RESULTS
(MHZ) TIME OF OCCUPANCY (MS) NUMBER
(MS) (MS)
NVNT 1DH1 2402 0.402 128.736 400 320 PASS
NVNT 1DH3 2441 1.664 259.553 400 160 PASS
NVNT 1DH5 2480 2.912 291.200 400 107 PASS

9.5 ORIGINAL TEST DATA

1DH1 1DH1

—_—
Transmit Time: 128.736 ms L&

[ Keysight Spectrum Analyzer - Swept SA (=R @
RL RF 50Q AC | CORREC [ SENSE:PULSE] | ALIGN AUTO [ 12:20:30 PMMay 10,2023 F RL RF 50Q AC | CORREC | ALIGN AUTO 12:21:30 PMMay 10, 2023
[Center Freq 2.402000000 GHz g oo Avg Type: Log-Pwr T:_ACE 3456 requency [Center Freq 2.402000000 GHz | i Franlin Avg Type: Log-Pwr mrscpi iy [
oo Fost & gatten: 30 B oer|P PPPPP iPNO:FeR 54| 0TS e [
Auto Tune|
Ref Offset 0.5 dB Mkr2 778.6 pis| Ref Offset 0.5 dB
10 dB/div__Ref 0.79 dBm -46.82 dBm 10 dBidiv  Ref 10.18 dBm
Log: Log.
el T T T ST T CenterFreq|
T A T sl | bl
g | | IO IR
/ am L | | ! |
> ‘ *2 StartFreq| H ‘
92 et - m 2. GHz| e | | i
o2 [ W{N iy “"“ VJ [ WM Il W ‘ ‘
e r i i T T T 298 l t
w53 Stop Freq| I N I ‘ Il
2.402000000 GHz| | |
89.2 398
Center 2.402000000 GHz Span 0 Hz CF Step| 198
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 1.133 ms (1001 pts) 1.000000 MHz| [+
Man|
oo el se————— = o T e or ool 98
1N [1]¢ 3763 us -29.67 dBm
BN 1t 7786 us -46.82 dBm FreqOffset ‘
4 0 Hz. 698
5
? 798
8 Scale Type|
9
1 ~ |ros Lin) Center 2.402000000 GHz Span 0 Hz
< T Res BW 1.0 MHz #VBW 1.0 MHz Sweep 31.60 s (30001 ptsl
use staus use sTATUS
—_ —
B2 Keysight Spectrum Analyz=r = Dwell Timie = P 2 Ky st Time 29553 =
RL RF 500 A CORREC | ALIGN AUTO 12:29:34 PMMay 10, 2023 RL RF 50Q AC | CORREC | ALIGN AUTO 12:30:34 PMMay 10, 2023
ICenter Freq 2.441000000 GHz e Avg Type: Log-Pwr T§_ACE 3:56 Center Freq 2.441000000 GHz i Franlian Avg Type: Log-Pwr mrscpi iy 5
TRl e | | PO e T e
Ref Offset 0.5 dB Mkr2 2.378 ms| Ref Offset 0.5 dB
10 dBidiv  Ref 4.89 dBm -48.55 dBm) 10 dBidiv  Ref 12.41 dBm
Log— Log.
5 11 o . : . -
AL L L AN RLALY g ‘
15.1 q 241
251 (’ o ‘ ‘ | H ‘ ‘
— A | | 1l | | ULl L
54 I -7.59 ki i it
2 R A e P
= A T Tk " |
A Ll 176 fEH LA S i LU it L
1 et sy 0 - ‘ l H ‘ H ‘ ‘ H‘H ‘
651 1 76 HEELE LR LI .
5 | | Il
751 1 (i I ‘ I
-85.1 376
by | |
Center 2.441000000 GHz Span 0 Hz - I
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 3.133 ms (1001 pts) [~y "
IwRlwoodlTRALSeLl X L Y L FUNCTION T FUNCTIONWIOTLFUNCTonvawe 76
1N [1]¢ 714.4us -27.24 dBm
N 1t 2378 ms -48.55 dBm
3 676
s |
? 778
8
: |
1 . Center 2.441000000 GHz Span 0 Hz
< [ Res BW 1.0 MHz #VBW 1.0 MHz Sweep 31.60 s (30001 pts)
use staus use sTATUS
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i - lo-J-&- i =5
RL CORRE [ AN AUTO 12:38:10 PM May 10,2023 ORREC ALIGN AUTO 12:39:10 PM May 10,2023
[Center Freq 2.480000000 GHz Avg Type: Log-Pwr TRAGE[1]234 5 6 Cenler Freq 2 80000000 GHz Avg Type: Log-Pwr
PNO: Fast G  Irig: Video L | PNOFast —»— Trig: FreeRun
IFGain:Low #Atten: 30 dB DETP PPPRP IFGain:Low #Atten: 30 dB
Ref Offset 0.5 dB Mkr2 3.508 ms| Ref Offset 0.5 dB
10 dB/div__Ref 6.89 dBm -38.77 dBm)| 10 deidiv Ref 14.46 dBm
Log— Log.
311 o R - ver
” 0l A i LA o ) 10 ) X %
AT
-23.1 TRH
f 2 - 554
y'Y
331 T v
431 L
18.
51 Py I e esin
63.1 1 | s
731
31 35 | ‘ i
e | |- (LGN i
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 4.000 ms (1001 pts). (=3 LR LR TR TR
IwRlwoodlTRALSCLL X L YL FUNCTION T FUNCTIONWIOTL FUNCTonvawe
1N [1]¢ 596.0 us -25.49 dBm
N 1t 3508 ms -38.77 dBm
3 B55
5 L |
s 755
8
: |
1 . Center 2.480000000 GHz Span 0 Hz
< i [ Res BW 1.0 MHz #VBW 1.0 MHz Sweep 31.60 s (30001 pts)
use staus use sTATUS
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10. HOPPING CHANNEL SEPARATION MEASUREMEN

10.1 LIMIT
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 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.

Spectrum Parameter Setting
Attenuation Auto
Span Frequency > 20 dB Bandwidth or Channel Separation
RB 30 kHz (20dB Bandwidth) / 30 kHz (Channel Separation)
VB 100 kHz (20dB Bandwidth) /100 kHz (Channel Separation)
Detector Peak
Trace Max Hold
Sweep Time Auto

10.2 TEST PROCEDURE
a. The transmitter output (antenna port) was connected to the spectrum analyser in peak hold mode.

b. The resolution bandwidth of 30 kHz and the video bandwidth of 100 kHz were utilised for 20 dB

bandwidth measurement.
c. The resolution bandwidth of 30 kHz and the video bandwidth of 100 kHz were utilised for channel

separation measurement
10.3 TEST SETUP

Spectrum Analayzer EUT

10.4 EUT OPERATION CONDITIONS

The EUT was programmed to be in continuously transmitting mode.
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N

10.5 TEST RESULTS

Temperature: 25 °C Relative Humidity: 60%

Test Mode: GFSK Mode Test Voltage: AC 110V

Frequency Channel

Modulation Frequency (MHz) Separation Limit Result
(MHz) (MHz) (MHz)

1DHA1 2402 1.002 0.62 Pass

GFSK 1DH3 2441 1.000 0.62 Pass

1DH5 2480 0.998 0.62 Pass

1DH1 Low Channel 1DH1 Middle Channel

[E==r=a [ Keysight Spectrum Analyzer - Swept SA
T 12:13:52 PMMay 10,2023 CORREC_| T SENSE:PULSE] [ aenauTo ] 12:116:50 PMMay 10,2023
a3 TRACE] G

LioN AT R W w0 i
‘Avg Type: Log-Pwr Center Freq 2.441500000 GHz . AvgType:Log-Pur DR
PNO: Wide GO Irig: FreeRun oET[PPPPPP

[ Keysight Spectrum Analyzer - Swept SA
RL T

CORREC T SENSEPULSE T

o ac
enter Freq 2.402500000 GHz -
PNO:Wide GO Trig: FreeRun
IFGain:Low #Atten: 30 dB IFGain:Low #Atten: 30 dB
R MKr2 2.402 892 GHZ] ot Offeet 05 a8 Mkr2 2.441 890 GHZ
10 dBiciv__Ref 7.84 dBm -2.19 dBm| 10 dBidiv__Ref 10.12 dBm 0.11 dBm
og 1 2 Log— ] 2
16 o tec T P 0,120 ~ e ———
. /// T e S N el St SN S~
2 — —~ = 988 S = Ve —
22 [ o ppc” o 19.9 o 2 el — A v
2 29.9
-39.9
-439
59.9
22 £69.9
822 -799
Center 2.402500 GHz Span 2.000 MHz Center 2441500 GHz Span 2.000 MHz
#Res BW 30 kHz #VBW 100 kHz Sweep 2.133 ms (1001 pts) #Res BW 30 kHz #VBW 100 kHz Sweep 2.133 ms (1001 pts)
[ wooe TRl sci] [~ T FuNcrov [ Funcrionwor] FUNCTON VALUE - 5 5 S S v -
N EENE] 2.401 890 GHz -2.16 dBm N 1 f 2.440 890 GHz 0.12 dBm
NI1/¢ 2.402 892 GHz -219dBm NI 1¢f 2.441 890 GHz. 0.11dBm
3 3
4 4
5 5
6 6
7 7
8 ‘ 8
9 9
10 10 m
1" 1
e status sc —

1DH1 High Channel

[— Keysight Spectrum Analyzer - Swept SA [E=RE=N
RL R [500 AC | CORREC [SENSEPULSE [ AToNAUTO | 12:10:49 PMMay 10,2023
enter Freq 2.479500000 GHz x Avg Type: Log-Pwr TRACE 5
PNOWide GO Trig: FreeRun TR
1FGain:Low #Atten: 30 dB oeT]
RefOffset 05 dB Mkr2 2.479 888 GHz
10 d3tdiv__Ref 1211 dBm 2.11dBm
o 1 §2
211 Mot o
0 o W VAE e
9 ~ = N &
7.9 PV T
479
79
Center 2.479500 GHz Span 2.000 MHz,
#Res BW 30 kHz #VBW 100 kHz
0 I i S I S v GNCTION v
N 1 f 2.478 890 GHz 2.00 dBm
N1t 2479 888 GHz 211dBm
3
4
5
6
7
5 \
9
10 m
1
usa sTaTUS
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11. ANTENNA REQUIREMENT

11.1 STANDARD REQUIREMENT
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 (b), 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.

11.2 RESULT
The antennas used for this product are PCB antenna and no antenna other than that furnished

by the responsible party shall be used with the device, the maximum peak gain of the transmit
antenna is 0.98dBi.

XXXOKEND OF THE REPORT % 3% 3% %%
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