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3  General Information

3.1 General Description of E.U.T

Product Name.......ccooeevveveeeeeeninnnns
Model NO. ...ooeeeeeeieiieeeeeeee e

Model Description ......c.c.cccccuvuneee.

Rated Voltage............cocceeviieeennnnnn.
Battery Capacity .........cccccvvveeeeennnn.

Power Adapter .........cccccccvvveeeeennnn.

Aroma Diffuser
Hubble Mist, 20005

The two models are identical except for brand and model name.
The trade mark for Hubble Mist is Hubble, and the trade mark for
20005 is Aromacare. Therefore the full tests were performed on
model 20005.

DC 24V, 650mA

GQ12-240065-AU
Input: AC 100-240V, 50/60Hz, 0.4A Max; Output: DC 24V, 650mA

3.2 Technical Characteristics of EUT

Bluetooth Version...........ccccceeee
Frequency Range ..........cccccvevenees
RF Output POWer ..........covvvveveinnnns
Modulation ..........cccceevviieeeiiiieeens
Data Rate...........ccccceeveeiiiiciniienennn,
Quantity of Channels ...................
Channel Separation............cc.......
Type of Antenna ..........cccccvvveeeenenn.
Antenna Gain .......ccoecveeeeviieeeenie

Lowest Oscillation..........ccccccee....

V5.0(BLE mode)
2402-2480MHz
-7.095dBm (Conducted )
GFSK

2Mbps

40

2MHz

PCB Printed Antenna
-0.58dBi

24MHz

3.3 Standards Applicable for Testing

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

558074 D01 15.247 Meas Guidance For Compliance Measurements On Digital Transmission System,

Guidance v05r02 Frequency Hopping Spread Spectrum System, And Hybrid System Devices
Operating Under Section 15.247 Of The FCC Rules
ANSI C63.10-2013 American National Standard for Testing Unlicensed Wireless Devices

Waltek Testing Group (Foshan) Co., Ltd.
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3.4 Test Facility

The test facility has a test site registered with the following organizations:
® |C — Registration No.: 21895-1

Waltek Testing Group (Foshan) Co., Ltd. has been registered and fully described in a report filed with the
Industry Canada. The acceptance letter from the Industry Canada is maintained in our files. Registration
IC number:21895-1, Nov. 14, 2016.

® FCC — Registration No.: 820106

Waltek Testing Group (Foshan) 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. Registration 820106, August 16, 2018

® FCC — Designation No.: CN5034

Waltek Testing Group (Foshan) 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. Designation No. CN5034.

® NVLAP - Lab Code: 600191-0
Waltek Testing Group (Foshan) Co., Ltd. EMC Laboratory is accredited by the National Voluntary
Laboratory Accreditation Program (NVLAP/NIST). NVLAP Code: 600191-0.

This report must not be used by the client to claim product certification, approval, or endorsement by NVLAP, NIST,
or any agency of the Federal Government.

3.5 Subcontracted

Whether parts of tests for the product have been subcontracted to other labs:

[]Yes X No

If Yes, list the related test items and lab information:
Test items: ---
Lab information: ---

3.6 Abnormalities from Standard Conditions

None.

Waltek Testing Group (Foshan) Co., Ltd.
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4  EUT Setup and Test Mode

The EUT was operated in the engineering mode to fix the Tx frequency that was for the purpose of the
measurements. All testing shall be performed under maximum output power condition, and to measure its

highest possible emissions level, more detailed description as follows:

Test Mode List

Test Mode Description Remark
T™M1 Low Channel 2402MHz
T™M2 Middle Channel 2440MHz
TM3 High Channel 2480MHz

Test Conditions

Temperature: 22~25°C
Relative Humidity: 50~55%
Atmospheric pressure: 101.9kPa

Waltek Testing Group (Foshan) Co., Ltd.
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5 Equipment Used during Test
5.1 Equipment List
Conducted Emissions
Item Equipment Manufacturer Model No. Serial No. o gl CaBue
Date Date
1 EMI Test Receiver RS ESCI 101178 2021-01-09 |2022-01-08
2 LISN RS ENV216 101215 2021-01-09 |2022-01-08
3. Cable HUBER+SUHNER | CBL2-NN-3M 223NN322 2021-01-09 |2022-01-08
EZ-EMC
4 Test Software FARATRONIC CON-03A1 - - -
3m Semi-anechoic Chamber for Radiation Emissions
st Calibration
Item Equipment Manufacturer Model No. Serial No. Calibration
Due Date
Date
1. EMI Test Receiver RS ESR7 101566 2021-01-09 |2022-01-08
2. EMC Analyzer Agilent N9020A MY48011796 | 2021-01-09 |2022-01-08
3. |Active Loop Antenna| SCHWARZBECK | FMZB1519B 00004 2021-01-09 |2022-01-08
4. Tr"ogigﬁiba”d SCHWARZBECK | VULB 9162 | 9162-117 | 2021-01-09 |2022-01-08
5. Broag;}?:gga"'om SCHWARZBECK | BBHA 9120 D 01561 2021-01-09 |2022-01-08
g. | Broad-bandHom | oo\ ap7pECK | BBHA 9170 335 2021-01-09 |2022-01-08
Antenna
7. Amplifier Lunar EM LNA1G18-40 | 20160501002 | 2021-01-09 |2022-01-08
Coaxial Cable CBL3-NN-
8. (below 1GHz) H+S 1243 m 214NN320 2021-01-09 [2022-01-08
9. Coaxial Cable | 10 Micorwave |  CBL5-NN ; 2021-01-09 |2022-01-08
(above 1GHz)
EZ-EMC
10. Test Software FARATRONIC RA-03A1-1 - - -
RF Conducted Testing
Ll Calibration
Item Equipment Manufacturer Model No. Serial No. Calibration
Due Date
Date
1. | Spectrum Analyzer Agilent N9020A MY48011796 | 2021-01-09 |2022-01-08
2. | Spectrum Analyzer R&S FSP40 100501 2021-01-09 |2022-01-08
3, Vgl Agilent N5182A | MY50141533 | 2021-01-09 |2022-01-08
Generator
4. AT ST Agilent N5181A | MY48180720 | 2021-01-09 |2022-01-08
Generator
5. SISO ERS! KSON THS-D4C-100|  5244K 2021-01-09 |2022-01-08
Chamber
6. RF Control Unit CHANGCHUANG JS0806-2 - 2021-01-09 |2022-01-08

Waltek Testing Group (Foshan) Co., Ltd.
http://www.waltek.com.cn




Reference No.: WTF21F03023032W003

Page 8 of 36

5.2 Special Accessories and Auxiliary Equipment

Iltem Equipment Manufacturer Model No. Serial No.
1. / / / /
5.3 Measurement Uncertainty
Parameter Uncertainty

RF Output Power +0.95dB

Occupied Bandwidth +1.5%

Conducted Spurious Emission +2.7dB

Conducted Emission +2.7dB

Transmitter Spurious Emission

+3.8dB (for 25MHz-1GHz)

+5.0dB (for 1GHz-18GHz)

Waltek Testing Group (Foshan) Co., Ltd.
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6 Summary of Test Result
Test Items FCC Rules Result
Antenna Requirement 815.203; §15.247(b)(4)(i) Compliance
Restricted Band of Operation §15.205 Compliance
Conducted Emissions §15.207(a) Compliance
Radiated Spurious Emissions §15.209(a) Compliance
Power Spectral Density 815.247(e) Compliance
DTS Bandwidth § 15.247(a)(2) Compliance
RF Output Power 8§15.247(b)(3) Compliance
Band edge (Out of Band Emissions) §15.247(d) Compliance
RF Exposure §2.1093 Compliance
Remark:
Pass Test item meets the requirement
Fail Test item does not meet the requirement
N/A Test case does not apply to the test object

Waltek Testing Group (Foshan) Co., Ltd.
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6.1 Antenna Requirement

6.1.1 Standard Applicable

According to FCC Part 15.203, an intentional radiator shall be designed to ensure that no antenna other than
that furnished by the responsible party shall be used with the device. The use of a permanently attached
antenna or of an antenna that uses a unique coupling to the intentional radiator shall be considered sufficient

to comply with the provisions of this section.

6.1.2 Evaluation Information
The EUT has a PCB Printed Antenna, the gain is -0.58dBi, fulfil the requirement of this section.

Waltek Testing Group (Foshan) Co., Ltd.
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6.2 RF Exposure Requirement

6.2.1 Standard Applicable

According t081.1307 and §2.1093, the portable transmitter must comply the RF exposure requirements.

6.2.2 Test Result

This product complied with the requirement of the RF exposure, please see the RF Exposure Report

WTF21F03023032WO004.

Waltek Testing Group (Foshan) Co., Ltd.
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6.3 Conducted Emission

6.3.1 Test Procedure

The setup of EUT is according with per ANSI C63.10-2013measurement procedure. The specification used
was with the FCC Part 15.207Limit.
The external 1/0 cables were draped along the test table and formed a bundle 30 to 40 cm long in the middle.

The spacing between the peripherals was 10 cm.

6.3.2 EUT Setup

The conducted emission tests were performed using the setup accordance with the ANSI C63.10:2013.

EUT Receiver |{PC System| -

[0:50Q Terminator —

6.3.3 Test Receiver Setup

During the conducted emission test, the test receiver was set with the following configurations:

StArt FrEQUENCY....ceiiiieieiiieiititee et 150 kHz
SEOP FrEQUENCY ... i a e e 30 MHz
SWEEP SPEEA....ceiiiiiiiieeiiiieee ettt Auto

IF Bandwidth...........coooiiiiiiiii e 10 kHz
Quasi-Peak Adapter Bandwidth.................coooiciiiiiiieee e, 9 kHz
Quasi-Peak Adapter MOde. .........ccuuieiieiiiiiiieiiiiiee e Normal

Waltek Testing Group (Foshan) Co., Ltd.
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6.3.4 Measurement Description

The maximised peak emissions from the EUT was scanned and measured for both the Live and Neutral
Lines. Quasi-peak & average measurements were performed if peak emissions were within 6dB of the

average limit line.

6.3.5 Corrected Factor & Margin Calculation

The Corrected factor is calculated by adding LISN VDF(Voltage Division Facotr), Cable Loss and Transient
Limiter Attenuation. The basic equation is as follows:
Measurement=Reading Level+Correct Factor
Correct Facotor=LISN VDF+Cable Loss
The “Margin” column of the following data tables indicates the degree of compliance with the applicable limit.
For example, a margin of 7dB means the emission is 7dB below the limit. The equation for margin calculation
is as follows:

Margin=Limit-Measurement

Waltek Testing Group (Foshan) Co., Ltd.
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6.3.6 Test Result
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An initial pre-scan was performed on the live and neutral lines.
Test Mode Communication

100.0 dBuY

90

g0

70

60

50

40

30

Test Voltage AC 120V/60Hz

Phase Live

\

5

11

3
! " m peak
. i o !
" I U e
0.0
0.150 0.5 [MHz] H] 30.000
Reading Comrect Measure-
No. Mk.  Freq. Level Factor ment Limit  Ower
MHz dBuv dB dBuv dBuv dB Detector Comment
1 04340 2488 9.59 3447 5718 2271 Qp
2 04340 14086 959 2385 4718 -2353 AVG
3 0.6300 18.87 9.59 2846 56.00 -27.54 ap
4 06300 574 9.59 1533 4600 -3067 AVG
5 1.9580 23.18 9.62 32.80 56.00 -23.20 apP
6 19580 589 9.62 19.51 4600 -30439 AVG
7 25020 3263 964 4227 56.00 -13.73 apP
8 25020 2262 964 3226 4600 -13.74 AVG
9 49940 2370 9.70 33.40 56.00 -22.60 apP
10 49940 1478 9.70 24.48 4600 -21.52 AVG
11 = 200300 3794 10.04 4798 60.00 -12.02 apP
12 200300 2546 10.04 35.50 5000 -14.50 AVG

Waltek Testing Group (Foshan) Co., Ltd.
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Test Mode Communication Test Voltage AC 120V/60Hz Phase Neutral
1000 dBuY
90
80
Fil
60
\ I
L] 1 !
40 : ] . 2
) | Ul
20 A _ | peak
10 ] 5.
0.0 AVE
0.150 [MHz] 5 30.000
Reading Correct Measure-
MNo. Mk. Freq.  Level Factor ment Limit  Over
MHz dBuv dB dBuv dBuv dB Detector Comment
1 02779 2665 959 3624 6083 -2484 QP
2 02779 1186 959 2145 5088 -2943 AVG
3 1.0100 1942 961 2903 5600 -2697 QP
4 1.0100 501 961 1462 4600 -31.38 AVG
5 19220 1871 963 2834 5600 -2766 QP
3 19220 7.01 963 1664 4600 -2936 AVG
7 25059 3322 965 4287 5600 -1313 QP
8 25059 2390 965 3355 4600 -1245 AVG
9 50020 2275 972 3247 6000 -2753 QP
10 50020 15.19 972 2491 5000 -2509 AVG
11 * 200100 3943 1011 4954 6000 -1046 QP
12 200100 2774 1011 3785 5000 -1215 AVG

Waltek Testing Group (Foshan) Co., Ltd.
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6.4 Radiated Spurious Emissions

6.4.1 Standard Applicable

According to §15.247(d), in any 100 kHz bandwidth outside the frequency band in which the spread

spectrum or digitally modulated intentional radiator is operating, the radio frequency power that is produced
by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that
contains the highest level of the desired power, based on either an RF conducted or a radiated measurement,
provided the transmitter demonstrates compliance with the peak conducted power limits. If the transmitter
complies with the conducted power limits based on the use of RMS averaging over a time interval, as
permitted under paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 dB
instead of 20 dB. Attenuation below the general limits specified in §15.209(a) is not required. In addition,
radiated emissions which fall in the restricted bands, as defined in §15.205(a), must also comply with the

radiated emission limits specified in §15.209(a).

The emission limit in this paragraph is based on measurement instrumentation employing an average
detector. The provisions in §15.35 for limiting peak emissions apply. Spurious Radiated Emissions

measurements starting below or at the lowest crystal frequency.

6.4.2 Test Procedure

1) The EUT is placed on a turntable, which is 0.8m(Below 1G) 1.5m(above 1G)above ground plane.

2) The turntable shall be rotated for 360 degrees to determine the position of maximum emission level.

3) EUT is set 3m away from the receiving antenna, which is moved from 1m to 4m to find out the maximum
emissions. The spectrum was investigated from the lowest radio frequency signal generated in the device,
without going below 9 kHz, up to the tenth harmonic of the highest fundamental frequency or to 40 GHz,

whichever is lower.
4) Maximum procedure was performed on the six highest emissions to ensure EUT compliance.

5) And also, each emission was to be maximized by changing the polarization of receiving antenna both

horizontal and vertical.
6) Repeat above procedures until the measurements for all frequencies are complete.

7) The radiation measurements are tested under 3-axes(X, Y, Z) position(X denotes lying on the table, Y
denotes side stand and Z denotes vertical stand), After pre-test, It was found that the worse radiation

emission was get at the Z position. So the data shown was the Z position only.

Waltek Testing Group (Foshan) Co., Ltd.
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6.4.3 Test Setup

The setup of EUT is according with per ANSI C63.10-2013 measurement procedure. The specification used
was with the FCC Part 15.205 15.247(a) and FCC Part 15.209 Limit.

The external I/0 cables were draped along the test table and formed a bundle 30 to 40 cm long in the middle.
The spacing between the peripherals was 10 cm.

The test setup for emission measurement below 30MHz.

Semi-anechoic 3m Chamber
Turn Table From 0° to 360°

Turn Table

PC Spectrum AMP Combining
System Analyzer Network

Waltek Testing Group (Foshan) Co., Ltd.
http://www.waltek.com.cn
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The test setup for emission measurement from 30 MHz to 1 GHz.

Semi-anechoic 3m Chamber

Antenna Elevation Varies From 1 to 4 m
Turn Table From 0° to 360°

G

PC Spectrum AMP ombining
System Analyzer Network

The test setup for emission measurement above 1 GHz.

Anechoic 3m Chamber

Antenna Elevation Varies From 1 to 4 m
Turn Table From 0° to 360°

7 Y
}
]
[}
]
1.5m,
]
: Turn Table
X Absorbers
[}
v AAAA
1 1
_I__

NEetworkK

ANa e

Waltek Testing Group (Foshan) Co., Ltd.
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6.4.4 Spectrum Analyzer Setup

9KHz-30MHz 30MHz-1GHz Above 1GHz

RBW=10kHz RBW=120kHz RBW=1MHz

VBW=30kHz VBW=300kHz VBW=3MHz(Peak), 10MHz(AV)
Sweep time=Auto Sweep time=Auto Sweep time=Auto

Trace=Max hold Trace=Max hold Trace=Max hold

Detector function=peak Detector function=peak, QP Detector function=peak, AV

6.4.5 Corrected Amplitude & Margin Calculation

The Corrected Amplitude is calculated by adding the Antenna Factor and Cable Factor, and subtracting the

Amplifier Gain from the Amplitude reading. The basic equation is as follows:
Corr. Ampl. = Indicated Reading + Corr. Factor
Corr.Factor=Antenna Factor + Cable Factor - Amplifier Gain

The “Margin” column of the following data tables indicates the degree of compliance with the applicable limit.
For example, a margin of -7dB means the emission is 7dB below the maximum limit for Class B. The

equation for margin calculation is as follows:

Margin = Corr. Ampl. — Limit

Waltek Testing Group (Foshan) Co., Ltd.
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6.4.6 Test Results
Test Frequency: 9 kHz~30 MHz

Page 20 of 36

The measurements were more than 20 dB below the limit and not reported.

Test Frequency: 30MHz ~ 1GHz (worst case)

Test Channel GFSK Low Channel Polarization Vertical
Trn dB N Ffm
. Limil: —_
62 . Hallg'n: —_—
52 ]
: i 1]
) :- E E [
32 3
27 I | 1l
12
2
-8
18 _:
-28. : : : P :
30,000 40 50 60 7D B0 300 400 500 GO0 70O 1000.0 MHz
Freq. Reading | Factor Result Limit  (Margin| ., Remark
No- | mHz) |@Buvim)| (@B) |(dBuvim)|(@Buvim)| (aB) |°==°°r| Reme
1 119.9817| 23.61 1246 | 36.07 4350 | -743| QP
2 131.9889| 19.64 1107 | 30.71 4350 [-1279] QP
3 144.0313| 26.78 11.15 | 37.93 4350 | -557| QP
4 156.0193| 20.40 1206 | 3246 4350 |[-11.04] QP
5 168.0007| 25.89 1298 | 3887 4350 | -463| QP
6 192.0141] 17.65 1424 | 3189 4350 [-11.61] QP

Waltek Testing Group (Foshan) Co., Ltd.
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Test Channel GFSK Low Channel Polarization  Horizontal
720 dBuA Fm
Limil: —_—
62 : ! : “m?h: T
52 i - i S S =

wd | N N
F0.000 40 50 60 70 80 300 400 500 GO0 700 10000 MHz
No. (inriiqz'} (ﬁgﬁﬂ'ﬁ‘n% F(ggfr (d%?nsx}iflrgq) (ué_m}m} M(Ec;rg;n petestor | Remark
i 1200238| 2606 | 1106 | 3712 | 4350 | -638| QP
2 1319889| 2610 | 1021 | 3631 | 4350 | -7.19| QP
3 1440314| 2904 | 991 | 3895 | 4350 | -485| QP
4 156.0195| 27.00 | 1022 | 3722 | 4350 | 628| QP
5 1920142| 2530 | 1262 | 3792 | 4350 | 558| QP
6 216.0240| 2609 | 1369 | 2978 | 4600 | -622| QP
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Test Frequency: 1GHz~18GHz
Frequency Reading Detector Polar Corrected Result Limit Margin
(MHz) (dBpV/m) (H/V) Factor (dB) | (dBuV/m) | (dBuV/m) (dB)
Low Channel-2402MHz
4795.25 61.73 Peak H -3.62 58.11 74 -15.89
4795.25 50.3 AVG H -3.62 46.68 54 -7.32
10505.75 40.57 Peak H 8.66 49.23 74 -24.77
10505.75 39.80 AVG H 8.66 48.46 54 -5.54
4795.25 51.49 Peak \% -3.50 47.99 74 -26.01
4795.25 38.64 AVG V -3.50 35.14 54 -18.86
10623.25 39.89 Peak \Y 8.51 48.40 74 -25.60
10623.25 28.2 AVG V 8.51 36.71 54 -17.29
Middle Channel-2440MHz
4877.50 59.89 Peak H -3.41 56.48 74 -17.52
4877.50 46.62 AVG H -3.41 43.21 54 -10.79
10541.00 41.59 Peak H 8.79 50.38 74 -23.62
10541.00 30.57 AVG H 8.79 39.36 54 -14.64
6287.50 41.16 Peak \% 0.29 41.45 74 -32.55
6287.50 29.49 AVG V 0.29 29.78 54 -24.22
10494.00 40.36 Peak \% 8.14 48.50 74 -25.50
10494.00 28.04 AVG Vv 8.14 36.18 54 -17.82
High Channel-2480MHz
4959.75 56.91 Peak H -3.22 53.69 74 -20.31
4959.75 44.79 AVG H -3.22 41.57 54 -12.43
10635.00 39.53 Peak H 9.10 48.63 74 -25.37
10635.00 26.64 AVG H 9.10 35.74 54 -18.26
6757.50 40.95 Peak \% 1.83 42.78 74 -31.22
6757.50 28.35 AVG \Y 1.83 30.18 54 -23.82
10411.75 40.9 Peak \% 7.90 48.80 74 -25.20
10411.75 28.94 AVG \% 7.90 36.84 54 -17.16

Test Frequency: 18GHz~25GHz

The measurements were more than 20 dB below the limit and not reported.
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6.5 Power Spectral Density
6.5.1 Standard Applicable

According to 15.247(a)(1)(iii), For digitally modulated systems, the power spectral density conducted from
the intentional radiator to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time

interval of continuous transmission.

6.5.2 Test Procedure

According to the KDB 558074 D01 v05r02 Subclause 8.4 and ANSI C63.10-2013 Subclause 11.10.2, the

test method of power spectral density as below:

a) Set analyzer center frequency to DTS channel center frequency.

b) Set the span to 1.5 times the DTS bandwidth.

c) Set the RBW to: 3 kHz < RBW < 100 kHz.

d) Set the VBW = 3 x RBW.

e) Detector = peak.

f) Sweep time = auto couple.

g) Trace mode = max hold.

h) Allow trace to fully stabilize.

i) Use the peak marker function to determine the maximum amplitude level within the RBW.

j) If measured value exceeds limit, reduce RBW (nho less than 3 kHz) and repeat.

6.5.3 Test Result

Power Spectral Density Limit
Test Mode Test Channel dBm/3kHz dBm/3kHz
Low -17.350 8
GFSK(BLE) Middle -17.870 8
High -18.021 8
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Low Channel

l;&ms;lrm‘.‘lmﬂrar _‘i-_tntsl
T RF

Marker 1 X 2.401883125000 GHz HAvg Type: Log-Pur
PHO:ba oo 10l Frea Run AvglHold> 100100
1FGainiLow futen: 40 4B

Ref 30.00 dBm

Center 2.402000 GHz
#Res BV 10 kHz #VEBW 30 kHz Sweep 28.8 ms (8001 pts

L status

Middle Channel

W :S;lrm...lmﬂyar _‘i-_-ntsl
TN WF ===
Marker 1 X 2439883125000 GHz Avg Type: Log-Pwr
PHO: b oo TTgFres Run Avg|Hold> 1001100
IFGaaincl ow Arten: 40 B

Ref 30.00 dBm

Center 2440000 GHz
#Res BV 10 kHz #VEBW 30 kHz Sweep 28.8 ms (8001 pts

High Channel

:S;lrm...lmﬂyar _‘i-_-ntsl
TN WF ===
Marker 1 X 2479882750000 GHz Avg Type: Log-Pwr

PHO: b oo TTgFres Run Avg|Hold> 1001100
IFGaaincl ow Arten: 40 B

Ref 30.00 dBm

Center 2.480000 GHz ) i ) " Span 3.000 MHZ
#Res BV 10 kHz #VEBW 30 kHz Sweep 28.8 ms (8001 pts
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6.6 DTS Bandwidth

6.6.1 Standard Applicable

According to 15.247(a)(2). Systems using digital modulation techniques may operate in the 902-928 MHz,
2400-2483.5 MHz, and 5725-5850 MHz bands. The minimum 6 dB bandwidth shall be at least 500 kHz.

6.6.2 Test Procedure

According to the KDB 558074 D01 v05r02 Subclause 8.2 and ANSI C63.10-2013 Subclause 11.8.1, the test
method of DTS Bandwidth as below:

a) Set RBW =100 kHz.

b) Set the video bandwidth (VBW) = 3 x RBW.

c) Detector = Peak.

d) Trace mode = max hold.

e) Sweep = auto couple.

f) Allow the trace to stabilize.

g) Measure the maximum width of the emission that is constrained by the frequencies associated with the
two outermost amplitude points (upper and lower frequencies) that are attenuated by 6 dB relative to the

maximum level measured in the fundamental emission.

6.6.3 Test Result

6dB Bandwidth Limit

Test Mode Test Channel MHz KHz
Low 674.9 > 500

GFSK(BLE) Middle 671.4 2 500
High 669.8 > 500
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Low Channel

Agilent Spectrum Analyzer - Occupied BW

SENSE:INT] ALIGN AUTO 11:38:40 PM &pr 24, 202
Center Freq 2.402000000 GHz Center Freq: 2.402000000 GHz Radio Std: None
o Trig:FreeRun Avg|Hold:> 10110
#IFGain:Low #Atten: 30 dB

Radio Device: BTS

10 dBidiv Ref 30.00 dBm
L.

ICenter 2.402 GHz
[#Res BW 100 kHz #VBW 300 kHz
Occupied Bandwidth

1.0380 MHz

-5.264 kHz OBW Power
674.9 kHz x dB

Total Power -0.87 dBm

Transmit Freq Error 99.00 %
x dB Bandwidth

-6.00 dB

MSG g status.

Middle Channel

SENSEXINT] ALIGN AUTO 11:39:11 PM Apr 24, 202:

Center Freq 2.440000000 GHz Center Freq: 2.440000000 GHz Radio Std: None
G2 Trig:FreeRun Avg|Hold:> 1010

#IF Gain:Low #Atten: 30 dB

Agilent Spectrum Analyzer - Occupied BW

Radio Device: BTS
10 dBidiv Ref 30.00 dBm
L.

Center 2.44 GHz
#Res BW 100 kHz #VBW 300 kHz

Occupied Bandwidth
1.0397 MHz

-4.356 kHz OBW Power
671.4 kHz x dB

Total Power =1.25 dBm

Transmit Freq Error 99.00 %
x dB Bandwidth

-6.00 dB

MSG g status

High Channel

SENSE:INT] ALIGN AUTO 11:40:44 PM Apr 29, 202
Center Freq 2.480000000 GHz Center Freq: 2.450000000 GHz Radio Std: None

Agilent Spectrum Analyzer - Occupied BW

o Trig:FreeRun Avg|Hold:> 10110
HIFGain:Low #Atten: 30 dB

Radio Device: BTS
10 dBidiv Ref 30.00 dBm

[#Res BW 100 kHz #VBW 300 kHz
Occupied Bandwidth

1.0400 MHz

-5.405 kHz OBW Power
669.8 kHz x dB

Total Power -1.48 dBm

Transmit Freq Error 99.00 %
x dB Bandwidth

-6.00 dB

msc g status.
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6.7 RF Output Power

6.7.1 Standard Applicable

According to 15.247(b)(3). For systems using digital modulation in the 902—-928 MHz, 2400-2483.5 MHz,
and 5725-5850 MHz bands: 1 Watt.

6.7.2 Test Procedure

According to the KDB-558074 D01 v05r02 Subclause 8.3.1.1 and ANSI C63.10-2013 Subclause 11.9.1.1,
this procedure shall be used when the measurement instrument has available a resolution bandwidth that is
greater than the DTS bandwidth.

a) Set the RBW = DTS bandwidth.
b) Set VBW = 3 x RBW.

c) Set span =2 3 x RBW

d) Sweep time = auto couple.

e) Detector = peak.

f) Trace mode = max hold.

g) Allow trace to fully stabilize.

h) Use peak marker function to determine the peak amplitude level.

6.7.3 Test Result

. Reading Output Power .
Modulation Test Channel (dBm) (MW) Limit (mW)
Low -7.095 0.195 1000
GFSK(BLE) Middle -7.409 0.182 1000
High -7.698 0.170 1000
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Low Channel

l;ﬂm:sq-:l;m Analyzer - Swapl S4

Marker 1 X 2.401707000000 GHz Avg Type: Log-Pwr
VHO: tast 5o TTIg Free Run AvglHald 1001100
IFGainLow Arten: 40 4B
Mkr
Rerl 30.00 dEm

Center 2.402000 GHz ) i ) " Span 8.000 MHZ
#Res BV 2.0 MHz #VEW 8.0 MHz Sweep 1.07 ms (8001 pts

L status

Middle Channel

l;ﬂm:sq-:l;m Analyzer - Swapl S4

Marker 1 X 2.439763000000 GHz Avg Type: Log-Pwr
VHO: tast 5o TTIg Free Run AvglHald 1001100
IFGainLow Arten: 40 4B
Mkri
Rerl 30.00 dEm

Center 2440000 GHz ) i ) " Span 8.000 MHZ
#Res BV 2.0 MHz #VEW 8.0 MHz Sweep 1.07 ms (8001 pts

High Channel

l;&-ms;_-:l;m Analyzer - Swapl SA

Marker 1 X_2.479698000000 GHz ot Avg Type: Log-Pur

PHO: Fast o TTid:Free Run Avg|Hold> 1001100

IFGainLow Arten: 40 4B
Mkri
Ref 30.00 dBm

Center 2.480000 GHz ) i ) " Span 8.000 MHZ
#Res BV 2.0 MHz #VEW 8.0 MHz Sweep 1.07 ms (8001 pts
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6.8 Out of Band Emissions

6.8.1 Standard Applicable

According to §15.247 (d) In any 100 kHz bandwidth outside the frequency band in which the spread

spectrum or digitally modulated intentional radiator is operating, the radio frequency power that is produced
by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that
contains the highest level of the desired power, based on either an RF conducted or a radiated measurement,
provided the transmitter demonstrates compliance with the peak conducted power limits. If the transmitter
complies with the conducted power limits based on the use of RMS averaging over a time interval, as
permitted under paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 dB
instead of 20 dB. Attenuation below the general limits specified in §15.209(a) is not required. In addition,
radiated emissions which fall in the restricted bands, as defined in 815.205(a), must also comply with the
radiated emission limits specified in §15.209(a).

6.8.2 Test Procedure

According to the KDB 558074 D01 v05r02 Subclause 8.4 and ANSI C63.10-2013 Subclause 11.11, the
Emissions in nonrestricted frequency bands test method as follows:

a) Set the center frequency and span to encompass frequency range to be measured.
b) Set the RBW = 100 kHz.

c) Set the VBW 2 [3 x RBW].

d) Detector = peak.

e) Sweep time = auto couple.

f) Trace mode = max hold.

g) Allow trace to fully stabilize.

h) Use the peak marker function to determine the maximum amplitude level.

According to the KDB 558074 D01 v05r02 Subclause 8.5 and ANSI C63.10-2013 Subclause 11.12, the
Emissions in restricted frequency bands test method as follows:

A. Radiated emission measurements:

Set span = wide enough to capture the peak level of the emission operating on the channel closest to the
bandedge,

as well as any modulation products which fall outside of the authorized band of operation (2310MHz to
2420MHz

for low bandedge, 2460MHz to 2500MHz for the high bandedge)

RBW = 1MHz, VBW = 1MHz for peak value measured

RBW = 1MHz, VBW = 10Hz for average value measured

Sweep = auto; Detector function = peak/average; Trace = max hold

All the trace to stabilize, set the marker on the emission at the band edge, or on the highest modulation
product outside of the band, if this level is greater than that at the band edge. Enable the marker-delta
function, and then use the marker-to-peak function to move the marker to the peak of the in-band emission.
Those emissions must comply with the 15.209 limit for fall in the restricted bands listed in section 15.205.

Waltek Testing Group (Foshan) Co., Ltd.
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Note that the method of measurement KDB publication number; 913591 may be used for the radiated band
edge measurements.

B. Antenna-port conducted measurements

Peak emission levels are measured by setting the instrument as follows:

a) RBW = as specified in Table 9/

b) VBW 2 [3 x RBW].

c¢) Detector = peak.

d) Sweep time = auto.

e) Trace mode = max hold.

f) Allow sweeps to continue until the trace stabilizes. (Note that the required measurement time may be
lengthened for low-duty-cycle applications.)

Table 9—RBW as a function of frequency

Frequency RE'W
DkHz to 150 kHz 200 Hz to 300 Hz
0.15 WMHz to 30 MHz 0 kHz to 10 kHz
30 NMHz to 1000 WMH=z 100 kHz to 120 kH=
=1000 IWHz 1 MHz

If the peak-detected amplitude can be shown to comply with the average limit, then it is not necessary to

perform a separate average measurement.

Ensure that the amplitude of all unwanted emissions outside of the authorized frequency band (excluding
restricted frequency bands) are attenuated by at least the minimum requirements specified in section 8.1.
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6.8.3 Test Result
Radiated Test
Test Channel Low Channel Polarization Vertical (worst mode)
1120 dBEuWFfm
: : E : E Limit- -
[— : e
92 i i i i :
52 : i i i '
i i s i Vo
42 \ H | H |
* | | | | ’
120 : : :
23100000 2320.00 2330.00 2340.00 2350000 2360.00 237000 238000 Z390.00 240000 241000 MHz
Freq. Reading | Factor Result Limit  (Margin| ., Remark
No- | mHz)  |@Buvim)| (@B) |(dBuvim)|(@Buvim)| (aB) |°=ECC| Reme
1 2310.000| 10.42 32.11 4253 70.00 |-27.47| peak
2 2310000 -220 32.11 2991 50.00 [-20.09] AVG
3 2350.000| 12.01 3247 | 4448 7000 |-2552| peak
4 2390.000| -2.02 3247 30.45 50.00 |-19.55| AVG
5 2400.000| 27.37 3251 59.68 7000 |-1012| peak
6 2400.000| 14.37 3251 46.68 50.00 | -3.12| AVG
7 2402.000| 57.81 3252 90.33 70.00 | 20.33| peak
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Test Channel High Channel Polarization Vertical (worst mode)
1120 dBuvim
: i i i : Limit: —
[— : S
a2 s s s |
52 i i i
- ] ] | A
2 ! E E E !
12.0 : : : : :
2475 0000 2477 .50 248000 2482.50 2485 00 2487.50 2490.00 249250 2495.00 2497 50 250000 MHz
Freq. Reading | Factor Result Limit |Margin| ., Remark
No- |\ MHz) |@Buvim)| (dB) |(dBuvim)|(dBuvim)| (@B) | TS| Feme
1 2480.000| 5040 3287 8327 7000 | 13.27| peak
2 2483500 1246 3288 4534 7000 |-2466| peak
3 2483.500| -067 3288 3221 5000 |-17.79| AVG
4 2500.000| 10.71 32595 43.66 7000 |-26.34| peak
5 2500.000| -1.82 3295 31.13 50.00 |-18.87| AVG
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Conducted Test

Low Channel

Agilent Spectrum Analyzer, - Swept SA
SENSE:INT) ALIGN AUTO 11:45:49 P Apr 24, 202
Avg Type: Log-Pwr
PNO: Fast (50 Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 40 dB

1LO dBidiv_ Ref 30.00 dBm

Span 60.00 MHz
Sweep 5.87 ms (8001 pts)

MKR MODE TRC SCL. " A FUNCTION FUNCTION WIDTH FUNCTION WALUE
| f] 2.404 010 0 GHz -7.582 dBm - ]
2.390 GHz 50657dBm| [ [
2,400 GHz 40647dBm| [
2381915 0 GHz 51672dBm| | [
1

High Channel

Agilent Spectrum Analyzer. - Swept SA
SEMNSE:INT| ALIGM AUTC 1212245 AM Apr 25, 202,
Avg Type: Log-Pwr
PNO: Fast G Trig:FreeRun Avg|Hold:>100/100
IFGain:Low Atten: 40 dB

Mkr4 2.506 347 5 GHz
-49.344 dBm

Span 60.00 MHz
Sweep 5.87 ms (8001 pts)

MKR| MODE TRC| 5CL FUNCTION FUNET\DNW\DTH FUNET\DN VALUE
N [1]F] 2430015OGHZ -3122 dBm|[ |

[ N | 2.483 500 0 GHz $0.827 dBm _—_

2500000 0 GHz 52137 dBm[ [ ]

2.506 347 5 GHz 4934 dBm[ [ ]

I
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7 Photographs Test Setup

7.1 Photographs - Radiated Emission Test Setup
30MHz-1GHz
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7.2 Photographs — Conducted Emission Test Setup
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8 Photographs - Constructional Details

Refer to Reference No.:WTF21F03023032WO001 for details
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