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3 General Information

3.1 General Description of E.U.T

Product Name ..........ccccocvvvenineennnen. . Aroma diffuser
Model NO. ...ooovviiiieeiiieeeeeeee : HLS301+
Model Description .........ccccceeeeenn.n. Do

= 11 ] o . DCbhV, 1A
Battery Capacity ........cccceevveeennnnn. Do

Power Adapter .........ccccocccvveeeeennn. Do

3.2 Technical Characteristics of EUT

Bluetooth Version ...........ccccoe.e. . Bluetooth LE

Frequency Range ..........ccccccvvunnnnn. . 2402-2480MHz

Max. RF Output Power................. . -3.296dBm (Conducted)@2Mbps
Modulation .........ccccevieeeiiiieneeninn . GFSK

Data Rate.......cccccccvvvvveveeiieieieeece, . 1Mbps, 2Mbps

Quantity of Channels ................... . 40

Channel Separation............ccccc..... : 2MHz

Type of Antenna............................ . PCB Antenna

Antenna Gain .........ccceeeeeniieeeennnne . 3.08dBi

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 C63.10-2020 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:
e ISED - Registration No.: 21895

Waltek Testing Group (Foshan) Co., Ltd. has been registered and fully described in a report filed with the
Innovation, Science an Economic Development Canada(ISED). The acceptance letter from the ISED is
maintained in our files. Registration ISED number:21895.

e 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.

e 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.

e 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.

3.7 Disclaimer

The antenna gain information is provided by the customer. The laboratory is not responsible for the
accuracy of the antenna gain information.

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, with a duty cycle

equal to 100%, 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
[JConducted Emissions 1#
Item Equipment Manufacturer Model No. Serial No. e ol U
Date Date
1 EMI Test Receiver R&S ESR3 102423 2025-01-06 |2026-01-05
2. LISN R&S ENV216 101343 2025-01-06 |2026-01-05
3 Cable HUBER+SUHNER | CBL2-NN-6M 223NN624 2025-01-06 |2026-01-05
4, Switch CD RSU-A4 RSUA4008 2025-01-06 |2026-01-05
XIConducted Emissions 2#
Item Equipment Manufacturer Model No. Serial No. Hel G el B
Date Date
1. EMI Test Receiver R&S ESCI 101178 2025-01-06 |2026-01-05
2. LISN R&S ENV216 101215 2025-01-07 |2026-01-06
Times
3, Cable EMRESSHE BN romaye 2025-01-08 |2026-01-07
5.00M
Systems
4, Switch ESE RSU/M2 2025-01-06 |2026-01-05
[ IConducted Emissions 3#
Item Equipment Manufacturer Model No. Serial No. el gt 2l DUE
Date Date
1. EMI Test Receiver R&S ESR3 102842 2025-01-06 |2026-01-05
2. LISN R&S ENV216 101542 2025-01-06 |2026-01-05
LMR195UF-
3. Cable YIHENG NMNM-2.5 2025-01-06 |2026-01-05
4, Manual RF Switch YIHENG SW-2 RSU0402 2025-01-06 |2026-01-05
XRadiation Emissions
o Calibration
Iltem Equipment Manufacturer Model No. Serial No. Calibration
Due Date
Date
1, | Sm Semi-anechoic |~ ANGCHUANG | 9mx6mxém - 2024-01-05 |2027-01-04
Chamber
2. EMI Test Receiver R&S ESR7 102454 2025-01-06 |2026-01-05
3. Spectrum Analyzer Agilent N9020A MY48011796 | 2025-01-06 |2026-01-05
4. |Active Loop Antenna| SCHWARZBECK | FMZB1519B 00004 2025-01-06 |2026-01-05
5, Tr”ogAr?t;Onand;’a”d SCHWARZBECK | VULB9162 9162-117 | 2025-01-12 |2026-01-11
Coaxial Cable Times Micorwave RG223-
2 (below 1GHz) Systems NMNM-10M i S e
7. Broag;ﬁ::gamm SCHWARZBECK | BBHA 9120 D 01561 2025-01-13 |2026-01-12
o, | ComxalCable | o Micowave | CBL5-NN : 2025-01-06 |2026-01-05
(above 1GHz)
Broadband
10. Preamplifier Lunar EM LNA1G18-40 | 20160501002 | 2025-01-06 |2026-01-05
(Above 1GHz)
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XIRF Conducted Testing
& Calibration
Item Equipment Manufacturer Model No. Serial No. Calibration
Due Date
Date
1. Spectrum Analyzer Agilent N9020A MY48011796 | 2025-01-06 |2026-01-05
2 | BSameley Syl Agilent N5181A | MY48180720 | 2025-01-06 |2026-01-05
Generator
3. RF Control Unit CHANGCHUANG JS0806-2 - 2025-01-08 (2026-01-07
[ ]: Not Used
X: Used
5.2 Test Software
Description Manufacturer Model Version
EMI Test Software
(Conducted Disturbance 1#) FARATRONIC EZ-EMC EMEC-3A1
EMI Test Software
(Conducted Disturbance 24#) FARATRONIC EZ-CON FARAD-3A1.1+
EMI Test Software
(Conducted Disturbance 3#) FARATRONIC EZ-EMC EMC-CON 3Al1.1+
Sil) 221 SHETE FARATRONIC EZ-EMC RA-03A1-2
(Radiated Emission)
RF Conducted Test Software TONSCEND JS1120-2 V2.6
5.3 Special Accessories and Auxiliary Equipment
Item Equipment Rating Manufacturer Model No.
Input: 100-240V~, 50/60Hz, 0.5A . . Lol
e AC Adapter | o ot 5vdc, 2.5A/9Vdc, 2A/12Vde, 1.5A | @omi PR SR

5.4 Measurement Uncertainty

Parameter Uncertainty
RF Output Power +2.2dB
Occupied Bandwidth +1.5%
Conducted Emission +2.6dB

Transmitter Spurious Emission

+3.8dB (for 25MHz-1GHz)

15.0dB (for 1GHz-18GHz)

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

level using a coverage factor of k=2.

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) Compliant
Restricted Band of Operation §15.205 Compliant
Conducted Emissions 815.207(a) Compliant
Radiated Spurious Emissions 815.209(a) Compliant
Power Spectral Density 815.247(e) Compliant
DTS Bandwidth §15.247(a)(2) Compliant
RF Output Power 815.247(b)(1) Compliant
Band edge (Out of Band Emissions) 815.247(d) Compliant
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 Antenna, the gain is 3.08 dBi, fulfil the requirement of this section.

o'.
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6.2 Radiated Spurious Emissions
6.2.1 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 815.209(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).

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.

6.2.2 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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6.2.3 Test Setup

The setup of EUT is according with per ANSI C63.10-2020 measurement procedure. The specification used
was with the FCC Part 15.205 15.247(a) and FCC Part 15.209 Limit.

The external I/O 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

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°
3m )l
0.8 Turn Table

<-—-3—->|

PC Spectrum AMP Combining
System Analyzer Network

Waltek Testing Group (Foshan) Co., Ltd.
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The test setup for emission measurement above 1 GHz.

Anechoic 3m Chamber

Antenna Elevation Varies From 1 t0 4 m
Turn Table From 0° to 360°

»

1.5m

Turn Table
Absorbers

ANna e NEetwork

<4¢------

6.2.4 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

6.2.5 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.
http://www.waltek.com.cn WT-510-201-12-A
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6.2.6 Test Results
Test Frequency: Below 1GHz (worst case @1Mbps)

Page 14 of 44

Test Channel Low Polarization Vertical

70.0 dBu¥/m
Limit: —_—
60 | Moo, — |
50 -
40
30
20
10
0
1 1 L VU U MU -SSP SO
B | N TR R L
-30.0 | | | |
30.000 40 a0 60 70 80 300 400 %00 &00 700 1000.0 MHz
Freq. Reading Factor Result Limit  [Margin
Detect Ri kK

No. (MHz)  |@Buvim)| (dB) |(dBuv/m)|(@Buv/m)| (@) || Reman

1 51.7341| 1.06 14.35 15.41 40.00 |-24.59| peak

2 113.9538| 0.06 12.20 12.26 4350 |-31.24| peak

3 349.0854| -0.08 17.17 17.09 46.00 |-28.91| peak

4 573.6193| 0.74 22.81 23.55 46.00 |-22.45| peak

5 725.0233| 2.09 24.30 26.39 46.00 |-19.61| peak

6 925.1073| 1.69 27.37 29.06 46.00 |-16.94| peak

Waltek Testing Group (Foshan) Co., Ltd.
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Test Channel Low Polarization Horizontal
70.0 dBu¥/m
Limit: —_—
6D | Mg —|
7 1 [ S S S :
]
40 | U |
[
30
20
10
0
11 S S SN S S S
B S B R N ...
-30.0 | | i |
30.000 40 L1] B0 70 80 300 400 500 GO0 70D 1000.0 MHz
Freq. Reading Factor Result Limit  |Margin
Detect R K
No- | (MHz) |@Buvim)| (dB) |(dBuv/m)|(@Buvim)| (aB) |CEEeor| Remar
1 55.1433| 0.13 14 36 14.49 4000 |-2551| peak
2 1072465 035 12.93 13.28 4350 |-30.22| peak
3 213.0884| 163 14.00 15.63 4350 | -27.87| peak
4 370.5724| 040 17 .95 18.35 46.00 |-27.65| peak
5 608.2131| 155 2253 | 2408 46.00 | -21.92| peak
6 884.8131| 167 26.31 27.98 46.00 |-18.02| peak

Waltek Testing Group (Foshan) Co., Ltd.
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Test Channel Middle Channel Polarization Vertical
J0.0 dBu¥/m
! Limit: —_—
60 Ma'!'"_
71 e R S S SR :
|
40 | A |
[
30
20
10
0
1 B ST S S
B | R N L B R e e e e .,
-30.0 | | | |
30.000 40 L1] 60 70 80 300 400 500 GO0 700 1000.0 MHz
Freq. Reading Factor Result Limit  |Margin Detect R K
No- | (MHz)  |@Buvim)| (dB) |(dBuv/m)|(@Buvim)| (aB) |CEEAor| Remar
1 57.7557| 0.70 14.34 15.04 4000 |-24.96] peak
2 1059755 0.19 13.02 13.21 4350 |-30.29| peak
3 2288112 209 14.26 16.35 46.00 |-2965| peak
4 4457884 073 19.36 20.09 46.00 |-25.91| peak
5 7049673 1.21 2414 25.35 46.00 |-2065| peak
6 898.2556| 1.66 26.68 28.34 46.00 |-17.66| peak
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Test Channel Middle Channel Polarization Horizontal
70.0 dBuV/m
! Limit: —_—
60 Ma'!'"_
ol N )
40 | |
[
30
20
10
0
s 11 e A S S-S S
L T T T
-30.0 : : ' :
30.000 40 L1] B0 70 80 300 400 500 G0D0 700 1000.0 MH=z
Freq. Reading Factor Result Limit  |Margin
Detect R K
No- | (MHz) |@Buwim)| (dB) |(dBuv/m)|(@Buvim)| (aB) |PEECor| Remar
1 57.9180| -051 1433 13.82 4000 |-26.18| peak
2 107.1337] -0.02 12.94 12.92 4350 |-30.58| peak
3 1646763 178 10.50 12.28 4350 |-31.22| peak
4 276.1235| 1.1 15.09 16.20 46.00 |-29.80| peak
5 448.2965| 143 19.38 20.81 46.00 |-25.19| peak
6 7296141 210 24 27 26.37 46.00 |-19.63| peak

Waltek Testing Group (Foshan) Co., Ltd.
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Test Channel High Channel Polarization  Vertical
J0.0 dBu¥/m
! Limit: —_—
60 Ma'!'"_
71 e S P S :
|
40 | |
[
30
20
10
0
s 1 S SO S A
B | N N P A e s T e .
-30.0 | | | |
30.000 40 L1] 60 70 80 300 400 500 600 700 1000.0 MHz
Freq. Reading Factor Result Limit  |Margin Detect R K
No- | (MHz)  |@Buvim)| (dB) |(dBuv/m)|(@Buvim)| (aB) |CEEAor| Remar
1 417716 1.02 13.65 14 67 4000 |-2533| peak
2 645688| 105 13.36 14.41 4000 |-2559| peak
3 1161321 177 11.88 13.65 4350 |-2985| peak
4 246.2062| 1.04 14 51 15.55 46.00 |-30.45| peak
5 486.6320| 092 2032 | 2124 46.00 |-2476| peak
6 708.4366| 2.05 2308 | 26.03 46.00 |-19.97| peak
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Test Channel High Channel Polarization  Horizontal

70.0 dBu¥/m
! Limit: —_—
60 _Margin: ~ —|
50 |
40
30
20
10
0
1 1 O S S R S S
e 1 NN E H O e .
-30.0 ; ; ; ;
30.000 40 50 60 70 80 300 400 500 600 700 1000.0 MHz
Freq. Reading Factor Result Limit  |Margin
Detect Ri K

No- | (MHz) |(@Buvim)| (dB) |(dBuvim)|(dBuvim)| (aB) |PEEOr| Remar

1 45 6467| -0.35 14 06 13.71 4000 |-26.29] peak

2 73.6687| 140 10.79 12.19 4000 |-27.81] peak

3 1071713| -0.38 12.94 12.56 4350 |-30.94| peak

4 354.1831| 068 17 44 18.12 46.00 |-27.88| peak

5 6259554 174 2297 | 2471 46.00 |-21.29] peak

6 906.8004| 3.46 2673 | 30.19 46.00 |-15.81| peak
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Test Frequency: Above 1GHz (worst case @1Mbps)

Frequency Reading Detector Polar Corrected Result Limit Margin

(MHz) (dBuV/m) (H/V) Factor (dB) | (dBpV/m) | (dBuV/m) | (dB)
Low Channel
4804 43.68 PK H -6.71 36.97 74 -37.03
4804 32.03 AV H -6.71 25.32 54 -28.68
7206 40.23 PK H -1.46 38.77 74 -35.23
7206 31.25 AV H -1.46 29.79 54 -24.21
4804 43.21 PK \% -6.71 36.5 74 -37.5
4804 33.12 AV \% -6.71 26.41 54 -27.59
7206 40.83 PK \% -1.46 39.37 74 -34.63
7206 30.58 AV \% -1.46 29.12 54 -24.88
Middle Channel
4880 43.08 PK H -6.5 36.58 74 -37.42
4880 33.47 AV H -6.5 26.97 54 -27.03
7320 40.33 PK H -1.12 39.21 74 -34.79
7320 31.65 AV H -1.12 30.53 54 -23.47
4880 42.44 PK \% -6.5 35.94 74 -38.06
4880 32.15 AV \% -6.5 25.65 54 -28.35
7320 40.91 PK V -1.12 39.79 74 -34.21
7320 30.03 AV V -1.12 28.91 54 -25.09
High Channel
4960 41.11 PK H -6.29 34.82 74 -39.18
4960 30.65 AV H -6.29 24.36 54 -29.64
7440 40.86 PK H -0.8 40.06 74 -33.94
7440 30.92 AV H -0.8 30.12 54 -23.88
4960 42.84 PK \ -6.29 36.55 74 -37.45
4960 32.09 AV \% -6.29 25.8 54 -28.2
7440 41.38 PK V -0.8 40.58 74 -33.42
7440 31.57 AV \% -0.8 30.77 54 -23.23
Note:

1.Testing is carried out with frequency rang 9kHz to the tenth harmonics, other than listed in the table above

are attenuated more than 20dB below the permissible limits or the field strength is too small to be measured.

2. Average measurement was not performed if peak level is lower than average limit 54 dBuV/m) for above

1GHz.
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6.3 Power Spectral Density
6.3.1 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.

6.3.2 Test Procedure

According to the KDB 558074 D01 v05r02 Subclause 8.4 and ANSI C63.10-2020 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 (no less than 3 kHz) and repeat.

6.3.3 Test Result

Test Mode Test Channel el gg;%rﬁugensity d Bl;ri;giI:Hz
Low -19.85 8
BLE (1Mbps) Middle -20.37 8
High -20.43 8
Low -22.53 8
BLE (2Mbps) Middle -22.87 8
High -23.13 8
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BLE_Low Channel _1Mbps

#Avg Type: Pwr(RMS)

- Trig:Free Run Avg|Hold: 100/100

#Atten: 30 dB
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-19.854 dBm
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v
IFGain:Low

Ref Offset 8.58 dB
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#Res BW 3.0 kHz
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#Atten: 30 dB

Mkr1 2.440 224 35 GHz
-20.370 dBm

1

0
Nl, .f‘.l ,M\N\ anH I\l‘h J‘V' PIU.-, “\ \ .
|‘ ,’ ; ““lmﬂﬁ

U \l N\r lq ]

Span 1.480 MHz

#VBW 10 kHz Sweep 158 ms (30000 pts)

Ref Offset 8.58 dB
Ref 28.58 dBm

Center 2.4800000 GHz
#Res BW 3.0 kHz

e (P A
Wy

#Avg Type: Pwr(RMS)
Avg|Hold: 100/100

.1

! N 1‘1 ""J’h

N
|| Iw‘l
¥ ity
l{\

Span 1.400 MHz

#VBW 10 kHz Sweep 148 ms (30000 pts)

Waltek Testing Group (Foshan) Co., Ltd.

http://www.waltek.com.cn

WT-510-201-12-A



http://www.waltek.com.cn/

Reference No.: WTF25F02039299W Page 23 of 44

BLE_Low Channel 2Mbps

Agilent Spectrum Analyzer -

RL B F E
Center Freq 2.402000000 GHz #Avg Type: Pwr(RMS)
NO: Far —+— Trig:Free Run Avg|Hold: 100/100
#Atten: 30 dB

Ref Offset 8.49 dB Mkr1 2.402 093 67 G

v Ref 28.49 dBm -22.527 dBm

1

W ‘ wwfm“u,l mﬁw w N wr'lﬁquwlmu WM m;hrﬂ ™
i M

Center 2.402000 GHz Span 2.240 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 238 ms (30000 pts]

BLE Middle Channel _2Mbps

Agilant Spectrum Analyzer - Swept S

Center Freq 2.440000000 GHz I #Avg Type: Pur(RMS)
PNO: Far =~ Trig:Free Run Avg]Hold: 100/100
IFGain:Low #Atten: 30 dB
Ref Offset 858 dB Mkr1 2.440 064 49 GHz
! -2
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Center 2.440000 GHz Span 2.256 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 238 ms (30000 pts)

BLE_High Channel_2Mbps

Agilent Spectrum Analyzer -

i ; : :
Center Freq 2.480000000 GHz #Avg Type: Pwr(RMS)
NO: Far ~+— Trig:Free Run Avg|Held: 1001100
#Atten: 30 dB
Ref Offset 858 dB MKr1 2.480 098 4

Ref 28.58 dBm -23.128 dBm

; ww h ”' W q'w ﬂ MJ’I fvmlnﬁr\n‘ﬁl| lel il M«q‘ ih w‘
| 1

j iy
r\|\“r\|\r|\{ J H k] b ﬂlf v

Center 2.480000 GHz Span 2.264 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 240 ms (30000 pts)
s =5

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

WT-510-201-12-A



http://www.waltek.com.cn/

Reference No.: WTF25F02039299W Page 24 of 44 \

6.4 DTS Bandwidth

6.4.1 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.

6.4.2 Test Procedure

According to the KDB 558074 D01 v05r02 Subclause 8.2 and ANSI C63.10-2020 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.

6.4.3 Test Result

Test Mode Test Channel e Bl\jnH(iWidth Lkimzit
Low 0.732 2500
BLE (1Mbps) Middle 0.740 2500
High 0.700 2500
Low 1.120 2500
BLE (2Mbps) Middle 1.128 2500
High 1.132 >500
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BLE_Low Channel _1Mbps

Agilent Spectrum Analyzi

RL g
Center Freq 2.402000000 GHz

PNO: Far  —+— Trig:Free Run
IFGain:Low #Amen: 40 dB
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Agilent Spectrum Anals
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BLE_Low Channel 2Mbps

Agilent Spectrum Analyzi

RL g
Center Freq 2.402000000 GHz

PNO: Far  —+— Trig:Free Run
IFGain:Low #Amen: 40 dB

#Avg Type: Pwr(RMS)
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Agilent Spectrum Anals
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Ref Offset 8.58 dB
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6.5 RF Output Power

6.5.1 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.

6.5.2 Test Procedure

According to the KDB-558074 D01 v05r02 Subclause 8.3.1.1 and ANSI C63.10-2020 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 = 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.

6.5.3 Test Result

Modulation Test Channel R(Zaéjr:])g Outp(lrjrfvl\';)ower Limit (mW)
Low -3.316 0.466 1000

BLE (1Mbps) Middle -3.701 0.427 1000
High -3.741 0.423 1000
Low -3.296 0.468 1000

BLE (2Mbps) Middle -3.742 0.423 1000
High -3.735 0.423 1000
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BLE_Low Channel _1Mbps

Agilent Spectrum Analyzer - Swapt SA

RL g :
Center Freq 2.402000000 GHz #Avg Type: Pwr(RMS)
P : Avg|Hold: 100/100
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BLE_Low Channel 2Mbps

Agilent Spectrum Analyzer - Swapt SA

RL g :
Center Freq 2.402000000 GHz #Avg Type: Pwr(RMS)
P : Avg|Hold: 100/100

Mkr1 2.402 615 75 GHz
Ref Offset 8.49 dB 2
Ref 30.00 dBm -3.296 dBm

Center 2.402000 GHz Span 6.000 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.07 ms (8001 pts)

BLE Middle Channel _2Mbps

#Avg Type: Pwr(RMS)
Avg|Hold: 1001100

MKr1 2.439 898 00 GHz
Ref Offset 8.58 dB
Ref 30.00 dBm -3.742 dBm

Center 2.440000 GHz Span 6.000 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.07 ms (8001 pts)

BLE_High Channel_2Mbps

#Avg Type: Pwr(RMS)
Avg|Hold: 100/100

MKr1 2.480 636 75 GHz
Ref Offset 8.58 dB
Ref 30.00 dBm -3.735 dBm

Center 2.480000 GHz Span 6.000 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.07 ms (8001 pts)
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6.6 Out of Band Emissions

6.6.1 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 815.209(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).

6.6.2 Test Procedure

According to the KDB 558074 D01 v05r02 Subclause 8.4 and ANSI C63.10-2020 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 C63.10-2020 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.
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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 REW
9 kHz to 150 kHz 200 Hz to 300 Hz
0.15 MHz to 30 MHz 9 kHz to 10 kHz
30 IWHz to 1000 MH= 100 kHz to 120 kKH=
=1000 IWMHz 1 MH=

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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6.6.3 Test Result
Radiated Test
1Mbps

Test Channel

Low Channel

Page 32 of 44

Polarization

Horizontal (worst case)

5

a5

75

B3

55

45

35

25

13

-5.0

950 dBuV/m

2320.00

2240.00

2260.00

2260.00

2270.00

2390.00

2400.00 2410.00 MH=z

2310.0000 2320.00 232000
No. (Tv;le-lt,qz'} {Egﬁg'ﬂﬁ) F{gil:at;) ' (d%i%jflrtn) (démstm) M(:éng}m Detector | - Remark
1 2310.000| 14.07 | 3190 | 4597 | 7400 |-28.03| peak
2 2310000| 175 | 3190 | 3015 | 5400 | 2385 AVG
3 2390.000| 15.81 | 3224 | 4805 | 7400 |-2595 peak
4 2300000 026 | 3224 | 3198 | 5400 | 2202 AVG
5 2400000| 27.34 | 3228 | 5962 | 7400 |-1438| peak
6 2400000 088 | 3228 | 3316 | 5400 | 2084 AVG
7 2402.000| 4819 | 3229 | 8048 | 7400 | 648 | peak
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Test Channel

High Channel

Page 33 of 44

Polarization

\

Horizontal (worst case)

95.0

dBuV/m

it
Fi
63
[
45
3 d
. J U RO N R SR A SO AU S R
L O o o O S SOt P A S
S s L LSy S U S IS
5.0 : : : : : : :
2476.0000 247750 248000 248260 24856.00 248750 249000 249250 249500 2497.50 2500.00 MH=z
Freq. Reading | Factor | Result Limit |Margin

No- | MHz) |(@Buv/m)| (dB) |(dBuvim)|(dBuvim)| (aB) |Peecter| Remark

1 2480.000| 4345 | 3262 | 7607 | 7400 | 207 | peak

2 2483500| 1480 | 3263 | 4743 | 7400 |-2657| peak

3 2483500 320 | 3263 | 2934 | 5400 | 2466 AVG

4 2500000 1571 | 3270 | 4841 | 7400 | 2559 peak

5 2500000 237 | 3270 | 3033 | 5400 |-2367| AVG
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2Mbps

Test Channel

Low Channel
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Polarization

Horizontal (

\

worst case)

95.0

dBuV/m

3 b
- U s O S U SO AU S S
L O o o O S SOt P A S
S s L LSy S U S SN
5.0 : : : : : : :

2210.0000 232000 232000 2240.00 2350.00 2260.00 2370.00 238000 2390.00 2400.00 2410.00 MH=z
Freq. Reading | Factor | Result Limit |Margin

No. | Mhz)  |(@Buv/im)| (dB) |(dBuvim)|(dBuvim)| (dB) |Detecor| Remark

1 2310.000| 1442 | 3190 | 4632 | 7400 |-27.68| peak

2 2310000 093 | 3190 | 3007 | 5400 |-2303] AVG

3 2390000| 1512 | 3224 | 4736 | 7400 | 2664 peak

4 2390000 144 | 3224 | 3080 | 5400 |-2320] AVG

5 2400000 2301 | 3228 | 5529 | 7400 |-1871| peak

6 2400000 245 | 3228 | 2983 | 5400 |24.17| AVG

7 2402000 4378 | 3220 | 7607 | 7400 | 207 | peak
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Test Channel

High Channel
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Polarization

\

Horizontal (worst case)

a5

7%

B3

55

45

35

25

13

5

-5.0

24750000 247750 2480.00

248250

2485.00

2487 50

243000

2495.00

2497 50 250000 MH=

2492 50
No. (i;iﬁz'} (Egﬁglprg) F(gfat;) ' [dRB?J?!L;:'tn} {déluT-'l.’tm) MEQE’;” Detector | Remark
1 2480000 4333 | 3262 | 7595 | 7400 | 195 | peak
2 2483500 1569 | 3263 | 4832 | 7400 |-2568| peak
3 2483500 124 | 3263 | 3139 | 5400 |-2261] AVG
2 2500000 1514 | 3270 | 4784 | 7400 | 2616 peak
5 2500000] -039 | 3270 | 3231 | 5400 |-2169] AVG
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Conducted Test
BLE_Low Channel_1Mbps

#Avg Type: Pwr(RMS)
Avg|Hold: 300/300

Ref Offset 8.49 dB
Ref 20.00 dBm

T T T i o 5

Stop 2.40500 GHz
#VBW 300 kHz Sweep 10.1 ms (1001 pts)

FUNCTION | FUNCTIONWIDTH FUNCTION VALUE

Agilent Spectrum Anals

RL g :

Center Freq 2.510000000 GHz #Avg Type: Pwr(RMS)
PHO: Fast —+— Trig:Frae Run Avg|Hold: 3007300
IFGain:Low #Atten: 30 dB

Mkr4 2.4 GHz
Ref Offset 8.68 dB
Ref 20.00 dBm -42.282 dBm

Stop 2.55000 GHz
Sweep 7.67 ms (1001 pts)

FUNCTION VALUE
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BLE_Low Channel 2Mbps

Agilent Spectrum Analyze;
RL ;

Center Freq 2.35200000 GHz

PNO: Fast  ——
IFGain:Low

Trig: Frae Run
#Aen: 30 dB

#Avg Type: Pwr(RMS)
Avg|Hold: 3007300

Ref Offset 8.49 dB
Ref 20.00 dBm

4

FUNCTION

Stop 240500 GHz
Sweep 10.1 ms (1001 pts)

FUNCTION WIDTH FUNCTION VALLE

Tperms |

Ref Offset 8.58 dB
Ref 20.00 dBm

BLE_High Channel_2Mbps

#VBW 300 kHz

FUNCTION

Mkr4 2.483 84 GHz
-42.541 dBm

Stop 2.55000 GHz
Sweep 7.67 ms (1001 pts)

FUNCTION WIDTH FUNCTION VALUE
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6.7 Conducted Emissions

6.7.1 Test Procedure

The setup of EUT is according with per ANSI C63.10-2020measurement procedure. The specification used

was with the FCC Part 15.207Limit.
The external I/O cables were draped along the test table and formed a bundle 30 to 40 cm long in themiddle.

The spacing between the peripherals was 10 cm.

6.7.2 Basic Test Setup Block Diagram

F 3
EUT Amxiliary
Ermipment
LISN
=
To Beceiver MNon-conduction table
80 cm above Ground
Plane
1.5m >

6.7.3 Test Receiver Setup

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

StArt FrEQUENCY . ...eeiieeieiiiiee ittt e e 150 kHz
SEOP FrEQUENCY.. ... e 30 MHz
SWEEP SPEEM. ... ittt e e e e Auto

IF BandWidth.........cooiiiiiiiiieiiiici e 10 kHz
Quasi-Peak Adapter Bandwidth...............coooiiiiiiiiiniiiiiiiie, 9 kHz
Quasi-Peak Adapter Mode...........oooiiiiiiiiiiiiiiieeeeiieieeee e Normal
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6.7.4 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.

6.7.5 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= Measurement-Limit
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6.7.6 Test Result
Test Mode Communication mode (AC 120V/60Hz) Polarity Line

1000 dBu¥Y

90

80

70

“H
60 FCC _QP158

50 g | '

P e T
i i

S WYy - ]

v L;tl.ll,l“ || F‘g&‘ ,;59 M v“xf‘\»u‘,ﬁlﬁ‘q

20 IL‘M r.wwl O gl \‘m\v '\V[ \J‘ ¥y 1? hﬁrhﬂmuw M peak
10 o A H’FM‘ .
0.0 EERYARY lf f H\,.’ g fwﬂw]m}r'hl wbﬁ |AVG
0.150 0.30 0.50 0.80 (MHz) 4.0 b.0 9.0 30.000
o | oo [ | e | e [ e [ oonaa] e
1 0.177( 38.39 9.61 48.00 64.63 |-16.63| QP
2 0.177( 20.39 9.61 30.00 5463 |-2463| AVG
3 0.281] 29.51 9.61 39.12 60.79 |-21.67| QP
4 0.281( 13.39 9.61 23.00 50.79 |-27.79 AVG
5 0.573| 26.91 9.65 36.56 56.00 |-1944| QP
6 0.573( 18.50 9.65 28.15 46.00 |-17.85 AVG
7 0.798( 18.33 9.67 28.00 56.00 |-28.001 QP
8 0.798( 10.33 9.67 20.00 46.00 |-26.00( AVG
9 1.302] 18.75 9.70 2845 56.00 |-27.55| QP
10 1.302] 1042 9.70 2012 46.00 |-25.88( AVG
11 6.274| 13.32 9.94 23.26 60.00 |-36.74] QP
12 8.274 3.15 9.94 13.09 50.00 |-36.91| AVG
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Test Mode Communication mode (AC 120V/60Hz) Polarity Neutral

100.0 dBu¥
90
80
70
. FCC _QP15B
—— ] |
50 '
40 [ ‘“"‘1«1 5
10 l\h.,\r. ‘ gl' { I
/ g
20 el ‘%,‘ﬂ — )Q wiflk‘*‘“-jim T\Im H\.IM."' o NP 4 "
o R T ) i pea
A e
10 " IH[ ;.«m LN i"’ﬂx'\ Hﬁ"l.T A A A
. VT V[V Y Wil |, /ave
0.150 0.30 0.50 0.80 (MHz) 4.0 b.0 9.0 30.000
Freq. Reading | Factor Result Limit [Margin
No- | MHz) | (@Buv) | (@B) | (@Buv) | (dBuv) | (dB) |Petecter| Remark
1 0.191| 28.47 9.53 38.00 63.99 [-25.99] QP
2 0.191| 849 9.53 18.02 53.99 [-35.97| AVG
3 0.307| 23.77 9.55 33.32 60.05 |[-26.73] QP
4 0.307| 5.90 9.55 15.45 50.05 [-34.60] AVG
5 0.578| 26.42 9.58 36.00 56.00 (-20.00] QP
6 0.578| 18.08 9.58 27.66 46.00 [-18.34|] AVG
7 1.000| 18.55 9.60 28.15 56.00 (-27.85] QP
8 1.000f 8.60 9.60 18.20 46.00 [-27.80|1 AVG
9 1.730] 15.35 9.65 25.00 56.00 (-31.000 QP
10 1.730| 3.61 9.65 13.26 46.00 |-32.74] AVG
11 2.296]| 15.32 g.68 25.00 56.00 [-31.00] QP
12 2.296| 4.37 g.68 14.05 46.00 [-31.95|] AVG
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7 Photographs Test Setup

7.1 Photographs - Radiated Emission Test Setup
30MHz-1GHz

Above 1GHz

r ﬂi!l..

'rrrf"ll.. ‘.

Ll .!ﬁ!

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

ik

WT-510-201-12-A



http://www.waltek.com.cn/

Reference No.: WTF25F02039299W Page 43 of 44 \

7.2 Photographs — Conducted Emission Test Setup

Waltek Testing Group (Foshan) Co., Ltd.
http://www.waltek.com.cn WT-510-201-12-A



http://www.waltek.com.cn/

Reference No.: WTF25F02039299W Page 44 of 44 \

8 Photographs — EUT Constructional Details

Please refer to “ANNEX” (Reference No. WTF25F02039299W).
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