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EXECUTIVE SUMMARY

1. Testing Summary

These tests were conducted on a sample of the equipment for the purpose of demonstrating
compliance with Part 15.247. All tests were conducted using measurement procedure from
ANSI C63.10-2013 and FCC Guidance document 558074 D01 v05r02 April 02, 2019.

Test Name Test Result | Comments
Method/Standard

Unintentional 15.209 Pass

Radiated Emissions

A/C Powerline 15.207 N/A Battery Powered

Conducted Emissions Device

Occupied Bandwidth | 15.247(a)(2) Pass

Peak Output Power 15.247(b) Pass

Conducted Spurious 15.247(d) Pass

Emissions

Radiated Spurious 15.247(d), Pass

Emissions & 15.209(a), 15.205

Restricted Band

Emissions at Band 15.247(d), Pass

Edges 15.209(a), 15.205

Power Spectral 15.247(e) Pass

Density
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EQUIPMENT CONFIGURATION

1. Overview

H.B Compliance Solutions was contracted by X-Media Tech to perform testing on the WiLinqg
under the purchase order number 257524.

This document describes the test setups, test methods, required test equipment, and the test
limit criteria used to perform compliance testing of the X-Media Tech, Wilinqg.

The tests were based on FCC Part 15 Rules. The tests described in this document were formal
tests as described with the objective of the testing was to evaluate compliance of the
Equipment Under Test (EUT) to the requirements of the aforementioned specifications. GROM
Audio should retain a copy of this document and it should be kept on file for at least five years
after the manufacturing of the EUT has been permanently discontinued. The results obtained

relate only to the item(s) tested.

Product Name: WilLing
Model(s) Tested: wLQ1
FCCID: 2AJFZ-ROXW

Supply Voltage Input:

Primary Power: 5 VDC (USB)

Frequency Range:

802.11b/g/n20: 2412MHz — 2462MHz

No. of Channels:

11

Necessary Bandwidth

N/A

Type(s) of Modulation:

802.11b : DSSS (DBPSK, DQPSK, QPSK)
802.11g/n (HT20): OFDM, (64QAM, 16QAM, QPSK, BPSK)

Range of Operation Power:

0.272W

Emission Designator: N/A

Channel Spacing(s) None

Test Item: Pre-Production
Type of Equipment: Portable

Antenna Requirement

Type of Antenna: Chip Antenna

(§15.203): Gain of Antenna: 2dBi
Environmental Test Temperature: 15-35°C
Conditions: Humidity: 30-60%

Barometric Pressure: 860-1060 mbar
Modification to the EUT: None

Evaluated By:

Staff at H.B. Compliance Solutions

Test Date(s):

02/12/2024 till 02/27/2024

HBCS Report # RF_24007_1
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2. Test Facility

All testing was performed at H.B. Compliance Solutions. This facility is located at 5005 S. Ash
Avenue, Suite # A-10, Tempe AZ-85282. All equipment used in making physical determination is
accurate and bears recent traceability to the National Institute of Standards and Technology.

Radiated Emissions measurements were performed in a GTEM chamber (equivalent to an Open
Area Test Site). In accordance with §2.948(a)(3), a complete site description is contained at H.B.
Compliance Solutions.

Test facility H.B. Compliance Solutions is an ANAB accredited test site. The ANAB certificate
number is L2458. The scope of accreditation can be found on ANAB website www.anab.org

¢

ANAB

ACCREDITED

— EYEACEE—
TESTING LABORATORY
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3. Description of Test Sample

The GROM Audio, Wilinq is a plug and play device used in automotives to convert wired
Android deices to wireless.

4. Equipment Configuration

Ref. ID | Name / Description Model Serial Number
Number
#1 WilLing (Sample #1 — For Conducted Testing) wLQ1 -
#2 WiLing (Sample #2 — For Radiated Testing) wLQl -

Table 1. Equipment Configuration

5. Support Equipment

All support equipment supplied is listed in the following Support Equipment List.

Ref ID | Name / Manufacturer | Model # Serial #
Description
#3 CP2102 USB to - - -
TTL/UART
#4 Laptop Computer | Acer Swift SF314-52 -
Table 2. Support Equipment
6. Ports and Cabling Information
Ref ID Port name on Cable Qty. Length Shielded? | Termination
the EUT Description (m) (Y/N) Box ID & Port
ID
#5 USB C USB Cto 1 0.1 N #4
USB A
#6 TTL/UART 3 Wire 1 0.2 N #3/#4
Table 3. Ports and Cabling Information
7. Method of Monitoring EUT Operation
A test receiver will be used to monitor the data transmission from the EUT.
HBCS Report # RF_24007_1 Page 7 of 60
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8. Mode of Operation

To support FCC testing, a test firmware was provided to allow configuration of the data rates,
transmission channel, and power level for worst case emissions. Pretesting was performed
across all operational modes to determine the data rate for each that provided the worst case-
emissions.

Channel Frequency (MHz) Channel Frequency (MHz)
1 2412 7 2422
2 2417 8 2447
3 2422 9 2452
4 2427 10 2457
5 2432 11 2462
6 2437

Table 4. Operational Channels for 802.11b/g/n

Operational Mode Data Rates Worst Case used for Testing
802.11b 1/2/5/11 Mbps 1 Mbps
802.11g 6/9/12/18/24/36/48/54 Mbps 6 Mbps

6.5/13/19.5/26/39/52/58.5/65
Mbps (MSCO-MSC7)
Table 5. Data rates for Operational WIFI modes

802.11n (20 MHz)

6.5 Mbps (MSCO)

HBCS Report # RF_24007_1 Page 8 of 60



9. Modifications

9.1 Modifications to EUT
No modifications were made to the EUT

9.2 Modifications to Test Standard

No Modifications were made to the test standard.

10. Disposition of EUT

The test sample including all support equipment submitted to H.B Compliance Solutions for
testing will be returned to X-Media Tech, Inc at the completion of testing & certification.

HBCS Report # RF_24007_1 Page 9 of 60
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Criteria for Un-Intentional Radiators

1. Radiated Emissions

Test §15.109 Test Engineer(s): Evan L.
Requirement(s):
Test Results: Pass Test Date(s): Feb 12, 2024

Test Procedures:

The final radiated emissions test was performed using the parameters described above as worst case. That
final test was conducted at a facility that meets the ANSI C63.4 NSA requirements. The frequency range
noted in the data sheets was scanned/tested at that facility. Emissions were maximized as specified, by
varying table azimuth, antenna height, and manipulating cables.

Using the mode of operation and configuration noted within this report, a final radiated emissions test was
performed. The frequency range investigated (scanned), is also noted in this report. Radiated emissions
measurements were made at the EUT azimuth and antenna height such that the maximum radiated
emissions level will be detected. This requires the use of a turntable and an antenna positioner. The
preferred method of a continuous azimuth search is utilized for frequency scans of the EUT field strength
with both polarities of the measuring antenna. A calibrated, linearly polarized antenna was positioned at
the specified distance from the periphery of the EUT.

Note: The specified distance is the horizontal separation between the closest periphery of the
EUT and the center of the axis of the elements of the receiving antenna. However, if the receiving
antenna is a log-periodic array, the specified distance shall be the distance between the closest
periphery of the EUT and the front-to-back center of the array of elements.

Tests were made with the antenna positioned in both the horizontal and vertical polarization planes. The
measurement was varied in height above the conducting ground plane to obtain the maximum signal
strength. Though specified in the report, the measurement distance shall be 3 meters. At any
measurement distance, the antenna height was varied from 1 meter to 4 meters. These height scans apply
for both horizontal and vertical polarization, except that for vertical polarization the minimum height of
the center of the antenna shall be increased so that the lowest point of the bottom of the antenna clears the
ground surface by at least 25 cm.

Frequency Range (MHz)

Peak Data (kHz)

Quasi-Peak Data (kHz)

Average Data (kHz)

30 MHz to 1 GHz

120 kHz

120 kHz

N/A

1 GHzto 11 GHz

1MHz

N/A

1MHz

Measurements were made using the bandwidths and detectors specified. The video filter was at least as wide as the IF

bandwidth of the measuring receiver.

HBCS Report # RF_24007_1
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Emissions Tests Calculations

In the case of indoor measurements, radiated emissions measurements are made by the
manipulation of correction factors using TILE4 software. This is done automatically by the
software during the final measurement process.
In both cases, the level of the Field Strength of the interfering signal is calculated by adding the
Antenna Factor, Cable Factor and by subtracting the Amplifier Gain from the measured reading.
The basic equation is as follows:
FS=RA + AF + (CF -AG)
Where: FS = Field Strength

RA = Receiver (indicated) Amplitude

AF = Antenna Factor

CF = Cable Attenuation Factor

AG = Amplifier Gain
This laboratory uses an approach of combining the CF and AG using an end-to-end measurement
of the entire cabling system, including the test cable, any in-line amplifiers, attenuators, or

transient protection networks, all measured in-situ.

For a sample calculation, assume a receiver reading of 52.5 dBuV is obtained. With an antenna
factor of 7.4 and a combined cable factor (CF + AG) of -27.9:

FS=525+7.4+(-27.9)=32 dBuV/m
FS =32 dBuV/m
If desired, this can be converted into its corresponding level in uV/m:

FS = 107((32 dBuV/m)/20) = 39.8 uV/m

HBCS Report # RF_24007_1 Page 11 of 60
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Figure 1. Radiated Emissions Test Setup (30MHz — 1GHz)
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H.B. Compliance Solutions

Radiated Emissions 30 MHz - 1 GHz
3 Meter Distance

gf | — Limit
— Peak
4 | X QP Fina

Peak Amplitude in dBuV/m

0 {
oM 100M 16
Frequency

Plot 1 — Radiated Emissions — 30MHz to 1GHz

Frequency Measured Level Detector Limit (dBuV) Margin (dB)
(MHz)
76.32 22.04 Peak 40.0 -17.96
126.81 33.48 Peak 43.52 -10.04
150.04 30.55 Peak 43.52 -12.97
300.00 33.41 Peak 46.02 -12.61
450.06 37.74 Peak 46.02 -8.28

Table 7. Final Measurement Results for Radiated Emissions

HBCS Report # RF_24007_1 Page 13 of 60
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Criteria for Intentional Radiators

1. Occupied Bandwidth

Test 15.247(a)(2), ANSI C63.10 | Test Engineer(s): Sean E.

Requirement(s):

Test Results: Pass Test Date(s): Feb 20, 2024
Test Procedure: As required by 47 CFR 15.247(a)(2) System using digital modulation

techniques may operate in the 902-928MHz, 2400 — 2483.5MHz, and
5725 — 5850MHz bands. The minimum 6dB bandwidth shall be at least
500 kHz.

Customer provided a test mode internal to the EUT to control the RF
modulation, and frequency channel. The EUT was connected through an
attenuator to a Spectrum Analyzer. The measured highest peak power
was set relative to zero dB reference. The RBW of the Spectrum Analyzer
was set to 100kHz and VBW>RBW. Measurements were carried out at
the low, mid and high channels of the TX band at the output terminals of
the EUT.

Test Setup:

Equipment

Under Test

Figure 2. Occupied Bandwidth Test Setup

HBCS Report # RF_24007_1 Page 14 of 60
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Test Results:

Operational Frequency Recorded Specification Limit
Mode (MHz) Measurement
2412 8.57 MHz > 500 KHz
802.11b 2437 8.11 MHz > 500 KHz
2462 9.04 MHz 2500 KHz
2412 15.20 MHz 2 500 KHz
802.11g 2437 15.20 MHz 2 500 KHz
2462 15.18 MHz > 500 KHz
2412 16.01 MHz > 500 KHz
é%zl\'jﬁg) 2437 16.01 MHz > 500 KHz
2462 15.79 MHz > 500 KHz

Table 8. Occupied Bandwidth Summary, WIFI Test Results

The following pages show measurements of Occupied Bandwidth plots:
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Occupied Bandwidth
11.9618 MH=

Transmit Freq Error 3.298 kH=z
» dB Bandwidth 5.571 MHz

Plot 2 - 802.11b Lowest Channel - 6dB BW

Feb 28, 2024

Center 2,437 BAE GHz
#Fes BEH 1868 kH=z

Occupied Bandwidth
11.9840 MH=z

Transmit Freq Error 12.541 kH=
® dB Bandwidth 5.114 MH=

Plot 3 —802.11b Middle Channel — 6dB BW
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VEH 388 kH=z

VEH 388 kH=z

Span 25 MH=z
Sweep 2.398 ms (1500 pts)

Occ BH % Pwr 99,68 X
% dB -6.88 dB

Span 25 MH=z
Sweep 2398 ms (1500 pts)

Occ BH % Pwr 99,68 X
% dB —6.800 dBE
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Center 2,462 BAE GHz
#Fes BW 16068 kH=z

Occupied Bandwidth
12.80074 MH=z

Transmit Freq Error

2.416 kH=
® JdB Bandwidth

9.833 MHz

Plot 4 - 802.11b Highest Channel - 6dB BW

VEW 388 kHz

#Atten 12 4B

Center 2,412 BOE GHz
#Fes BH 1808 kHz

Occupied Bandwidth
16.3746 MH=z

Transmit Freq Error 12.559 kHz
» dB Bandwidth 15.1497 MH=z

Plot 5-802.11g Lowest Channel - 6dB BW
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VEW 388 kHz

Span 25 MH=z
Sweep 2398 ms (15608 pts)

Occ BH ¥ Pur 99,80 ¥
% dBE -6.0a JdB

Span 25 MHz
Sweep 2398 ms (1500 prs)

Occ BH % Pwr 99,68 ¥
% B -6.08 dB
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#Atten 14 dB

Center 2.437 B0 GH=z
#Fes BW 18960 kHz YBH 3606 kH=z

Occupied Bandwidth
16.3836 MH=

Transmit Freq Error 14.298 kH=z
» dB Bandwidth 15.198 MH=

Plot 6 — 802.11g Middle Channel - 6dB BW

#Atten 14 dB

Center 2,462 BAE GHz
#Res BH 180 kHz YBW 380 kHz

Occupied Bandwidth
16.2985 MHz

Transmit Freq Error -3.827 kH=
% dB Bandwidth 15.179 MH=

Plot 7 - 802.11g Highest Channel — 6dB BW
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Span 25 MHz

Sweep 2393 ms (1508 pts)

Occ EH % Pwr
» dB

99.08 X
—5.68 dB

Span 25 MHz

Sweep 2,398 ms (1508 pts)

Occ BH % Puwr
% dB

99.00 X
—-6.86 dB
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#Htten 14

YEHW 288 kH=z

Occupied Bandwidth
16.4894 MH=z

Transmit Freq Error 5483 kH=z
¥ dB BandwWidth 16.669 MH=

Plot 8 — 802.11n (20 MHz) Lowest Channel - 6dB BW
Fek 24

#Htten 14 dB

Center 2,437 BB GHz
#Res BEH 188 kHz VBH 288 kH=

Occupied Bandwidth
16.4984 MHz

Transmit Freq Error 9.254 kHz
% JdB Bandwidth 16.813 MH=

Plot 9 - 802.11n (20 MHz) Middle Channel - 6dB BW
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Span 25 MH=z
Sweep 2398 ms (1588 pts)

Occ BH % Pwr 99,08 ¥
» dB —6.88 dB

Span 25 MHz
Sweep 2,398 ms (1508 pts)

Occ BH % Pwr 99.08 ¥
xdB -6.08 dB
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#Htten 14 dB
'"L.L-IJ"'Hl"-InLﬂ-."\""lj‘l.f"d"'_'|l I|""""‘-'-r'.--...-1---u”..‘

i Iy | y f W
*f'r"l Lo I-l"-.-'..."'-"ﬂ | raeitad L T | e v b, '0.&

Occupied Bandwidth Occ BH % Pur
16.4276 MH=z ®x dB

Transmit Freq Error 4.971 kH=z
® dB Bandwidth 15.791 MH=z
Plot 10 — 802.11n (20 MHz) Highest Channel — 6dB BW
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2. RF Power Qutput

Test Requirement(s): | §15.247(b)(3) Test Engineer(s): Sean E.
Test Results: Pass Test Date(s): Feb 20, 2024

Test Procedures: As required by 47 CFR 15.247(b)(3), RF Power output measurements
were made at the RF output terminals of the EUT

Customer provided a test mode internal to the EUT to control the RF
modulation, and frequency channel. For testing the WIFI Channels, the
EUT was connected through an attenuator to a Wideband Power Sensor
capable of making power measurements. Measurements were made at
the low, mid, and high channels of the entire frequency band.

Test Setup:

Equipment

[ Attenuator . Spg:;irr

Under Test

Figure 3. RF Power Test Setup — WIFI
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Test Results:

Operational Frequency Conducted Power | Conducted Power | Specification
Mode (MHz) (dBm) (Watts) Limit

2412 19.79 0.0953 1W

802.11b 2437 20.25 0.1059 1w
2462 20.69 0.1172 1w
2412 23.42 0.2198 1w

802.11g 2437 24 0.2512 1w
2462 24.35 0.2723 1W
2412 23.72 0.2355 1W

802.11n

(20 MHz) 2437 24.32 0.2704 1w
2462 24.35 0.2723 1w

Table 9. RF Power Output, WIFI Test Results

HBCS Report # RF_24007_1 Page 22 of 60



bos

3. Conducted Spurious Emissions

Test §15.247(c) Test Engineer(s): Sean E.
Requirement(s):
Test Results: Pass Test Date(s): Feb 21, 2024

Test Procedures: As required by 47 CFR 15.247(c): In any 100kHz bandwidth the

frequency band in which the spread spectrum or digitally
modulation intentional radiator is operating, the radio frequency
power that is produced by the intentional radiator shall be at least
20dB below that in the 100kHz bandwidth within the band that
contains the highest level of the desired power, based on either
and RF conducted or a radiated measurement. Conducted
spurious emissions at antenna terminal measurements were
made at the RF output antenna terminal of the EUT.

Customer provided a test mode internal to the EUT to control the
RF modulation, and frequency channel. The EUT was connected
through an attenuator to a Spectrum Analyzer with RBW set to
100kHz and VBW = RBW. The Spectrum Analyzer was set to sweep
from 30MHz up to 10™ harmonic of the fundamental or 40GHz
whichever is the lesser. Measurements were made at the low,

mid and high frequency of the transmit band.

Test Setup:

Equipment

Under Test

Figure 4. Conducted Spurious Emissions Test Setup

HBCS Report # RF_24007_1 Page 23 of 60
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Test Results:

Operational | Transmit Frequency Measured Measured Level Limit (dBm)
Mode (MHz) Frequency (GHz) (dBm)

4.824 -55.79 -11.0

2412 7.240 -49.83 -11.0

4.874 -53.82 -11.0

802.11b 2437 7.310 -49.83 -11.0
4.924 -48.35 -11.0

2462 7.390 -45.17 -11.0

3.618 -60.58 -14.0

2412 7.230 -51.50 -14.0

3.651 -61.16 -14.0

802.11g 2437 7.300 52.83 14.0
4.923 -60.07 -14.0

2462 7.380 -50.17 -14.0

3.616 -60.17 -14.5

2412 7.230 -51.50 -14.5

802.11n 2437 3.657 -61.86 -14.5
(20 MHz) 7.300 -52.83 -14.5
4,921 -59.55 -14.5

2462 7.390 -50.17 -14.5

Table 10. Conducted Spurious Emissions, WIFI Test Results
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Mikrl 449,93 MH=z

Ref -5 dBm Atten 10 dB -77.22 dBm
Feak

Log

Stop 1.0860 @ GHz
YEH 308 kHz Sweep 9283 ms (81392 pts)

Mkrl 4.823 7 GHz
Atten 1@ dB -55.78 dBm

Stop B.ABG B GHz
YEW 3686 kHz Sweep 4784 ms (8192 pts)
Plot 12 — 802.11b Lowest Channel — 1GHz to 6GHz
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ATTEH 1adB HKR —439.83dBm

RL —5.8dBrm 1a8dB.” F.248GH=
(1]

I 1 2 n
[t ™ e P it S TPV I
SERPN PR UTST GEPN PR TV IRy S Ly

START .88 GH= STOP 12.888GCH=

*xREBEM 1@8@8kH= UBM 3IaakH= SHPF 1.598sac

Plot 13 — 802.11b Lowest Channel — 6GHz to 12GHz

ATTEH 1adB MKEER —58.83dBm
REL —5.8dBr 1ade.” 24.94GH=
1]
WW
P RTPI  ) b Pt Loy o i) LMWMM

START 12.88CGH= STOP 25.88GH=z
=REBH 188kH= UEBH 3IB88kH= SHP 3.38sec

Plot 14 — 802.11b Lowest Channel — 12GHz to 25GHz

HBCS Report # RF_24007_1 Page 26 of 60



bos

Agilent 11:44:17 Fek
Mikrl 75@.81 MHz

Fef -5 dBm Atten 1@ dB —78.801 dBm
Peal

Stop 1.888 6 GHz
VEHW 388 kH=z Sweep 92,83 ms (81392 pts)

Mikrl 4.873 8 GHz

Fef =5 dBm Atten 10 dB -53.82 dBm
Peak

Liog

Stop 6,080 B GHz
YEW 206 kH= Sweep 4754 ms (8192 prs)
Plot 16 — 802.11b Middle Channel - 1GHz to 6GHz
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ATTEN 1ade
RL —5.8dBr 1ade.”

MJ"WN“ phamy R SRR v [
bty ey

START G.@888GH=
=RBK 18@kH= UBM FaakH=

1.58sec

Plot 17 — 802.11b Middle Channel - 6GHz to 12GHz

ATTEHN 1adB
RL —5.8dBnr 1adB.”
1]
WW
Wv’*«\m erg st A o Ly o W L e ey e
START 12.88GH=
=RBI 188kH= UBK FaakH= 3.38sec

Plot 18 — 802.11b Middle Channel - 12GHz to 25GHz
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Agilent 11:45:17 Feb 21,
Mikrl 449,93 MHz

Fef -5 dBEm Atten 16 dBE -77.66 dBm
Feak

Log

Stop 1.080 B GHz
YEH 2088 kH= Sweep 92,83 ms (8192 ptso

Mikrl 4.923 & GHz
Atten 168 dB —48.25 dBm

Stop 6.888 6 GHz
YEM 388 kHz Sweep 478.4 ms (8192 pts)
Plot 20 — 802.11b Highest Channel — 1GHz to 6GHz
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ATTEN 18dBe MKR —45.17dBr

EL —S.8dBm 18de.” F.398GH=
1}

. o= "
e [ T PP PR TP L
Pttty oo

START 6.8088GH= sTOP 12.888GCH=z

=REH 188KH= UBH 3BAKH= SHP LS@8sec

Plot 21 — 802.11b Highest Channel — 6GHz to 12GHz

ATTEHN 1adB HMKR —58.83dBm
RL —5.8dBr 1adB.” 24.994GH=
1]
o oy dd bl AL, T e e

START 12.88GH= STOP 25.88GH=
*REBW 188 kH= UBH FIeakH= SHP 3. 30sec

Plot 22 — 802.11b Highest Channel — 12GHz to 25GHz
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Agilent 11:46:5¢

Mkrl 758.81 MHz

Fef =5 dBm Atten 168 dB -78.12 dBm
Feak
Log

Stop 1.888 6 GH=
VEHW 388 kH=z Sweep 92,83 ms (81392 pts)

Mkrl 3.617 5 GH=z

Fef =5 dBm Atten 10 dB —EA.558 dBm
Peak

Liog

Stop G.BABG B GHz
YEHW 206 kH=z Sweep 478.4 ms (8192 pts)
Plot 24 — 802.11g Lowest Channel — 1GHz to 6GHz
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ATTEN 1adB HMER —51.58dBm
RL —5.8dBr 1ade.” F.238GH=

START E.@88:H= STOP 12.888GH=
=RBK 18@kH= UBM FaakH= SHP 1.58sec

Plot 25 — 802.11g Lowest Channel - 6GHz to 12GHz

ATTEH 1adB HMKR —58.8a8dBrm
RL —5.8dBnr 1adB.” 294.94GH=
1]
th Mg bt ot P e WWW‘W
START 12.88GH= STOP 25.88GH=
=*=RBI 188lkkH= UBH FaakH= SHP Z.380sec

Plot 26 — 802.11g Lowest Channel — 12GHz to 25GHz
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Agilent 11:47:24 Feb 21,
Mikrl 758.81 MHz

Fef -5 dBEm Atten 16 dBE -77.81 dBm
Feak

Log

Stop 1.080 B GHz
YEH 2088 kH= Sweep 92,83 ms (8192 ptso

Mkrl 3.658 5 GHz
Atten 16 dB —-61.16 dBEm

Stop G.OBA B GHz
YEH 388 kH=z Sweep 478.4 ms (8192 pts)
Plot 28 — 802.11g Middle Channel - 1GHz to 6GHz
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ATTEN 18dE MKR —52.83dBr
RL —5.8dBr 1adB.” F.3eaGHE
1]
B n
T i W
e i e PR RO TR PR RIRT Ueb ) S, Sy
START 6.88EGHz STOP 12.888GH=
HREBM 188 KHE uBMH IB@KH= SHP 1.S8sec

Plot 29 — 802.11g Middle Channel - 6GHz to 12GHz

ATTEN 18dB MKR -59.58dBm
REL —5.8dBr 1ade.” 24.91GH=
i}
Wh PR [ e % WWWMWW
START 12.88GH= STOP 25.88GH=
=RBMH 18@kH= UBHM FaakH= SHP F.30=sac

Plot 30 — 802.11g Middle Channel - 12GHz to 25GHz
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Agilent 11:47:56 Fek
Mkrl 75881 MH=z

Fef -5 dBm Atten 160 dB -78.803 dBm
Feak
Loa

Stop 1.0808 @ GH=z
VEW 386 kH= Sweep 92,83 ms (8192 pts)

Mkrl 4.922 6 GHz

Fef -5 dBm Atten 18 (B —E8.87 dBm
Feak

dB/
Offst
0.5
dB

]
—14.8
dEm

LaRw

M1 52

53 FC
AA

£

U i
Sep

Start 1.088 @ GHz Stop G.ABG @ GHz
#Fes BW 188 kHz VEHW 388 kHz Sweep 4754 ms (5192 pts)
Plot 32 — 802.11g Highest Channel — 1GHz to 6GHz
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ATTEH 18adB MKR —58.17dBm
RL —5.8dBr 1adB.” 7. 388GH=
1]
" LBt n “
ot S Tttt Byt Bttt Jptene e Lo 7 PP
Pttt P g g A e ottt

START E.@88CH= STOP 1Z2.888CH=
=REBH 188kH= UBHM FaakH= SHP 1.598sec

Plot 33 — 802.11g Highest Channel - 6GHz to 12GHz

ATTEHN 1ade MKR —39.17dBm
RL —53.8dBrm 1adB.” 249 .89GH=

b gt e P, Rt ot WWMWM

START 12.88:H= STOP 23.88EH=
=RBI 1@8@kH= UBM F@aakH= SHP F.3@sac

Plot 34 — 802.11g Highest Channel — 12GHz to 25GHz
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Agilent 11:50:81 Fek
Mlkrl 75881 MH=z

Ref -5 dBm Atten 10 dB —-77.79 dBm
Feak

Log

Stop 1.0860 @ GHz
YEH 308 kHz Sweep 9283 ms (81392 pts)

Mkrl 3.615 7 GHz
Atten 16 dB -68.17 dBm

Stop G888 & GHz
VEH 388 kHz Sweep 4784 ms (8192 pts)
Plot 36 — 802.11n (20 MHz) Lowest Channel — 1GHz to 6GHz
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ﬂﬂl!b:)s
ATTEHM 1adB MKER —51.83dBm
RL —>.8dBm 1a8dB.” F.2948GH=
D
W‘J‘N P o "'Il Jil'w‘-'v\t' Tuy
WMWWMWW
START G.888GH= STOPF 12.888GH=
=REEBM 188 kH= UBHM IaakH= SHP 1.098sec
Plot 37 — 802.11n (20 MHz) Lowest Channel — 6GHz to 12GHz
ATTEH 1adB MKEER —59.17dBmrm
REL —5.8dBr 1ade.” 24.91GH=
1]
wu P LWL TSt T PP LMWWMWW
START 12.88GH= STOP 25.88GH=
=RBMH 18@kH= UBHM FaakH= SHP F.30=sac

Plot 38 — 802.11n (20 MHz) Lowest Channel — 12GHz to 25GHz
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Agilent 11:51:45 Fek
Mkrl 758.81 MHz

Ref —5 dEm Atten 18 dB -77.25 dBm
Feak

Log

Stop 1.888 6 GH=
VEHW 388 kH=z Sweep 92,83 ms (81392 pts)

Mikrl 3.656 & GHz
Atten 168 JB -G1.86 dBm

Stop G886 B GHz
YEH 388 kHz Sweep 478.4 ms (8192 pts)
Plot 40 — 802.11n (20 MHz) Middle Channel - 1GHz to 6GHz
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ATTEH 1adB MKEER —52.98dBrm
EL —S.8dBm 1adB.” F.318:GH=
1]
dra Lo ol h ‘[]
[l =Tl i T ERrr T S Lo S Lo )
USRI Y ¢ S PR PRSPPI
START B.@8@GH= STOP 12.888GH=
=*=REBI 188kH= UBK FaakH= SHP 1.598sec

Plot 41 - 802.11n (20 MHz) Middle Channel - 6GHz to 12GHz

ATTEH 1adB HMKR —58.58dBrn
EL —S.8dBrm 1a8dB.” 23.81GH=
(1]
Mwﬁw
MW”WMW* Adntra | PP R
START 12.88GH= STOP 25.88GH=
»*xREBI 188kH= UBM 388kH= SHP 3.38sec

Plot 42 - 802.11n (20 MHz) Middle Channel - 12GHz to 25GHz
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Mkrl 443.93 MHz
HAtten 18 dB —77.24 dBm

Stop 1.086 B GHz
YEW 306 kH= Sweep 92,83 ms (8192 pts)
Plot 43 — 802.11n (20 MHz) Highest Channel — 30MHz to 1000MHz

Agilent 11:59:602 Feb 21, 26824
Mkrl 4.928 & GHz

Fef =5 dBm Atten 1@ dB -539.55 dBm
Peak

Log

Stop G.A@E B GHz
VB 386 kH=z Sweep 4784 ms (8132 pts)
Plot 44 — 802.11n (20 MHz) Highest Channel — 1GHz to 6GHz
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'?E”""lrb:)S
ATTEN 18dE MKR —5@.67dBr
RL —S5.8dBm 18dB.~ 7.390GH=
D
— * RS TNV S, TR DT W TSN PR PRI W
START 6.888GH= sSTOP 12.888GH=
*=REM 188kH= VB F@@KH= SHP 1.5@sec
Plot 45 — 802.11n (20 MHz) Highest Channel - 6GHz to 12GHz
ATTEN 18dB MKR —58.58dBr
RL —S.8dBm 18dB.~ 24.87GH=
D
T T P N oy O S ks sk e o, Ml
e |
START 12.88GCH= sSTOP 25.88GH=z
*REBM 1808kH= VB F@BKH= SHP 3.3@sec

Plot 46 — 802.11n (20 MHz) Highest Channel — 12GHz to 25GHz
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4. Radiated Spurious Emissions and Restricted Band

Test §15.247(d), 15.209(a), | Test Engineer(s): Sean E.
Requirement(s): 15.205
Test Results: Pass Test Date(s): Feb 27, 2024

Test Procedures: As required by 47 CFR 15.247, Radiated spurious measurements were

made in accordance with the procedures of the FCC Guidance Document
558074 D01 and ANSI C63.10.

The EUT was placed on a non-reflective table inside a 3-meter open area
test site. The EUT was set on continuous transmit.

The measurement antenna was placed at a distance of 3 meters from the
EUT. During the tests, the antenna height and polarization as well as EUT
azimuth were varied in order to identify the maximum level of emissions
from the EUT. The frequency range up to the 10™ harmonic was
investigated included all the restricted band frequencies include
2483.5MHz. Measurement 10dB below the limits were not reported.

To get a maximum emission level from the EUT, the EUT was rotated
throughout the X-axis, Y-axis and Z-axis. Worst case is X-axis

Detector Resolution Video Bandwidth | Span
Setting Bandwidth

Peak 1MHz 3MHz As necessary
Average 1MHz 10Hz 0O Hz

Table 11. Analyzer Settings
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Test Setup:

| E—; |

Antenna (Boresight)

- tower

Hom
antenna

EUT

“\\ Spectrum
\ analyzer

Tumtable v \

,_.
) |
=
5
P

[ ]
00

000

@]
Ly

K T Pre-amp |

Figure 5. Radiated Emission Above 1GHz Test Setup
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Test Result:
Transmit | Measured Peak Peak Limit Average Average Limit
Frequency | Frequency | Amplitude (dBuV/m) Amplitude (dBugV/m)
(MHz) (MHz) (dBuV/m) (dBuV/m)
2412 98.29 Fundamental | Fundamental Fundamental
2412 4824%* 48.22 74.0 - 54.0
7236 49.57 78.29 - 58.29
2437 98.66 Fundamental | Fundamental Fundamental
2437 4874%* 48.36 74.0 - 54.0
7311%* 48.76 74.0 - 54.0
2462 99.70 Fundamental | Fundamental Fundamental
2462 4924* 48.45 74.0 - 54.0
7386%* 43.70 74.0 - 54.0

Table 12 - Spurious Radiated Emission Data — 802.11b Operation Mode

Transmit | Measured Peak Peak Limit Average Average Limit
Frequency | Frequency | Amplitude (dBuV/m) Amplitude (dBugV/m)
(MHz) (MHz) (dBuV/m) (dBuV/m)
2412 2412 101.59 Fundamental | Fundamental Fundamental
4824%* 47.76 74.0 - 54.0
2437 2437 102.09 Fundamental | Fundamental Fundamental
4874* 47.57 74.0 - 54.0
2462 2462 100.59 Fundamental | Fundamental Fundamental
4924% 47.64 74.0 - 54.0

Table 13 - Spurious Radiated Emission Data — 802.11g Operation Mode
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Transmit | Measured Peak Peak Limit Average ..
. . Average Limit
Frequency | Frequency | Amplitude (dBuV/m) Amplitude (dBuV/m)
(MHz) (MHz) (dBuV/m) (dBuV/m)
2412 2412 100.55 Fundamental | Fundamental Fundamental
4824* 47.56 74.0 - 54.0
5437 2437 102.64 Fundamental | Fundamental Fundamental
4874* 47.24 74.0 - 54.0
2462 2462 100.96 Fundamental | Fundamental Fundamental
4924* 47.46 74.0 - 54.0

Table 14 - Spurious Radiated Emission Data — 802.11n (20 MHz) Operation Mode

NOTE: There were no detectable emissions above the 2nd or 3rd harmonic dependent on
operational mode.
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6. Emissions At Band Edges

Test §15.247(d) Test Engineer(s): Sean E.
Requirement(s):
Test Results: Pass Test Date(s): Feb 20, 2024

Test Procedures: As required by 47 CFR 15.247, Band edge radiated emissions
measurements were made at the RF antenna output terminals of the EUT
using the marker-delta method.

Customer provided a test mode internal to the EUT to control the RF
modulation, and frequency channel. The EUT output was connected
directly to the spectrum analyzer through an attenuator. The EUT was set
up at maximum power, first on the lowest operating channel, then on the
highest operating channel of the transmit band.

Detector Resolution Video Bandwidth | Sweep Time
Setting Bandwidth
Peak 100 kHz 300 kHz Auto

Table 15 — Analyzer settings

Test Setup:

Under Test Analyzer

Equipment i Atentstor . Spectrum

Figure 6. Band Edge Test Setup
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Test Results:

Operational Frequency Measured Level Detector Limit
Mode (MHz) (dBm)

2400 -46.62 Peak -20dBc

802.11b
2483.5 -50.60 Peak -20dBc
2400 -31.73 Peak -20dBc

802.11g
2483.5 -44.21 Peak -20dBc
802.11n 2400 -30.47 Peak -20dBc
(20 MHz) 2483.5 -41.90 Peak -20dBc

Table 16 — Band Edge Emissions Summary — WIFI
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a Mkrl 12.498 MH=z
Atten 168 dB 46.62 dB

i

Span 328 MHz
YEBH 3606 kH= Sweep 2,898 ms (1500 pts)

R T
a Mkrl —20.88 MHz

Fef 15 dBm Atten 18 B BE.6R dB
Peak

16
dB
Dffst
20,7
dE

]
-11.8
dEm

LaAw

M1 52
53 FC
AR
£ (f)
FTun
S

Center 2,453 58 GHz Span 58 MHz
#Res BH 180 kHz YEBW 36868 kHz Sweep 4.797 ms (1508 pts)
Plot 48 — 802.11b Highest Channel — Band Edge
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Feb 2
a Mkrl 11.378 MHz
Atten 1@ dB 3173 dB

Span 30 MH=z
YEW 306 kH= Sweep 2,898 ms (1508 pts)

—28.23 MHz
Atten 18 dEB 44,21 dB

Center 2.483 5@ GHz Span 58 MHz
#Fes BY 106 kH=z YEH 386 kHz Sweep 4,797 ms (1508 pts)

Plot 50 — 802.11g Highest Channel — Band Edge
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a Mkrl 13.259 MHz
Atten 18 dB 38.47 dB

1

Center 2,400 BAE GH=z Span 38 MH=z
#Fes BW 1890 kH=z YEW 306 kH=z Sweep 2,898 ms (1580 pts)
Plot 51 — 802.11n (20 MHz) Lowest Channel — Band Edge

Agilent 15: b £ R T
a Mkrl -16.49 MHz

Fef 15 dBm Atten 10 dB 41.98 dB
P eal

Center 2,483 5B GHz Span 58 MH=z
#Fes BW 180 kH= YEW 306 kH= Sweep 4,797 ms (1580 pts)
Plot 52 — 802.11n (20 MHz) Highest Channel — Band Edge
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7. Power Spectral Density

Test §15.247(f), Test Engineer(s): Sean E.
Requirement(s): ANSI C63.10
Test Results: Pass Test Date(s): Feb 20, 2024

Test Procedures: As required by 47 CFR 15.247(d), For digitally modulated systems, the
peak power spectral density conducted from the intentional radiator to
the antenna shall not be greater than 8 dBm in any 3kHz band during any
time interval of continuous transmission. Power spectral density
measurements were made at the RF antenna output terminals of the EUT
using the DTS methods section 8.4 was used for DTS mode.

The EUT output was connected directly to the spectrum analyzer through
an attenuator. The measurements were made at the RF antenna output
terminals of the EUT.

Detector Resolution Sweep Time Span
Setting Bandwidth
Peak 3KHz Auto As Necessary

Table 17 — Analyzer settings

Test Setup:

Under Test Analyzer

Equipment i Atentstor . Spectrum

Figure 7. Power Spectral Density Test Setup
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Test Results:

Operational Frequency (MHz) | Measured Level (dBm) Limit
Mode

2412 -5.45 8 dBm

802.11b 2437 -3.46 8 dBm
2462 -3.80 8 dBm

2412 -6.56 8 dBm

802.11g 2437 -7.73 8 dBm
2462 -6.95 8 dBm

2412 -6.71 8 dBm

(i%ZJa:) 2437 5.95 8 dBm
2462 -6.76 8 dBm

Table 18 — Power Spectral Density — WIFI Test Results
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Agilent 14: & [Fs oF R T
Mikrl 2.411 158 GHz

Fef 15 dBm Atten 160 dB -5.45 dBEm
Fealk

dE
Offst
267
dB
Dl
5.6
dEm

Lof

[
S3 FC
AR
01
FTun
Swp

Center 2,412 808 GHz Span 25 MH=z
#Res B 3 kH=z YEH 9.1 kH=z Sweep 2.653 5 (1580 pts)
Plot 53 — 802.11b Lowest Channel - Power Spectral Density

Agilent 15: 5 Feb £, R T

Mkrl 2.438 285 GHZ
Fef 15 dBm Atten 18 4B -3.46 dBm
Fealk
Log
16
dE ./
Offst
20,7
dE
Dl
5.0
dEm

L

M1 s2
33 FC
HA
£
FTun
5P

Center 2.437 BOB GH=z Span 25 MH=z
#Res BH 3 kH= YEHW 9.1 kH= Sweep 2.653 5 {1500 pts)
Plot 54 — 802.11b Middle Channel - Power Spectral Density
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Mkrl 2.461 141 GHz

Fef 15 dBm Atten 18 dB —3.80 dBm
Peak

Center 2,462 BAB GH=z Span 25 MHz
#Res BH 3 kH=z YEHW 9.1 kH= Sweep 2653 5 (1500 pts)
Plot 55 — 802.11b Highest Channel - Power Spectral Density

Agilent 15:16:32 Feb 28, 26024 R T

Mkrl 2.412 289 GHZ
Fef 15 dBm Atten 168 dB —-6.56 dBm
Feal
Lo
1@
dE
Offst
207
dBE
Dl
2.0
dEm

LAy

M1 32
S3 FC
AR
£
FTun
Swp

Center 2.412 B GHz - Span 25 MH=z
#Fes B 3 kH=z YEBW 9.1 kH= Sweep 2653 5 (1500 pts)
Plot 56 — 802.11g Lowest Channel - Power Spectral Density
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Agilent 15:11 3 e R T
Mkrl 2.437 642 GHz
Fef 15 dBEm Atten 18 dB -7.73 dBm
Peak

Center 2437 @08 GHz ~ Span 25 MH=z
#Res BH 3 kH= YEHW 9.1 kH= Sweep 2.653 5 {1500 pts)

Plot 57 — 802.11g Middle Channel - Power Spectral Density

Agilent 15: =k 24 R T
Mikrl 2.462 303 GHz
Fef 15 dBm Atten 18 dB -6.95 dBm
Peak

Center 2.462 B GHz Span 25 MHz

#Fes BH 2 kHz YEW 9.1 kH= Sweep 2653 5 (1580 pts)

Plot 58 — 802.11g Highest Channel - Power Spectral Density
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Agilent 15:17 : £, R T
Mkrl 2.412 383 GHz

Fef 15 dEm Atten 16 dBE —5.71 dBm
Feak

Center 2.412 BOB GH=z - Span 25 MH=z
#Res BH 3 kH= YEHW 9.1 kH= Sweep 2.653 5 {1500 pts)
Plot 59 — 802.11n (20 MHz) Lowest Channel - Power Spectral Density

Agilent ilE5s =18 £F: R i
Mikrl 2.437 3609 GHz

Fef 15 dBm Atten 18 dB -5.95 dBm
Peal

dE ./
Offst
207
dE

]
5.0
dEm

=1l

[
=3 FC
AA
£0f
FTun
Swp

Center 2437 088 GHz ~ Span 25 MH=z
#Res BW 3 kH=z YEH 9.1 kH=z Swesp 2653 5 (1500 prs)
Plot 60 — 802.11n (20 MHz) Middle Channel - Power Spectral Density
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5 Agilent 15:20:13 Feb 28, 2624 R T

'ef 15 dBEm Atten 18 dBE

i N i f‘www*ﬂwwm.«m
M i

ﬂ"ﬂﬂm

; VEH 9.1 kH=
Plot 61 — 802.11n (20 MHz) Highest Channel - Power Spectral Density
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8. Test Equipment

Equipment Manufacturer | Model Serial # Last Cal Cal Due
Date Date

Spectrum Analyzer | Agilent E4443A US41420164 | Jun-01-23 | Jun-01-24

EMI Test Receiver Rhode & ESMI26 840607/005 Nov-15-23 | Nov-15-24
Schwarz

High Pass Filter Mini-Circuits | VHF-3100+ | 1048 Verified

Spectrum Analyzer | Hewlett 86668 2747A05264 | Feb-01-24 | Feb-01-25
Packard

Attenuator 20dB Weinschel 41-20-12 86332 Verified

Horn Antenna Com-Power AHA-118 711150 Jan-09-23 | Jan-09-25

Antenna EMCO GTEM 1063 Verified

5417

USB Wideband Agilent U2021XA MY54210014 | Nov-15-23 | Nov-15-24

Power Sensor

Spectrum Analyzer | Hewlett 8563E 3821A09316 | May-02-23 | May-02-24
Packard

Spectrum Analyzer | Hewlett 8595EM 3801A00177 May-02-23 | May-02-24
Packard

Two Line V- Teseq NNB 51 43198 Jan-12-23 | Jan-12-25

Network — LISN

Table 19 - Test Equipment List

*Statement of Traceability: Test equipment is maintained and calibrated on a regular basis. All
calibrations have been performed by a 17025 accredited test facility, traceable to National
Institute of Standards and Technology (NIST)
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9. Measurement Uncertainty

ISO/IEC 17025 requires that an estimate of the measurement uncertainties associated with the
emissions test results be included in the report. These measurements figures are calculated in
accordance with ETSI TR 100 028 Parts 1 and 2. Instrumentation measurement uncertainty has

not been taken into account to determine compliance.

The following measurement uncertainty values have been calculated as show in the table below:

Measured Parameter Measurement Frequency Range Expanded
Unit Uncertainty
Conducted Emissions (AC Power) dBuV or dBuA 150kHz — 30MHz +4.3dB
Radiated Emission below 30MHz dBuV/m 9kHz-30MHz +2.96dB
Radiated Emissions below 1GHz dBuV/m 30 - 1000MHz +5.6dB
Radiated Emissions above 1GHz dBuV/m 1-26.5GHz +4.1dB

The reported expanded uncertainty has been estimated at a 95% confidence level (k=2)

END OF TEST REPORT
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