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History of this test report

Report No. Version Description Issue Date

FR220509002B 01 Initial issue of report Jul. 27, 2022

1.  Revise Section 1.3 and 3.1.5
FR220509002B 02 2.  Revise Chapter 4 and Chapter 5 Aug. 10, 2022
3. Revise Appendix A
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Summary of Test Result

Report Ref Std. Result
Clause | Clause Test ltems (PASSIFAIL) Remark
3.1 15.247(a)(2) 6dB Bandwidth Pass -
3.1 2.1049 99% Occupied Bandwidth Reporting only -
3.2 15.247(b) Power Output Measurement Pass -
3.3 15.247(e) Power Spectral Density Pass -
Conducted Band Edges Pass -
34 15.247(d)
Conducted Spurious Emission Pass -
. . 3.10dB
35 15.247(d) Rad'atedsBi:i‘ifsdg‘f;:S?gnRad'ated Pass under the limit at
P 2484.200 MHz
- 15.207 AC Conducted Emission Not Required -
15.203 & .
3.6 15.247(b) Antenna Requirement Pass -
Note:

1. Notrequired means after assessing, test items are not necessary to carry out.

2. The EUT is powered by batteries which is deemed DC power source, it does not operate from the AC power
lines or contain provisions for operation while connected to the AC power lines, according to 47 CFR §15.207(c),
the conducted emission limits are not applicable to the device hence the test is not performed.

Conformity Assessment Condition:

1. The test results (PASS/FAIL) with all measurement uncertainty excluded are presented against
the regulation limits or in accordance with the requirements stipulated by the
applicant/manufacturer who shall bear all the risks of non-compliance that may potentially
occur if measurement uncertainty is taken into account.

2. Please refer to the section "Uncertainty Evaluation” for measurement uncertainty.

Comments and Explanations:

The product specifications of the EUT presented in the report are declared by the manufacturer

who shall take full responsibility for the authenticity.
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1
1.1

1.2

1.3

1.4

General Description
Product Feature of Equipment Under Test

Bluetooth-LE, Wi-Fi 2.4GHz 802.11b/g/n and LoRa/FSK

Product Feature

WLAN: PCB-ILA Antenna
Antenna Type Bluetooth-LE: PCB-ILA Antenna
LoRa/FSK: PCB-ILA Antenna

Antenna information

2400 MHz ~ 2483.5 MHz Peak Gain (dBi) | 4.6

Remark: The EUT's information above is declared by manufacturer. Please refer to Comments and

Explanations in report summary.

Modification of EUT

No modifications made to the EUT during the testing.

Testing Location

Test Site Sporton International (USA) Inc.

1175 Montague Expressway, Milpitas, CA 95035

Test Site Location | -, . /5 9043300

Sporton Site No.

Test Site No.

THO1-CA, TH02-CA, 03CHO02-CA

Note: The test site complies with ANSI C63.4 2014 requirement.
FCC Designation No.: US1250

Applicable Standards

According to the specifications declared by the manufacturer, the EUT must comply with the
requirements of the following standards:

+ FCC Part 15 Subpart C §15.247

+ FCC KDB Publication No. 558074 D01 DTS Meas. Guidance v05r02
+ FCC KDB 414788 D01 Radiated Test Site v01r01.

+ ANSI C63.10-2013

Remark:
1. All the test items were validated and recorded in accordance with the standards without any
modification during the testing.

2. This EUT has also been tested and complied with the requirements of FCC Part 15, Subpart B,
recorded in a separate test report.
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2 Test Configuration of Equipment Under Test

The EUT has been associated with peripherals and configuration operated in a manner tended to
maximize its emission characteristics in a typical application. Frequency range investigated:
radiation emission (9 kHz to the 10th harmonic of the highest fundamental frequency or to 40 GHz,
whichever is lower). For radiated measurement, the measured emission level of the EUT was
maximized by rotating the EUT on a turntable, adjusting the orientation of the EUT and EUT
antenna in three orthogonal axis (X: flat, Y: portrait, Z: landscape), and adjusting the measurement

antenna orientation, following C63.10 exploratory test procedures and find Y plane as worst plane.

2.1 Carrier Frequency and Channel

Frequency Band Channel (;eH(;) Channel l(:lcle:;)
1 2412 8 2447
2 2417 9 2452
3 2422 10 2457

2400-2483.5 MHz 4 2427 " 2462
5 2432 12 2467
6 2437 13 2472
7 2442

2.2 Test Mode

The final test modes consider the modulation and the worst data rates as shown in the table
below.

Single Antenna

Modulation Data Rate
802.11b 1 Mbps
802.11g 6 Mbps
802.11n HT20 MCS0
TEL : 408 9043300 Page Number 1 6 of 38
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T 2400-2483.5 MHz
802.11b 802.11g 802.11n HT20

Low 01 01 01

Middle 06 06 06

11 11 11

High 12 12 12

13 13 13

Remark: For radiation spurious emission, the modulation and the data rate picked for testing are
determined by the Max. RF conducted power.

2.3 Connection Diagram of Test System

System BT

Simulator AP router Motebook GPS Station Enphiee
-

Power EUT

Source Motebook
‘ Cradle Earphone ‘ iPod WLAN AP Monfor

This example is connection diagram of EUT tes! configurations.
For detail, please refer o test mode configuration and s etup pholographs for each lest item.

2.4 Support Unit used in test configuration and system

Item |Equipment Brand Name [Model Name FCCID Data Cable Power Cord

1. |Laptop ACER Altos PS548-G1 |FCC DoC N/A N/A
TEL : 408 9043300 Page Number 1 7 of 38
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2.5 EUT Operation Test Setup

The RF test items, utility “QA Firmware (MT7686) Version 0.3.2.8” was installed in Notebook which
was programmed in order to make the EUT get into the engineering modes to provide channel

selection, power level, data rate and the application type and for continuous transmitting signals.

2.6 Measurement Results Explanation Example

For all conducted test items:

The offset level is set in the spectrum analyzer to compensate the RF cable loss and attenuator factor
between EUT conducted output port and spectrum analyzer. With the offset compensation, the

spectrum analyzer reading level is exactly the EUT RF output level.

Example:
The spectrum analyzer offset is derived from RF cable loss and attenuator factor.
Offset = RF cable loss + attenuator factor.

Following shows an offset computation example with cable loss 4.2 dB and 10 dB attenuator.

Offset(dB) = RF cable loss(dB) + attenuator factor(dB).
=42 +10=14.2 (dB)

TEL : 408 9043300 Page Number : 8 of 38
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3 Test Result
3.1 6dB and 99% Bandwidth Measurement

3.1.1Limit of 6dB and 99% Bandwidth
The minimum 6 dB bandwidth shall be at least 500 kHz.

3.1.2Measuring Instruments

Please refer to the measuring equipment list in this test report.

3.1.3 Test Procedures
1. The testing follows the ANSI C63.10 Section 6.9.3 (OBW) and 11.8.1 (6dB BW).

2.  The RF output of EUT is connected to the spectrum analyzer by RF cable and attenuator. The
path loss is compensated to the results for each measurement.

Set the maximum power setting and enable the EUT to transmit continuously.

4.  Make the measurement with the spectrum analyzer's resolution bandwidth (RBW) = 100 kHz.
Set the Video bandwidth (VBW) = 300 kHz. In order to make an accurate measurement. The 6
dB bandwidth must be greater than 500 kHz.

5. For 99% Bandwidth Measurement, the spectrum analyzer's resolution bandwidth (RBW) is set
1-5% of the emission bandwidth and set the Video bandwidth (VBW) = 3 * RBW.

6. Measure and record the results in the test report.

3.1.4Test Setup

(el { o
Spectrum Analyzer EUT
TEL : 408 9043300 Page Number 1 9 of 38
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3.1.5Test Result of 6dB and 99% Occupied Bandwidth

Please refer to Appendix A.
<802.11b>

6dB Bandwidth 99% Occupied Bandwidth

Ref Level 30.00 dBm  Offset 21,30 dé @ RBW 100 kHz Ref Level 20.00 dBm  Offset 20,83 dB @ RBW 300 kHz
o att 20de SWT ims @ VBW 300 kHz Mode Sweep [o_Att 20ds  SWT 1ms ® VBW 1MHz Mode Sweep
(@ 1Pk Max (@15 Max
M1[1] 2.36 dBm| ] M1[1] 9.65 dBm)|
2.4074400 GHz| N My 2.4115000 GHz|
20 d D2[1] 0.67 dB| 1 Occ Bw 14.385614386 MHz|
9.1210 MHZ] ;
o t\/TS}fJ \2
Jud . R "
! AP T Ao ] g 10d T
7 %
\V) “hy - i
o | | Lo o=/ Vi
K M W\,\/j Pad by,
\ o2 -
s0d
-30d
60 d
-0 o d
=0 CF 2.412 GHz 1001 pts Span 50.0 MHz
Marker
-60 df Type | Ref | Tre | X-value | Y-value | Function | Function Result |
M1 1 2.4115 GHz 9.65 dBm
T1 1 2.4048072 GHz -6.00 dBm Occ Bw 14.385614386 MHz
CF 2.412 GHz 1001 pts Span 20.0 MHz T2 1 2,4191928 GHz -6.17 dim
—
|7 Measuring...  LRNNRLLED W6 4 )i [T ]
Date: 18.MAY.2022 22:59:15 Date: 9.AUG.2022 13:51:13

Note: The occupied channel bandwidth is maintained within the band of operation for all of the modulations.

<802.11g>

6dB Bandwidth 99% Occupied Bandwidth

Ref Level 30.00 dBm  Offset 21.30 db @ RBW 100 kHz Ref Level 20.00 dBm Offset 20,83 db @ RBW 300 kHz
o att 20ds  SWT 1ms @ YBW 300 k2 Mode Sweep o att 20 ds SWT 1ms @ VBW 1MHz Mode Sweep
(@ 1Pk Max @155 Max
M1[1] -2.59 dBm| M1[1] 7.45 dBm|
2.4044200 GHz| o4 M1 2.4103520 GHz
20 d D2[1] 1.81 dB)| M Qcc Bw 16.733266733 MHZ|
15.1599 MHz| 0d ‘1#““"”"’ b o

e D1 5.690 dBnr -10dl j \
U7 0 b | pestrefaglnfl g AL

Miices s I 2
[ep 2. B Aot I N oA ol 20d

-10d -30d e e
”fw \LH L

s0d
30 d
60d
-40 d id
-sad CF 2.412 GHz 1001 pts Span 50.0 MHz
Marker
-60 d Type | Ref | Tre | X-value | v-value | Function | Function Result |
M1 1 2.410352 GHz 7.45 dBm
T1 1 2,4036084 GHz -2.21 dBm Occ Bw 16.733266733 MHz
CF 2.412 GHz 1001 pts Span 20.0 MHz T2 1 2.4203417 GHz -2.31 dBm
i —
[ P 7 Jjd (Y]
Date: 14.JUN.2022 20:23:52 Date: 9.AUG.2022 14:05:48

Note: The occupied channel bandwidth is maintained within the band of operation for all of the modulations.
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<802.11n HT20>

6dB Bandwidth

99% Occupied Bandwidth

Spectrum =3 Spectrum

e
v
Ref Level 30.00 dBm  Offset 21.30 dB & RBW 100 kHz Ref Level 20.00 dBm  Offset 20.83 dB @ RBW 300 kHz
o att 20dB SWT 1ms @ YBW 300 kHz _Mode Sweep lo att 20dB  SWT ims ® YBW 1MHz Mode Sweep
(@ 1Pk Max (@153 Max
M1[1] -4.32 dBm) M1[1] 5.84 dBm)|
2.4044210 GHZ| u . 2.4134990 GHz|
20 d D2[1] 2.44 dB| 10 X Oce By 17.582417582 MHz
15.1588 MHz| i 2
o di 11 " i
10 d / \
D1 4.250 dBm n
id T P A | il Al g -
R T T e e o o 20d
-10 d'JNW\

S0 d
30 df
60 d
40 df id
-sad CF 2.412 GHz 1001 pts Span 50.0 MHz
Marker
-60 df Type | Ref | Tre | X-value | v-value | Function | Function Result |
M1 1 2.413499 GHz 5.84 dBm
T1 1 2,4032088 GHz -1.92 dBm Occ Bw 17.582417582 MHz
CF 2.412 GHz 1001 pts Span 20.0 MHz T2 1 2.4207912 GHz -2.30 dBm
i —
[ ] teasuring.. GRRNARLHD Wk 7 Jjd RN wa
Date: 18.MAY.2022 01:43:54

Date: 9.AUG.2022 14:22:33

Note: The occupied channel bandwidth is maintained within the band of operation for all of the modulations.
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3.2 Output Power Measurement

3.2.1Limit of Output Power
For systems using digital modulation in the 2400-2483.5 MHz, the limit for output power is 30 dBm. If

transmitting antenna with directional gain greater than 6 dBi is used, the peak output power from the
intentional radiator shall be reduced below the above stated value by the amount in dB that the
directional gain of the antenna exceeds 6 dBi. In case of point-to-point operation, the limit has to be

reduced by 1 dB for every 3 dB that the directional gain of the antenna exceeds 6 dBi.

3.2.2 Measuring Instruments

Please refer to the measuring equipment list in this test report.

3.2.3Test Procedures

1. For Average Power, the testing follows ANSI C63.10 Section 11.9.2.3.2 Method AVGPM-G

2. The RF output of EUT is connected to the power meter by RF cable and attenuator. The path
loss is compensated to the results for each measurement.

3.  Set the maximum power setting and enable the EUT to transmit continuously.

4.  Measure the conducted output power and record the results in the test report.

3.2.4Test Setup

=

[

At at
Power Meter enuator EUT
3.2.5Test Result of Average Output Power
Please refer to Appendix A.
TEL : 408 9043300 Page Number : 12 of 38
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3.3 Power Spectral Density Measurement

3.3.1Limit of Power Spectral Density

The peak power spectral density shall not be greater than 8 dBm in any 3 kHz band at any time

interval of continuous transmission.

3.3.2Measuring Instruments

Please refer to the measuring equipment list in this test report.

3.3.3Test Procedures

1. The testing follows the ANSI C63.10 Section 11.10.2 Method PKPSD.

2.  The RF output of EUT is connected to the spectrum analyzer by RF cable and attenuator. The
path loss is compensated to the results for each measurement.

Set the maximum power setting and enable the EUT to transmit continuously.

4. Make the measurement with the spectrum analyzer's resolution bandwidth (RBW) = 3 kHz.
Video bandwidth VBW = 10 kHz In order to make an accurate measurement, set the spanto 1.5
times DTS Channel Bandwidth. (6dB BW)

5. Detector = peak, Sweep time = auto couple, Trace mode = max hold, Allow trace to fully
stabilize. Use the peak marker function to determine the maximum power level.

6. Measure and record the results in the test report.

TEL : 408 9043300 Page Number : 13 of 38
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3.3.4Test Setup

ole { ]

Spectrum Analyzer EUT

3.3.5Test Result of Power Spectral Density

Please refer to Appendix A.

Maximum Power Density Plot (dBm/3kHz)

Spectrum ':%:

Ref Level 20.00 dem Offset 21.30 dB @ RBW 3 kHz

o Att 20dB  SWT 161 ms @ VBW 10 kHz  Mode Sweep
@ 1Pk Max
m1[1] 7.76 dBm|
2.4362508 GHz,
10 dBm —
0 dBm ‘ ‘

i Dl

|
o i, JJMIu g g amniin ‘
g ", AwLm.“.l

M

=
=

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

CF 2.437 GHz 1001 pts Span 14.4285 MHz

I ] (I ™3

Date: 18.MAY.2022 23:42:27
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3.4 Conducted Band Edges and Spurious Emission Measurement

3.4.1Limit of Conducted Band Edges and Spurious Emission Measurement

In any 100 kHz bandwidth outside of the authorized frequency band, the emissions which fall in the

non-restricted bands shall be attenuated at least 20 dB / 30dB relative to the maximum PSD level in

100 kHz by RF conducted measurement.

3.4.2 Measuring Instruments

Please refer to the measuring equipment list in this test report.

3.4.3Test Procedures

1.

The testing follows the ANSI C63.10 Section 11.11.3 Emission level measurement.

2.  The RF output of EUT is connected to the spectrum analyzer by RF cable and attenuator. The
path loss is compensated to the results for each measurement.

Set the maximum power setting and enable the EUT to transmit continuously.

4.  Set RBW =100 kHz, VBW=300 kHz, Peak Detector. Unwanted Emissions measured in any 100
kHz bandwidth outside of the authorized frequency band shall be attenuated by at least 20 dB
relative to the maximum in-band peak PSD level in 100 kHz when maximum peak conducted
output power procedure is used. If the transmitter complies with the conducted power limits
based on the use of RMS averaging over a time interval, the attenuation required under this
paragraph shall be 30 dB instead of 20 dB per 15.247(d).

5. Measure and record the results in the test report.

6. The RF fundamental frequency should be excluded against the limit line in the operating
frequency band.

3.4.4Test Setup
(aXs [} ]
Spectrum Analyzer EUT
TEL : 408 9043300 Page Number : 15 of 38
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3.4.5Test Result of Conducted Band Edges and Spurious Emission

Number of TX = 1, Ant. 1 (Measured)

Test Mode : 802.11b

Test Channel : 01

100kHz PSD reference Level

Channel Plot

Spectrum

=

Ref Level 20.00 dBm Offset 21.30 dB @ RBW 100 kHz

Mode Sweep

Spectrum

Ref Level 20.00 dBm  Offset 21.30 dB @ RBW 100 kHz
[& Att 8ms @ VBW 300 kHz Mode Sweep

(=)

20 dB  SWT

@ 1Pk Max

M1[1]

M
N

8.86 dBm)|
2.4105103 GHZ|

M1[1] -29.64 dBm|

2.3970050 GHZ|

e

1

M

/

>

D1 -21.140

dBm

M1

i N—

FIPRTEOnRT (T PPN T Y

-60 d

70 di

1001 pts

20 dB  SWT 1ms @ VBW 300 kHz

@ 1Pk Max
od

- \\
0 dm .
-20d
30 di
-40 di
-S0d
-60 d
70 di
CF 2.412 GHz

Span 13.6815 MHz

Start 2.31 GHz

8001 pts

i

Date: 18 MAY 2022 23:04:16

Stop 2.445 GHz
—
CHERREEED e

J

Date: 18 MAY 2022 23:05:17

Spurious Emission 30MHz~3GHz

Spurious Emission 2GHz~25GHz

Spectrum ':%l Spectrum D%J
Ref Level 20.00 dem Offset 21.30 dB @ RBW 100 kHz Ref Level 20.00 dem Offset 21.30 dB @ RBW 100 kHz
| Att 10 dB  SWT 29.7 ms @ VBW 300 kHz Mode Sweep [ Att 10 dB  SWT 230 ms & VBW 300 kHz  Mode Sweep
(@ 1Pk View (@ 1Pk View
M1[1] 7.69 dBm)| M1[1] 6.31 dBm)|
2.41010 GHz| 2.3900 GHz|
M2[1] L] -52.07 dBm| | |20 o mM2[1] -48.43 dBm)
1.60990 GHz| 3.2170 GHz|
old
R od
= 1 -21.140 dem 0 dBM—n1 21,140 dem
. 0 dby
: o
1 M2
. M2 Nw/ \ o dl,
i
; " . T Do ahtth M tecte e [ }E.,dl“ i b
= LN 1 e ey W
Start 30.0 MHz 501 pts Stop 3.0 GHz Start 2.0 GHz 501 pts Stop 25.0 GHz
— - - — —
J{ J QRNRRRNRD )i J [T
Date: 18.MAY.2022 23:05:31 Date: 18.MAY.2022 23:05:41
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Test Mode : 802.11b

Test Channel :

06

100kHz PSD reference Level

Channel Plot

Spectrum

(=

Ref Level 20.00 dém  Offset 21.30 d8 @ RBW 100 kHz

& Att 20 dB SWT 1.1 ms @ VBW 300 kHz Mode Sweep
@ 1Pk Max
M1[1] 8.43 dBm)|
2.4365098 GHz|
M1
fued | Sy M I}N Hlany
v

[

CF 2.437 GHz

1001 pts

Span 14.4285 MHz

T

Date: 18 MAY 2022 23:43:13

Spurious Emission 30MHz~3GHz

Spurious Emission 2GHz~25GHz

Spectrum

=

Ref Level 20.00 dBm Offset 21.30 dB @ RBW 100 kHz

Spectrum

(=)

Ref Level 20.00 dBm  Offset 21.30 dB & RBW 100 kHz
o att 10de  SWT  20.7ms @ VBW 300 kHz _Mode Swesp o Att 10de  SWT 230 ms @ VBW 300 kHz _Mode Swesp
(@ 1Pk view (@ 1Pk view
M1[1] 8.09 dBm| M1[1] 7.16 dBm|
2.43390 GHz| 2.4360 GHz|
10d M2[1] M1 -48.26 dem| [ [l o a m2[1] -46.44 dBm)|
1.62760 GHz| 3.2620 GHz|
od ofdi
10 dl 0d
-20dBM—31 51,570 derm 0 dBm—15, 51570 dem
30 d -30d
40 d 0 d
M ‘ M2
50 d 0 d -
M v/jw Sy ki phestpihiyf el Ay
o A i jlecsRag " M W st [T e
R Rt L L e Sl 6
70 d -70d
Start 30.0 MHz 501 pts Stop 3.0 GHz Start 2.0 GHz 501 pts Stop 25.0 GHz
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