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1 EUT TECHNICAL DESCRIPTION
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Characteristics Description
Product: Smart Tracker
Model Number: LWO008-PTE
Modulation: LoRa
gzre]:;aet(ig)g:] Frequency 915MHz
Number of Channels: 1

Antenna Type : FPC Antenna
Antenna Gain: -0.93dBi
XIDC 3.6V
Power supply:
PRl []Adapter supply:

Note: for more details, please refer to the User’s manual of the EUT.
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2 SUMMARY OF TEST RESULT

FCC Part Clause Test Parameter Verdict Remark
15.249 20dB Emission Bandwidth PASS
15.209 & 15.249 Radiated Emissions PASS
15.203 Antenna Requirement PASS
15.207 Conducted Emission N/A
NOTEZL: N/A (Not Applicable)

RELATED SUBMITTAL(S) / GRANT(S):

This submittal(s) (test report) is intended for 2A094-LWO008-PTE filing to comply with Section 15.249 of the
FCC Part 15, Subpart C Rules
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3 TEST METHODOLOGY
3.1 GENERAL DESCRIPTION OF APPLIED STANDARDS

According to its specifications, the EUT must comply with the requirements of the following standards:
FCC 47 CFR Part 15, Subpart C,Section 15.249

3.2 MEASUREMENT EQUIPMENT USED

Page 5 of 23
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Vector Signal Generater Rohde & Schwarz | SMBV100B(6G) 101166 2024/06/03 1 year
Analog Signal Generator Rohde & Schwarz | SMB100A(40G) 181333 2024/06/01 1 year
Signal Analyzer Rohde & Schwarz FSV40 101527 2024/03/28 1 year
Power Analyzer Rohde & Schwarz OSP-B157W8 N/A 2024/06/03 1 year
cogeband Radlo R&S CMW270 101985 2024/06/15 | 1year
Co‘r’n\’:gﬁgi":‘:’;‘a;a%‘;ter Rohde & Schwarz CMW500 166898 2024/06/15 | 1 year
Spectrum Analyzer Agilent E4408B MY44211139 2024/11/05 1 year
Temperature&Humidity test ESPEC VC 4018 / 2024/03/28 | 1 year
chamber
EMI Test Receiver KEYSIGHT N9010A MY56070465 2024/12/05 1 year
EMI Test Receiver Rohde & Schwarz FSVv40 101511 2024/03/28 1 year
Bilog Antenna Schwarzbeck VULB 9163 01335 2024/04/20 3 year
Power Amplifier EMEC EM330 060676 2022/12/07 3 year
L-400-NmNm-
Cable Tuyue F4309 12000 2024/12/05 1 year
Horn Antenna Schwarzbeck BBHA9120D 1779 2022/04/21 3 year
Horn Antenna Schwarzbeck BBHA9170 00954 2022/09/13 3 year
Power Amplifier Rohde & Schwarz SCU-18F 180118 2022/04/21 3 year
Active Loop Antenna ETS LINDGREN 6512 41623 2022/04/23 3 year
Test Software Farad EZ-EMC Ver.CPC-3A1 / /
Conducted Emission Test
LISN Schwarzbeck NSLK 8127 8127-892 2024/03/20 1 year
EMI Test Receiver R&S ESR3 102124 2024/12/05 1 year
Pulse Limiter R&S ESH3-Z2 357.8810.52 2024/12/05 1 year
Test Software Farad EZ-EMC Ver.CPC-3A1 / /
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3.3 DESCRIPTION OF TEST MODES

The EUT has been tested under its typical operating condition.
The EUT configuration for testing is installed on RF field strength measurement to meet the Commissions

requirement and operating in a manner which intends to maximize its emission characteristics in a
continuous normal application.

The Transmitter was operated in the normal operating mode. The TX frequency was fixed which was for the
purpose of the measurements.

The following test modes were performed for test:915MHz
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4 FACILITIES AND ACCREDITATIONS
4.1 FACILITIES

All measurement facilities used to collect the measurement data are located at
No. 11, Wu Song Road, Dongcheng District, Dongguan, Guangdong Province, China 523117

The sites are constructed in conformance with the requirements of ANSI C63.7, ANSI C No. 11, Wu Song
Road, Dongcheng District, Dongguan, Guangdong Province, China 523117
63.4 and CISPR Publication 22.

4.2 LABORATORY ACCREDITATIONS AND LISTINGS
Site Description

EMC Lab. : Accredited by ISED, October 04 2021
CAB identifier: CN0126
Company Number: 27767

Accredited by A2LA, October 04 2021
The Certificate Registration Number is 6325.01

Accredited by FCC
Designation Number: CN1287
Test Firm Registration Number: 394054

Name of Firm . SLG-CPC Testlaboratory Co., Ltd.
Site Location . No. 11, Wu Song Road, Dongcheng District, Dongguan,
Guangdong Province, China 523117

Address:No.11,WuSongRoad, Tel: 86-769-22607797
DongchengDistrict,Dongguan, Fax: 86-769-22607907
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5 TEST SYSTEM UNCERTAINTY
The following measurement uncertainty levels have been estimated for tests performed on the
apparatus:

Parameter Uncertainty
Radio Frequency +1x107-5
Maximum Peak Output Power Test +1.0%
Conducted Emissions Test +3.08dB
Radiated Emission Test +4.60dB
Power Density +0.9%
Occupied Bandwidth Test +2.3%
Band Edge Test +1.2%
Antenna Port Emission +3dB
Temperature +3.2%
Humidity +2.5%

Measurement Uncertainty for a level of Confidence of 95%
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6 SETUP OF EQUIPMENT UNDER TEST

6.1 RADIO FREQUENCY TEST SETUP 1
The component’s antenna ports(s) of the EUT are connected to the measurement instrument per an
appropriate attenuator. The EUT is controlled by PC/software to emit the specified signals for the purpose
of measurements.

EUT Attenuator Measurement
Instrument

6.2 RADIO FREQUENCY TEST SETUP 2
The test site semi-anechoic chamber has met the requirement of NSA tolerance 4 dB according to the
standards: ANSI C63.10. The test distance is 3m.The setup is according to the requirements in Section
13.1.4.1 of ANSI C63.10-2020 and CAN/CSA-CEI/IEC CISPR 32.
The maximal emission value is acquired by adjusting the antenna height, polarisation and turntable azimuth.
Normally, the height range of antenna is 1 m to 4 m, the azimuth range of turntable is 0° to 360°, and the
receive antenna has two polarizations Vertical (V) and Horizontal (H).

Below 30MHz:

The EUT is placed on a turntable 0.8 meters above the ground in the chamber, 3 meter away from the
antenna (loop antenna). The Antenna should be positioned with its plane vertical at the specified distance
from the EUT and rotated about its vertical axis for maximum response at each azimuth about the EUT. The
center of the loop shall be 1 m above the ground. For certain applications, the loop antenna plane may also
need to be positioned horizontally at the specified distance from the EUT.

Above 30MHz:

The EUT is placed on a turntable 0.8 meters above the ground in the chamber, 3 meter away from the
antenna. The maximal emission value is acquired by adjusting the antenna height, polarisation and
turntable azimuth. Normally, the height range of antenna is 1 m to 4 m, the azimuth range of turntable is 0°
to 360°, and the receive antenna has two polarizations Vertical (V) and Horizontal (H).

Above 1GHz:

(Note: the FCC’s permission to use 1.5m as an alternative per TCBC Conf call of Dec. 2, 2014.)

The EUT is placed on a turntable 1.5 meters above the ground in the chamber, 3 meter away from the
antenna. The maximal emission value is acquired by adjusting the antenna height, polarisation and
turntable azimuth. Normally, the height range of antenna is 1 m to 4 m, the azimuth range of turntable is 0°
to 360°, and the receive antenna has two polarizations Vertical (V) and Horizontal (H).

(a) Radiated Emission Test Set-Up, Frequency Below 30MHz

Turntable 3m ,
EUT i
Test
0.8 m i
Receiver
Ground Plane Coaxial Cable
Address:No.11,WuSongRoad, Tel: 86-769-22607797
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(b) Radiated Emission Test Set-Up, Frequency Below 1000MHz
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- 3m —>
Turntable
\ EUT
Test 4
. 0.8m
Receiver !

1m to 4m

Ground Plane >

Coaxial Cable;

(c) Radiated Emission Test Set-Up, Frequency above 1000MHz

" antenna

Antenna (Boresight)
tower

Hom

Spectrum
analyzer .

=] |
~ Pre-amp R\ ' OO}

\ 1 ~4m
1
I
Tumtable v
1. 5m
A 30cm
FVVVVVV VI
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6.3 CONDUCTED EMISSION TEST SETUP
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The mains cable of the EUT (maybe per AC/DC Adapter) must be connected to LISN. The LISN shall be
placed 0.8 m from the boundary of EUT and bonded to a ground reference plane for LISN mounted on top
of the ground reference plane. This distance is between the closest points of the LISN and the EUT. All
other units of the EUT and associated equipment shall be at least 0.8m from the LISN.

Ground connections, where required for safety purposes, shall be connected to the reference ground point
of the LISN and, where not otherwise provided or specified by the manufacturer, shall be of same length as
the mains cable and run parallel to the mains connection at a separation distance of not more than 0.8 m.
According to the requirements in ANSI C63.10-2020 Conducted emissions from the EUT measured in the
frequency range between 0.15 MHz and 30 MHz using CISPR Quasi-Peak and average detector mode.

/' 80cm
LISN

Reference
& Ground —
EUT Auxiliary
EMI Receiver Equipment
I
/ '
Ocm

}

Reference
Ground

0Q

LSN
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6.4 BLOCK DIAGRAM CONFIGURATION OF TEST SYSTEM

EUT

6.5 SUPPORT EQUIPMENT

Product name M/N: Manufacturer

Notebook PC 13IML Lenovo

Auxiliary Cable List and Details

Cable Description Length (m) Shielded/Unshielded With / Without Ferrite
/ / / /
Auxiliary Equipment List and Details
Description Manufacturer Model Serial Number
/ / / /

Notes:

1. All the equipment/cables were placed in the worst-case configuration to maximize the emission during
the test.

2. Grounding was established in accordance with the manufacturer’s requirements and conditions for the
intended use.

Address:No.11,WuSongRoad, Tel: 86-769-22607797
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7 TEST REQUIREMENTS
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7.1 20dB EMISSION BANDWIDTH

7.1.1 Applicable Standard
According to FCC part 15.249

7.1.2 Conformance Limit

No deviation.

7.1.3 Test Configuration
Test according to clause 6.1 radio frequency test setup 1

7.1.4 Test Procedure
The EUT was operating in transmit mode and controlled its channel. Printed out the test result from the

spectrum by hard copy function.
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The RF output of EUT was connected to the spectrum analyzer by RF cable and attenuator. The path loss
was compensated to the results for each measurement.
The EUT should be transmitting at its maximum data rate. Allow the trace to stabilize. Use the marker-to-
peak function to set the marker to the peak of the emission. Use the marker-delta function to measure 20
dB down one side of the emission. Reset the markerdelta function, and move the marker to the other side of
the emission, until it is (as close as possible to) even with the reference marker level. The marker-delta
reading at this point is the 20 dB bandwidth of the emission.
If this value varies with different modes of operation (e.g., data rate, modulation format, etc.), repeat this test

for each variation.

Measure and record the results in the test report.

Test Results

Temperature: 20°C

Relative Humidity: | 54%

ATM Pressure: 1011 mbar

Modulation Channel Channel Frequency Measurement Bandwidth
Mode Number (MH2) (MH2)
LORA 1 915 0.934

Note:
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Occupied Bandwidth

Test Model Channel 1: 915MHz LORA Modulation

Aeplont Spectrum Anabyses - Ocouphed SW
., R AL o COFREC SENGE M LIFNALTD 113104 AMJen 03, 203 F
Center Freq 915.000000 MHz Center Freq: §15.000000 Mrz Radio Ste: None fequency
[ Trig: Fres Run AvglHeld> 10¢10
0 GalmLow #Atten 30 dB Radio Device: BTS

Ref 20.00 dBm

Center Freq
916.000000 M-z

Center 915 MHz Span 3 MHz CF Step
#Res BW 100 kHz #VBW 300 kHz Sweep 1ms 300,000 kHz

Auto Man

Occupied Bandwidth Total Power 23.3 dBm

1.2150 MHz FreqOffset
Transmit Freq Error ~19.174 kHz OBW Power L
¥ dB Bandwidth 934.1 kHz xdB
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7.2 RADIATED SPURIOUS EMISSION

7.2.1  Applicable Standard

According to FCC Part 15.249 and 15.209

7.2.2  Limit

Page 15 of 23
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According to FCC Part15.205, the level of any transmitter spurious emission in Restricted bands shall not
exceed the level of the emission specified in the following table

Restricted Field Strength (uVv/m) Field Strength (dBuVv/m) | Measurement
Frequency(MHz) Distance
0.009~0.490 2400/F(KHz) 300
0.490~1.705 24000/F(KHz) 30 See the remark
1.705~30.0 30 30
30-88 100 40 3
88-216 150 43.5 3
216-960 200 46 3
960-1000 500 54 3

Remark :1. Emission level in dBuV/m=20 log (uV/m)
2. Measurement was performed at an antenna to the closed point of EUT distance of meters.
3. Distance extrapolation factor =40log(Specific distance/ test distance)( dB);

Limit line=Specific limits(dBuV) + distance extrapolation factor.

for the frequency ranges below 30 MHz, a narrower RBW is used for these ranges but the measured value

SLG-CPC Testlaboratory

should add a RBW correction factor (RBWCF) where RBWCF [dB] =10*Ig(100 [kHz]/narrower RBW [kHZz]). ,
the narrower RBW is 1 kHz and RBWCF is 20 dB for the frequency 9 kHz to 150 kHz, and the narrower

RBW is 10 kHz and RBWCF is 10 dB for the frequency 150 kHz to 30 MHz.

LIMITS OF RADIATED EMISSION MEASUREMENT (FCC 15.249)

Restricted Field Strength of Field Strength of
Frequency(MHz) fundamental((millivolts Harmonics
/meter) (microvolts/meter)
902-928 50 500

Notes:(1) Emissions radiated outside of the specified frequency bands, except for
harmonics, shall be attenuated by at least 50 dB below the level of the
fundamental or to the general radiated emission limits in Section 15.209,

whichever is the lesser attenuation.
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7.2.3 Test Configuration

Test according to clause 6.2 radio frequency test setup 2

7.2.4 Test Procedure

This test is required for any spurious emission that falls in a Restricted Band, as defined in Section 15.205.

It must be performed with the highest gain of each type of antenna proposed for use with the EUT. Use the

following spectrum analyzer settings:

The EUT was placed on a turn table which is 0.8m above ground plane.

Maximum procedure was performed on the highest emissions to ensure EUT compliance.

Span = wide enough to fully capture the emission being measured

RBW = 100 kHz for f < 1 GHz(30MHz to 1GHz), 200Hz for f<150KHz(9KHz to 150KHz), 9KHz for
f<30MHz(150KHz to 30MHz),1MHz for f<5GHz

VBW > RBW Sweep = auto

Detector function = peak

Trace = max hold

Follow the guidelines in ANSI C63.10-2020 with respect to maximizing the emission by rotating the EUT,

measuring the emission while the EUT is situated in three orthogonal planes (if appropriate), adjusting the

measurement antenna height and polarization, etc. A pre-amp and a high pass filter are required for this

test, in order to provide the measuring system with sufficient sensitivity. Allow the trace to stabilize. The

peak reading of the emission, after being corrected by the antenna factor, cable loss, pre-amp gain, etc., is

the peak field strength, which must comply with the limit specified in Section 15.35(b). Submit this data.

Now set the VBW to 10 Hz, while maintaining all of the other instrument settings. This peak level, once

corrected, must comply with the limit specified in Section 15.209. If the dwell time per channel of the

hopping signal is less than 100 ms, then the reading obtained with the 10 Hz VBW may be further adjusted

by a “duty cycle correction factor”, derived from 20log(dwell time/100 ms), in an effort to demonstrate

compliance with the 15.209 limit. Submit this data.

® Calculation of Average factor

The output field strengths of specification in accordance with the FCC rules specify measurements with an

average detector. During the test, a spectrum analyzer incorporating a peak detector was used. Therefore,

a reduction factor can be applied to the resultant peak signal level and compared to the limit for

measurement instrumentation incorporating an average detector.

The duty cycle is measured in 100ms or the repetition cycle period, whichever is a shorter time frame, the

duty cycle is measured by placing the spectrum analyzer to set zero span at 100kHz resolution bandwidth.

Averaging factor in dB=20log (duty cycle)

Repeat above procedures until all frequency measured was complete.

Temperature: 26° C
Relative Humidity: | 54%
ATM Pressure: 1011 mbar
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7.2.5 Test Results

B Duty cycle measure
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Duty cycle measure

Test Model

Channel 1: 915MHz | transmission period

e Krysight Spectrum Anafyzer - Swept S4
AL

Marker 3 A 103.200 me Avg Type: Log-Fwr
PUO: Fast o 1rig: Free Run
IF Gadn:Low Ater: 30 dB

Ref 20.00 dBm

L 142 304

b e b et s n—w‘-.-a--.x B Thpee plrdlabon, adnem i APyl n by w0 fpreemitre rdrer = bl g Vb beevarl i m il

Center 915.000000 MHz Span 0 Hz

: 1060 ms (Al 0.47 4D
F_1]¢t] 5640 ma £543 dBm
A4 1 ltqa) 0 1032ms!(A) 1.44 dB
F 1]t 56.40 ms £5.43 4Bm

:aowﬂdto-hllua- -1

#VBW 1.0 MHz Sweep 300.0 ms (1001 pts)

araiua

T
e

Duty Cycle: (1.046*10+0.28*15)ms/47.30=14.66ms/47.30ms=0.3099

Duty Cycle Correction Factor: 201g(0.3099)=-10.18

Calculate Average value based on Duty Cycle correction factor: Ton=10.5ms
Duty Cycle-Ton/(Ton+Toff)=10.5/103.2=0.1017=10.17%

Duty Cycle factor= 20log (Duty Cycle) =20log (10.17%)=-19.85
Average=Peak+ Duty Cycle factor= Peak-19.85

Address:No.11,WuSongRoad, Tel: 86-769-22607797
DongchengDistrict,Dongguan, Fax: 86-769-22607907

GuangdongProvince,China523117 http://www.cpcteam.com
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B TEST RESULTS (RESTRICTED BANDS REQUIREMENTS)

|
©-zonk

Z,
|J SLG-CPC Testlaboratory

Vertical
1200 a@Buv/m
110
100
a0
= P
70
=) |
50 \ FCC 915
40 f \ Margn -6 dB
1 2 3 \f/ \\ 5
30 v Pinew Py Sl par e E——
20
10
0.0
880.000 ; {MHz) 950.00
Reading Correct Measure- ‘
No. Mk. Freq. Level Factor ment Limt Over
MHz dBuV dB dBuV/m dB/m dB Detector
1 8852355 2545 6.87 3232 4600 -1368 QP
2 8918663 2534 6.96 3230 4600 -1370 QP
3 9014746 2493 7.08 32.01 4600 -1399 QP
4 * 9150303 7665 724 8389 9400 -10.11 QP
5 9316378 2524 743 3267 4600 -1333 QP
6 942 0351 24 47 755 3202 4600 -1398 QP
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Horizontal
1200 dBuV/m
110
100
9%
(1]
7
&0 |
50 } FCC 915
‘ Magin -6 dB
40
30 ,-V-——MW__‘ Iy W‘«—mﬂ‘/ \\«—-—N»——N‘ % Jv*n_w_,».puk
20
10
0.0
280.000 ’ i IMHZ] : 950.00
Reading Correct Measure-
No. Mk. Freq. Level Factor ment Limit Over
MHz dBuV dg dBuV/m dB/m dB Detector
1 890.8431 24 86 6.94 3180 4600 -1420 QP
2 903.0285 2479 7.10 3189 9400 6211 QP
3 * 9150303 79.15 71.24 86.39 9400 -761 QP
4 925.2423 2469 7.36 3205 9400 6195 QP
5 934 4945 2363 746 3109 4600 -1491 QP
6 943 2975 23.37 757 3094 4600 -1506 QP
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SLG-CPC Testlaboratory
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B Radiated spurious emission (30MHz ~ 1GHz, worst emissions found)

Operation Mode: 915MHz;

Horizontal

60.0 dBuY/m

10,

X o

FCC Part 158 RE 3m

Margin 6. 48 [

W1 :

30.000 40 50 60 70 80 (MHz) 300 400 500 60D 700 1000.000
Reading Correct Measure- Antenna Table
No. Mk. Freq  Level Factor ment Limit  Over Height Degree
NHz daBuV dBIm dBuVim dBuV/m dB  Detector cm degree  Comment

1 1443348 23.88 974 14.14 4350 -2936 QP

2 2237333 2404 -10.34 13.70 46.00 -3230 QP

3 3244560 2559 -749 18.10 46.00 -2790 QP

4 5807024 24.42 -2.34 22.08 46.00 -2392 QP

5 7768777 23.78 1.46 25.24 46.00 -2076 QP

6 * 9160687 69.19 3.91 73.10 9400 -2080 Fundamental
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Operation Mode: 915MHz; Vertical
60.0 dBuV/m A

FCC Part 158 HE 3m

Maigin -6 dB [

10 |

30000 40 50 60 70 80 (MHz2) 300 400 500 600 700  1000.000
Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor ment Limit  Over Height Degree
MHz dsuV dB/m dBuW/m  dBuVin dB  Deector c¢m degree  Comment
1 216.0240 2565 -10.24 1541 46.00 -3059 QP
2 2982681 23.89 -8.15 1574 46.00 -3026 QP
3 3852805 24.53 6.08 1845 46.00 -2755 QP
4 5606928 24.85 2.56 2229 46.00 -2371 QP
5 7768777 24.18 1.46 2564 46.00 -2036 QP
6 * 016.0687 76.31 3.91 80.22 94.00 -13.78 Fundamental

Address:No.11,WuSongRoad, Tel: 86-769-22607797
DongchengDistrict,Dongguan, Fax: 86-769-22607907
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B Test Result and Data (Above 1GHz)

Operation Mode: TX Mode
Meter Emission Ant. Pol.
Frequency | Reading Factor Level Limits Over Detector
(MH2) (dBuV) (dB) (dBuV/m) | (dBuV/m) (dB) Type HIV

1830.000 61.63 -4.26 57.37 74 -16.63 peak H
2745.000 50.20 -4.26 45.94 54 -8.06 AVG H
3660.000 53.01 1.18 54.19 74 -19.81 peak H
4575.000 41.52 1.18 42.70 54 -11.30 AVG H
1830.000 60.86 -4.26 56.60 74 -17.40 peak Vv
2745.000 46.53 -4.26 42.27 54 -11.73 AVG V
3660.000 50.00 1.18 51.18 74 -22.82 peak V
4575.000 40.41 1.18 41.59 54 -12.41 AVG V
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Antenna Application

7.2.6  Antenna Requirement

Standard Requirement

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. The
manufacturer may design the unit so that a broken antenna can be
replaced by the user, but the use of a standard antenna jack or
electrical connector is prohibited. This requirement does not apply to
carrier current devices or to devices operated under the provisions of
§15.211, §15.213, 815.217, §15.219, or §15.221. Further, this
requirement does not apply to intentional radiators that must be
professionally installed, such as perimeter protection systems and some
field disturbance sensors, or to other intentional radiators which, in
accordance with §15.31(d), must be measured at the installation site.
However, the installer shall be responsible for ensuring that the proper
antenna is employed so that the limits in this part are not exceeded.

FCC CRF Part 15.203

For intentional device, according to FCC 47 CFR Section 15.203, an intentional radiator shall be designed
to ensure that no antenna other than that furnished by the responsible party shall be used with the device.

7.2.7 Result
PASS.

The EUT has 1 antenna: a FPC Antenna for LORA model, the gain is -0.93 dBi;

Note: XI Antenna use a permanently attached antenna which is not replaceable.
[] Not using a standard antenna jack or electrical connector for antenna replacement
[l The antenna has to be professionally installed (please provide method of installation)

which in accordance to section 15.203, please refer to the internal photos.

*** End of Report ***
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