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CUSTOM S.p.A
Applicant: Via Berettine 2/B — 43010 Fontevivo — Parma - Italy
Phone: 0521 680111
®
e CUST@M
Test item: Printer MP RANGER USB TH FI BLACK IT

Identification / Type No.:

MP350

FCCID:

OAH-5040120

Order content:

Full tests according to the following standard:

Test specification:

Date of receipt:

FCC Part 15, Subpart C (15.247)

22/02/2022

Internal storage No.:

A003216149-003

Testing period:

From 30/03/2022 to 31/03/2022

Place of testing:

TUV Rheinland Italia S.r.l.

Via E. Mattei, 3

20005 Pogliano Milanese — Milano
— Italy N

Testing laboratory:

TUV Rheinland Italia S.r.l. =TT
Via E. Mattei, 3 TU’ |

20005 Pogliano Milanese —Milano |

— ltaly 11
Test result: PASS
Tested by: Francesco Lombardi Authorized by: Roberto Radice
fouens hakeSlc felets (A<
Date: 16/06/2022 (Laboratory technician) Date: 16/06/2022  (Reviewer)
Position Sachverstandige(r)/Expert Position Sachverstandige(r)/Expert

Condition of the test item at delivery:

Test item complete and undamaged

The test results reported in this test report shall refer only to the samples tested.
This report may not be partially reproduced, except with the prior written permission of the issuing Laboratory.
TRI refuses any responsibility about information supplied by the customer contained in this test report.

TRI is not responsible for the sampling phase.
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The equipment used during the specified testing period was calibrated according to our test laboratory calibration program.
The equipment fulfils the requirements included in the relevant standards. The traceability of the test equipment used is
ensured by compliance with the regulations of our management system.

Detailed information regarding test conditions, equipment and measurement uncertainty is available in the test laboratory
and could be provided on request.

As contractually agreed, this document has been signed digitally only. TUV Rheinland has not verified and unable to verify
which legal or other pertaining requirements are applicable for this document. Such verification is within the responsibility
of the user of this document. Upon request by its client, TUV Rheinland can confirm the validity of the digital signature by a
separate document. Such request shall be addressed to our Sales department. An environmental fee for such additional
service will be charged.

Test clauses with remark of * are subcontracted to qualified subcontractors and descripted under the respective test clause
in the report.

Deviations of testing specification(s) or customer requirements are listed in specific test clause in the report.

Unless otherwise agreed with the customer, a conformity assessment is always carried out based on the applied standards.
At the customer's request, the statement on the conformity of the product tested in this test report is carried out according
to the criteria/requirements of the applied standards.

Evaluation conditions deviating from these are documented separately in the respective chapters.
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1. General description of test item(s)

Description Printer MP RANGER USB TH FI BLACK IT
Model MP350

Serial number ESB1026121280071

Part number 911MM010100P33

Manufacturer CUSTOM S.p.A

Country of manufacturer Italy

Trademark cus T@M ©
Power supply DC Power

Supply voltage

Internal Battery (Technology: Lithium-ion)

Battery model name

INR18650-251P

Battery voltage-capacity

7.2V 2.6Ah 18.72Wh

Battery cycle

750

Battery life (print)

720 minutes x 300 tickets

Manufacturer (Battery)

Shenzhen Hypercell Co.,LTD

Equipment type

Intentional radiator

Hardware version

St145-c
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Software version 1.22
Dimensions 149(L) x 53(H) x 122(P) mm
Weight 475gr (with battery included)
Printing width 76.2 mm and 80 mm
Operating temperature From -10°C to +50°C
Operating humidity (RH) Form 10% to 95%
EUT standing Portable

Sampling by customer
Test sample obtaining: O Sampling by TUV Rheinland Group

U others:
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2. Equipment using during test
Equipment under test
No. |Product type Manufacturer Model Comments
1 Printer MP RANGER USB TH FI BLACK IT | CUSTOM S.p.A. MP350 ---
Auxiliary Equipment / Peripherals
Nr. | Product type | Manufacturer | Model Comments
- used to enable wireless communication (Bluetooth Low
Energy, Bluetooth Enhanced Data Rate & Wi-Fi) on EUT, via
software Printerset.
1 | Laboratory PC | DELL ---
- used ESP_RF_test_tool_v1.1.0, for setting the radio module
in the following radio communications: BLE, BT EDR & Wi-Fi
Cradle 1 slot
2 P-Ranger CUSTOM S.p.A | --- - used to charge battery
Switching POWER SUPPLY
3 | power CUSTOM S.p.A | FOR CRADLE 4 - use to power supply cradle
adapter SLOTS P-RANGER
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Input/Output ports
No. | Name Type Cable length Cable shielded Comments
1 Enclosure port Plastic -- -- closed by snaps

2 AC power port

port not present

3 DC power port

Internal battery

Battery model: INR18650-2S1P

4 Signal control port

port not present

5 Wired network port

port not present

EUT modification

None
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3. Radio module identification

BLE module & Antenna technical data

Module manufacturer

&) ESPRESSIF

Radio type

Transceiver

Chip radio

ESP32-PICO-D4

Type of equipment

[ stand-alone equipment
combined equipment
0 multi-radio equipment

ETS Category

Bluetooth Low Energy

Bluetooth Channel /

2402 - 2480MHz

Frequency

Number of channels 40
Channel bandwidth 1MHz
Channel separation 2MHz

Modulation type

[ Frequency hopping (FHSS) equipment (Bluetooth classic)
Wideband data transmission (non-FHSS equipment) (BLE)

Modulation

GFSK

Sensitivity

-97 dBm

Transmit operating mode

single antenna
O multiple antennas, no beamforming
O multiple antennas, with beamforming

With regard adaptivity, the

type of equipment

[ non-adaptive equipment
[ adaptive equipment
Equipment that can operate in both an adaptive and non-adaptive mode;

TEST REPORT N. IT22S0G0O 001

Page 8 of 86 Issue Date: 16/06/2022




\\\\‘\”l”l’l s,
NNy P
. SN=—%
- = \/ ;—
A TUVRheinland® iecme YIRS
Z > 7/_—_\\\ E L'ENTE ITALIANO DI ACCREDITAMENTO
Gif N
,I/"lulu\“\\\

LAB N° 1356 L

[J LBT (Listen Before Talk) Technique
Spectrum access mechanism | [J DAA (Detect And Avoid) Technique
Duty cycle

Test only in normal conditions

Environmental equipment ) . .
[ Test in normal conditions and extreme conditions

Equipment that support a O Yes
geo-location capability No
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Description: AMCA31-2R450G-S1F-T3
Peak Gain: 0.5 dBi
[ External antenna
Type: Dedicated antenna
O Integral antenna
Antenna
Frequency 2450 MHz
Impedance 50Q
®
s | gy~ ABRACON
LLC
Description: Chip-Antenna WE-MCA
Peak Gain: 0.5 dBi
[ External antenna
Type: Dedicated antenna
O Integral antenna
Antenna Frequency 2400 - 2500 MHz
Impedance 50Q
— O_.
— — 00—
Manufacturer — —_—O—
—~ O
WURTH ELEKTRONIK

Note: The test has been performed with Antenna AMCA31-2R450G-S1F-T3, manufacturer Abracon.

TEST REPORT N. IT22S0G0O 001

Page 10 of 86

ACCREDIA '\

LAB N° 1356 L

Issue Date: 16/06/2022



W
@W\l/”9

A TUVRheinland® iecmrs [JYSETNEN

7\ K
II/"/HIIl\“\\

’
72,

I/"I n\“\\\

\‘\\‘\

7,

LAB N° 1356 L

4. Channel list Bluetooth Low Energy

CHANNEL | FREQUENCY = CHANNEL FREQUENCY CHANNEL FREQUENCY CHANNEL FREQUENCY
0 2402 10 2422 20 2442 30 2462
1 2404 11 2424 21 2444 31 2464
2 2406 12 2426 22 2446 32 2466
3 2408 13 2428 23 2448 33 2468
4 2410 14 2430 24 2450 34 2470
5 2412 15 2432 25 2452 35 2472
6 2414 16 2434 26 2454 36 2474
7 2416 17 2436 27 2456 37 2476
8 2418 18 2438 28 2458 38 2478
9 2420 19 2440 29 2460 39 2480
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5. Applied reference standards
47 CFR Part 15 Radio Frequency Device - General
Title 47 Part 15 Subpart C Radio Frequency Device — Intentional Radiators

Radio frequency devices — Intentional Radiators

Title 47 Part 15 Subpart C § 15.203 .
Antenna requirement

Radio frequency devices — Intentional Radiators

Title 47 Part 15 Subpart C § 15.205 Restricted bands of operation

Radio frequency devices — Intentional Radiators

Title 47 Part 15 Subpart C § 15.209 Radiated Emissions Limits

Radio Frequency Devices — Intentional Radiators Operation within the bands

Title 47 Part 15 Subpart C§ 15.247 | o) 976 \MH2, 2400-2483.5 MHz, and 5725-5850 MHz

558074 D01 DTS Meas
Guidance v05r02 - April
02,2019

Guidance for performing compliance measurements on digital transmission
systems (DTS) operating under §15.247

Methods of Measurement of Radio-Noise Emissions from Low-Voltage

ANSI C63.4 2014 Electrical
and Electronic Equipment in the Range of 9 kHz to 40 GHz

ANSI C63.10 2020 American National Standard for Testing Unlicensed Wireless Devices
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6. Operating modes

No.

Description

Continuous BLE Modulation RF Transmission (duty cycle >98%) at maximum power, at Low channel.
Radio module (model ESP32-PICO-D4), set via ESP_RF_test_tool_v1.1.0, with the following parameters:
ChipType: ESP32

BaudRate: 115200

Load bin: ESP32_RF_TEST_BIN_V1.4.6_20181019.bin

Test Mode: BLE TX

Power Level: 8

Channel: 0/2402MHz

Date Rate: LE_1010

Continuous BLE Modulation RF Transmission (duty cycle >98%) at maximum power, at Middle channel.
Radio module (model ESP32-PICO-D4), set via ESP_RF_test_tool_v1.1.0, with the following parameters:
ChipType: ESP32

BaudRate: 115200

Load bin: ESP32_RF_TEST_BIN_V1.4.6_20181019.bin

Test Mode: BLE TX

Power Level: 8

Channel: 21/2444MHz

Date Rate: LE_1010

Continuous BLE Modulation RF Transmission (duty cycle >98%) at maximum power, at High channel.
Radio module (model ESP32-PICO-D4), set via ESP_RF_test_tool_v1.1.0, with the following parameters:
ChipType: ESP32

BaudRate: 115200

Load bin: ESP32_RF_TEST_BIN_V1.4.6_20181019.bin

Test Mode: BLE TX

Power Level: 8

Channel: 39/2480MHz

Date Rate: LE_1010

7. EUT configuration

The test setup was made in accordance with mentioned FF standards.

Measurements and tests were executed under “worst case” conditions. Typical EUT arrangements or operating modes
were chosen or assumed which let suspect maximum emission or susceptibility (a so called “unfavourable configuration”).

Details of test setup or adjustments are (particularly) shown inside the photo documentation.
As far as not mentioned otherwise these statements are valid for all following tests.
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8. Climatic conditions

Ambient Temperature 10- 40°C
Relative Humidity 10-90%
Air pressure Not specified

Note: According to ANSI C63.4
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9. Statement of the measurement uncertainty

The data and results referenced in this document are true and accurate. The reader is cautioned that there may be errors
within the calibration limits of the equipment and facilities. The measurement uncertainty was calculated for all
measurements listed in this test report acc. to CISPR 16-4 “Specification for radio disturbance and immunity measuring
apparatus and methods — Part 4: Uncertainty in EMC Measurements” and is documented in the quality system acc. to
ISO/IEC 17025. Furthermore, component and process variability of devices similar to that tested may result in additional

deviation.

The manufacturer has the sole responsibility of continued compliance of the device

10. Measurement uncertainty

ncertain ver
ity | Covre

RF Radiated emissions — range (30 — 1000) MHz 4,9dB 2,0
RF Radiated emissions — range (1 — 8) GHz 5,1dB 2,0
RF Radiated emissions — range (8 — 40) GHz 5,4 dB 2,0
TX Carrier Power — Conducted (1GHz — 8GHz) 1,5dB 2,0
Occupied Bandwidth (OBW) 514.4 x 1.00E-9 2,0
Power Spectral Density (0 — 3.6) GHz 3,7 mW 2,0
TX Conducted Spurious Emissions (9KHz — 1GHz) 0.92dB 2,0
TX Conducted Spurious Emissions (1 — 8) 1,5dB 2,0
TX Conducted Spurious Emissions (8 — 40) GHz 2,4 dB 2,0
Measurement of Normalised Site Attenuation and VSWR 6,0 dB 2,0
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11. Example for interpretation of measuring results
Messwert
Measured value 1
Grenzwert nicht eingehalten §
Limit not kept A n Messergebnis
Test result
h 4
[ |
Grenzwert
Limit
[ |
—_—
Erweiterte Messunsicherheit U Grenzwert eingehalten
L Limit kept

Extended measurement uncertainty

Example for interpretation of measuring results
Extended measurement uncertainty

Measured value Limit (k=2) Test result
48.9 dBuV @ 16.5 MHz 50 dBuV 2.2dB 46.7 dBuV —51.1 dBuVv
Decision rule : Statements of conformity (PASS or FAIL) to specifications are made in this report

without taking measurement uncertainty into account.

Where statements of conformity are made in this report, the following decision rules
are applied:
PASS — Results within limits/specifications

FAIL — Results exceed limits/specifications
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12. Result summary section
Requirement — Test case Operating modes Result
Radiated emissions (9KHz — 26GHz) 1,2,3 PASS
Restricted bands of operation 1,2,3 PASS
Antenna requirements - PASS
Maximum Conducted Peak Output Power 1,2,3 PASS
6db Bandwidth 1,23 PASS
Out-of-band emissions 1,23 PASS
Band Edge 1,2,3 PASS
Power spectral density 1,2,3 PASS
Additional provisions to the general radiated emission limitations --- PASS
The field strength is calculated by subtracting the Amplifier Gain and adding the Cable Loss and
Antenna Correction Factor to the measured reading. The basic equation 15 as follows:
Field Strength (dBuV/m) = RAW - AMP + CBL + ACF
Where: RAW = Measured level before correction (dBuvV)
AMP = Amplifier Gaimn (dB)
CBL = Cable Loss (dB)
ACT = Antenna Correction Factor (dB/m)
ARl Im
pvim= 10 2°

Sample radiated emissions calculation @ 30 MHz

Measurement -+Antenna Factor—Amplifier Gain+Cable loss=Radiated

Emissions (dBuV/m)

25 dBuV/m+17.5 dB—20dB + 1.0 dB=23.5 dBuV/m
13. Change history

Test report number List of revisions Date
IT22SOGO 001 First edition 16/06/2022
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14. Emission Test
Radiated emission test (9KHz — 26GHz)
Test date From 30/03/2022 to 31/03/2022
Applied Standard Title 47 Part 15 Subpart C §15.205; §15.209; §15.247
Par. 8.6 of KDB 558074 D01 15.247 Meas Guidance v05r02
Test method (and par. 11.12.1 Radiated emission measurements of
ANSI C63.10)

Temperature 23,1°
Humidity 54%
Tested by Francesco Lombardi
Model MP350
Internal Storage No. 1 (Storage no. A003216149-003)
Operating mode 1,2,3
Tested terminals Enclosure
Result PASS
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In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated intentional
radiator is operating, the radio frequency power that is produced by the intentional radiator shall be at least 20 Db below
that in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided the transmitter demonstrates compliance with the peak conducted power
limits. If the transmitter complies with the conducted power limits based on the use of RMS averaging over a time interval,
as permitted under paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 Db instead of
20 Db. Attenuation below the general limits specified in §15.209(a) is not required. In addition, radiated emissions which fall
in the restricted bands, as defined in §15.205(a), must also comply with the radiated emission limits specified in §15.209(a)
(see §15.205(c)).

Except as provided elsewhere in this subpart, the emissions from an intentional radiator shall not exceed the field strength
levels specified in the following table:

Frequency (MHz) Field strength (microvolts/meter) Measurement distance (meters)
0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 30
30-88 100 ** 3
88-216 150 * 3
216-960 200 ** 3
Above 960 500 3

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this section shall
not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz. However, operation within
these frequency bands is permitted under other sections of this part, e.g., §§15.231 and 15.241.

Remark: In accordance with part 15.31 (f) (2), where the measurement distance was specified to be 30 or 300 meters, a
correction factor was applied in order to permit measurement to be performed at a separation distance. The applied
formula for limits at 3 meter is:

Limit 3m(dBuV/m)=Limit 300m(dBuV/m)+40Log(300m/3m) (Below 30MHz)

Limit 3m(dBuV/m)=Limit 300m(dBuV/m)+40Log(30m/3m) (Below 30MHz)
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Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency scan: 9KHz — 30MHz

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

1007
90T
80T

1 FCC Part 15 9k Hz-30MHz

70

60T

Level in dBpV/m

50T
a0l
3ot
201

101

9k 20 30 50 100k 200 300 500 1M 2M 3M 5M 10M 20 30M

Frequency inHz

FCC Part 15 9kHz-30MHz * Final_Result QPK Final_Result A

Preview Result 1-PK+
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Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency scan: 30MHz — 1GHz

Antenna polarization: Vertical

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m

1007

Full Spectrum

FCC Part 15.Class.B.Electric. Field.Strength. QP+AV.

Level in dBpV/m

30M 50 60 80 100M

Preview Result 1-PK+
Critical_Freqs PK+
Final_Result QPK

@ *

200 300 400 500 800 1G
Frequency inHz
* Critical_Freqs AVG

FCC Part 15 Class B Electric Field Strength QP
Final_Result AVG
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Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency scan: 30MHz — 1GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

907
8ot
707
60T

FCC.Part. 15.Class.B.Electric Field. Strength. QP+AV.

50T

40

30T

Level in dBpV/m

201

101

30M 50 60 80 100M 200 300 400 500 800 1G

Frequency inHz

Preview Result 1-PK+ FCC Part 15 Class B Electric Field Strength QP
* Final_Result QPK Final_Result AVG
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Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency scan: 1GHz — 3GHz

Antenna polarization: Vertical

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

1007
4
90t
80T
FCC Part 15 CGlass B 1-40GHz 3. m PK
£ 707
3
2]
T eoT
é, FCC Part. 15 Glass.B 1-40GHz. 3.m AV
3 501
407
30t
20 . !
1G 2G 3G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part 15 Class B 1-40GHz3 m PK ~— FCC Part 15 Class B 1-40GHz 3 m AV
L 4 Final_Result PK+ Final_Result AVG
Final Result
Frequency MaxPeak Limit Margin | Meas. Time | Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) | (dB) (ms) (kHz) (cm) (deg)
2402.000000 93.45 --- -- 1000.0 1000.000 150.0 \' 0.0

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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LAB N° 1356 L
Graphical presentation of radiated emission
Operating mode: 1 (Channel 0 — Frequency 2402)
Frequency: Restricted band of operations near fundamental
Antenna polarization: Vertical
Trace: Peak (blue trace); Average (green trace)
Measurement distance: 3m
Full Spectrum
100y
2402000000 GHz
gﬁﬁ? dBpVim
907 2.402000000 GHz
93.506 dBpVim
80t
FCC Pait 15 Clasg B 1-40GHz 3. m PK
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= 2.388750000 GHz
@ /
S ol 55.196 dBpW/m
= 23890000 G
o o S T T e e 5051
EJ sol 4866 7B Vim
40+
30t
20 } : : : : : : } } : ]
2300 2320 2340 2360 2380 2400 2420
Frequency in MHz
Preview Result 2-AVG Preview Result 1-PK+

FCC Part 18 2400MHz ISM Band FCC Part 15 Class B 1-40GHz 3 m PK
——e- FCC Part 15 Class B 1-40GHz 3 m AV Final_Result PK+
Final_Result AVG

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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ACCREDIA X
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LAB N° 1356 L

Fundamental Level

Reading value

Antenna Factor

Frequency (dBpuV/m) with pre- Cable Loss Correct reading
(MHz) Peak - Amplifier (dB) (dBuV/m)
ea verage (dB3/m)
2402.000000 103.45 - -13.23 3.28 93.50
2402.000000 - 100,62 -13.23 3.28 90.67
Harmonic Level
Reading value Antenna Factor
Frequency (dBuv/m) with pre- Cable Loss Correct reading
(MHz) Peak i Amplifier (dB) (dBuV/m)
ea verage (dB3/m)
2388.750000 65.17 - -13.21 3.23 55.19
2389.000000 --- 60.5 -13.21 3.23 50.52
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency scan: 1GHz — 3GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

961

90T

80T

Full Spectrum

FCC Part 15.Class.B.1-40GHz 3. m PK

70T

60T

FCC.Part.15.Class B.1-40GHz.3.m AV.

50T

Level in dBpV/m

407

30T

207

16
1G

Preview Result 2-AVG
FCC Part 15 Class B 1-40GHz 3 m PK
* Final_Result PK+

2G 3G
Frequency inHz

Preview Result 1-PK+
""" FCC Part 15 Class B 1-40GHz 3 m AV
Final_Result AVG

Final Result
Frequency MaxPeak Limit Margin | Meas. Time | Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
2402.000000 89.45 - - 1000.0 1000.000 150.0 H 0.0

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency: Restricted band of operations near fundamental

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Measurement distance: 3m

Full Spectrum

967

90+

2492000000 GHz
805 dBpV/im

T 2402000000 GHz
80t 87.423 dBuV/m

FCC Part 15 Clasg 8. 1-40GHz 3.m PK

70+
E
=
n% 60+ 2:389000000 GHz
£ Rasolo dqsz 3 m Al
?:;’ dBpVim
@ W h 4
404
30+
20+
16 + + + + + + + + + + |
2300 2320 2340 2360 2380 2400 2420
Frequency in MHz
Preview Result 2-AVG Preview Result 1-PK+

FCC Part 18 2400MHz ISM Band FCC Part 15 Class B 1-40GHz 3 m PK
e FCC Part 15 Class B 1-40GHz 3 m AV 4 Final_Result PK+
Final_Result AVG

. Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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Fundamental Level
Reading value Antenna Factor
Frequency (dBuV/m) with pre- Cable Loss Correct reading
MH ifi B BV
(R Peak Average I(\::)sl}ﬁnf)r (dB) (Eme )
2402.000000 99.75 - -13.23 3.28 89.80
2402.000000 - 96.97 -13.23 3.28 87.02
Harmonic Level
Reading value Antenna Factor
Frequency (dBuv/m) with pre- Cable Loss Correct reading
(MHz) P " Amplifier (dB) (dBuV/m)
ea verage (dB3/m)
2389.000000 61.54 - -13.21 3.23 51.56
2389.000000 --- 56.11 -13.21 3.23 46.13
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency scan: 3GHz -18GHz

Antenna polarization: Vertical

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

80T
FCC Part-15.Class-B.1-40GHz-3.mPK
70t
60t 4.808000000 GHz
51.820 dBUV/ m FCC Part 15 Class B.1-40GHz 3. m AV.
v
£ 50T
3
3
c 40T
©
3
- 30t
20t
10T
0 t t t t t |
3G 5G 6 7 8 10G 18G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part15 Class B 1-40GHz 3 m PK ~— FCC Part 15 Class B 1-40GHz 3 m AV
L 4 Final_Result PK+ Final_Result AVG
Final Result
Frequency MaxPeak Limit Margin | Meas. Time | Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
4808.000000 51.82 74.00 22.18 1000.0 1000.000 150.0 \) 0.0
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ACCREDIA

LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency scan: 3GHz -18GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

80T
FCC.Pait.15 Class B.1-40GHz.-3. m PK
70T
60T 4.807750000 GHz
51.555 dBuV/m FCC Pat 15 Class B.1-40GHz 3. m AV
v
£ 50T
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3
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Q
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3G 5G 6 7 8 10G 18G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part 15 Class B 1-40GHz3 m PK ~ FCC Part 15 Class B 1-40GHz 3 m AV
L 4 Final_Result PK+ Final_Result AVG
Final Result
Frequency MaxPeak Limit Margin | Meas. Time | Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
4808.000000 51.55 74.00 22.45 1000.0 1000.000 150.0 H 0.0
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LAB N° 1356 L
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Graphical presentation of radiated emission

Operating mode: 1 (Channel 0 — Frequency 2402)

Frequency scan: 18GHz — 26GHz

Antenna polarization: Vertical

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Level in dBuW/m
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Full Spectrum
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Frequency in GHz
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LAB N° 1356 L
Graphical presentation of radiated emission
Operating mode: 1 (Channel 0 — Frequency 2402)
Frequency scan: 18GHz — 26GHz
Antenna polarization: Horizontal
Trace: Peak (blue trace); Average (green trace)
Axis: Y (worst case)
Measurement distance: 3m
Full Spectrum
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LAB N° 1356 L
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Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency scan: 9KHz — 30MHz

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

1007
90T
80T

1 FCC Part 15 9k Hz-30MHz

701

60T

Level in dBpV/m

50T
a0l
3ot
201

101

9k 20 30 50 100k 200 300 500 1M 2M 3M 5M 10M 20 30M

Frequency inHz

FCC Part 15 9kHz-30MHz * Final_Result QPK Final_Result A

Preview Result 1-PK+
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency scan: 30MHz — 1GHz

Antenna polarization: Vertical

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m
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70T

60T

50T

Full Spectrum

FCC.Part 15 Class.B Electric:Field Strength. QP+AV.
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Level in dBuv/m
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Preview Result 1-PK+
Critical_Freqs PK+
Final_Result QPK
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Final_Result AVG
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency scan: 30MHz — 1GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

90y
80
70t
60t

FCC Part 15 Class B Electric Field Strength: QP+AV

50+

40

307

Level in dBW/m

20

30M 50 60 g0 100M 200 300 400 500 800 1G

Frequency in Hz

Preview Result 1-PK+ FCC Part 15 Class B Electric Field Strength QP
L 4 Final_Result QPK Final_Result AVG
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency scan: 1GHz — 3GHz

Antenna polarization: Vertical

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

961
&
90t
80T
FCC Part 15 Class B.1-40GHz.3.m PK
701
£
>
o 60T
= FCC Part.15.Cldss B.1-40GHz 3. mAV.
2 50t
3
4071
30t
20t
16 + |
1G 2G 3G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part15 Class B 1-40GHz 3 m PK —— FCC Part 15 Class B 1-40GHz 3 m AV
L 2 Final_Result PK+ Final_Result AVG
Final Result
. . Meas. . . .
Frequency MaxPeak Average Limit Margin Time Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
2444.000000 - 92.17 - - 1000.0 1000.000 150.0 Vv 0.0
2444.000000 93.11 --- - - 1000.0 1000.000 150.0 \' 0.0

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency: Restricted band of operations near fundamental

Antenna polarization: Vertical

Trace: Peak (blue trace); Average (green trace)

Measurement distance: 3m

Full Spectrum

10471
1007
2.444000000 GHz
656 dBuV/ m
90t 2.444000000 GHz
93.561 dBuV/ m
80T
£ FCC.Part 15 Class B.1-40GHz 3. m PK
>
= 707
[aa]
°
£
F>) 60T
9 FCC.Pait-15.Class.B.1-40GHz.3-m AV.
50T
401
30T
24F t t t t t t |
2350 2400 2450 2500 2550
Freguency in MHz
Preview Result 2-AVG Preview Result 1-PK+
——— FCC Part 15 2400MHz FCC Part 15 2483.5MHz
FCC Part 15 Class B 1-40GHz 3 m PK = FCC Part 15 Class B 1-40GHz 3 m AV
* Final_ResultPK+ Final_Result AVG

Fundamental Level

Reading value Antenna Factor
. Cable Correct
Frequency (dBuV/m) with pre- .
(MHz) Amplifier Loss LT
Peak Average (dB3/m) (dB) (dBuV/m)
2444.000000 106.36 --- -13.11 3.31 96.65
2444.000000 --- 103.36 -13.11 3.31 93.56

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency scan: 1GHz — 3GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum
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*
907
80T
FCC Part- 15 Class B 1-40GHz 3. m PK

g 707
2
3
o 60T
©
3
- 507

407

307

20 ! i

16 2G 3G
Frequency inHz

Preview Result 2-AVG Preview Result 1-PK+

FCC Part15 Class B 1-40GHz 3 m PK FCC Part15 Class B 1-40GHz 3 m AV
* Final_Result PK+ Final_Result AVG

Final Result
Frequency MaxPeak Average Limit Margin I\.I/-I.eas. Bandwidth | Height Pol Azimuth
(MHz) (dBuv/m) | (dBuV/m) | (dBuV/m) | (dB) ('m‘; (kHz) (cm) (deg)
ms
2444.000000 --- 93.61 - - 1000.0 1000.000 150.0 H 0.0
2444.000000 96.53 - - - 1000.0 1000.000 150.0 H 0.0

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency: Restricted band of operations near fundamental

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Measurement distance: 3m

Full Spectrum

1007
+ 2W44000000 GHz
90t 2A49665HEM
94.102 dBuV/ m
80T
FCC Part.15.Class B.1-40GHz 3.m PK
E 707
3
2]
2 s0f
% FCC.Pant.15 Class.B.1-40GHz 3. m AV
>
S 5ot
40T
30T
20 + + + + + + i
2350 2400 2450 2500 2550
Frequency in MHz
Preview Result 2-AVG Preview Result 1-PK+
———— FCC Part 15 2400MHz FCC Part15 2483.5MHz
FCC Part15 Class B 1-40GHz 3 m PK ~— FCC Part 15 Class B 1-40GHz 3 m AV
L 2 Final_Result PK+ Final_Result AVG
Fundamental Level
i Antenna Factor
Frequenc Reacing ya e with pre LD Correct
- K (dBpuV/m) p Loss reading
(MHz) Amplifier (dB) (dBuv/m)
Peak Average (dB3/m) K
2444.000000 106.82 -—- -13.11 3.31 97.02
2444.000000 -—- 103.90 -13.11 3.31 94.10

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency scan: 3GHz -18GHz

Antenna polarization: Vertical

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

80T
FCC Part.15.Class B.1-40GHz 3 m PK
70T
60T 4887500000 GHz
50.682 dBuV/ m FCC Part.15.Class.B.1-40GHz.3.m AV
£ 507 v
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Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
* Critical_Freqs AVG * Critical_Freqs PK+
FCC Part 15 Class B 1-40GHz3 m PK ~— FCC Part 15 Class B 1-40GHz 3 m AV
* Final_ResultPK+ Final_Result AVG
Final Result
Frequency MaxPeak Limit Margin | Meas. Time | Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
4887.500000 50.68 74.00 23.32 1000.0 1000.000 150.0 \' 0.0
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 2 (Channel 21 — Frequency 2444)

Frequency scan: 3GHz -18GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

88T
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FCC Part.15.Class B.1-40GHz 3. m PK
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e 60T 4.888000000 GHz
S 50.795 dBuv/m FCC Part.15 Class B.1-40GHz 3. m AV.
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3G 5G 7 8 10G 18G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part 15 Class B 1-40GHz3 m PK ~— FCC Part 15 Class B 1-40GHz 3 m AV
* Final_ResultPK+ Final_Result AVG
Final Result
Frequency MaxPeak Limit Margin | Meas. Time | Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
4888.000000 50.68 74.00 23.21 1000.0 1000.000 150.0 H 0.0
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LAB N° 1356 L
Graphical presentation of radiated emission
Operating mode: 2 (Channel 21 — Frequency 2444)
Frequency scan: 18GHz — 26GHz
Antenna polarization: Vertical
Trace: Peak (blue trace); Average (green trace)
Axis: Y (worst case)
Measurement distance: 3m
Full Spectrum
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LAB N° 1356 L
Graphical presentation of radiated emission
Operating mode: 2 (Channel 21 — Frequency 2444)
Frequency scan: 18GHz — 26GHz
Antenna polarization: Horizontal
Trace: Peak (blue trace); Average (green trace)
Axis: Y (worst case)
Measurement distance: 3m
Full Spectrum
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Graphical presentation of radiated emission

Operating mode: 3 (Channel 39 — Frequency 2480)

Frequency scan: 9KHz — 30MHz

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum
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1 FCC Part 15 9k Hz-30MHz
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Level in dBpV/m
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Frequency inHz

FCC Part 15 9kHz-30MHz * Final_Result QPK Final_Result A

Preview Result 1-PK+
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 3 (Channel 39 — Frequency 2480)

Frequency scan: 30MHz — 1GHz

Antenna polarization: Vertical

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m
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Full Spectrum
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Final_Result AVG
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Graphical presentation of radiated emission

Operating mode: 3 (Channel 39 — Frequency 2480)

Frequency scan: 30MHz — 1GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum
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FCC Part 15 Class B Electric Field Strength: QP+AV
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Frequency in Hz

Preview Result 1-PK+ FCC Part 15 Class B Electric Field Strength QP
L 4 Final_Result QPK Final_Result AVG
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Graphical presentation of radiated emission
Operating mode: 3 (Channel 39 — Frequency 2480)
Frequency scan: 1GHz — 3GHz
Antenna polarization: Vertical
Trace: Peak (blue trace); Average (green trace)
Axis: Y (worst case)
Measurement distance: 3m
Full Spectrum
96F ¢
90T
80T
FCC Part 15 Class B.1-40GHz 3.m PK
70T
£
>
& 60T
.2 FCC Part.15.Class.B.1-40GHz. 3. m AV.
T 507
]
40t
30T
20T
16 + |
1G 2G 3G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part 15 Class B 1-40GHz 3 m PK ~ FCC Part 15 Class B 1-40GHz 3 m AV
L 2 Final_Result PK+ Final_Result AVG
Final Result
Frequency MaxPeak Average Limit Margin Meas. | Bandwidth | Height | Pol | Azimuth
(MHz) (dBuV/m) | (dBuV/m) | (dBuV/m) (dB) Time (kHz) (cm) (deg)
(ms)
2480.000000 -- 92.28 -- -- 1000.0 1000.000 150.0 Vv 0.0
2480.000000 95.25 - - - 1000.0 1000.000 150.0 Vv 0.0

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 3 (Channel 39 — Frequency 2480)

Frequency: Restricted band of operations near fundamental

Antenna polarization: Vertical

Trace: Peak (blue trace); Average (green trace)

Measurement distance: 3m

Full Spectrum

1047
1007
1 2%00000[)0 GHz
224 dBpuV/ m
90T 2.480000000 GHz
i 92.278 dBuV/ m

80T
€ + FCC.Part 15 Class B.1-40GHz 3. m PK
2 707
m
5 J
S et 2.495000000 GHz
<|>) 2.483500000 GHz §_340 dBuv/ m
K] + 49.816 dBuV/ m FCC.Pant.15.Class.B.1-40GHz.3-m-AV.

\ 4 95000000 GHz

50T 49.761 dBuV/ m

40T

30T

24% t t t t t t t t t |

2470 2480 2490 2500 2510 2520

Frequency in MHz
Preview Result 2-AVG Preview Result 1-PK+

—— FCC Part 15 2483.5MHz FCC Part 15 Class B 1-40GHz 3 m PK
""" FCC Part 15 Class B 1-40GHz 3 m AV L 2 Final_Result PK+
Final_Result AVG
Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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ACCREDIA X
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LAB N° 1356 L

Fundamental Level

Reading value Antenna Factor
Frequency (dBuV/m) with pre- Cable Loss Correct reading
MH ifi B BuV,
(e Peak Average A(::;I}ﬁ:)r (dB) (dBuv/m)
2480.000000 104.89 - -13.02 3.35 95.22
2480.000000 --- 101.95 -13.02 3.35 92.28
Harmonic Level
Reading value Antenna Factor
Frequency (dBuV/m) with pre- Cable Loss Correct reading
(MHz) Peak Average ?;':’3'}2?; (dB) (dBuV/m)
2495.000000 64.95 --- -12.98 3.37 55.34
2495.000000 - 59.37 -12.98 3.37 49.76

TEST REPORT N. IT22S0G0O 001

Page 49 of 86

Issue Date: 16/06/2022




W\,
SN\

N - SN
A TUVRheinland® iocims [ESTEN

LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 3 (Channel 39 — Frequency 2480)

Frequency scan: 1GHz — 3GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

1007 L 4
90T
80T
FECC Part. 15 Class B 1-40GHz 3. m PK

e 70t
=1
0
E 601
T FCC Part.15 Clas$.B.1-40GHz 3. m AV.
3 5ot

401

307

20 : i

1G 2G 3G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part 15 Class B 1-40GHz3 m PK ~— FCC Part 15 Class B 1-40GHz 3 m AV
* Final_ResultPK+ Final_Result AVG
Final Result
Frequency MaxPeak | Ayerage Limit Margin M‘eas. Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m | (dBuv/m) = (dBuv/m) | (dB) Time (kHz) (cm) (deg)
2480.000000 - 95.32 - --- 1000.0 1000.000 150.0 H 0.0
2480.000000 98.29 --- --- --- 1000.0 1000.000 150.0 H 0.0

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 3 (Channel 39 — Frequency 2480)

Frequency: Restricted band of operations near fundamental

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Measurement distance: 3m

Full Spectrum

1047
1007 2@80000(&30 GHz
| §8.015 dBuv/ m
| 2.480000000 GHz
90 95.084 dBpV/ m
80T
c + FCC.Part 15 Class B.1-40GHz 3.m PK
2 707
Q 1 2.495000000 GHz
c 2.483500000 GHz 57.682 dBuV/ m
< 60T 53.010 dBpV/ m %795250000 GHz
A (52.318 dBWIM  FCC pant 15 Class B 140GHz 3 m AV
g 4 Y,
50T
40t
30T
24F t t t t t t t t t |
2470 2480 2490 2500 2510 2520

Frequency in MHz

Preview Result 2-AVG Preview Result 1-PK+
FCC Part 15 2483.5MHz FCC Part 15 Class B 1-40GHz 3 m PK
""" FCC Part 15 Class B 1-40GHz 3 m AV L 2 Final_Result PK+

Final_Result AVG

Peaks out of limits are due to BLE carrier (exclusion band).
Fundamental frequency not related to limit.
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ACCREDIA X
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LAB N° 1356 L

Fundamental Level

Reading value Antenna Factor
Frequency (dBuV/m) with pre- Cable Loss Correct reading
MH ifi B BuV,
(e Peak Average A(::;I}ﬁ:)r (dB) (dBuv/m)
2480.000000 107.68 - -13.02 3.35 98.01
2480.000000 --- 104.75 -13.02 3.35 95.08
Harmonic Level
Reading value Antenna Factor
Frequency (dBuV/m) with pre- Cable Loss Correct reading
(MHz) Peak Average ?;':’3'}2?; (dB) (dBuV/m)
2495.000000 67.29 --- -12.98 3.37 57.68
2495.250000 - 61.92 -12.98 3.37 52.31
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 3 (Channel 39 — Frequency 2480)

Frequency scan: 3GHz -18GHz

Antenna polarization: Vertical

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

80T
FCC Part.15.Class B.1-40GHz.3.m PK
70T
60T
44%5_31,5,(2)0;;)&,?}12 FCC Pait.15.Class.B.1-40GHz 3. m-AV.
£ 50t v
=1
3
£ 40t
2
(]
- 30t
20T
107
3G 5G 6 7 8 9  10G 18G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part 15 Class B 1-40GHz3 m PK ~~ FCC Part 15 Class B 1-40GHz 3 m AV
* Final_Result PK+ Final_Result AVG
Final Result
Frequency MaxPeak Limit Margin | Meas. Time | Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
4959.500000 49.32 74.00 30.68 1000.0 1000.000 150.0 \' 0.0
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LAB N° 1356 L

Graphical presentation of radiated emission

Operating mode: 3 (Channel 39 — Frequency 2480)

Frequency scan: 3GHz -18GHz

Antenna polarization: Horizontal

Trace: Peak (blue trace); Average (green trace)

Axis: Y (worst case)

Measurement distance: 3m

Full Spectrum

80T
FCC.Pait.15 Class B.1-40GHz 3. m PK
701
60T 4.959500000 GHz
51.172 dBuv/m FCC Part 15 Class B.1-40GHz 3 m AV
v
£ 50t
=1
3
2 4ot
°
Q
— 3071
20t
10T
0 + + + + + + + i
3G 5G 6 7 8 9 106G 18G
Frequency inHz
Preview Result 2-AVG Preview Result 1-PK+
FCC Part 15 Class B 1-40GHz 3 m PK ~~ FCC Part 15 Class B 1-40GHz 3 m AV
* Final_ResultPK+ Final_Result AVG
Final Result
Frequency MaxPeak Limit Margin | Meas. Time | Bandwidth | Height Pol Azimuth
(MHz) (dBuV/m) | (dBuV/m) (dB) (ms) (kHz) (cm) (deg)
4959.500000 51.17 74.00 22.83 1000.0 1000.000 150.0 H 0.0
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LAB N° 1356 L
Graphical presentation of radiated emission
Operating mode: 3 (Channel 39 — Frequency 2480)
Frequency scan: 18GHz — 26GHz
Antenna polarization: Vertical
Trace: Peak (blue trace); Average (green trace)
Axis: Y (worst case)
Measurement distance: 3m
Full Spectrum
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Freauencvin GHz
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LAB N° 1356 L
Graphical presentation of radiated emission
Operating mode: 3 (Channel 39 — Frequency 2480)
Frequency scan: 18GHz — 26GHz
Antenna polarization: Horizontal
Trace: Peak (blue trace); Average (green trace)
Axis: Y (worst case)
Measurement distance: 3m
Full Spectrum
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70
60
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10
18 19 20 21 22 23 24 25 26

Freauencvin GHz
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Antenna requirements

Test date

31/03/2022

Applied Standard

Title 47 Part 15 Subpart C §15.203

Test method

§ 5.8 of ANSI C63.10

Temperature 23,1°

Humidity 54%

Tested by Francesco Lombardi
Model MP350

Internal Storage No.

1 (Storage no. A003216149-003)

Operating mode

Tested terminals

Antenna connector

Result

PASS
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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 Sections 15.211, 15.213, 15.217, 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 Section 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.

Antenna specifications

N° of authorized antenna types 2

Antenna type SMD Antenna
Maximum total gain 0.5 dBi
External power amplifiers Not present
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Maximum Conducted Peak Output Power

Test date 30/03/2022

Applied Standard Title 47 Part 15 Subpart C §15.247

Test method According to Par. 8.3.2.2 of KDB 558074 D01 15.247 Meas.
Guidance v05r02 (and par. 11.9.1.1 of ANSI C63.10)

Temperature 20,5°

Humidity 54%

Tested by Francesco Lombardi

Model MP350

Internal Storage No. 1 (Storage no. A003216149-003)

Operating mode 1,2,3

Tested terminals Antenna connector

Result PASS
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(b) The maximum peak conducted output power of the intentional radiator shall not exceed the following:

(1) For frequency hopping systems operating in the 2400-2483.5 MHz band employing at least 75 non-overlapping hopping
channels, and all frequency hopping systems in the 5725-5850 MHz band: 1 watt. For all other frequency hopping systems in
the 2400-2483.5 MHz band: 0.125 watts.

(2) For frequency hopping systems operating in the 902-928 MHz band: 1 watt for systems employing at least 50 hopping
channels; and, 0.25 watts for systems employing less than 50 hopping channels, but at least 25 hopping channels, as
permitted under paragraph (a)(1)(i) of this section.

(3) For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz bands: 1 Watt. As an
alternative to a peak power measurement, compliance with the one Watt limit can be based on a measurement of the
maximum conducted output power. Maximum Conducted Output Power is defined as the total transmit power delivered to
all antennas and antenna elements averaged across all symbols in the signalling alphabet when the transmitter is operating
at its maximum power control level. Power must be summed across all antennas and antenna elements. The average must
not include any time intervals during which the transmitter is off or is transmitting at a reduced power level. If multiple
modes of operation are possible (e.g., alternative modulation methods), the maximum conducted output power is the
highest total transmit power occurring in any mode.

(4) The conducted output power limit specified in paragraph (b) of this section is based on the use of antennas with
directional gains that do not exceed 6 dBi. Except as shown in paragraph (c) of this section, if transmitting antennas of
directional gain greater than 6 dBi are used, the conducted output power from the intentional radiator shall be reduced
below the stated values in paragraphs (b)(1), (b)(2), and (b)(3) of this section, as appropriate, by the amount in dB that the
directional gain of the antenna exceeds 6 dBi.

Note: since it was not possible to put in an antenna connector, test was carried out in a radiated manner According to Par.
2.3 of KDB 412172 DO1 Determining ERP and EIRP v01r01
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LAB N° 1356 L
Graphical presentation of maximum conducted peak output power
Operation mode: 1 (Channel 0 — Frequency 2402)
Conducted
Test conditions Output Antenna Limits
Frequency .
Channel Power Gain (W) Result
(MHz) (Eirp)
Temperature | Voltage | Modulation dBm | mW dBi Conducted | Radiated
5Vvdc i
Tnom (internal GFSK 2402 0,60 0.5 4 PASS
+20.5°C battery) 2,25
® « REW 3 MHz
« VEW 10 MH=
 TT § 30 JdBm « ALE 30 AR SWT 2.5 ma
an
L 20 l!
i PR
MAXE L 10
2 s
¥
| . 2 \\
/ N
AL A e i \WW
--an
=0
=70
Centar 2.402B46154 GH=z 2 MHz/ 20 MH=z
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LAB N° 1356 L
Graphical presentation of maximum conducted peak output power
Operation mode: 2 (Channel 21 — Frequency 2444)
Conducted
Test conditions Output Antenna Limits
Frequency .
Channel Power Gain (W) Result
(MHz) .
(Eirp)
Temperature | Voltage | Modulation dBm | mw dBi Conducted | Radiated
5Vvdc i
Tnom (internal GFSK 2444 21 0,58 0.5 1 4 PASS
+20.5°C 2,37
battery)
@ « REW 3 MH=z
« VEW 10 MH=z
Raf 30 JdBm = ALt 30 JdB SHT 2.5 ms
30
20 | 2
o i IO
| -130 \\
- 40 L 1v‘w"‘\F'k““-.'-:-'
AT Fr o eihaidoy L ALghb
- -50
- 60
-70
nter 2.443B7122 CGH=z 4.455128205 MHz/ Span 44.55128205 MHz
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LAB N° 1356 L
Graphical presentation of maximum conducted peak output power
Operation mode: 3 (Channel 39 — Frequency 2480)
Conducted
Test conditions Output Antenna Limits
Frequency .
Channel Power Gain (W) Result
(MHz) (Eirp)
Temperature | Voltage | Modulation dBm | mW dBi Conducted | Radiated
5Vvdc i
T”OT (internal GFSK 2480 39 569 | 033 0.5 4 PASS
+20.5°C battery) !
@ « REW 3 MH=z
« VEW 10 MH=z

Raf 30 <Bm « ALE 30 B SWT 2.5 ma
20 [ a ]

BMA X2 10

;’\X:[ -
--10 <~ \\\\
- / N
N / \
B e \\’\wWN\-’-Lw.a«
-~
-1

=70
ent 2.479 ‘Hz Z MHz/ ran 20 MHz
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6dB Bandwidth

Test date

30/03/2022

Applied Standard

Title 47 Part 15 Subpart C §15.247

Test method

According to Par. 8.2 of KDB 558074 D01 15.247 Meas.
Guidance v05r02 (and par. 11.8.1 Option 1 of ANSI C63.10)

Temperature 23,1°

Humidity 54%

Tested by Francesco Lombardi
Model MP350

Internal Storage No.

1 (Storage no. A003216149-003)

Operating mode

1,2,3

Tested terminals

Antenna connector

Result

PASS

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.
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LAB N° 1356 L
Graphical presentation of 6dB Bandwidth measurement
Operation mode: 1 (Channel 0 — Frequency 2402)
Test conditions .
Frequency channel 6dB Bandwidth Resul
_ (MHz) (KHz) esult
Temperature Voltage Modulation
5Vvdc
Tnom (internal GFSK 2402 0 625,00 PASS
+20.5°C battery)
@ « REW 100 kH=z
« VEW 300 kHz
Ref 10 dBm = ALL 30 JdB SWT 2.5 ma
10
I | a |
L-10 ;N NHW

= e -

=60

Canter 2.402D9%35% CGHz 150 kHz/ Span 1.5 MHz
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LAB N° 1356 L
Graphical presentation of 6dB Bandwidth measurement
Operation mode: 2 (Channel 21 — Frequency 2444)
Test conditions .
Frequency channel 6dB Bandwidth
(MHz) (KHz) Result
Temperature Voltage Modulation
5Vvdc
T”OT (internal GFSK 2444 21 629,80 PASS
+20.5°C battery)
@ MARKER 1 « REW 10D kHz
Z.44399198B7 CGH=z « VEW 130D kH=z
Ref LD «<dBEm = ALE 30 «dB EWT 2.0 ma
1
L0 | & |

Cantar Z.444 CH= 150 kHz/ Span 1.5 MH=z
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Graphical presentation of 6dB Bandwidth measurement

Operation mode: 3 (Channel 39 — Frequency 2480)

Test conditions .
Frequency channel 6dB Bandwidth Resul
_ (MHz) (KHz) esult
Temperature Voltage Modulation
5Vvdc
T”OT (internal GFSK 2480 39 625,00 PASS
+20.5°C battery)
@ « REBW 100 KkHz
« VEWN 300 kH=z
Rt 10 <iBm « ALT 30 <R SWT 2.5 ma
10
L [ |
hi
1 o S e S
ELYH | 4, /’_VH LH—_-K‘R{\\‘
- ;/_,—..x \\\
e B
-4
l-=50
=60
=70
=80
=5
Nt 2.48 Hz 150 kH=z/S Span 1.5 MH=z
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Out-of-band-emissions
Test date 30/03/2022

Applied Standard

Title 47 Part 15 Subpart C §15.247

Test method

According to Par. 8.5 of KDB 558074 D01 15.247 Meas.
Guidance v05r02 (and par. 11.11 of ANSI C63.10)

Temperature 23,1°

Humidity 54%

Tested by Francesco Lombardi
Model MP350

Internal Storage No.

1 (Storage no. A003216149-003)

Operating mode

1,2,3

Tested terminals

Antenna connector

Result

PASS

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

(see §15.205(c)).
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Graphical presentation of RF radiated spurious emissions at the transmitter antenna terminal

Operation mode: 1 (Channel 0 — Frequency 2402)

Fundamental Frequency range: 30MHz — 1GHz

VEW 10 MHz VEW 300 kHz
Raf 30 dBm +ALL 30 AR SWT 2.5 ma

@ ~RBW 3 MHz \/g> «REW 100 kHz
102846154 ~AtE 20 4

EWT 100 ma

1 % 1 sx]

Stast 30 MHz 97 MHz/
tar 2.402846154 GHz 2 MHz/ Span 20 :

Frequency range: 1GHz — 3GHz Frequency range: 3GHz — 10GHz

VBW 300 kHz

@ RRW 100 kHz Max \/@ < REW 100 kHz
4102146154 CATE 30 <

VER KHz
Ref 30 dBa «Ate 30 dB SWT 200 ms Ref 30 dBa A 15 ST 700 ma
30 | 1]
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Frequency range: 10GHz — 18GHz Frequency range: 18GHz — 26GHz
@ «RBW 100 kHz ® - REW 100 kHz
| a ]
J RN AR PPy A A ™ L Abiyl 4t s b k, 1 lepl Iy ) TS AW FA D eamirhod i g o Ll cedtaadions IR T L) A doad-2bhhon
Fund | Difference Peak Limi
Frequency Measured un szmeelnta Peak / :; poa‘ellt' at Margin Result
MH B Spurious - esu
(MHz) power (dBm) (dBm) 20dB (dBm)
(dB)
3201.92 -39.64 -2.25 37.39 -22.5 17.14 PASS
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Graphical presentation of RF radiated spurious emissions at the transmitter antenna terminal

Operation mode: 2 (Channel 21 — Frequency 2444)

Fundamental

Frequency range: 30MHz — 1GHz

®

REW 3 MHz

« VBW 10 MHz

@

«RRW 100 kHz
VEW 300 kHz

30 aB SHT 100 ma
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Frequency range: 10GHz — 18GHz Frequency range: 18GHz — 26GHz
/ﬁ& 4«!4:» }l)\) kifa‘ @ —nn:ﬂ }w)\) kl’:z
| 2]
1= 1 =]
Suokh (- Leany L il gt nal il sl T TR T X e o P " Py
Fund | Difference Peak Limi
Frequency Measured un szmeelnta Peak / :; poa‘ellt' at Margin Result
MH B Spurious - esu
(MHz) power (dBm) (dBm) 20dB (dBm)
(dB)
3258.01 -40.28 -2.37 37.91 -22.37 17.91 PASS
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Graphical presentation of RF radiated spurious emissions at the transmitter antenna terminal

Operation mode: 3 (Channel 39 — Frequency 2480)

Fundamental Frequency range: 30MHz — 1GHz

/& REW 3 MHz Markar 4 RRW 100 kHaz
VBW 10 Mnz !

VEW 300 kHz
Raf 30 dRm Att 30 am SWT 2.5 ma 479 34 GF Raf

30 dRa Att 30 am SWT 100 ma
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sz | |
=3 --10
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Canter 2.479775641 GHz 2 MHz/ Span 20 MHz start 30 MRz 97 wax/ Stop 1 GHz

Frequency range: 1GHz — 3GHz Frequency range: 3GHz — 10GHz
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Frequency range: 10GHz — 18GHz Frequency range: 18GHz — 26GHz
@ m.: .1[1\1 kHz Marker t @ ,m:» an L[fﬁ
= :
2 =
ALk _.'m.,.ﬂJu“ PPPCIR) ETRTIOWIT | I POUHY AL TPRVR. FVL o) U A . e e o i T
Fund | Difference Peak Limi
Frequency Measured un szmeelnta Peak / :; poz‘e': at Margin Result
MH B Spurious R esu
(MHz) power (dBm) (dBm) 20dB (dBm)
(dB)
3302.88 -39.24 -2.69 36.55 -22.69 16.55 PASS
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Band Edge

Test date

30/03/2022

Applied Standard

Title 47 Part 15 Subpart C §15.247

Test method

According to Par. 8.7.2 (Marker-Delta method) of KDB
558074 D01 15.247 Meas Guidance v05r02 (and par. 6.10.4
of ANSI C63.10)

Temperature 23,1°

Humidity 54%

Tested by Francesco Lombardi
Model MP350

Internal Storage No.

1 (Storage no. A003216149-003)

Operating mode

1,3

Tested terminals

Antenna connector

Result

PASS
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(d) In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated intentional
radiator is operating, the radio frequency power that is produced by the intentional radiator shall be at least 20 dB below
that in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided the transmitter demonstrates compliance with the peak conducted power
limits. If the transmitter complies with the conducted power limits based on the use of RMS averaging over a time interval,
as permitted under paragraph (b)(3) of this section, the attenuation required under this paragraph shall be 30 dB instead of
20 dB. Attenuation below the general limits specified in §15.209(a) is not required. In addition, radiated emissions which fall
in the restricted bands, as defined in §15.205(a), must also comply with the radiated emission limits specified in §15.209(a)
(see §15.205(c)).
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Graphical presentation of Lower Band-Edge
Operation mode: 1 (Channel 0 — Frequency 2402)
@ . REW 100 kHz
« VBW 300 kHz
Reaf 30 <1Bm « ALE 20 4B EWT 15 ma
an
20 [ a ]
15
=22 ko

-0
ah.!ln. Japiloagir g du ua.nr:_uf\' LY TR ) g | [ WER VR WJ L‘M

Starr. 2_.37 GHz 4 MHz/ Stop 2.41 GHz
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Graphical presentation of Upper Band-Edge
Operation mode: 3 (Channel 39 — Frequency 2480)
@ « REW 100 kHz
« VEW 300 kH=z
Raf 30 dBm « ALt 30 4B SHT 15 ma
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L 20 | 2 |
1 ox
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Power spectral density

Test date

30/03/2022

Applied Standard

Title 47 Part 15 Subpart C §15.247

Test method

According to Par. 8.4 of KDB 558074 D01 15.247 Meas.
Guidance v05r02 (and par. 11.10.2 Method PK PSD of ANSI
C63.10)

Temperature 23,1°

Humidity 54%

Tested by Francesco Lombardi
Model MP350

Internal Storage No.

1 (Storage no. A003216149-003)

Operating mode

1,2,3

Tested terminals

Antenna connector

Result

PASS
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Graphical presentation of spectral density measurement
Operation mode: 1 (Channel 0 — Frequency 2402)
Conducted Power
F Spectral Limit
requenc .
Channel q v Density Result
(MHz) Measured (dBm)
(dBm)
0 2402 -4.07 8 PASS
@ « RBW 3 KHz
« WVEW 10 kH=z
Raf 29 <1Rm « ALE 30 <R SHT 170 ma
- 20 | A |

A

=10

L) ﬂunbf\ﬂf W o V

Centear Z.403990 385 GH=z 150 kHz/ Span 1.5 MH=z
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Graphical presentation of spectral density measurement
Operation mode: 2 (Channel 21 — Frequency 2444)
Conducted Power
F Spectral Limit
requenc .
Channel d y Density Result
(MHz) Measured (dBm)
(dBm)
21 2444 -4.84 8 PASS
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Graphical presentation of spectral density measurement
Operation mode: 3 (Channel 39 — Frequency 2480)
Conducted Power
F Spectral Limit
requenc .
Channel q v Density Result
(MHz) Measured (dBm)
(dBm)
39 2480 -4.84 8 PASS
@ « REW 3 kHaz
« VEW 10 kHz
Raf 2% ¢dBm « ALT 30 dB SWT 170 m=a
=20 n

HA
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Additional provisions to the general radiated emission limitations

Test date

31/03/2022

Applied Standard

Title 47 Part 15 Subpart C §15.215

Test method

Temperature 23,1°

Humidity 54%

Tested by Francesco Lombardi
Model MP350

Internal Storage No.

1 (Storage no. A003216149-003)

Operating mode

Tested terminals

Antenna connector

Result

PASS
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A) The regulations in §§ 15.217-15.257 provide alternatives to the general
radiated emission limits for intentional radiators operating in specified
frequency bands. Unless otherwise stated, there are no restrictions as to
the types of operation permitted under these sections.
(B) In most cases, unwanted emissions outside of the frequency bands VERDICT

shown in these alternative provisions must be attenuated to the emission
limits shown in Section 15.209. In no case shall the level of the unwanted
emissions from an intentional radiator operating under these additional PASS
provisions exceed the field strength of the fundamental emission.

(C) Intentional radiators operating under the alternative provisions to the VERDICT

general emission limits, as contained in §§ 15.217 through 15.257 and in
Subpart E of this part, must be designed to ensure that the 20 dB bandwidth
of the emission, or whatever bandwidth may otherwise be specified in the
specific rule section under which the equipment operates, is contained
within the frequency band designated in the rule section under which the
equipment is operated. The requirement to contain the designated
bandwidth of the emission within the specified frequency band includes the
effects from frequency sweeping, frequency hopping and other modulation PASS
techniques that may be employed as well as the frequency stability of the
transmitter over expected variations in temperature and supply voltage. If a
frequency stability is not specified in the regulations, it is recommended
that the fundamental emission be kept within at least the central 80% of
the permitted band in order to minimize the possibility of out-of-band
operation.
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15. List of test equipment
Last
Equipment Type Inventory no. Manufacturer calibration |Calibration due date
date

Test stand: Radiated emissions (9KHz — 26GHz)
Semi-anechoic Chamber FACT3 2782378 ETS Lindgren 05/2020 05/2022
Loop Antenna EMCO 6512 2782356 07/2020 07/2023
BiConiLog Antenna 3142-E 2782348 ETS Lindgren 05/2020 05/2023
Preamplified Horn Antenna 3117-PA 2782349 ETS Lindgren 08/2020 08/2023
Preamplified Horn Antenna 3160-09 2782350 ETS Lindgren 09/2020 09/2023
Highpass Filter wg&c:gzo- 2782704 mvsilzmr;itt: 12/2021 12/2022
EMI Receiver ESW44 2782867 Rohde&Schwarz 06/2021 06/2022
Software EMC32 10.60.15 --- Rohde&Schwarz --- ---
Test stand: Maximum Conducted Peak Output Power
EMI Receiver ESU40 2782345 Rohde&Schwarz 11/2021 11/2022
Test stand: 6db Bandwidth
EMI Receiver ESU40 2782345 Rohde&Schwarz 11/2021 11/2022
Test stand: Out-of-band emissions
EMI Receiver ESU40 2782345 Rohde&Schwarz 11/2021 11/2022
Test stand: Band Edge
EMI Receiver ESU40 2782345 Rohde&Schwarz 11/2021 11/2022
Test stand: Power spectral density
EMI Receiver ESU40 2782345 Rohde&Schwarz 11/2021 11/2022
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--- END OF TEST REPORT ---
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