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==
1. Normatives References
FCC qualification according to:
Standards Applied Title
ANSI C63.4 American National Standard for Methods of Measurement of Radio-Noise
(2014) : X Emissions from Low-Voltage Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz.
(A%?ls)CGSAO X American National Standard for Testing Unlicensed Wireless Devices
Telecommunication — Federal Communication Commission — Radio
CFR47, Part 15 X frequency devices,
Sections 15.109 / 15.209 / 15.247
ISED qualification according to:
Standards Applied Title
ICES-003 X Information Technology Equipment (ITE) — Limits and methods of
(Issue 6/2016) measurement
RSS-Gen X General Requirements and Information for the Certification of Radio
(Issue 5/2018) Apparatus
RSS-247 X Digital Transmission Systems (DTSs), Frequency Hopping Systems
(Issue2/2017) (FHSs) and Licence-Exempt Local Area Network (LE-LAN) Devices

Note: Following guidance are used
- DTS Measurement Guidance 558074 D01 v05
- Determining ERP and EIRP Guidance 412172 D01 v01r01

Deviation from standard: None
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TEST Paragraph number Spec. RESULTS
FCC Part 15/ FCC Part 15/
IC RSS-247 | RSS-GEN | IC RSS-247 /| RSS-GEN (comments)
Conducted emissions 15.207 (a) Table 15.107 (a) PASS
test RSS-Gen § 8.8 Table 4 / RSS-Gen
20dB Bandwidth 15.247 (a) (1) No requirements PASS
RSS-247 § 5.1
Hopping channel 15.247 (a) (1) / RSS-247 | Minimum separation PASS
separation 5.1a)b) 25kHz or the two-third 20dB
bandwidth whichever is greater
Number of hopping 15.247 (a) (1) / RSS-247 | No requirements for hybrid systems PASS
frequencies 5.1¢)
Time of occupancy 15.247 (f) / Maximum 400ms per channel within PASS
RSS-247 5.3 a) 3.2s (8 channels used)
Maximum Conducted 15.247 (b) (3) 1W max / 30dBm (Conducted) PASS
Output Power RSS-247 § 5.4 (d) 4W max / 36dBm (EIRP)
Maximum Power Spectral | 15.247 (e) 8dBm in a 3kHz band segment PASS
Density RSS-247 § 5.2 (b)
Unwanted emissions into | 15.247 (d) / -30dBc in any 100kHz outside PASS
Non Restricted RSS-247 § 5.5 frequency band.
Frequency Bands
Unwanted emissions into | 15.209 (a) / 15.247 (d) / Measure at 300m PASS
Restricted Frequency 15.205 (a) 9-490kHz: 2400uV/m/F(kHz)
Bands RSS-GEN § 7.1, §8.9,§ | Measure at 30m
8.10 / RSS-247 § 5.5 0.490-1.705: 24000uV/m/F(kHz)
1.705-30MHz: 30uV/m
Measure at 3m
30MHz-88MHz : 40 dBuV/m
88MHz-216MHz : 43.5 dBuV/m
216MHz-960MHz : 46.0 dBuV/m
Above 960MHz : 54.0 dBpuV/m
Occupied Bandwidwth RSS-GEN §6.7 BW at 99% PASS

e General conclusion:

Measures and tests performed on the sample of the product WIZZILAB / WM205X , in configuration and
description presented in this test report, show compliance with standards FCC CFR 47, PART 15, Subpart C
and ISED RSS-Gen & RSS-247.
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3. Equipment Under Test (EUT)

Nom /
Identification

FCC ID:
Model:

Alimentation /
Power supply

Auxiliaires /
Auxiliaries

Entrées-Sorties /
Input / Output

Version programme /
Firmware version

Mode de fonctionnement /
Running mode

Programme de test /
Test program /

Fréquence max interne EST /
Max internal EUT frequency

Information sur I’équipement /
Equipment information

4, Test conditions

Power supply voltage:
Equipment under test:
Auxiliaries:

WIZZILAB /| WM205X

(Trademark / Marketing name or product reference)

FCC ID: 2ARZVWM
HVIN: WM205X

3V DC (RF module via test board)

- Battery pack 3V
- DC power supply GOODWILL PPT3615G

(ALI-101-005)

Sn: 001BC50C70000F88
& 001BC50C70000F93

Cables pour essai / Blindé / Prévu pour >3m /
Cables for test Shielded Intended for >3m
[ 3V DC power input 2 wires, 0.3m No No
N.C

The tested sample is able to:

- Transmit a continuous (100% duty cycle) carrier frequency on low, and high
channels with all modulation schems (LORA and FSK) on lower band (B1) and

higher band (B2)

- Bein normal timing operation mode (hybrid mode) on lower or upper bands with

LORA (SF is taken at 10 as worst case) or FSK modulation

None

25MHz (Except RF frequency)

- Frequency band: 902 to 928MHz (Tx & Rx)

- Operating channel:  Lower band B1: 903.9/904.1 /904.3 / 904.5/904.7 /

904.9/905.1/905.3 MHz

Lower band B2: 906.9 / 907.1 /907.3 /907.5/907.7 /

907.9/908.1/908.3 MHz
- Modulation: MOD1: LORA (125kHz / SF 6 to 10)

MOD?2: FSK (1.8bpsk / 55kbps)

- Rated peak output power: 13dBm
- Channel speacing for hybrid mode: 200kHz

- Antenna #1: 1/4 Wave Antenna with maximum gain -1.3dBi (LINX / ANT-916-

CW-RH)

- Antenna #2: 1/2 Wave Antenna with maximum gain 2.2dBi (LINX / ANT-916-OC-

LG)
- Module powered by 3V DC from test board

3vDC
110V/60Hz (Conducted emission)
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5. Modifications of the EUT

None

6. Special accessory

None

7. Measurement Uncertainty

Test Description

Expanded uncertainty

Conducted emissions test (150k-30MHz, AC mains) + 3.5dB
Radiated emission test (9kHz-30MHz, electric field) +4.0dB
Radiated emission test (30-300MHz, OATS) + 5.6dB
Radiated emission test (300-1000MHz, OATS) + 5.3dB
Radiated emission test (1-40GHz, OATS / FAC) + 5.6dB
Conducted RF output power at antenna port +1.6dB
Radiated RF output power (Peak, Power density) + 5.6dB
DTS Bandwidth, 99% OBW 4%
Temperature +1°C
Time and duty cycle calculation 1%
AC and DC voltage 1%

Note: Expended uncertainty at 95% confidence (k=2)

8. Field Strength Calculation

The field strength (level) is calculated by adding the Antenna Factor and Cable Factor, and subtracting the Amplifier

Gain (if any) from the measured reading. The basic equation is as follow:
FS=RA + AF + CF - AG
Where FS = Field Strength (Level)
RA = Receiver Amplitude (Meter Reading)
AF = Antenna Factor
CF = Cable Factor
AG = Amplifier Gain
Margin value = Emission level — Limit value

Example:

RA: 14.0dBuV / AF: 16.5 dBm-' / CF: 3.5dB / AG: 15dB

- Total factor: 5dBm-!

- Field level: 19.0dBuV/m (-21.0dB for margin if limit is 40dBuV/m)
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9. Conducted Emission Measurement (150kHz-30MHz)

TEST: Limits for conducted disturbance 150kHz — 30MHz Verdict
Method: The LISN is placed 0,8 m from the boundary of the unit under test and bonded to a ground reference

plane. This distance was between the closest points of the AMN and the EUT. All other units of the EUT and

associated equipment were at least 0,8 m from the AMN. All power was connected to the system through Pass

Artificial Mains Network (AMN). Conducted voltage measurements on lines were made at the output of the LISN.

The EUT is 80cm above the ground reference plane and 40cm from the vertical ground plane.
The AC power cable is 1m length.

Laboratory Parameters:

Required prior to the test

During the test

Ambient Temperature

20t0 30 °C

22°C+2

Relative Humidity

2510 70 %

35% 5

Fully configured sample scanned over the

Frequency range on each side of line

Measurement Point

following frequency range 150kHz to 30MHz AC input port (110V)
Limits
Limit dB (pV)
Frequency (MHz) Quasi-Peak Result Average Result
0.15-0.50 66 \ 56 PASS 56 \ 46 PASS
0.50-5 56 PASS 46 PASS
5-30 60 PASS 50 PASS
Supplementary information:
Test location: SMEE
Test date: December 14", 2018. Tested by L. CHAPUS
Power supply voltage: AC mains 110V/60Hz
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date Cal. Due
Attenuator / limiter SMEE ATT#2 ATT-171-010 2018/6 2019/6
Cable RF Div m CAB-101-021 2018/4 2019/4
LISN (50Q / 50uH) (Meas.) AFJ LS16C RSI-101-001 2017/6 2019/6
Measuring receiver Rohde&Schwarz ESRP REC-151-002 2017/5 2019/5
EMC Software NEXIO BAT EMC V3.8 | SOF-101-001 - -
AC power supply PACIFIC POWER AMX-125 ALI-101-002 - -
DC power supply GOODWILL PPT3615G ALI-101-005 - -
Multimeter FLUKE 287 MUL-131-005 201717 2019717
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Test Setup for conducted emission

Test Receiver

]
]|
| Q18

Blm

LISN1

0 Lisng

i

Ground reference plane

Tabulated Results for Mains Terminal Disturbance Voltage on AC port

FREQ Meas. PK | Mes. QP | LIMIT QP |Margin QP | Mes. AV | LIMIT AV | Margin AV Line
(MHz) (dBuVv) (dBuV) (dBuV) (dB) (dBuVv) (dBuVv) (dB)
0.1770 47.0 42.0 64.6 -22.6 411 54.6 -13.5 L1
0.1795 47.5 43.2 64.6 -21.4 42.5 54.6 -12.1 N
RBW: 9kHz
Voltage: 110V/60Hz
Limit: FCC Part 15.209 a) / RSS-Gen: Issue 5, §8.8 Table 4

Final measurement detector:

Quasi-Peak and CISPR Average (AV)

RESULT:

PASS

Measured value calculation:

The measured value (level) is calculated by adding the Cable Factor, the Transient
suppressor attenuation and LISN attenuation from the receiver amplitude reading. The basic
equation is as follow:
Meas. = RA + CF + ATTtran + ATTLisn
Where Meas. = Level (dBpV)

RA = Receiver Amplitude

CF = Cable Factor

ATTrran = Transient suppressor attenuation

ATTsn = LISN attenuation
Margin value = Emission level — Limit value (A negative margin shows compliance to limit)
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Graphical representation of Conducted Disturbance Measurement (Peak and Average detection)
AC port, Line L1
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Graphical representation of Conducted Disturbance Measurement (Peak and Average detection)
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The channel separation is measured with the hopping function enable on the EUT.
Limits: Minimum separation between channels shall be 25kHz or the two-third 20dB bandwidth, whichever is

TEST: Hopping channel measurement (Separation) Verdict
Method: The Equipment under test is connected to the measuring receiver with suitable mean.

The SPAN is adapted to see the frequency band of operation. The spectrum analyzer RBW was 100kHz and

VBW was 100kHz. Pass

greater.
Laboratory Parameters: Required prior to the test During the test
Ambient Temperature 20to 30 °C 22°C+2
Relative Humidity 251070 % 35% +5
Supplementary information:
Test location: SMEE.
Test date: December 13", 2018. Tested by L. CHAPUS
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Attenuator Mini-Circuit BW-N10W5+ ATT-171-008 2018/4 2019/4
Spectrum analyzer Rohde&Schwarz FSV40 ASP-171-004 2017/5 2019/5

Test Setup for conducted antenna port measurement

C] Spectrum
Analyzer

Device under test

Attenuator

¢ DC power 3V
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Tabulated Results for Hopping Channel Separation (Hybrid mode)
Channel frequency | Adiacentchannel |40 b dwidth Minimum limit Result
separation
(MHz) (kHz) (kHz) (kHz)

903.9 / LORA-B1 138.00 92.000 PASS
905.3 / LORA-B1 200.0 138.00 92.000 PASS
906.9 / LORA-B2 137.75 91.833 PASS
908.3 / LORA-B2 137.70 91.800 PASS
903.9 / FSK-B1 178.85 119.233 PASS
905.3 / FSK-B1 199.3 178.85 119.233 PASS
906.9 / FSK-B2 179.05 119.367 PASS
908.3 / FSK-B2 178.20 118.800 PASS
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Graphical representation of 20dB Bandwidth & Hopping channel separation LORA/B1
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Graphical representation of 20dB Bandwidth & Hopping channel separation LORA/B2
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Graphical representation of 20dB Bandwidth & Hopping channel separation
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Graphical representation of 20dB Bandwidth & Hopping channel separation FSK/B2

High channel

Spectrum 2 @ | =
Ref Level 26.00 dim  Offset 10.00 db & RBW 6.25 kHz
Att 35de  SWT 10ms & VBW 20 kHz Mode Sweep
@ 1Pk Max
Da[1] ~0.05 dB
20 dBm: 179.0500 kHz
M1 Mi[1] 12.44 dBm)|
5 906.8509250 MHz|
/I /J \
4
10d =
.20 d M '\‘w\ Spectrum2 @ 7
J‘/w “’\\ Ref Level 26.00 dém  Offset 10,00 d& & RBW 6.25 kHz
-30 d v T Att 35 dE SWT 10ms @ VBW _10kHz Mode Sweep
/ ¥k (@ 1Pk Marx
40 d A D2[1] -0.96 d8)|
- "‘v\w 20 dBm i [;uu 2800 kHz|
'fQ'n’-’ﬂ' /\ j\ m[fq o 17.49 dBm)|
907.5%11400 MHz|
CF 906.9 MHz 10000 pts Span 500.0 kiz 10 dB \‘- s al k \‘ o A
Marker ]
Type | Ref | Trc | X-valus | ¥-value | Function | Function Result | R J[\w‘w‘ \'\ ,f' \"V‘v-'\ L] \\ {J e Sy
WL 1 306,850925 Mz 12,44 dbm o 7 X
pe| M1 1 -30.85 kHz | -20.35 dB \'\"Pf S
b3l p2| 1 179.05 kHz -0.05 d8 0
Low channel
Spectrum2z @ = e
Ref Level 26.00 dim  Offset 10.00 dB @ RBW 6.25 kHz
At 35 ds SWT 10 1S & VBW 20 kHz  Mode Sweep -30 dB
@ 1Pk Max
Daf1] -0.03 dB)|
20 dém: 178.2000 kHz ~40 dBi
M1 mi[1] 12.37 dBm)|
908.2506750 MH.
10d !‘ —7 AR 50dB
/ \"\ \ CF 007.6 MHz 10000 pts Span 400.0 kHz
0.ds Fd \ v
~ \“‘V\J\ larker
:}[ r\ Type | Ref | Trc | X-value | v-value | Function | Function Result |
104 s [ w1 [ 1] 007.55114 MHz 17.49 dém |
/ \ pz[ ™M1 1 199.28 kHz -0.96 dB
20 d i
_/‘/w u,\\ Channel separation
=30 d ’\._/ \J\
40 d f/
J/J" \r\rum
W ~*""\\N\r\u
CF 508.3 MHz 10000 pts Span 500.0 kiz
Marker
Type | Ref | Trc | X-valus | Y-valug | _Function | Function Result |
WL 1 308.250675 MHz | 12.37 dbm |
D2| Ml 1 -30.15 kHz -20.02 d&
b3l p2| 1 178.2 kHz -0.03 d8
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11. Number of hopping channels

Rapport d’essai / Test Report
N°: 12522-FCC-IC-1

TEST: Number of hopping channels

Verdict

VBW was 100kHz.

The EUT has its hopping function enable.
Limits: At least 15 channels frequencies shall be used and equally spaced, in the band 2400-2483MHz.

Method: The Equipment under test is connected to the measuring receiver with suitable mean.
The SPAN is adapted to see the frequency band of operation. The spectrum analyzer RBW was 10kHz and

Pass

Laboratory Parameters:

Required prior to the test

During the test

Ambient Temperature 20to 30 °C 22°C+2
Relative Humidity 251070 % 35% +5
Supplementary information:
Test location: SMEE.
Test date: December 13", 2018. Tested by L. CHAPUS
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Attenuator Mini-Circuit BW-N10W5+ ATT-171-008 2018/4 2019/4
Spectrum analyzer Rohde&Schwarz FSV40 ASP-171-004 2017/5 2019/5

Test Setup for conducted antenna port measurement

C] Spectrum
Analyzer

Device under test

Attenuator

¢ DC power 3V

Page 16/ 59




SMee

N° : 12522-FCC-IC-1

Rapport d’essai / Test Report

Tabulated Results for Number of Hopping Channel
Number of channels Minimum number of channels Result
8 - PASS
Graphical representation for Number of Hopping Channel
Spectrum2 @ @] m Spectrum2 @) @]
Ref Lavel 26.00 dBm Offset 10.00 d8 & RBW 30 kHz Ref Lavel 26.00 dBm Offset 10.00 d8 & RBW 30 kHz
Att 35 dB SWT 10 ms & VBW 10 kHz Mode Sweeap Att 35 dB. SWT 10 ms & VBW 10 kHz Mode Sweep
@ 1Pk Max (@ 1Pk Max
M1[1] -31.81 dBm mM1[1] 392.02 dBm)|
— — —, — [l Al
oant— NN MW \'/ \ - VA A/ I \
R | f ] |
od 0
10 d 10 dii
20 ( 20 dB (
o Il U[ leﬂ neq) : m -
i Il
40 d 'JL( m
S0 -S0
CF 904.6 MHz 10000 pts Spun 2.0 MHz CF 907.6 MHz 10000 pts Sunn 2.0 MHz
Markar ] Marker
Type | Ref | Trc | %-value 1 Y-valug |__Function__| Function Result | Type | Ref | Trc | X-value | Y-valug | Function | Function Result |
Mi i 905.6 MHz -31.81 dBm M1 1 906.6 MHz -32.02 dém
LORA /B1 LORA /B2
Spectrum2 @ f%] u Spectrum2 @ [%]
Ref Level 26.00 dBm Offset 10.00 d& & RBW 30 kHz Ref Level 26.00 dBm Offset 10.00 d& & RBW 30 kHz
Att 35dE  SWT 10 ms & VBW 10 kHz Mode Sweep Att 35dE  SWT 10 ms & VBW 10 kHz Mode Sweep
@ 1Pk Mz @ 1Pk Mz
mi[1] 33,40 dBm)| mi[1] 33.31 dBm)|
20 dbm—f———————— | I 903.600000 MHZ FIey T — — . 906.600000 MHz|
N AR A\ N i N / AL AN AN
- INAIRAINAIRAIRAINAINIAA - INAIRAINAIRAIRAINAIMAIN
VTV VY Vv ViV FV TV ViV VIV vV
odi odi
A A \ A A
10 di \‘ -10 dBr
/ \ / \
-20 dbi \ -20 dBi
7 : / \
30 o 1“ 30 ']r
. M v
S0 -S0
CF 904.6 MHz 10000 pts Span 2.0 MHz CF 907.6 MHz 10000 pts Span 2.0 MHz
M'ra;:r\ Ref | Tre | X-walue | Y-value | Function | Function Result | M'ra;:r\ Ref | Tre | X-walue | Y-value | Function | Function Result |
M1 1 903.6 MHz ~33.40 dém M1 1 906.6 MHz -33.31 dém
FSK/B1 FSK/B1
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N° : 12522-FCC-IC-1

M=e=

12. Average Time of occupancy

Limits: 400ms of transmission by channel on a period 3.2s. (8 channels used)

TEST: Time of occupancy Verdict
Method: The Equipment under test is connected to the measuring receiver with suitable mean.
The spectrum analyser is set to zero-span. The EUT has its hopping function enable. Pass

Laboratory Parameters: Required prior to the test During the test
Ambient Temperature 20t0 30 °C 22°C+2
Relative Humidity 251070 % 35% 5
Supplementary information:
Test location: SMEE.
Test date: December 13", 2018. Tested by L. CHAPUS
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Attenuator Mini-Circuit BW-N10W5+ ATT-171-008 2018/4 2019/4
Spectrum analyzer Rohde&Schwarz FSV40 ASP-171-004 2017/5 2019/5

Test Setup for conducted antenna port measurement

C] Spectrum
Analyzer

Device under test

Attenuator

¢ DC power 3V
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Rapport d’essai / Test Report
N°: 12522-FCC-IC-1

Tabulated Results for Dwell time

Number of pulses

Modulation | o '3 55 period (1)

Length of 1
pulse
(ms)

Average Time
of occupancy
(ms)

Limit (ms)

Result

LORA 1

346.01 346.01

400ms

PASS

FSK 6

66.00 396.00

400ms

PASS

Additional information:
(1): Period of 3.2s (0.4s x 8 channels)

Graphical representation for dwell time (LORA B1 & B2)

Spectrum 2z @

) | (E— e o)

Ref Level 24.00 dem Offset 10,00 d8 & RBW 30 kHz

@

RefLevel 24.00 dBm  Offset 10,00 dB @ RBW 30 kHz
fo att 30 dB w SWT S00ms  VBW 300 kHz | ALt 30 dB = SWT 325  VBW 300 kHz
SGL TRG:VID SGL TRG:VID
(@ 1Pk Cirw (@ 1Pk Cirw
| p2(1] 0.18 dp) D2[1] 18.64 dB)
0;ck 945.3739 ms 345,3739 ms
Mif1 9.32 dBm M1[1] -26.49 dBm)
| I 1 At | I
I W LA rnl‘n] 0l
! LI }
gy J-. Il Il
ST I !
G -10.000 d&rm H 00 cBr
20 w r ‘
30
I
| L i
r 40
I 50 dBm—i
80 dBm—{ i |
[ 1] " |
CF 904.7 MH. 32000 pt 0. 5 ;
F 904.7 MHz 2000 pts 50.0 ms/ CF 904.7 MHz 52000 pts 320.0 ms/
Spectrum 2 @ 2 Spectrum 2z (@ e
RefLevel 24.00 dém  Offset 10,00 d8 @ RBW 30 kHz RefLevel 24.00 dém  Offset 10,00 d8 & RBW 30 kHz
o At 3008 @ SWT  500ms  VBW 300 kHz o Att 30 dB @ SWT 32s  VBW 300 kHz
TRG:VID TRG:VID
(@ 1Pk Clrw (@ 1Pk Cirw
| I D2[1] 43.15 dB D2[1] 9.02 dB
e 946.0083 ms 346.0083 ms
| 1§ 9.30 dB Mi1[1 -25.02 de:
10 A N L (AR “W\ 0.0000000 3 =t 0.0000000 %
mH ; il
[ LN J T 11| | |
0ds I IR |
S IITITOA I | i
G -10.000 Hr |
-20 r ‘
-30 ¢
I 1 I |
.40 40
i S0 d
il
T ‘| T || 60 dBm—{
Thpen -70d
CF 907.7 MHZ 32000 pts 50.0 ms/ CF 907.7 MHz 32000 pts 320.0 ms/
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Rapport d’essai / Test Report
N°: 12522-FCC-IC-1

Graphical representation for dwell time (FSK B1 & B2)

BELR: i

20 dBm—

-30 dBm

o Spectrum2 @ s
Ref Level 24.00 d8m  Offset 10.00 d&8 & RBW 30 kHz Ref Level 24.00 dBm  Offset 10.00 B & RBW 30 kHz
o Att VBW 300 kHz e At 30 d8 @ SWT 325 VBW 300 kHz
SGL TRG:VID SGL TRG:VID
(@ 1Pk Clrw [@ 1Pk Cirw
D2[1] -1.03 dB| M1[1] 7.03 dBm)|
m 20 48
i 65.80268 ms 47.9586 ms
M1[1] -13.24 dBm
10 dy 0.00000000 s 10
|
0 dem o I —
|
-10-dbm - TRG ‘|-I|;n. 00 dBm ‘"
20 dB 2 d
30 df | 30 dism —
40 40 |
| I '| T M)
l |
| d
| I'"T ‘
(- T 1 dhin Tl 1 |
| ! [
uls il
- -70 dB
H T T
A
CF 904.7 MHz 32000 pts 20.0ms/ GF 904.7 MHz 32000 pts 320.0 ms/
2 Spectrum2z @ =
RefLevel 24.00 dom  Offset 10,00 d2 & RBW 30 kHz Ref Level 24.00 dBm  Offset 10.00 6B & RBW 30 kHz
o At VBW 300 kHz o At 3008 @ SWT 3.25  VBW 300 kHz
SGL TRG:VID TRG:VID
(@1Fk Cirw [@ 1Pk Cirw
S0 p2[1] -12.52 da| & D2[1] -55.90 dB
65.95269 ms| o 345.3739 ms|
Mi[1] -12.00 dBm M1[1] 5.43 dBm)
10 dii 0.00000000 s 110 dB 0.0000000 5
0 dem

=

RG -10,000 dBm i 1 i

-40 dl

CF 907.7 MHz

32000 pts

T | T

=70 dBm

CF 907.7 MHz 32000 pts 320.0 ms/
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13.  Fundamental emission output power

N° : 12522-FCC-IC-1

Rapport d’essai / Test Report

TEST: Maximum conducted output power Verdict
Method: The setup is in an anechoic chamber. The spectrum analyzer is connected to the antenna port
of the device under test. A conducted measurement is performed. Pass
The tested equipment is set to transmit operation with modulation on low and high channels.
Laboratory Parameters: Required prior to the test During the test
Ambient Temperature 10t0 40 °C 22°C+2
Relative Humidity 10 t0 90 % 35% 5
Limits — FCC Part 15.247 (b) / RSS-247 §5.4
Limits
Frequency (MHz
4 ) Level Results
906.9 to 908.3 (LORA / FSK) 36 dBm (Radiated, EIRP) Pass
Supplementary information:
Test location: SMEE.
Test date: December 13", 2018. Tested by L. CHAPUS
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Attenuator Mini-Circuit BW-N10W5+ ATT-171-008 2018/4 2019/4
Measuring receiver Rohde&Schwarz ESRP REC-151-003 2017/5 2019/5

Test Setup for conducted antenna port measurement

C] Spectrum
Analyzer

Device under test

Attenuator

¢ DC power 3V
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N° : 12522-FCC-IC-1

Rapport d’essai / Test Report

Tabulated Results for Maximum (Average) output power (Conducted)
FREQ xizsu“c't‘:% Duty cycle Maximum Limit
(MHz) power factor output power 5 Result
(dBm) (dB) (dBm) (dBm)
903.9 / LORA-B1 13.1 NA 13.1 30.0 Pass
905.3 / LORA-B1 13.1 NA 131 30.0 Pass
906.9 / LORA-B2 13.1 NA 13.1 30.0 Pass
908.3 / LORA-B2 13.1 NA 131 30.0 Pass
903.9 / FSK-B1 13.0 NA 13.0 30.0 Pass
905.3 / FSK-B1 13.2 NA 13.2 30.0 Pass
906.9 / FSK-B2 13.1 NA 13.1 30.0 Pass
908.3 / FSK-B2 13.2 NA 13.2 30.0 Pass
RESULT: PASS
Note: - Method used is AVGSA-1
- Duty cycle factor is 10*log (1/x) where x is the duty cycle
Tabulated Results for Maximum (Average) output power (Radiated)
Maximum Max Antenna Maximum
FREQ output power Gain output power Limit Result
(MHz) Conducted (dBi) Radiated (dBm)
(dBm) (dBm)
903.9 / LORA-B1 13.1 2.2 15.3 36.0 Pass
905.3 / LORA-B1 13.1 2.2 15.3 36.0 Pass
906.9 / LORA-B2 13.1 2.2 15.3 36.0 Pass
908.3 / LORA-B2 13.1 2.2 15.3 36.0 Pass
903.9 / FSK-B1 13.0 2.2 15.2 36.0 Pass
905.3 / FSK-B1 13.2 2.2 15.4 36.0 Pass
906.9 / FSK-B2 13.1 2.2 15.3 36.0 Pass
908.3 / FSK-B2 13.2 2.2 15.4 36.0 Pass
RESULT: |PASS
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N° : 12522-FCC-IC-1

Graphical representation of Conducted output power

Ref Lavel 18.30 dBm

(X)| Spectrum 2 @]

(=)

Offset 10.00 d8 @ RBW 6.25 kHz

Ref Leval 18.30 dBm

(x}| Spectrum 2 @]

Offset 10.00 d8 w RBW 6.25 kHz

CF 903.9 MHz

500 Es

o att 308 SWT  1.6ms @ VBW 20kdz Mode Sweep  Input AC o Att 30de SWT  16ms e VBW Z20kHz Mode Sweep Input AC
SGL Count 100/100 Ps SGL Count 100/100 s
(©1rm Avgrwr [0 1Rm AvgPwr
10 derm 10 dB
0 db 0di
10 d -10 dBm
-20 dBm -20 dB
-30 dBm -30 dBm
- -40 dB
50 dBm—r— u
-0d
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Channel Povier
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Power Max Hold
Power 13.12 dBm

Tx Total 13.12 dBm

CF 905.3 MHz

500 pts

Span 268.0 kHz

Channel Power

Bandwidth 131.70 kHz

Power Max Hold
Power 13.09 dBm

Tx Total 13.09 dBm

903.9/LORA

905.3/ LORA

Ref Lavel 18.30 dBm

(X)| Spectrum 2 E)]

=

Offset 10.00 d8 @ RBW 6.25 kHz

Ref Level 18.30 dBm

() spectrum 2 @]

=]

Offset 10.00 d8 & RBW 6.25 kHz

EEan 268.0 kHz

Channel Povier

Bandwidth 131.70 kHz

Power Max Hold
Power 13.06 dBm

Tx Total 13.06 dBm

o att 30de SWT  16ms @ VBW 20kHz Mode Sweep Input AC o At 30ds SWT  16ms @ VBW 20kHz Mode Sweep Input AC
S6L Count 100/100 PS SGL Count 100/100 )
[0 1Rm Avgrwr [O1Rm Avgewr
10 derm 10 dB
0B 04
10 d -10 dBm
20 dBm 20 dB
-30 dBm =30 dl
<a0d = -40 des
-50 dBm- S0d
-60 dam -60 dim
-70 de; -70 dem
CF 906.0 MHz 500 pts CF 908.3 MHz 500 pts

Span 268.0 kHz

Channel Power

Bandwidth 131.70 kHz

Power Max Hold

Power 13.08 dBm

Tx Total 13.08 dBm

906.9/ LORA

908.3/ LORA
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N° : 12522-FCC-IC-1

Graphical representation of Conducted output power

Spectrum 2 @] = (x}] Spectrum 2 ®] =
RefLevel 18.30 dBm Offset 10.00 dB @ RBW 6.25 kHz Ref Level 1830 dém  Offset 10.00 d8 & RBW 6.25 kHz
o Att 0de SWT 1.6ms @ VBW 20kHz Mode Sweep Input AC o Att a0 de  SWT 16ms @ VBW 20kHz Mode Sweep Input AC
SGL Count 1007100 PS SGL Count 100,100 P
[0 1Rm AvgPur [01Rm AvgPwr
10 d8 10 dem-
0 di 0 d
-10 dem -10d
20 de; -20 dem
30 d 30 db
40 d8 40 dBm
-s0 50 dB
-60 dim -60 d
-70 dam 70 dBm
CF 903.9 MHz 500 pts Span 349.0 kHz GF 905.3 MHz 500 pts Span 349.0 kHz
Channel Povier Power Max Hold Channel Power

Bandwidth 171.50 kHz

Power 13.03 dBm Tx Total 13.03 dBm
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Power Max Hold
Power 13.15dBm

Tx Total 13.15 dBm

903.9/ FSK

905.3 / FSK

)| spectrum 2 E)]
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) Spectrum 2
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Bandwidth 171,50 kHz

Power 13,06 dBm Tx Total 13.06 dBm
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Power 13.15 dBm

Ref Level 18.30 dém  Offset 10.00 dé & RBW 626 kHz Ref Level 18.30 dém  Offset 10.00 dB & RBW 6.25 kHz

o att 30de SWT 16ms @ VBW 20kHz Mode Sweep Input AC o att 3a0de SWT 16 ms @ VBW 20kHz Mode Sweep Input AC

SGL Count 100/100 ps SGL Count 100/100 ps

0 1rm AygPwr jo18m AvgPwr

10de 10 de

0 0d

-10 de -10 dBm

20 d -20 de

a0 d -and

~40 de ~40 i

50 50
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Tx Total 13.15 dBm

906.9 / FSK

908.3 / FSK
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=
14. Maximum Power Spectral Density Level in the fundamental emission
TEST: Maximum Peak Power Spectral Density Verdict
Method: A radiated measurement is performed.
The SPAN is wide enough to capture all products of the modulation process.
Radiated field strength of RF Output Power is measured at 3m in a Full Anechoic Chamber (FAC) that
complies with ANSI C63.10.
Maximum field strength is performed by rotating the EUT 360°. All frequencies were investigated in both Pass

horizontal and vertical antenna polarity.

with a 60° rotation on each axis. (Clause 6.6.5 of ANSI C63.10).
The tested equipment is set to transmit operation with modulation on low, mid and high channels.

Three orthogonal axis measurements on EUT are performed to obtain the maximum peak field strength,

Laboratory Parameters: Required prior to the test During the test
Ambient Temperature 20to 30 °C 22°C+2
Relative Humidity 25t070 % 35% +5
Limits — FCC Part 15.247 (e) / RSS-247 §5.2 (b)
Frequency (MHz) Level (Detector) Limit
2441.75 8 dBm/3kHz (Pk) Pass
Supplementary information:
Test location: SMEE.
Test date: December 13", 2018. Tested by L. CHAPUS
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Attenuator Mini-Circuit BW-N10W5+ ATT-171-008 2018/4 2019/4
Measuring receiver Rohde&Schwarz ESRP REC-151-003 2017/5 2019/5

Test Setup for conducted antenna port measurement

Spectrum
Analyzer

[

<.__
DC power 3V
Device under test P

Attenuator
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N° : 12522-FCC-IC-1

Tabulated Results for Maximum Conducted Power Spectral Density
Frequency PSD -

(MHz) (dBm/3kHz) Limit Result
903.9 / LORA-B1 -0.3 8dBm/3kHz Pass
905.3 / LORA-B1 -0.2 8dBm/3kHz Pass
906.9 / LORA-B2 -0.3 8dBm/3kHz Pass
908.3 / LORA-B2 -0.6 8dBm/3kHz Pass

903.9 / FSK-B1 3.6 8dBm/3kHz Pass

905.3 / FSK-B1 4.0 8dBm/3kHz Pass

906.9 / FSK-B2 3.6 8dBm/3kHz Pass

908.3 / FSK-B2 3.9 8dBm/3kHz Pass
RBW: 3kHz

Limit: FCC Part 15.247 | RSS-247
RESULT: PASS
Note: Method used is AVGPSD-1
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N°: 12522-FCC-IC-1

Graphical representation for Maximum Power Spectral Density

Spectrum 2

5

= Spectrum2 @) =
Ref Lavel 18.30 dBm  Offset 10.00 d8 & RBW 3 kHz Ref Level 18.30 dém  Offset 10.00 d& & RBW 3 kHz
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906.875100 MHz| 908.333900 MHZ|
10 dgm 10 d&
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Limit:

FCC Part 15.247 /| RSS-247

RESULT:

PASS
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Spectrum 2

®|
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Spectrum 2 ®] =5
Ref Level 18.30 dBm  Offset 10.00 dB & RBW 3 kHz Ref Level 18.30 dém  Offset 10.00 d& & RBW 3 kHz
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N° : 12522-FCC-IC-1
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15. Unwanted Spurious Emissions (Conducted emissions)

TEST: Conducted Spurious emissions

Verdict

Method: The setup is in an anechoic chamber. The spectrum analyzer is connected to the antenna port of
the device under test. A conducted measurement is performed.
The tested equipment is set to transmit operation with modulation on low, mid and high channels.

Pass

Laboratory Parameters:

Required prior to the test

During the test

Ambient Temperature

20t0 30 °C

22°C+2

Relative Humidity

2510 70 %

35% 5

Fully configured sample scanned
over the following frequency range

Frequency range on each side of line

Measurement Point

30MHz - 10GHz

Antenna port

Limits — FCC Part 15.247 (d) / RSS-247 § 5.5

Limits (dBuV/m)

Frequency (MHz) Detector / Limit Results
Analyser RBW
30 to 10000 Pk / 100kHz 30dB below the Pass
maximum Peak level
Supplementary information:
Test location: SMEE.
Test date: December 14™, 2018. Tested by L. CHAPUS
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Attenuator Mini-Circuit BW-N10W5+ ATT-171-008 2018/4 2019/4
Spectrum analyzer Rohde&Schwarz FSV40 ASP-171-004 2017/5 2019/5

Test Setup for conducted antenna port measurement

]

Spectrum
Analyzer

—

—1

Device under test

f

Attenuator

‘ DC power 3V
<_.
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Rapport d’essai / Test Report
N°: 12522-FCC-IC-1

Graphical representation of Conducted Spurious emissions (LORA mode / Low and High channels,B1)
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Frequency band investigated: 30MHz-10GHz
Unit : dBm
RBW : 100kHz (Frequency step 50kHz)
Measurement detector: Peak
Limit: -17.3dBm
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N°: 12522-FCC-IC-1

SMee

Graphical representation of Conducted Spurious emissions (LORA mode / Low and High channels,B2)
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Frequency band investigated: 30MHz-10GHz

Unit : dBm

RBW : 100kHz (Frequency step 50kHz)

Measurement detector: Peak

Limit: -17.4dBm
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N°: 12522-FCC-IC-1

Graphical representation of Conducted Spurious emissions (FSK mode / Low and High channels,B1)
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Frequency band investigated:

30MHz-10GHz

Unit :

dBm

RBW :

100kHz (Frequency step 50kHz)

Measurement detector:

Peak

Limit:

-17.3dBm
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N°: 12522-FCC-IC-1

SMee

Graphical representation of Conducted Spurious emissions (FSK mode / Low and High channels,B2)
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Frequency band investigated: 30MHz-10GHz

Unit : dBm

RBW : 100kHz (Frequency step 50kHz)

Measurement detector: Peak

Limit: -17.4dBm
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N°: 12522-FCC-IC-1

Graphical representation of Band-edge compliance (LOW)
LORA / Hopping Disable LORA / Hopping Enabled
Spectrum ] [uvn J Spectrum u%:'
Ref Level 20.00 dém  Offset 10.00 0B = RBW 100 kHz Ref Lovel 20.00 dBm  Offset 7.00 db = RBW 100 bz
o Att S0dB SWT  32ms @ VBW 300 kdz Mode Sweep att 60d8 SWT  32ms @ VBW 300kHz Mode Sweep
PA Pa
@17k Max@ZAP Cirw @ 1Pk Max@24AP Cirw
CETEV R 12.93 dbm| mz[1] 36.54 dbm
4 903.841410 MH2| YTy 902.000000 MHz|
10dBm M2[1] -44.57 dBm 1 M1[1] ["_\ 12.51 dBm|
902.000000 MHz 903.851410 MHz|
0dB L 0 dbr f
-10 dBm ly -10 d ’J |\
50 dom—{ L -17.300,dBm 5 Jer—[oL 17300 dem ;
<30 dBm 30 db + f !
i G il ‘l k
IL W 1L i ai 4 04 . —H u i !
1 o 1 | \ ] ™ IR ;-;, ! | I T "
I ]
CF 502.0 MHz 32000 pts Span 10.0 MHz | CF902.0 Mz 32000 pts Span 10.0 MHz
Marker marker
Type | Ref | Trc | X-value | v-value |__Function | Function Result | Type | Ref | Trc | H-value | ¥-value | Function | Function Result |
M1 1 503.84141 MHz 12.53 dBm [uh8 - 903.85141 MHz 12.51 dém
M2 5 S T M2 1 902.0 MHz -36.54 dBm
FSK / Hopping Disable FSK / Hopping Enabled
Spectrum [‘m J Spectrum ] @W
Ref Level 20.00 dém  Offset 10.00 db @ RBW 100 Wiz Ref Level 20.00 dBm  Offset 7.00 d5 @ RBW 100 knz
o At S0dB SWT  32ms @ VBW 300kHz Mode Swesp At s0ds SWT  32ms @ VBW 300kHz Moda Sweep
Bh Pa
@ 1Pk Max@2aP Clrw @10k Max@24P Clrw
M1[1] M1 12.72 dBm m2[1] M1 35.99 dBm
o 903.850470 MHz| B Flvmﬁ-‘v—v'v'—\.;-\ 902.000000 MHz,
10dBm M2[1] 10,49 dBm| 10 dem Mg W\ 12.53 dBm)
902.000000 MHZ2| 1903.851410 MHz|
ek 0 den
| |
-10 dém -10 dBs ] L\
20 dém 7 gEr—l0L -17.300 dém I 1
-30 dBm 30 der .
L 1 fi y
L ' | | | 1 |l | 1111
1 Al dpm——H-—H—1 T U =
! | F1 | I I | ri_ | ‘
CF 902.0 MHz 32000 pts Span 10.0 MHz | CFarzomit aman pis Spah 10.0 Mz
Marker Marker
Type | Ref | Tre | X-value | ¥-value | Function | Function Result | Type | Ref | Trc | X-value | v-vale | Function | Function Result |
- > LR T ML 1 903.85141 MHz 12.53 dém
W 7 ERRTING T M2 1 002.0 MHz -35.99 dam
Unit : dBm
RBW : 100kHz
Measurement detector: Peak
Limit: -17.4dBm
Note: F1is 902MHz
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N°: 12522-FCC-IC-1

Report

Graphical representation of Band-edge compliance (High)

LORA / Hopping Disable

LORA / Hopping Enabled

Spectrum ]

[l:m

|

Ref Level 20.00 d&ém

Offset 10.00 dB & RBW 100 kHz

Spectrum

=

Ref Level 20.00 d8m  Offset 7.00 d8 & RBW 100 kHz

o Att S0 dB  SWT 32 ms & VBW 300 kHz Mode Sweep Att 60 d2  SWT 32ms & VBW 300 kHz Mode Swesp
PA Pa
@ 1Pk Max@2ZAP Clrw @17k Max@24apP Clrw
W1 ™M1[1] 12.79 dBm A mM2[1] 12.39 dBm
908.24920 MHz § 906.84770 MHz
10 dem Ma[1] 43.48 dBm 10 dem M1[1] -36,17 d8m|
903.00000 MHZ| 903.90700 MHz|
0 der 0 dbm |
-10 gBm i | I
01 — D1 -17.300 dBnr
-20 dBm—}+— 20 du-.‘i
-30 dBm 3P dBm T
40 dBy
L I
il Al il il
i 7! J% i il - ! = T k l\| H-
i ! 0 [T
GF 928.0 MHz 32000 pts Span 50.0 MHz GF 928.0 MHz 32000 pts Span 50.0 MHz
arker (Marker ] ]
Type | Ref | Tre | X-value | v-value | Function | Function Result | Type | Ref | Tre | X:value [__¥udlia [ Fanction | EiffstinT Boult I
M1 T 308.2452 MHz 12.79 dBm Lites 3 903,907 MHz ~36.17 dom
M2 1 903.0 MHz -43.43 dBm LS L 2063471 MH2 12.39 dénm
Spectrum [uvn J Spectrum “%’
Ref Level 20.00 dém  Offset 10.00 0B @ RBW 100 kHz RefLevel 20.00 dem  Offset 7.00 d8 @ RBW 100 kHz
o att Sode SWT 2 ms @ VBW 300 kHz Mode Sweep Att s0ds SWT  32ms @ VBW 300kHz Mode Sweep
Bh Pa
@ 1Pk Ma<@2aP Clrw @ 1Pk Max@2aP Clrw
b M1[1] 12.80 dBm M1 mM2[1] 36.92 dBm
908.24920 MHz| 528.00000 MHz
a0 B m2[1] 12.83 dBm ! ™M1[1] 12.52 dBm)|
903.00000 MHZz| 903.90700 MHz|
0 dr
-10 dBm n
i e D1 -17.300 dar
-20 dém — oLtli mn
30 dam 80 dfm
40 dBm-
Il d | I | 'Y | f
| ‘ i} | - - I
I T i : | i T M i ‘ |
£1 | I [ F1
il 1 il
CF 928.0 MHz 32000 pts Span 50.0 MHz | CF 928 0 Mite S2000 pts Span 50.0 MHz
Marker Marker . .
Type | Ref | Tre | X-value | v-volue | Function | Function Result | Type | Ref | Tre | X value |__¥-value | Function | Euriction Resul |
M1 1 508.2432 MHz 12.80 dBm Lo L1 S03.902 kbl 12.52 dém
M2 i 03,0 MHz TA2.85 dBm Mz 1 928.0 MHz -36.92 dBm

Unit :

dBm

RBW :

100kHz

Measurement detector:

Peak

Limit:

-17.4dBm

Note:

F1is 902MHz
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Rapport d’essai / Test Report

Unwanted emissions in Non-Restricted Frequency bands (Radiated emissions)

TEST: Unwanted emissions in Non-Restricted Frequency Bands

Verdict

polarities.

under test.

Method: Measurements were performed on a 3-meter Open Area Test Site (OATS) for frequency below
1GHz. The EUT was rotated 360° about its azimuth with the receive antenna located at various heights in
horizontal and vertical polarities. Final measurements (Peak) were then performed by rotating the EUT on
360° and adjusting the receive antenna height from 1 to 4 m
For frequency above 1GHz, final measurements were made at 3m in a Full Anechoic Chamber (FAC) that
complies with ANSI C63.10. Measurements were performed at an antenna to EUT separation distance of 3
meter. The EUT was rotated 360° about its azimuth with the receive antenna in horizontal and vertical

Three orthogonal axis measurements on EUT are performed to obtain the maximum peak field strength, with
60° rotation on each axis. (Clause 6.6.5 of ANSI C63.10).
A pre-scan frequency identification of the EUT has been performed in full anechoic chamber. The measured
radiated field of the EUT is performed (or corrected) at 3-meters of distance. Antenna is 1.25-meters high.

The pre-characterization graphs are obtained in PEAK detection with 360° continuous rotation of the device

Pass

Laboratory Parameters:

Required prior to the test

During the test

Ambient Temperature

20t0 30 °C

22°C+2

Relative Humidity

251070 %

35% £ 5

Fully configured sample scanned
over the following frequency range

Frequency range on each side of line

Measurement Point

30MHz — 10GHz

3 m measurement distance

Limits — FCC Part 15.247 (d) / RSS-247 § 5.5

Limits (dBuV/m)

Frequency (MHz) Detector / Limit Results
Analyser RBW
30 to 10000 Pk/100kHz |  SodBbelowine Pass
Supplementary information:
Test location: SMEE.
Test date: December 14™, 2018. Tested by L. CHAPUS
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Log-periodic antenna TDK PLP3003 ANT-101-001 2017/5 2019/5
Biconnic antenna COM-POWER AB- 900 ANT-101-003 2017/5 2019/5
BiConiLog antenna EMCO 3142B ANT-101-010 201717 2019/7
Horn antenna ETS-LINDGREN 3115 ANT-141-013 | 2018/10 2021/10
Spectrum analyzer Rohde&Schwarz FSV40 ASP-171-004 2017/5 2019/5
RF cable Div OATS/25m CAB-101-017 2018/4 2019/4
RF cable Pasternack RF PE302-120 CAB-131-024 2018/4 2019/4
RF cable HUBER+SUHNER RG214U CAB-141-026 2018/4 2019/4
RF cable HUBER+SUHNER RG214U CAB-141-029 2018/4 2019/4
RF cable HUBER+SUHNER SF104 CAB-141-030 2018/4 2019/4
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N° : 12522-FCC-IC-1
SMee
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Anechoic chamber COMTEST 214263 CAG-141-001 2017/6 2020/6
Antenna mast Innco- Systems MA4000EP MAT-101-001 - -
Turntable Innco- Systems DS1200S PLA-101-001 - -
Turntable Innco- Systems CT0800 PLA-141-001
Pre-amplifier Pasternack RF 1524 PRE-101-002 2018/4 2019/4
Measuring receiver Rohde&Schwarz ESRP REC-151-003 2017/5 2019/5
OATS Div 10m SIT-101-001 2017/7 2020/7
EMC Software NEXIO BAT EMC V3.8 SOF-101-001 - -

Test Setup for radiated emission

EUT

== 3or10m '--
v

4m

Tum
Table A LA

AY

|

[=———]

Antenna Tower

—

Search

RF Test
Receiver

b i E—;_ ;i \\_

Antenna

AN

4

Ground Plane

’ P [ ]
SIS S S SIS S

Test setup for 30-1000MHz

EUT

eesed 3M <..§......... | — Horn Antenna
/ Spectrum
Analyzer
M\
: e
w | N |
Turn 1.5m \
Table
¢ ' . B Amplifier Dgg
AAAAAA I ] -

Test setup for 1-10GHz

Page 37 /59




Rapport d’essai / Test Report
N°: 12522-FCC-IC-1

Tabulated Results for Peak Output Radiated level (Antenna #1)
FREQ Field Strength 3m
(MHz) (dBuV/m)
903.9 / LORA-B1 111.0
905.3 / LORA-B1 111.0
906.9 / LORA-B2 111.4
908.3 / LORA-B2 111.4
903.9 / FSK-B1 111.0
905.3 / FSK-B1 111.0
906.9 / FSK-B2 111.4
908.3 / FSK-B2 111.4
RBW: 100kHz
Measurement distance: 3m
Limit: Ref. level only — For 15.247 (d) / RSS-247 § 5.5
Final measurement detector: Peak
Note: (1): Only for identification of limit in non-restricted band
Limit is 81.0 dBpuV/m Peak for out-of-band frequencies in Non-
Restricted bands (with a 100kHz RBW on the spectrum analyser)

Tabulated Results for Peak Output Radiated level (Antenna #2)

FREQ Field Strength 3m
(MHz) (dBuV/m)
903.9 / LORA-B1 113.0
905.3 / LORA-B1 113.0
906.9 / LORA-B2 113.4
908.3 / LORA-B2 113.4
903.9 / FSK-B1 113.0
905.3 / FSK-B1 113.0
906.9 / FSK-B2 113.4
908.3 / FSK-B2 113.4
RBW: 100kHz
Measurement distance: 3m
Limit: Ref. level only — For 15.247 (d) / RSS-247 § 5.5
Final measurement detector: Peak

Note:

(1): Only for identification of limit in non-restricted band
Limit is 83.0 dBuV/m Peak for out-of-band frequencies in Non-
Restricted bands (with a 100kHz RBW on the spectrum analyser)
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N° : 12522-FCC-IC-1

Tabulated Results for Unwanted emissions in Non-Restricted bands
FREQ Field Strength 3m Limit Margin Result
(MHz) (dBuV/m) (dBuV/m) (dBuV/m) (dBuV/m)
Levels are at least 10 dB below the -30dBc limit
RBW: 100kHz
Measurement distance: 3m
Limit: 15.247 | RSS-247
Final measurement detector: Peak
RESULT: PASS

Note:

(1): The field strength (level) is calculated by adding the Antenna
Factor and Cable Factor, and subtracting the Amplifier Gain (if any)
from the measured reading. The basic equation is as follow:
FS=RA + AF + CF - AG
Where FS = Field Strength

RA = Receiver Amplitude

AF = Antenna Factor

CF = Cable Factor

AG = Amplifier Gain
Total factor (dB) is AF + CF — AG
Margin value = Emission level — Limit value
(2): Peak pre-scans not performed at 3-meters distance are corrected
as follow:

M@3m = M@Dm + 20 x log (Dm / 3m)
Where D is the measurement distance in meter
(3): All frequencies not specified have margin < -10dB
(4): 3-axis measurement performed for device under test.
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Graphical representation of Band-edge compliance (LOW) / Antenna #1

LORA / Hopping Disable

LORA / Hopping Enabled

Ref Level 128.30 dBpv

Spectrum

®

Offset 31.30 dB & RBW 100 kHz

(=)

Spectrum
Ref Level 128.30 dBpY

®

(=]

Offset 31.30 dB & RBW 100 kHz

o At 10de @ SWT S0 ms @ VBW 300 kMz Mode Sweep Input 4C lo Att 10de @ SWT S0ms @ VBW 300 khz Mode Sweep Input AC
PS PS
O 1Pk Max O 1Pk Max
M1[1] 108.52 dBpV ™Mi[1] 110.95 dBpv|
120 dBys 903.952970 MHz 120 dbs 905,335160 MHZ|
m2[1] 48.20 dBpV M2[1] ML 48.53 dBpY|
— e 002.000000 MHz - ¥ 502.000000 MHz|
100 dey 100 dBy
SrEBET—{01 91,000 dby ) D1 91,000 dB
0 dB . 80 dBuv
70 dBuy 70 dBpy
60 dByY — 60 de
M2
50 48y X 50 dRy -
40 dpyY 40 dpyit
F1 F1
CF 902.0 MHz 32000 pts Span 10,0 MHz CF 902.0 MHz. 32000 pts Span 10.0 MHz
Marker Marker
Type | Ref | Trc | X-walue | Y¥-wvalue | Function | Function Result | Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
M1 1 503.95237 MHz 108,52 dBpY | M1 1 G05.33516 MRz 110.95 dBpv
M3 1 902.0 MHz 48,20 dBpY [SH] 1 902.0 MHz 48.53 dBpY
Spectrum (3] 1 u%: Spectrum (€3] n%“'
Ref Level 126.30 dBu¥  Offset 31.30 db = RBW 100 kHz Ref Level 128.30 dBpv  Offset 31.30 d = RBW 100 kHz
o Att 10 dB @ SWT 50 ms @ VBW 300 kHz Mode Sweep Input AC o Att 10'dB & SWT S0ms @ VBW 300kHz Mode Sweep Input AC
s s
O 1Pk Max O 1Pk Max
m1[1] 109.60 dBpY| ™M1[1] 110.99 dBuv|
120 dey 903.358910 MHz| 120 dB 905.251410 MHz|
m2[1] i 50.03 dBpY m2[1] M1 17.60 dBpY|
110 dey ' 902.000000 MHz| 110 degv ¥, 902.000000 MHz
100 dpy 100 dpy
gUdsgr=={01 91,000 dBy g, 01 91,000 dBUV
0 By 0 dByY
70 dBpv 70 dBpv
&0 dep! &0 dep!
[ L
oo e L Rt = _ul— TR S0.dmn, L M2
40 dB 40 dByy
£1 £l
CF 902.0 MHz 32000 pts Span 10.0 MHz CF 902.0 MHz 32000 pts Span 10.0 MHz
Marker ] Marker
Type | Ref | Trc | X-value | ¥-value | _Function | Function Result | Type | Ref | Trc | X-value | ¥-value | Function | Function Result |
M1 3 903.95891 MHz 109.60 depy M1 1] 905.25141 MHz | 110.99 dBpV
Mz 1 502.0 MHz 50.03 dBpY Mz 1 902.0 MHz 47.60 dBuY

Unit :

dBm

RBW

100kHz

Measurement detector:

Peak

Note:

F1is 902MHz
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N°: 12522-FCC-IC-1

Graphical representation of Band-edge compliance (High) / Antenna #1
LORA / Hopping Disable LORA / Hopping Enabled
Spectrum 2 @] — Spectrum 2 @] o
RefLevel 128.30 dBpv  Offset 31.30 dB & RBW 100 kHz Ref Level 126.30 obyV  Offset 31.30 dB & RBW 100 kiz
Att 10dB ® SWT  S0ms  VBW 100kHz Mode Sweep Input AC Att 10de ® SWT  S0ms  VBW 100 kiz  Mode Swesp  Input AC
PS L]
O 1Pk Max D 1PK Max
MLl 105.98 dBpY| M1[1] 111.40 dBpv]
s 908.34920 MHz| T 908.35080 MHz
.o M2[1] 17.33 dBpY| e m2[1] 17.61 dBpy,
1 928.00000 MHz L 928.00000 MHz|
110 dBpv—¥ 110 dBpY
100 deus 100 dey
SoaBpy—{0 91,000 dby SrERV=={01 91.000 day
80 dBuv 80 deus
70 B 70 dep
50 By &0 dey
S0 R v — lgr 50, dpi—+Su o4 B
40 dByv 40 deus
F1 Fl
20 dpy 30 deuv t
CF 928.0 MHz 32000 pts Span 50.0 MHz GF 928.0 MHz 32000 pts Span 50.0 MHz
FSK / Hopping Disable FSK / Hopping Enabled
Spectrum 2 @] @] I Spectrum 2 @1 a
Ref Level 128.30 depv oOffset 21.30 dB & RBW 100 kHz Ref Level 128.30 depv Offsat 31.30 dB & RBW 100 kHz
Att 10dB ® SWT  Sims VBW 100kHz Mode Sweep Input AC att 10de @ SWT  E0ms  VBW 100 kz  Mode Sweep  Input AC
ps s
O 1Pk Max O 1Pk Max
M1[1] 110.00 dBpY] M1[1] 111.91 dBpV]
, 908.30860 MHZ| i 908.36170 MHz|
120 diy M2[1] 48.79 dBpY| ERiek m2[1] 46.89 dBpv
i 928.00000 MHz| m 928.00000 MHz|
110 dBpiv—f*- 110 dBpy
100 diy 100 dey
Sraepv—{0 ! 91.000 dby T AREV==D1 91.000 dBpv=
&0 doy a0 depv
70 dyi 70 deuv
0 dbp. 60 dap
oo | Ve ’l— ol i e o 20 g 50,080 —— ’
40 dBpv 40 deys
Fl F1
30 day, 30 dBuv i
oF 528 DMiz 32000 pis Span 50.0 MHz GF 928.0 MHz 32000 pts Span 50.0 MHz
Unit : dBm
RBW : 100kHz
Measurement detector: Peak
Note: F1is 928MHz
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N°: 12522-FCC-IC-1

Graphical representation of Band-edge compliance (LOW) / Antenna #2

LORA / Hopping Disable

Spectrum

®]

=

Spectrum

LORA / Hopping Enabled

®

=]

RefLevel 126.30 dByv  Offset 31.30 06 = RBW 100 kHz Ref Level 126.30 dbpv  Offset 31,30 dB e RBW 100 kHz
e At 10de @ SWT 50 ms @ YBW 300 kHz Mode Sweep Input AC lo Att 10d8 @ SWT 50ms @ VBW 300 kiz Mede Sweep Input AC
PS PS
(0 1Pk Max @17k Max
m2[1] 50.13 dBpY, M1[1] 112.29 dBpv]
120 dey 902.000000 MHz 120 dBy 905.850220 MHz|
mi[1] ”'l 112.97 dBpY| Mz2[1] M1 49.46 dBpv|
110 dBgh 903.949840 MHz2 110 dBy ¥ 902.000000 MHz|
100 dBy 100 dBy
D1 93,200 dBy By
90 de ! - 90 days =
0 di, 0 dey
70 dipv 70 dew
60 dBpY 60 dBy
[ M2
Y SR
40 diy 40 dBy
F1 rI
CF 002.0 MHz 32000 pts Span 10.0 MHz GF 002.0 MHz 82000 pts Span 10.0 MHz
Marker Marker
Type | Ref | Trc | X-value [ Y-value | _Function | Function Result | | Type | Ref | Trc | X-value | Y-value | Function | Function Result |
M1 |1 003.94034 MHz 112,07 depy M1 1 905.35922 MHz 112.29 dByY
Mz 1 902.0 MHzZ 50,13 depy M2 1 902.0 MHz 49.45 dBuy
Spectrum @] I:%:l] Spectrum =5
Ref Level 128.30 dBpv offset 31.30 dé & RBW 100 kHz Ref Level 128,20 dBpv Offsat 31.30 d8 » RBW 100 kHz
o Att 10 dB @ SWT 50 ms & VBW 300 kHz Mode Sweep Input AC lo Att 1008 @ SWT S0ms & VBW 300 kdz  Mode Swesp  Input AC
s o5
O 1Pk Max O 1Pk Max
m1[1] 112.96 dBpY| M1[1] 111.93 dBpv|
120 dby 903.953280 MHz 120 dBy 905.853010 MHz|
m2[1] ""' 50.21 dBpV| M2[1] M1 50.63 dBpv|
110 dBy 902.000000 MHz| 110 dBy ¥ 902.000000 MHz|
100 dBy 100 dBy
S0 ey a0 e - A
80 dBuv 80 dew
70 diy 70 dey
&0 dep! —_— 60 dey
=0 dpuy q - 50 deynse e -
40 doy, 40 dBys
£1 rl
CF 902.0 MHz 32000 pts Span 10.0 MHz CF 902.0 MHz 32000 pts Span 10.0 MHz
marker marker
Type | Ref | Trc | XvaliE Y-yaluE [ _Function_| Function Result | Type | Ref | Trc | X-vdlua' | Y:vu\ue | Function | Function Result |
M1 1 003.05328 MHz 112.06 depv L 1 905.35391 MHz 111,93 dBuv
Wz 1 202.0 MHz 50.21 depv M2 1 902.0 MHz 50.63 dBpv

Unit :

dBm

RBW :

100kHz

Measurement detector:

Peak

Note:

F1is 902MHz
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Graphical representation of Band-edge compliance (High) / Antenna #2

LORA / Hopping Disable

LORA / Hopping Enabled

Spectrum 2 @] = Spectrum 2 @1 =
Ref Level 128.30 depv Offset 31.30 db & RBW 100 kHz Ref Level 128.30 depv Offsat 31.30 dB w RBW 100 kHz
Att 10 dB ® SWT S0ms VBW 100kHz Mode Sweep Input AC Att 10d8 @ SWT S0ms  VBW 100 kz Mode Swesp Input AC
PS PS
O 1Pk Max O 1Pk Max
mM2[1] 47.52 dBpY| mM1[1] 112.08 dBpv
, 928.00000 MHz| 908.84770 MHz
120 dBy I M1[1] 113.46 dBpy| 120 dey ] M2[1] 47.88 dBpv|
\d 908.35080 MHz| ' 928.00000 MHz
110 dys 110 dBpV*
100 dBy 100 dBy
D1 93.000 dBy 01 93.000 dep
90 dby 90 dBLV:
&0 dBp, 80 dBuv:
70 dBuy 70 deyt
60 dap! 60 dep
=oanal | W 1 50,1 L uz
¥
40 dBpv 40 depy
Fl e
20 dBuy LB |
o2 D 22000 pts SHan S0 NI CF 028.0 MHz. 32000 pts Span 50.0 MHz
| b o
Spectrum 2 @] = Spectrum 2 @] E=n
Ref Level 128.30 dBy  Offset 31.30 dB & RBW 100 kHz Ref Lovel 128.30 dBpv  Offsat 31.30 d8 w RBW 100 kkz
Att 10 dB & SWT S0ms  VBW 100kHz Mode Sweep Input AC Att 10d8 @ SWT SOms  VBW 100 kHz Mode Swesp Input AC
PS o
(@ 1Pk Max (O 1Pk Max
m1[1] 113.43 dBpV| M1[1] 112.03 dBpV)|
. 908.35230 MHz| : 908.06480 MHz
120 6B m2[1] 46.55 dBpY, S 7 m2([1] 46.25 dBpY
\d 928.00000 MHZ| 3 920.00000 MHz|
110 dBys 110 BV’
100 dBys 100 dByi
01 93.000 dBu D1 93.000 dBy
90 dBy, 20 deys
80 doy 80 deyav
70 day 70 dewt
&0 dby 60 deu
50, dRup i — -;‘ SO —— =
20 depv 4GB
F1 F1
30 dBwv 30 dBuv }
CF 920.0 MHZ 32000 pts Span 50.0 MHz CF 928.0 MHz 32000 pts Span 50.0 MHz
e —
Unit : dBm
RBW : 100kHz
Measurement detector: Peak
Note: F1is 928MHz
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==

17. Unwanted emissions in Restricted Frequency bands

TEST: Unwanted emissions into Restricted Frequency Bands

Verdict

Method: Measurements were performed on a 10 or 3-meter Open Area Test Site (OATS) for frequency
below 1GHz. The EUT was rotated 360° about its azimuth with the receive antenna located at various
heights in horizontal and vertical polarities. Final measurements (Peak) were then performed by rotating the

For frequency above 1GHz, final measurements were made at 3m in a Full Anechoic Chamber (FAC) that
complies with ANSI C63.10. Measurements were performed at an antenna to EUT separation distance of 3
meter. The EUT was rotated 360° about its azimuth with the receive antenna in horizontal and vertical
polarities.

Three orthogonal axis measurements on EUT are performed to obtain the maximum peak field strength, with
60° rotation on each axis.(Clause 6.6.5 of ANSI C63.10).

A pre-scan frequency identification of the EUT has been performed in full anechoic chamber. The measured
radiated field of the EUT is performed (or corrected) at 3-meters of distance. Antenna is 1.25-meters high.
The pre-characterization graphs are obtained in PEAK detection with 360° continuous rotation of the device
under test.

EUT on 360° and adjusting the receive antenna height from 1 to 4 m for frequency between 30MHz to 1GHz.

Pass

Laboratory Parameters: Required prior to the test During the test

Ambient Temperature 20t0 30 °C 22°C £ 2

Relative Humidity 251070 % 35% £ 5

Frequency range on each side of line Measurement Point

Fully configured sample scanned
over the following frequency range

9kHz — 30MHz 10 m measurement distance

30MHz - 10GHz 3 m measurement distance

Limits — FCC Part 15.205, 15.209 (a), 15.247 (d) / RSS-GEN §8.9, §8.10, RSS-247 §5.5

Limits (dBuV/m)

Frepemay (Mnz) Level / Detector / Distance Results

107.6 —87.6 / AV / 10m

Uebibier o £ 127.6 — 107.6 / PK / 10m Pass

0.090to 0.110 87.6—-85.9/QP/10m Pass
85.7—-729/AV /10m

0.110 to 0.490 105.7 —92.9 / PK / 10m Pass

0.490 to 1.705 52.9-42.1/QP/10m Pass

1.705 to 30 48.6 / QP / 10m Pass

30 to 88 40.0/ QP /3m Pass

88 to 216 43.5/QP /3m Pass

216 to 960 46.0/ QP / 3m Pass

960-1000 54.0/QP/3m Pass

54.0/AV/3m
Above 1GHz 74.0 / PK / 3m Pass

Supplementary information:
Test location: SMEE.
Test date: December 14™, 2018. Tested by L. CHAPUS
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Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Log-periodic antenna TDK PLP3003 ANT-101-001 2017/5 2019/5
Biconnic antenna COM-POWER AB- 900 ANT-101-003 | 2017/5 2019/5
Loop antenna EMCO 6502 ANT-101-009 | 2017/8 2019/8
BiConiLog antenna EMCO 3142B ANT-101-010 | 2017/7 2019/7
Horn antenna ETS-LINDGREN 3115 ANT-141-013 | 2018/10 2021/10
Horn antenna ETS-LINDGREN 3116 ANT-161-014 | 2017/12 2022/12
Spectrum analyzer Rohde&Schwarz FSV40 ASP-171-004 2017/5 2019/5
RF cable Div OATS/25m CAB-101-017 | 2018/4 2019/4
RF cable Pasternack RF PE302-120 CAB-131-024 | 2018/4 2019/4
RF cable HUBER+SUHNER RG214U CAB-141-026 | 2018/4 2019/4
RF cable HUBER+SUHNER RG214U CAB-141-029 | 2018/4 2019/4
RF cable HUBER+SUHNER SF104 CAB-141-030 | 2018/4 2019/4
RF cable HUBER+SUHNER SF102 (K/2m) CAB-171-034 | 2017/5 2019/5
RF cable HUBER+SUHNER SF102 (K/3m) CAB-171-034 | 2017/5 2019/5
Anechoic chamber COMTEST 214263 CAG-141-001 2017/6 2020/6
Antenna mast Innco- Systems MA4000EP MAT-101-001 - -
Turntable Innco- Systems DS1200S PLA-101-001 - -
Turntable Innco- Systems CT0800 PLA-141-001
Pre-amplifier Pasternack RF 1524 PRE-101-002 2018/4 2019/4
Pre-amplifier SMEE 18-40GHz PRE-171-004 | 2017/12 2018/12
Measuring receiver Rohde&Schwarz ESRP REC-151-003 2017/5 2019/5
OATS Div 10m SIT-101-001 2017/7 2020/7
EMC Software NEXIO BAT EMC V3.8 SOF-101-001 - -
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Test Setup for radiated emission

Turntable 10m

\ FUT

Test
Receiver

0.&m

/

CGroutid Plane Coaxial Cahle /
Test setup for 9k-30MHz

=
Antenna Tower
-= 3 or 10m E--------{ /— Search
EUT v ] Antenna
4m /
RF Test

¢ — Receiver
( I% & B T~ \

: HEY [ ]
v . v
Tum 08m : Im \
Table A ! A BB
: P D [{]=]

: L [ ] [ ]
SIS S

Ground Plane

Test setup for 30-1000MHz

¥ )

- Horn Antenna
» Im « : | —
EUT v /
s Spectrum
1.5m . : \\___
' L

Turn 15 \
Table -om
Amp]iﬁer]., D%E

AAAAAA [ ] |
Test setup for 1-10GHz
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MES=
Tabulated Results for Unwanted emissions (9kHz-30MHz)
RF field @ Limit @ . Antenna Table Correc. Fact.
FREQ 30m 30m Margin angle angle (CF)
(QP) (QP)
MHz dBuV/m dBuV/m dB Degree Degree dB

Margin < -10dB

Supplementary information:

Frequency list measured on the Open Area Test Site has been created with pre-scan results.

Frequency band investigated:

9kHz-30MHz

RBW:

200Hz (9kHz-150kHz)

9kHz (150kHZz-30MHz)

Measurement distance:

10m

Limit:

FCC Part 15.205 - 15.209 / RSS-GEN

Final measurement detector:

Peak / Quasi-Peak / Average

Note:

CF: Correction factor = Antenna factor + Cable loss

*1: Measure have been done at 10m distance and corrected
according to requirements of 15.209.e)

(M@30m = M@10m-19.1dB)

Tabulated Results for Unwanted emissions
(30MHz-1GHz)
Meter Meter Total Field Field Antenna | Table .. .
FREQ reading | reading | factor level level Pol height angle Limit Margin
MHz (QP) (Pk) (QP) (Pk) (QP)
dBuV dBuV dB dBuV/m | dBuV/m cm Degré | dBuV/m dB

Margin <-10dB

Supplementary information:

Frequency list measured on the Open Area Test Site has been created with pre-scan results.

Frequency band investigated: 30MHz-1GHz

RBW: 120kHz

Measurement distance: 3m

Limit: FCC Part 15.205 - 15.209 / RSS-GEN
Final measurement detector: Quasi-Peak

RESULT: PASS

Field Strength Calculation:

The field strength (level) is calculated by adding the Antenna Factor
and Cable Factor, and subtracting the Amplifier Gain (if any) from the
measured reading. The basic equation is as follow:
FS=RA + AF + CF - AG
Where FS = Field Strength

RA = Receiver Amplitude

AF = Antenna Factor

CF = Cable Factor

AG = Amplifier Gain
Total factor (dB) is AF + CF — AG
Margin value = Emission level — Limit value

Page 47 /1 59




Rapport d’essai / Test Report
N°: 12522-FCC-IC-1

Tabulated Results for Unwanted emissions
(1GHz-10GHz)
FREQ Field Strength 3m Limit Margin
(MHz2) (dBpV/?n) Detector (dBuV/m) (dBu\?/m) Result
LORA MODE
7255.2 60.1 Pk 74 -13.9 Pass
7255.2 50.5 Avg 54 -3.5 Pass
7266.4 60.3 Pk 74 -13.7 Pass
7266.4 51.0 Avg 54 -3.0 Pass
FSK MODE
7255.2 60.1 Pk 74 -13.9 Pass
7255.2 50.5 Avg 54 -3.5 Pass
7266.4 60.3 Pk 74 -13.7 Pass
7266.4 51.0 Avg 54 -3.0 Pass
RBW 1MHz

Measurement distance:

3m

Limit: FCC Part 15.205, 15.209, 15.247 /| RSS-Gen, RSS-247

Final measurement detector: Peak / CISPR Average

RESULT: PASS

Notes: (1): The field strength (level) is calculated by adding the Antenna Factor

and Cable Factor, and subtracting the Amplifier Gain (if any) from the
measured reading. The basic equation is as follow:
FS=RA+ AF + CF - AG

Where FS = Field Strength

RA = Receiver Amplitude

AF = Antenna Factor
CF = Cable Factor
AG = Amplifier Gain

Total factor (dB) is AF + CF — AG

Margin value = Emission level — Limit value
(2): All frequencies not specified have margin < -10dB (for peak and
average detector)
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Graphical representation of Radiated Disturbance Measurement (Peak detection, Anechoic chamber
pre-scan, 9kHz-30MHz / 3m / Parallel & Perpendicular antenna position / Transmit mode)
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dBuV/m 130
=
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70 T~
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b
i
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30 WMMW”‘W
20
10
0
9kHz 100k Y 10M 30MHz
Fréquence

Notes: Pre-scan graph only for identification purpose.
Same result for all transmit modes on all channels with antenna #1 and #2.

Frequency band investigated:

9kHz-30MHz

Unit :

dBuV/m

RBW :

200Hz (9kHz-150kHz)
9kHz (150kHz-30MHz)

Antenna polarization :

Parallel & Perpendicular to measurement axis

Measurement detector:

Peak
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Graphical representation of Radiated Disturbance Measurement (Peak detection, Anechoic chamber pre-
scan, 30MHz-1GHz / 3m / Horizontal & Vertical / Mid channel. Antenna #1.
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Note: Pre-scan graph only for identification purpose.

Same results for LORA or FSK modes. Pre-scan performed on the mid channel of the whole frequency band.

1.002GHz

Frequency band investigated: 30MHz-1GHz
Unit : dBpV/m
RBW : 100kHz
Antenna polarization : Horizontal & Vertical
Limit: FCC 15.247 | RSS-247
Measurement detector: Peak
PEAK LIST FROM PRE-SCAN
Fr((alelllj-lezr;cy I’(3aBI:“I;7r\r/‘()el Ar(1°g;le Limit (dBuV/m) Polarization Comments
None - - - - -

Page 50 / 59




SMee

Rapport d’essai / Test Report
N°: 12522-FCC-IC-1

Graphical representation of Radiated Disturbance Measurement (Peak detection, Anechoic chamber pre-
scan, 30MHz-1GHz / 3m / Horizontal & Vertical / Mid channel. Antenna #2.
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Note: Pre-scan graph only for identification purpose.

Same results for LORA or FSK modes. Pre-scan performed on the mid channel of the whole frequency band.

1.002GHz

Frequency band investigated: 30MHz-1GHz
Unit : dBpV/m
RBW : 100kHz
Antenna polarization : Horizontal & Vertical
Limit: FCC 15.247 | RSS-247
Measurement detector: Peak
PEAK LIST FROM PRE-SCAN
Fr((alelllj-lezr;cy I’(3aBI:“I;7r\r/‘()el Ar(1°g;le Limit (dBuV/m) Polarization Comments
None - - - - -
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Graphical representation of Radiated Disturbance Measurement (Anechoic chamber pre-scan, 1GHz-

10GHz / 3m / Horizontal & Vertical) — Low channel / Lora mode / Antenna #1
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Note: Pre-scan graph only for identification purpose.
------ . Peak measure ------ . Average measure
Frequency band investigated: 1GHz-10GHz
Unit : dBpV/m
RBW : 1MHz
Antenna polarization : Horizontal & Vertical
Limit: FCC 15.247 | RSS-247
Measurement detector: Peak / Average
PEAK LIST FROM PRE-SCAN
Frequency Peak Level Angle i o
(MHz) (dBuV/m) ©) Average Limit (dBpV/m) Polarization Comments
6327.04 48.58 125.4 54.0 H -
7231.01 52.33 57 54.0 H -
6327.6 49.28 182.8 54.0 \Y -
7231.29 50.19 182.8 54.0 \Y -

Page 52 / 59




SMee

N° : 12522-FCC-IC-1

Rapport d’essai / Test Report

Graphical representation of Radiated Disturbance Measurement (Anechoic chamber pre-scan, 1GHz-

10GHz / 3m / Horizontal & Vertical) — High channel / Lora mode / Antenna #1
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Note: Pre-scan graph only for identification purpose.
------ . Peak measure ------ . Average measure
Frequency band investigated: 1GHz-10GHz
Unit : dBpV/m
RBW : 1MHz
Antenna polarization : Horizontal & Vertical
Limit: FCC 15.247 | RSS-247
Measurement detector: Peak / Average
PEAK LIST FROM PRE-SCAN
Frequency Peak Level Angle i o
(MHz) (dBuV/m) ©) Average Limit (dBpV/m) Polarization Comments
6357.98 49.47 139.3 54.0 H -
7266.73 51.59 153 54.0 H -
6358.26 49.06 151.1 54.0 \Y -
7266.73 49.71 206 54.0 \Y -
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Graphical representation of Radiated Disturbance Measurement (Anechoic chamber pre-scan, 1GHz-
10GHz / 3m / Horizontal & Vertical) — Low channel / FSK mode / Antenna #1
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Note: Pre-scan graph only for identification purpose.
------ . Peak measure ------ . Average measure
Frequency band investigated: 1GHz-10GHz
Unit : dBpV/m
RBW : 1MHz
Antenna polarization : Horizontal & Vertical
Limit: FCC 15.247 | RSS-247
Measurement detector: Peak / Average
PEAK LIST FROM PRE-SCAN
Frequency Peak Level Angle i o
(MHz) (dBuV/m) ©) Average Limit (dBuV/m) Polarization Comments
6326.76 48.68 83.2 54.0 H -
7231.85 52.02 110.6 54.0 H -
6326.76 48.68 83.2 54.0 \Y -
7231.85 52.02 110.6 54.0 \Y -
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Graphical representation of Radiated Disturbance Measurement (Anechoic chamber pre-scan, 1GHz-
10GHz / 3m / Horizontal & Vertical) — High channel / FSK mode / Antenna #1
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Note: Pre-scan graph only for identification purpose.
------ : Peak measure ------ . Average measure
Frequency band investigated: 1GHz-10GHz
Unit : dBuV/m
RBW : 1MHz
Antenna polarization : Horizontal & Vertical
Limit: FCC 15.247 | RSS-247
Measurement detector: Peak / Average
PEAK LIST FROM PRE-SCAN
Frequency Peak Level Angle . o
(MHz) (dBuV/m) ) Average Limit (dBuV/m) Polarization Comments
6358.54 49.52 69.2 54.0 H -
7265.88 51.01 69.2 54.0 H -
6358.26 48.99 154.1 54.0 \Y -
7267.01 49.45 207.9 54.0 \Y -

Page 55/ 59




Rapport d’essai / Test Report
N°: 12522-FCC-IC-1

SMee

Graphical representation of Radiated Disturbance Measurement (Anechoic chamber pre-scan, 1GHz-
10GHz / 3m / Horizontal & Vertical) — Mid channel / Antenna #2
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Note: Pre-scan graph only for identification purpose.
Same results for LORA/ FSK mode.

------ : Peak measure ------ . Average measure

Frequency band investigated: 1GHz-10GHz

Unit : dBuV/m

RBW : 1MHz

Antenna polarization : Horizontal & Vertical

Limit: FCC 15.247 | RSS-247

Measurement detector: Peak / Average

PEAK LIST FROM PRE-SCAN
F"zl?nl:_;';cy P(:aBI:J\L;Ia:)aI Ar(1°g;Ie Average Limit (dBuV/m) Polarization Comments

6337.45 50.08 127.5 54.0 H -
7242.82 53.51 93.7 54.0 H -
6336.6 49.25 176.3 54.0 \Y -
7242.82 53.44 159.3 54.0 \Y -
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A Sample detector is used.
Measure is performed with OBW 99% function of the spectrum analyser.
The tested equipment is set to transmit operation with modulation on low and high channels for both bands.

TEST: Occupied bandwidth (99%) / RSS-GEN Verdict
Method: The setup is in an anechoic chamber. The spectrum analyzer is connected to the measuring

antenna. A radiated measurement is performed.

The RBW is set in the range of 1% to 5% of the occupied bandwidth, with VBW = 3 x RBW.

The SPAN is wide enough to capture all products of the modulation process. Pass

Laboratory Parameters:

Required prior to the test

During the test

Ambient Temperature 20to 30 °C 22°C+2
Relative Humidity 25t070 % 35%+5
Supplementary information:
Test location: SMEE.
Test date: December 13", 2018. Tested by L. CHAPUS
Test Equipment Used
Description Manufacturer Model Identifier Cal. Date | Cal. Due
Attenuator Mini-Circuit BW-N10W5+ ATT-171-008 2018/4 2019/4
Measuring receiver Rohde&Schwarz ESRP REC-151-003 2017/5 2019/5

Test Setup for conducted antenna port measurement

C] Spectrum
Analyzer

Device under test

¢ DC power 3V

Attenuator
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Tabulated Results for Occupied Bandwidth

Frequency
(MHz)

99% Occupied Bandwidth
(kHz)

903.9 / LORA-B1

130.6

905.3 / LORA-B1

131.7

906.9 / LORA-B2

130.5

908.3 / LORA-B2

130.2

903.9 / FSK-B1

171.5

905.3 / FSK-B1

171.6

906.9 / FSK-B2

171.5

908.3 / FSK-B2

171.4

Spectrumz (@] E Spectrum2 @) o
Ref Level 20.00 d&m @ RBW 6.25 kHz Ref Level 20.00 d&m @ RBW 6.25 kHz
Att 30de @ SWT 500 ms @ VBW 20kHz Mode Sweep Input AC Att 30 d2 @ SWT 500 ms @ VBW 20kHz Mode Sweep Input AC
Ps PS
©1Sa Max @153 Max
Mi[1] 60.77 dBm| Mi[1] 2.57 dBm
904 905.2447570 MH.
T 904.1500000 MHz G 244 7
Occ Bw 130.608673916 kHz M Occ Bw 131.733533308 kHz|
T1 2 ¥ =
0 dbm < = 0dg ¢ 7
-10 dB -10 dB
20 dB -20 dBm
=04 -30 dB
-40 dBm = -40 d
-50 dB S -50 dBm
iy .
A W -
0d —70d
CF 903.0 MHz BOO1 pts Span 500.0 kHz CF 005.3 MHz 8001 pts Span 500.0 kHz
Marker Marker |
Type | Ref | Tre | X%-value | Y-value |__Function | Function Result | Type | Ref | Trc | X-value | Y-value | Function | Function Result |
M1 ] 04,15 MHz ~60.77 dBm | | M1 1 905.244757 MHz 2,57 dBm
T1 1] 903.8353831 MHz -1.20 dBm | Oce Bw | 130.508673916 kHz T1 | 1] 905.2340458 MHz -2.56 dBm Oce Bw 131.733533308 kHz
T2 1| 903.0850918 MHz -2.50 dBm T2 1 205.3666792 MHz -3.65 dBm
5 o (55’
pectrum 2 ® = Spectrum 2 @ =
Raf Lavel 20.00 dém ® RBW 6.25 kHz Ref Level 20.00 dBm ® RBW 6,25 kHz
Att 20 d @ SWT 500 ms @ VBW 20kHz Mode Swesp Input AC Att 30 d8 @ SWT 500 ms & VBW 20kHz Mode Sweep Input AC
PS PS
©15a Max @153 Max
mMi[1] 2.58 dBm)| M1[1] 2.53 dBm|
906.8526310 MHz % a908.2426320 MHz|
1oicbr 1 Occ Bw 130,546181727 kHz e W1 Oce By 130.233720785 kHz|
e 5 TIX o
Iy 12 d T
0 db = s 0 ds 3
-10 dB -10d
-20 dBm -20 dB
-30 dBm -30 dBrm
-a0d -40 dB
-50 dm - —H sod -
-70d =70 dB
CF 906.0 MHz 8001 pts Span 500.0 kHz CF 008.3 MHz. 8001 pts Span 500.0 kHz
Marker Marker
Type | Ref | Trc | X-value | ¥-value | Function | Function Result | Type | Ref | Tre | X-walue 1 Y-value |__Function | Function Result |
M1 G 906.852631 MHz 2,58 dBm [} 1] 505.242632 MHz | 2,53 dbm |
T1 |1 o08.B353831 MHz -3.27 dBm Occ Bw 130.546181727 kHz T1 | 1] 908.2355706 MHz -1.4€ dBm Gee Bw 130.233720785 kHz |
T2 1 206.9659223 MHz -2.89 dBm T2| 1 S08.3658043 MHz -2.61 dBm
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Graphical representation of Occupied Bandwidth

Spectrum 2 @1 u"‘v:' Spectrum 2 @]
Ref Level 20.00 d&ém ® RBW 6.25 kHz Ref Level 20.00 d&m & RBW 6.25 kHz
Att 302 @ SWT 500 ms @ VBW 20kHz Mode Sweep Input AC Att 30 d2 @ SWT 500 ms @ VBW 20kHz Mode Sweep Input AC
PS PS
©1Sa Max @153 Max
™Mi[1] 2.33 dBm)| mMi[1] -68.45 dBm
10 dem 903.850010 MH2| 10 dB 904.800000 MHZz|
ML Occ Bw 171.478565179 kHz Occ Bw 171.603549556 kHz|
0 db 08
. 1: 2 . gy
10 derm = L: 10 dB =
-20 dBm -20 dBm
-30 dém -30 dB
-40 de -40 dB
-50 dBm -50 dBm
-50 dBy -60 dB -
. | T |
CF 903.9 MHz 8001 pts Span 1.0 MHz CF 005.3 MHz 8001 pts Span 1.0 MHz
Marker Marker
Type | Ref | Trc | X-value | Y-value | __Function | Function Result | Type | Ref | Trc | X-value | ¥-value | __Function | Function Result |
ML T 503.85001 MHz 2.33 dbm | [ (T 1] 904.8 MHz | ~66.45 dBm |
Ti 1] 903814261 MHz -13.63 dBm Oce Bw 171.478555170 khz Ti| 1] 905.2141365 MHz -12.94 dém Ore Bw 171.603549556 kHz
T2 1 903.985739 MHz -13.20 dém T2{ 1 908.385739 MHZ -14.95 dBm
o
Spectrum 2 @1 = Specrumz (@]
Ref Level 20.00 dem ® RBW 6.25 kHz Ref Level 20.00 d&m @ RBW 6.25 kHz
Att 30 d8 & SWT S00ms @ VBW 20 kHz  Mode Sweep Input AC Att 30 d8 @ SWT S00ms & VBW 20kHz Mode Sweep Input AC
e °s
O 1Sa Max (©1Sa Max
M1[1] 2.23 dBm)| Mi[1] 1.85 dBm
10 dam 908 GNTA0 M 104 908.251380 MHz|
M1 Occ Bw 171.478565179 kHz| P M1 Occ Bw 171.353580802 kHz|
¥
0 db 0dBm T
-10 dB iE3 T -10 d@ —
7 ¥ ¥
-20 dBm -20 dB
-30 dBm =0 d
-40 dB -40 dBm
-50 dm -50 dB
-60 dB -50 dB - -
u i i | Sy ‘ ‘F i domee
CF 906.0 MHz BOO1 pts Span 1.0 MHz CF 908.3 MHz 8001 pts Span 1.0 MHz
Marker Marker
Type | Ref | Trc | ¥-value | ¥-value | Function | Function Result | | Type | Ref | Trc | X-walue | v-value | Function | Function Result |
ML T 50684376 MHz 2.23 dbm | | M1 908.25138 MHz 1.85 dBm |
Ti 1] 908,814261 MHz -14.20 dBm Oce Bw 1714768565170 kHz T1 1 908.214386 MHz -15.28 dBm Oce Bw 171353560802 kHz
T2 1 906,985739 MHz -13.12 dbm T2/ 1 908.385739 MHz -14.08 dBm
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