LoRa-FHSS-Spreading Factor 7

Report Number : FR411603B

Test Engineer: Smile Wang Temperature: 20~26 °C
Test Date: 2024/3/31~2024/5/30 Relative Humidity: 40~51 %
TEST RESULTS DATA
20dB and 99% Occupied Bandwidth and Hopping Channel Separation
Hopping Channel | Hopping Channel
Data Freq. | 20db BW [99% Bandwidth Separation Separation .
il Rate 2 (MHz) (MHz) (MHz) Measurement Measurement FEEsiFEll
(MHz) Limit (MHz)
SF7 1 1 902.2 0.147 0.128 0.222 0.147 Pass
SF7 1 65 915 0.147 0.128 0.214 0.147 Pass
SF7 1 128 | 927.6 0.146 0.129 0.163 0.146 Pass
TEST RESULTS DATA
Dwell Time
Mod. CH. DT On-time per| Total hops over| Dwell Time Limits Pass/Fail
hop (ms) 20sec (sec) (sec)
SF7 hopping 50 3.00 0.15 0.4 Pass
TEST RESULTS DATA
Peak Power Table
mode Freq. NTX Peak Power Power Limit Test Power
(MHz) (dBm) (dBm) Result Setting
902.2 | 1 20.72 30.00 Pass 20
SF7 915 1 20.82 30.00 Pass 20
9276 | 1 20.54 30.00 Pass 20
TEST RESULTS DATA
Number of Hopping Frequency
Number of Hopping Limits .
(Channel) (Channel) el
128 > 50 Pass




LoRa-FHSS-Spreading Factor 8

Report Number : FR411603B

Test Engineer: Smile Wang Temperature: 20~26 °C
Test Date: 2024/3/31~2024/5/30 Relative Humidity: 40~51 %
TEST RESULTS DATA
20dB and 99% Occupied Bandwidth and Hopping Channel Separation
Hopping Channel | Hopping Channel
Data Freq. | 20db BW [99% Bandwidth Separation Separation .
il Rate 2 (MHz) (MHz) (MHz) Measurement Measurement FEEsiFEll
(MHz) Limit (MHz)
SF8 1 1 902.2 0.150 0.129 0.224 0.150 Pass
SF8 1 65 915 0.151 0.129 0.201 0.151 Pass
SF8 1 128 | 927.6 0.149 0.129 0.193 0.149 Pass
TEST RESULTS DATA
Dwell Time
Mod. CH. DT On-time per| Total hops over| Dwell Time Limits Pass/Fail
hop (ms) 20sec (sec) (sec)
SF8 hopping 90.01 2.00 0.18 0.4 Pass
TEST RESULTS DATA
Peak Power Table
mode Freq. NTX Peak Power Power Limit Test Power
(MHz) (dBm) (dBm) Result Setting
902.2 | 1 20.74 30.00 Pass 20
SF8 915 1 20.79 30.00 Pass 20
9276 | 1 20.53 30.00 Pass 20
TEST RESULTS DATA
Number of Hopping Frequency
Number of Hopping Limits .
(Channel) (Channel) FEEsiFEll
128 > 50 Pass




Report Number : FR411603B

LoRa-FHSS-Spreading Factor 9

Test Engineer: Smile Wang Temperature: 20~26 °C
Test Date: 2024/3/31~2024/5/30 Relative Humidity: 40~51 %
TEST RESULTS DATA
20dB and 99% Occupied Bandwidth and Hopping Channel Separation
Hopping Channel | Hopping Channel
Data Freq. | 20db BW |99% Bandwidth Separation Separation .
hAlEEL Rate NIZY| (MHz) (MHz) (MHz) Measurement Measurement sl
(MHz) Limit (MHz)
SF9 1 1 902.2 0.149 0.131 0.205 0.149 Pass
SF9 1 65 915 0.147 0.130 0.212 0.147 Pass
SF9 1 128 | 927.6 0.149 0.130 0.193 0.149 Pass
TEST RESULTS DATA
Dwell Time
Mod. CH. DT On-time per| Total hops over| Dwell Time Limits Pass/Fail
hop (ms) 20sec (sec) (sec)
SF9 hopping 152.02 1.00 0.15 0.4 Pass
TEST RESULTS DATA
Peak Power Table
DH Freq. NTX Peak Power Power Limit Test Power
(MHz) (dBm) (dBm) Result Setting
902.2 | 1 20.75 30.00 Pass 20
SF9 915 1 20.78 30.00 Pass 20
9276 | 1 20.53 30.00 Pass 20
TEST RESULTS DATA
Number of Hopping Frequency
Number of Hopping Limits .
(Channel) (Channel) el
128 > 50 Pass




saronas. FCC RF Test Report

Report No. : FR411603B

Appendix B. AC Conducted Emission Test Results

: Temperature : 25.3~26.2°C
Test Engineer : |[Amos Zhang : —
Relative Humidity : |38~40%
Test Voltage : [120Vac / 60Hz Phase : Line
BOLevel (dBuV) Date: 2024-03-06 Time: 15:55:52
70.0
50.0 | 15C R§§247-QP
50.0 | 15C R§5247-AVG
4
40.0
30.0 %
1P| 1
20.0
10.0
15 2 5 1 2 5 10 20 30
Frequency (MHz)
Site : CO01-K5
Condition : 15C R5S247-QP LISN-060105-L 2023 LINE
Over Limit Read LISN Cable
Freq Level Limit Line Level Factor Losz Remark
MHz  dBuV dB  dBuV  dBuV dE dB
1= 0.168 56.76 -8.32 65.08 46.30 0.04 10.42 QP
2 0.168 45.06 —10.02 55.08 34.60 0.04 10.42 Average
3 0.205 50.04 -13.36 63.40 39.60 0.03 10.41 QP
4 0.205 42,64 -10.76 53.40 32.2 0.03 10,41 Average
5 0.510 41.68 -14.32 56.00 31.49 -0.03 10.22 qQF
[ 0.510 31.38 -14.62 46.00 21.19 -0.03 10.22 Average
7 0.567 42.35 -13.65 56.00 32.21 -0.05 10.19 QP
B 0.567 30.65 —-15.35 46,00 20.51 -0.0% 10.19 Average
9 2.765 35.58 —20.42 56.00 25.60 -0.09 10.07 QF
10 2.765 20.48 -25.52 46.00 10.50 -0.09 10.07 Average
11 3.364 34,77 -21.23 56.00 24.79 -0.09 10.07 QP
12 3.364 21.27 -24.73 46.00 11.29 -0.09 10.07 Average
Sporton International Inc. (Kunshan) Page Number : Bl of B2
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saronas. FCC RF Test Report

Report No. : FR411603B

: Temperature : 25.3~26.2°C
Test Engineer : |[Amos Zhang : —
Relative Humidity : |38~40%
Test Voltage : [120Vac / 60Hz Phase : Neutral
gplevel (dBuv) Date: 2024-03-06 Time: 15:59:19
70.0
60.0 | 15C R§8247-QP
50.0 15C R§§247-AVG
! |
400/ |
|
[
30.0
12
20.0
10.0
U145 2 5 1 2 5 10 20 30
Frequency (MHz)
Site : COD1-KS
Condition : 15C RS5247-QP LISN-060105-N 2023 NEUTRAL
Over Limit Read LISN Cable
Freq Level Limit Line Level Factor Losz Remark
MHz ~ dBuV dB  dBuV  dBuV dB dB
1 0.159 54.06 -11.46 65.52 43.60 0.04 10.42 QP
2 0.159 38.66 —16.86 55.52 28.20 0.04 10.42 Average
2 0.160 55.06 -0.93 §4.09 44.60 0.04 10.42 QF
4%  0.160 45.1F -0.83 54.99 34,70 0.04 10.42 Average
] 0.184 51.66 -12.62 64.28 41.20 0.05 10.41 QP
g 0.184 35.96 -18.32 54.28 25.50 0.05 10.41 Average
7 0.433 40.40 -16.80 57.20 20.20 -0.06 10.28 QF
8 0.433 27.70 -19.50 47.20 17.50 -0.08 10.26 Average
9 0.546 43.43 -12.57 56.00 33.30 -0.07 10.20 QP
10 0.546 31.33 -14.67 46.00 21.20 -0.07 10.20 Average
11 2.884 35.44 -20.56 B6.00 25.50 -0.13 10.07 QP
12 2.884 22.14 -23.86 46.00 12.20 -0.13 10.07 Average

Note:

1. Level(dBpV) = Read Level(dBpV) + LISN Factor(dB) + Cable Loss(dB)
2. Over Limit(dB) = Level(dBpV) — Limit Line(dBuV)

Sporton International Inc. (Kunshan)

TEL : +86-512-57900158
FCC ID: XMR2024KG200Z
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saranas. FCC RF Test Report

Report No. : FR411603B

Appendix C. Radiated Spurious Emission

Remark: For RSE different Spread Factor, only the test data of SF9 is shown in the report

according to the maximum power.

902.2~927.6MHz
LORA FHSS SF=9 (Band Edge @ 3m)

Note | Frequency Level Over Limit Read | Antenna | Cable |Preamp | Ant | Table Peak| Pol.
Limit Line Level Factor Loss | Factor | Pos Pos |Avg.

(MHz) (dBpV/im)| (dB) [(dBpV/m)|(dBpV)| (dB/m) | (dB) | (dB) |(cm) | (deg)|(P/A)|(H/V)
393.75 37.15 -8.85 46 44.85 2151 29 32.11 - - P H
902.03 106.9 - - 104.63 29.18 4.37 31.28 - - P H

902.2MHz
410.24 34.35 -11.65 46 40.96 22.54 2.96 32.11 - - P \Y
902.03 116.51 - - 114.24 29.18 4.37 31.28 - - P \%
399.57 37.71 -8.29 46 45.16 21.74 2.92 32.11 - - P H
914.64 108.2 - - 105.44 29.55 4.4 31.19 - - P H

915MHz
395.69 35.53 -10.47 46 43.15 21.58 291 32.11 - - P \%
914.64 115.3 - - 112.54 29.55 4.4 31.19 - - P \Y
391.81 34.6 -11.40 46 42.95 21.48 3.02 32.85 - - P H
927.60 110.72 - - 110.63 27.16 4.66 31.73 - - P H

927.6MHz
463.59 34.51 -11.49 46 41.42 22.82 3.29 33.02 - - P \Y
927.60 116.26 - - 116.17 27.16 4.66 31.73 - - P \%

1. No other spurious found.
Remark
2. Allresults are PASS against Peak and Average limit line.
Sporton International Inc. (Kunshan) Page Number . ClofC4
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Report No. : FR411603B

LORA FHSS SF=9 125KHZ (Harmonic @ 3m)

Note | Frequency Level Over Limit Read | Antenna | Cable |Preamp | Ant | Table Peak| Pol.
Limit Line Level Factor Loss | Factor | Pos Pos |Avg.

(MHz) (dBpV/m)| (dB) |(dBpV/im)|(dBpV)| (dB/m) | (dB) | (dB) |(cm) | (deg)|(P/A)|(H/V)
1052.80 45.84 -28.16 74 77.80 28.50 4.70 65.16 - - P H
2706.40 54.18 -19.82 74 79.09 33.06 7.58 65.55 | 333 245 P H
2706.40 52.25 -1.75 54 77.16 33.06 7.58 65.55 | 333 245 A H
5413.60 52.03 -21.97 74 71.44 35.25 10.79 | 65.45 | 100 265 P H
5413.60 50.10 -3.90 54 69.51 35.25 10.79 | 65.45 | 100 265 A H

902.2MHz
1031.20 49.30 -24.70 74 80.91 28.87 4.66 65.14 - - P \%
2706.40 52.39 -21.61 74 77.30 33.06 7.58 65.55 | 100 306 P \%
2706.40 50.46 -3.54 54 75.37 33.06 7.58 65.55 | 100 306 A \%
5413.60 54.06 -19.94 74 73.47 35.25 10.79 | 65.45 | 300 327 P \%
5413.60 52.13 -1.87 54 71.54 35.25 10.79 | 65.45 | 300 327 A \%
1056.40 46.02 -27.98 74 78.03 28.44 4.71 65.16 - - P H
2744.80 53.70 -20.30 74 78.74 32.83 7.63 65.50 111 246 P H
2744.80 51.77 -2.23 54 76.81 32.83 7.63 65.50 111 246 A H
5489.80 52.13 -36.07 88.20 71.74 34.94 10.87 | 65.42 - - P H

915MHz
1057.60 49.37 -24.63 74 81.40 28.42 4.71 65.16 - - P \Y
2744.80 52.24 -21.76 74 77.28 32.83 7.63 65.50 | 300 279 P \%
2744.80 50.31 -3.69 54 75.35 32.83 7.63 65.50 | 300 279 A \%
5489.80 55.72 -39.94 95.30 75.33 34.94 10.87 | 65.42 - - P \Y
1063.60 46.50 -27.50 74 79.74 27.20 4.72 65.16 - - P H
2782.60 51.72 -22.28 74 77.40 32.10 7.68 65.46 | 100 335 P H
2782.60 49.79 -4.21 54 75.47 32.10 7.68 65.46 | 100 335 A H
5565.40 54.33 -36.39 90.72 73.95 34.80 10.96 | 65.38 - - P H

927.6MHz
1079.80 48.17 -25.83 74 81.75 26.84 4.76 65.18 - - P \%
2782.60 53.02 -20.98 74 78.70 32.10 7.68 65.46 | 300 328 P \%
2782.60 51.09 -2.91 54 76.77 32.10 7.68 65.46 | 300 328 A \%
5565.40 55.77 -40.49 96.26 75.39 34.80 10.96 | 65.38 - - P \%

1. No other spurious found.
Remark
2. Allresults are PASS against Peak and Average limit line.
Sporton International Inc. (Kunshan) Page Number . C20of C4
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saranas. FCC RF Test Report Report No. : FR411603B

Note symbol

Fundamental Frequency which can be ignored. However, the level of any
unwanted emissions shall not exceed the level of the fundamental frequency.

! Test result is over limit line.

P/A | Peak or Average

H/V | Horizontal or Vertical

Sporton International Inc. (Kunshan) Page Number . C3of C4
TEL : +86-512-57900158
FCC ID: XMR2024KG200Z




saranas. FCC RF Test Report

Report No. : FR411603B

A calculation example for radiated spurious emission is shown as below:

Note | Frequency Level Over Limit Read | Antenna | Cable |Preamp| Ant | Table |Peak| Pol.
Limit Line Level Factor Loss | Factor | Pos | Pos |Avg.
(MHz) (dBpV/m)| (dB) [(dBuV/m)|(dBuV)| (dB/m) | (dB) | (dB) |(cm) | (deg)|(P/A)|(H/V)
2707.00 51.94 -22.06 74 76.85 33.06 7.58 65.55 | 333 | 245 P H
902.2MHz
2707.00 50.01 -3.99 54 74.92 33.06 7.58 65.55 | 333 | 245 A H

1. Level(dBpV/m) = Antenna Factor(dB/m) + Cable Loss(dB) + Read Level(dBuV) - Preamp Factor(dB)
2. Over Limit(dB) = Level(dBuV/m) — Limit Line(dBuV/m)

For Peak Limit @ 2707MHz:

1.

Level(dBpV/m)

= Antenna Factor(dB/m) + Cable Loss(dB) + Read Level(dBuV) - Preamp Factor(dB)

= 33.06(dB/m) + 7.58(dB) + 76.85(dBpV) — 65.55 (dB)

= 51.94 (dBpV/m)

2.

Over Limit(dB)

= Level(dBpV/m) — Limit Line(dBuV/m)
= 51.94(dBpV/m) — 74(dBuV/m)
= -22.06(dB)

For Average Limit @ 2707MHz:
1. AV Level(dBuV/m)

= Peak Level(dBuV/m) +Duty cycle correction factor (dB)
=51.94 (dBuV/m) + (-1.93) (dB)
=50.01 (dBuV/m)

2.

Over Limit(dB)

= Level(dBuV/m) — Limit Line(dBuV/m)
= 50.01(dBuV/m) — 54(dBuV/m)
=-3.99(dB)

Both peak and average measured complies with the limit line, so test result is “PASS”.

Sporton International Inc. (Kunshan)

TEL

1 +86-512-57900158

FCC ID: XMR2024KG200Z
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Appendix D. Radiated Spurious Emission Plots

Note symbol
-L | Low channel location
-R | High channel location
Sporton International Inc. (Kunshan) Page Number : D1 of D7
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saronas. FCC RF Test Report

Report No

LoRa 125KHz FHSS SF=9 (Band Edge @ 3m)

LoRa

902.2~927.6 Band Edge @ 3m

ANT

LoRa 125KHz FHSS SF=9 CHO01 902.2

Horizontal

Vertical

Peak

2+ 902,03 1069

1 39375 37.05 -6.85 46.00 44.85

SPORTONLAB.
Data: 2
1 (@BuVim)
11|
1040
a10]
80|
65
Fod parT 15c| Fod paR 15|
520
500, 1000
Remark  Pol/Phas
2.0 2151 2.1 - - peak HoRTZONT 1 41028 3435 1165 46.00 40.96 2.9 2258 3211 - - Peak VERTICAL
104163 437 2918 3128 - - Peok HoRTZONT 2% 902,03 116151 e —oonov Nsl24 837 208 328 - - pesk VERTICAL

Sporton International Inc. (Kunshan)
TEL : +86-512-57900158
FCC ID: XMR2024KG200Z
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LoRa 902.2~927.6 Band Edge @ 3m

ANT LoRa 125KHz FHSS SF=9 CH65 915

Horizontal Vertical

h A4 4
o oot
gl ey
- wrd
o
o1 o1
o5 oso
redfurise Y -
529
- soof—
»WN""“‘WM
ol
g
“MW
1
Peak 7 e LN T

Pol/Phas

mark  Pol/Phas
EarT

O TEw & dm & w e
1 057 371 820 4508 45.16 292 2174 211 voRTZONT 1 39.69 35.53 1047 46.00 4305 291 2158 3211 VERTICAL
2+ oleites20. . ... 10544 a0 2955 3119 HoRTZONT 2+ 91368 11530 112558 a0 20055 319 VERTICAL

Sporton International Inc. (Kunshan)
TEL : +86-512-57900158
FCC ID: XMR2024KG200Z
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LoRa 902.2~927.6 Band Edge @ 3m

ANT LoRa 125KHz FHSS SF=9 CH128 927.6

Horizontal Vertical

sroRrontaa A
a1 oat:2
) oBvim) 1 oBvim)
o o
1040 1040
914 914
70
o5 o5
e ofar s5c e ofurssc
I — I —
320 y - 320 b
o e I
Mt Tk I i
260)
Wi it U
124 124
O N N O T T T T )
Peak Freauency (i frsauency Wiz
Over Linit Reod Cablesntenna preomp ArPos T/7cs Over Linit Read Cablesntenna preamp ArPos /s
Freq Level Linie Line Level Loss Factor Factor Remork rol/onas Freq Level Linie Line Level Loss Factor Factor Remerk pol/ehas
e mae @ EwR wW @ @R B = s e mae @ EwR @ @ @R B =
1 e 0 1140 6o 4295 202 Mss s o - dek  bouzom 1 s Sl s sLa 229 ME Ber o obek VIO
PR SR PR v g S PR st R O ST N St

Sporton International Inc. (Kunshan)
TEL : +86-512-57900158
FCC ID: XMR2024KG200Z
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Report No. : FR411603B

LoRa 125KHz FHSS SF=9 (Harmonic @ 3m)

LoRa 902.2~927.6 Harmonic @ 3m
ANT LoRa 125KHz FHSS SF=9 CHO01 902.2
Horizontal Vertical
‘zwmwm ‘ ‘zwmwm
i \
—
Peak

Sporton International Inc. (Kunshan)

TEL : +86-512-57900158
FCC ID: XMR2024KG200Z
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SPORTON LAB.

FCC RF Test Report

Report No. : FR411603B

LoRa 902.2~927.6 Harmonic @ 3m
ANT LoRa 125KHz FHSS SF=9 CH65 915
Horizontal Vertical
w1 i i
Peak

Sporton International Inc. (Kunshan)
TEL : +86-512-57900158
FCC ID: XMR2024KG200Z
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LoRa 902.2~927.6 Harmonic @ 3m
ANT LoRa 125KHz FHSS SF=9 CH129 927.6
Horizontal Vertical

g g

ol
8200 w0000 oo 200, 8200 w0000

Peak

Sporton International Inc. (Kunshan)
TEL : +86-512-57900158
FCC ID: XMR2024KG200Z
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SPORTON LAB.

Appendix E. Duty Cycle Plots

LORA FHSS SF=9 125KHZ on time Plot
&

Res BW
8 MHz

KEYSIGHT Input RF Input Z: 50 0 #Atten: 20 dB PNO: Fast #Avg Type: Power (RMS[{
Ci DC Corrections: Off Gate: Off Trig: Free Run

Freq Ref. Int (S) IF Gain: Low '
Sig Track: Off PPPPPP

L - |

= Video BW
1 Spectrum AMKr4 10.40 ms|| 5.0mHz
Scale/Div 10 dB Ref Level 116.99 dBpV -0.04 dB Auto
Man
K1 A3 4A34|VBW:3 dB RBW
h - - f 1.0
Auto
Man
Span:3 dB RBW
106
Auto
Man
Center 915.000000 MHz #Video BW 8.0 MHz Span 0 Hz|
Res BW 8 MHz Sweep 100 ms (1001 pts)| |RBW Filter Type

Gaussian
5 Marker Table v

RBW Filter BW

Mode Trace Scale 3 Function Function Width Function Value 3 dB (Normal)

N

o osw N

Note:
1. Worst case Duty cycle = on time/100 milliseconds = 80.09 / 100 = 80.09 %
2. Worst case Duty cycle correction factor = 20*log(Duty cycle) = -1.93 dB

Sporton International Inc. (Kunshan) Page Number :E-1ofl
TEL : +86-512-57900158
FCC ID: XMR2024KG200Z





