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Panozzo 21232465

MultiView = Spectrum -
Ref Level 50.00 dBm  Offset 20.50 dB ® RBW 100 kHz
® Att 30 dB ® SWT 100 ms ® VBW 300 kHz Mode Sweep
1 Frequency Sweep
D2[1] -6:19 dB
-557.720 kHz
40:dBm M1[1] 26.36 dBm

923.527890 MHz

IPEl

30 dem

Mo
©

20 dem

10 dBm

/D/8

0 dBm /
-10 dBm

-20 dBm: ‘*M
Wy

-30 dBm;
-40 dem
CF 923.3 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table
| Type |
923.52789 MHz 26.36 dBm
D2 M1 1 -557.72 kHz -6.19 dB
D3 M1 1 83.96 kHz -6.33 dB
Panozzo 21232480
MultivView = Spectrum -
Ref Level 50.00 dBm Offset 20.50 dB ® RBW 100 kHz
@ Att 30 dB ® SWT 20 ms  VBW 300 kHz Mode Sweep
1 Frequency Sweep
D3[1] -6.35 dB
-538.230 kHz
40:dBm; MI[1] 26.70 dBm
923.519640 MHz
30 dém -
v
2 D D2
20 dem g/. ,_\
10 dBm i
B |
0 dBm
‘\M’\m
-10 dem [
-20 dBm |
-30 dBm
-40 dBm
CF 923.3 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table
M1 1 923.51964 MHz 26.70 dBm
D2 M1 1 102.7 kHz -6.21 dB
D3 M1 1 -538.23 kHz -6.35 dB
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Panozzo 21232481

MultiView = Spectrum -
Ref Level 50.00 dBm  Offset 20.50 dB ® RBW 100 kHz
® Att 30 dB ® SWT 20 ms VBW 300 kHz Mode Sweep
1 Frequency Sweep
D3[1] -6:35 dB
-561.470 kHz
40:dBm M1[1] 26.56 dBm

YE]

925.245130 MHz

30 dem

D34
20 dem

\Q‘Z

10 dB

0 dBm }Uy

-10 dBm

-20 dBm

-30 dBm;
-40 dBm
CF 925.0 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table
M1 1 925.24513 MHz 26.56 dBm
D2 M1 1 75.71 kHz -6.23 dB
D3 M1 1 -561.47 kHz -6.35 dB
Panozzo 21232482
MultivView = Spectrum -
Ref Level 50.00 dBm Offset 20.50 dB ® RBW 100 kHz
® Att 30 dB ® SWT 20 ms  VBW 300 kHz Mode Sweep
1 Frequency Sweep
D2[1] -6.33 dB
89.210 kHz
40:dBin M1[1] 27.51 dBm

30 dem

M1

927.731630 MHz

20 dBrr

10 dBm lj/

0 dBm

-30 dem
-40 dem
CF 927.5 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table
M1 1 927.73163 MHz 27.51 dBm
D2 M1 1 89.21 kHz -6.33 dB
D3 M1 1 -550.97 kHz -6.13 dB

TRF No. 15-247_HoppingCMC

Page 102 of 148

Test Report No. R21232401 rev.1.0



(DCMC &=

a DEKRA company

\\\\‘\u|u,,,//’

W

"y, /Ig\ W

A

e
A TN
/,/”/uln\“\\\

ACCREDIA X
LENTE ITALIANO DI ACCREDITAMENTO ~’

LAB N° 0168 L

9.5 20 dB bandwidth

Tested by ..ovvvvvereeiiiiiiee, . |C. Panozzo
Testdate....ccoceveeiiiiiiiiiiieee s : 127.10.2021
Test location (stand) ................... . |Laboratory

Reference standards................... :

FCC Rules and Regulation; Titles 47 Part. 15.215 (c)

ANSI| C63.10 cl. 7.8.7

Supplementary test set-up
description .............

Supplementary information......... :

Test setup

Test setup PR002_01

Nr. | Id. Number

Manufacturer

Model

Description

2 CMC S295

Rohde & Schwarz FSwW43

Spectrum Analyzer 43GHz

1 -

Cable + attenuator (calibrated
before the test)
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Result — LoRa 125 kHz, spread factor 10

Frequency Graphs 20 dB bandwidth
(MHz) (kHz)
903,90 G212324A24 130,68
904,50 G212324A25 130,69
905,30 G212324A26 129,93
Result — LoRa 125 kHz, spread factor 7
Frequency Graphs 20 dB bandwidth
(MHz) (kHz)
903,90 G21232497 135,18
904,50 G21232498 135,41
905,30 G21232499 135,68
Result — LoRa 500 kHz, spread factor 12
Frequency Graphs 20 dB bandwidth
(MHz) (kHz)
923,30 G21232486 544,23
925,00 G21232487 547,22
927,50 G21232488 548,73
Result — LoRa 500 kHz, spread factor 7
Frequency Graphs 20 dB bandwidth
(MHz) (kHz)
923,30 G21232466 542,73
925,00 G21232467 531,48
927,50 G21232468 583,21
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Graphs
Panozzo 21232466
MultivView = Spectrum
Ref Level 50.00 dBm  Offset 20.50 dB ® RBW 10 kHz

® Att 30dB ® SWT 100 ms ® ¥YBW 30 kHz Mode Sweep
1 Frequency Sweep
D3[1] -20.57 dB
36.730 kHz
40:dein MI[1] 26.07 dBm
923.530130 MHz
30 dBm o
20 dBi A AV A, L ﬁ
) //‘*\J‘lﬂ)‘W Vit AT AP AU~ \
10 dem
D; 3
/ﬁ;f \\
0 dem /ﬁ/
-10 dBm: \
-20 dBm /,("' MM
-30 dBm M )
W i
=40 dBm;
CF 923.3 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table
923. 53013 MHz 26.07 dBm
D2 M1 1 506.0 kHz -20.86 dB
D3 M1 1 35 73 kHz -20.57 dB
Panozzo 21232467
MultivView * Spectrum -
Ref Level 50.00 dBm  Offset 20.50 dB ® RBW 10 kHz
® Att 30dB ® SWT 100 ms ® ¥BW 30 kHz Mode Sweep
1 Frequency Sweep
D2[1] -20.17 dB
-499.250 kHz
40:dein MI[1] 25.88 dBm

925.231630 MHz

30 dem

20 dem //\‘L-/

FAVL] WA
o YN T N g \

10 dBm

0 dem e

-10 dBm;

-20 dBm;

ol

-30 dBm

e

MM

40" dBm
CF 925.0 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table

M1 1 925.23163 MHz 25.88 dBm
D2 M1 1 -499.25 kHz -20.17 dB
D3 M1 1 32.23 kHz -20.61 dB
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Panozzo 21232468

Multiview = Spectrum -

Ref Level 50.00 dBm  Offset 20.50 dB ® RBW 10 kHz

® Att 30 dB ® SWT 100 ms ® VBW 30 kHz Mode Sweep
1 Frequency Sweep

D3[1] -20.53 dB
41.230 kHz
40 dem MI[1] 26.76 dBm

927.731630 MHz
30 dBm b1

20 dem I\ f\ﬂ MMm & m/ﬂl‘u

YO, WP |
I \
2 \
5 i Mw"/ \K_\W'A
i \wmwww

-40 dBm

CF 927.5 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table

M1 1 927.73163 MHz 26.76 dBm

D2 M1 1 -541.98 kHz -20.55 dB

D3 M1 1 41.23 kHz -20.53 dB

Panozzo 21232486

MultiView = Spectrum -

Ref Level 50.00 dBm  Offset 20.50 dB ® RBW 10 kHz

® Att 30dB ® SWT 100 ms VBW 30 kHz Mode Sweep
1 Frequency Sweep

D2[1] -20.72 dB

66.720 kHz
40 dBm M1[1] 26.27 dBm
923.506900 MHz

30 dBm e

| f L’\
| A

-10 dBm; L5

-40 dBm
CF 923.3 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table

M1 1 923.5069 MHz 26.27 dBm

D2 M1 1 66.72 kHz -20.72 dB

D3 M1 1 -477.51 kHz -21.56 dB

TRF No. 15-247_HoppingCMC Page 106 of 148 Test Report No. R21232401 rev.1.0



(D GMG

———— a DEKRA company

\‘\"|”/’

ACCREDIA %,

LENTE ITALIANO DI ACCREDITAMENTO ~’

LAB N° 0168 L

Panozzo 21232487

MultiView = Spectrum
Ref Level 50.00 dBrn  Offset 20.50 dB ® RBW 10 kHz
® Att 30dB @ SWT 100 ms

1 Frequency Sweep

40 dem

VBW 30 kHz Mode Sweep

D3[1] -21.51 dB

30 dem

-516.490 kHz
MI[1] 26.52 dBm

925.242130 MHz

20 dem

10 dBm

0 dBm

-10 dBm

-20 dBm

-30 dBm o

M’M,.l X

WWM L

=40 dBm

CF 925.0 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table

M1 1 925.24213 MHz 26.52 dBm

D2 M1 1 30.73 kHz -20.23 dB

D3 M1 1 -516.49 kHz -21.51 dB

Panozzo 21232488

MultivView * Spectrum
Ref Level 50.00 dBm  Offset 20.50 dB ® RBW 10 kHz
® Att 30 dB ® SWT 100 ms

1 Frequency Sweep

40 dem

VBW 30 kHz Mode Sweep

30 dBem

D3[1] -22.45 dB
-427.290 kHz
MI[1] 27.24 dBm

927.651420 MHz

20 dem

10 dBm /

0 dBm

-10 dBm 1

-20 dBm

st el o
-40 dem
CF 927.5 MHz 2001 pts 150.0 kHz/ Span 1.5 MHz
2 Marker Table
M1 1 927.65142 MHz 27.24 dBm
D2 M1 1 121.44 kHz -20.38 dB
D3 M1 1 -427.29 kHz -22.45 dB
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Panozzo 21232497

MultivView * Spectrum -

Ref Level 30.00 dBm Offset 20.50 dB ® RBW 1 kHz
® Att 30dB SWT 100ms  VYBW 3kHz Mode Sweep

1 Frequency Sweep

D3[1] -20.20 dB
111.690 kHz
20 dém ot MI1[1] 16.14 dBm

10 dem o A A Y, 903.857271 MHz
/ \
f A,
(- ,/“/ \N |
o o, 1,

-40 dBi ek IV,
-50 dBm
-60 dBm
CF 903.9 MHz 2001 pts 50.0 kHz/ Span 500.0 kHz
2 Marker Table

M1 1 903.857271 MHz 16.14 dBm

D2 M1 1 -23.49 kHz -20.32 dB

D3 M1 1 111.69 kHz -20.20 dB

Panozzo 21232498

Multiview * Spectrum -

Ref Level 30.00 dBm Offset 20.50 dB ® RBW 1 kHz
® Att 30dB SWT 100 ms VBW 3 kHz Mode Sweep

1 Frequency Sweep

D3[1] -20.31 dB
93.950 kHz
20 dBm ot MI[1] 15.83 dBm

904.475012 MHz
10 dB p" WMA Lyt AN
Bm Jw T 2 \

-10 dBm / "’\,\\
-20 dBm 7 AL
,/J M

-30 dBm M \(‘“-"4
fa, Aamﬂ‘ﬂw"'ﬂ‘ Mm:ﬂ

e v K ALY
-50 dBm
-60 dBm
CF 904.5 MHz 2001 pts 50.0 kHz/ Span 500.0 kHz
2 Marker Table
904.475012 MHz 15.83 dBm

D2 M1 1 -41.48 kHz -20.60 dB

D3 M1 1 93.95 kHz -20.31 dB
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Panozzo 21232499

MultivView * Spectrum -

Ref Level 30.00 dBm Offset 20.50 dB ® RBW 1 kHz
® Att 30dB SWT 100 ms VBW 3 kHz Mode Sweep

1 Frequency Sweep

D3[1] -21.17 dB
111.940 kHz
20 dBm e MI1[1] 15.75 dBm

[VWW” e 905.257271 MHz
10 dBm jw f, Mu.H \\

[ 7 %
» o
I -

" ™

NW’WA il Sk i
-50 dBm
-60 dBm
CF 905.3 MHz 2001 pts 50.0 kHz/ Span 500.0 kHz
2 Marker Table
905. 257271 MHz 15.75 dBm

D2 M1 1 23.74 kHz -20.45 dB

D3 M1 1 :I.:I.:I. 94 kHz -21.17 dB

Panozzo 212324a24

Multiview = Spectrum -

Ref Level 40.00 dBm Offset 20.50 dB ® RBW 1 kHz
® Att 30dB ® SWT 100 ms VBW 3 kHz Mode Sweep

1 Frequency Sweep

D3[1] -20.35 dB
30.730 kHz
30 dém MI[1] 18.47 dBm

i 903.934733 MHz

B /\Q«L_/W\__/\_IL_ ,.nuummﬂ/lﬂ_n,JJ\

J L
I \
/ ‘L
S My
P vl Mﬂmmmm

I e AL (v CYmvoey

-50 dem
CF 903.9 MHz 2001 pts 50.0 kHz/ Span 500.0 kHz
2 Marker Table

M1 1 903.934733 MHz 18.47 dBm

D2 M1 1 -99.95 kHz -20.06 dB

D3 M1 1 30.73 kHz -20.35 dB
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Panozzo 212324a25

MultiView = Spectrum
Ref Level 40.00 dBrn  Offset 20.50 dB ® RBW 1 kHz
® Att 30dB @ SWT 100 ms VBW 3 kHz

Mode Sweep

1 Frequency Sweep 1Pk g
D3[1] -20.33 dB
124,190 kHz
M1[1] 15.67 dBm

30 dem

904.442279 MHz

20 dBem

10 dBm

0 dBm

-10 dBm;

|
e

-20 dBm

-30 dBm

ol

-50 dBm;

A
A0/ T

IR AEL TR T

CF 904.5 MHz 2001 pts 50.0 kHz/ Span 500.0 kHz
2 Marker Table
[ Type |
1 904.442279 MHz 15.67 dBm
D2 M1 1 -6.5 kHz -20.18 dB
D3 M1 1 124.19 kHz -20.33 dB

Panozzo 212324a26

MultivView * Spectrum -
Ref Level 40.00 dBm  Offset 20.50 dB ® RBW 1 kHz
® Att 30 dB ® SWT 100 ms  VBW 3 kHz Mode Sweep
1 Frequency Sweep
D2[1] -21.11 dB
-98.950 kHz
30:dBm M1[1] 18.01 dBm

20 dBem

M1

905.334483 MHz

10 dBm

0 dBm

-10 dBm;

-20 dBm

-30 dBm; N
_40 dem 4 PORT TN AMW\(J\

gy 7 f

P Mt o]
-50 dBm
CF 905.3 MHz 2001 pts 50.0 kHz/ Span 500.0 kHz
2 Marker Table
[ Type |
1 905.334483 MHz 18.01 dBm

D2 M1 1 -98.95 kHz -21.11 dB

D3 M1 1 30.98 kHz -20.99 dB
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9.6 Channel separation

Tested by ..ovvvvvereeiiiiiiee, . |C. Panozzo
Testdate.......oocoveeviiiieiiiiieee » |27.10.2021
Test location (stand) ................... . |Laboratory
Reference standards .................. . |FCC Rules and Regulation; Titles 47 Part. 15.247

KDB 558074 D01 15.247 Meas Guidance v05r02 cl. 9 b)
ANSI C63.10cl. 7.8.2

Supplementary test set-up --
description ........ccccvvvvvvvninininininnn. :

Supplementary information......... S

Acceptance limits

Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25
kHz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, frequency hopping
systems operating in the 2400-2483.5 MHz band may have hopping channel carrier frequencies that are
separated by 25 kHz or two-thirds of the 20 dB bandwidth of the hopping channel, whichever is greater,
provided the systems operate with an output power no greater than 125 mW. The system shall hop to
channel frequencies that are selected at the system hopping rate from a pseudo randomly ordered list of
hopping frequencies. Each frequency must be used equally on the average by each transmitter. The system
receivers shall have input bandwidths that match the hopping channel bandwidths of their corresponding
transmitters and shall shift frequencies in synchronization with the transmitted signals.

Test setup

Test setup PR002_01

Nr. | Id. Number Manufacturer Model Description

2 CMC S295 Rohde & Schwarz FSW43 Spectrum Analyzer 43GHz

1 -- -- -- Cable + attenuator (calibrated
before the test)
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Result — LoRa 125 kHz, spread factor 10

Frequency band Graphs Channel separation | Minimum channel Results
(MHz) (kHz) separation required
(kHz)
902 — 928 G212324A34 201,50 25 Complies
Result — LoRa 125 kHz, spread factor 7
Frequency band Graphs Channel separation | Minimum channel Results
(MHz) (kHz) separation required
(kHz)
902 - 928 G212324A35 200,30 25 Complies
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Graphs

Panozzo 212324a34

MultiView = Spectrum -

Ref Level 50.00 dBm Offset 20.50 dB ® RBW 10 kHz

® Att 30dB SWT 2.0l ms VBW 30kHz Mode Sweep
1 Frequency Sweep

40 dém

903.838680 MHZ|

30 dem

20 dem

/ 17 T
]
[/

ey )

30 dem

-40 dBm

CF 904.0 MHz 2001 pts 60.0 kHz/ Span 600.0 kHz

Panozzo 212324a35

MultivView = Spectrum -

Ref Level 50.00 dBm Offset 20.50 dB ® RBW 10 kHz

® Att 30dB SWT 201ms VBW 30kHz Mode Sweep
1 Frequency Sweep

Mi1[1] 20.76 dBm

903.844380 MHz
40 dem n?[ﬂ -0.08 dB.
200.300 kHz

30 dem

M1
20 dem

n / |/ |
\ | /
S )
o] Py

e

-40 dBm

CF 904.0 MHz 2001 pts 60.0 kHz/ Span 600.0 kHz
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9.7 Number of hopping channels

Tested by ..ovvvvvereeiiiiiiee, . |C. Panozzo
Testdate.......oocvveeviiiieiiiiieee : |03.11.2021
Test location (stand) ................... . |Laboratory
Reference standards .................. . |FCC Rules and Regulation; Titles 47 Part. 15.247

KDB 558074 D01 15.247 Meas Guidance v05r02 cl. 10 b) 4)
ANSI C63.10cl. 7.8.3

Supplementary test set-up -
description .......cccovvveeeviiiee e :

Supplementary information......... S

Acceptance limits

There is no minimum number of hopping channels associated with this type of hybrid system. While there is
not a specific minimum limit, the hop sequence is required to appear as pseudorandom per Section
15.247(a)(1) (see Section 3 of KDB 558074 DO01).

Test setup

Test setup PR002_01

Nr. | Id. Number Manufacturer Model Description

2 CMC S295 Rohde & Schwarz FSW43 Spectrum Analyzer 43GHz

1 -- -- -- Cable + attenuator (calibrated
before the test)
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Result — LoRa 125 kHz, spread factor 10
Frequency band (MHz) Graphs Number of hopping channels
902 — 928 G212324A37 8
Result — LoRa 125 kHz, spread factor 7
Frequency band (MHz) Graphs Number of hopping channels
902 - 928 G212324A36 8
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Graphs
Panozzo 212324a36
MultivView = Spectrum -
Ref Level 40.00 dBrn  Offset 20.50 dB ® RBW 50 kHz
® Att 30dB SWT 2.01ms VBW 200kHz Mode Sweep

1 Frequency Sweep

M1[1] -38.60 dBm
903.50000 MHz
30 dBm

20 dem

10 dBm

| \

| !
|| \

T Y

4

-40 dBm

-50 dem

903.5 MHz 2001 pts 250.0 kHz/ 906.0 MHz
Panozzo 212324a37

Multiview = Spectrum -

Ref Level 40.00 dBrm  Offset 20.50 dB ® RBW 50 kHz

® Att 30dB SWT 2.01ms VBW 200kHz Mode Sweep

1 Frequency Sweep

M1[1] -37.77 dBm
903.50000 MHz
30 dBm

20 dem A\ >

10 dBm

| \
| \
| |
M‘W

-40 dBm;

-50 dBm
903.5 MHz 2001 pts 250.0 kHz/ 906.0 MHz
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9.8 Time of occupancy

Tested by ..ovvvvvereeiiiiiiee, . |C. Panozzo
Testdate.......oocvveeviiiieiiiiieee : |03.11.2021
Test location (stand) ................... . |Laboratory
Reference standards .................. . |FCC Rules and Regulation; Titles 47 Part. 15.247

KDB 558074 D01 15.247 Meas Guidance v05r02 cl. 10 b) 2)
ANSI C63.10cl. 7.8.4

Supplementary test set-up -
description .......cccovvveeeviiiee e :

Supplementary information......... S

Acceptance limits
The transmission must comply with a 0,4 second/channel maximum dwell time when the hopping function is
turned on.

Test setup

Test setup PR002_01

Nr. | Id. Number Manufacturer Model Description

2 CMC S295 Rohde & Schwarz FSW43 Spectrum Analyzer 43GHz

1 -- -- -- Cable + attenuator (calibrated
before the test)
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Result — LoRa 125 kHz, spread factor 10

Frequency Graphs Dwell time
(MHz) (ms)
905,30 G212324A53 207,20
Frequency Graphs Number of transmissions Period
(MHz)
905,30 G212324A54 1 3,20 s
Time of occupancy Maximum allowed time of Results
(Dwell time x Nr. transmissions) occupancy
0,2072 s/channel 0,4 s/channel Complies
Result — LoRa 125 kHz, spread factor 7
Frequency Graphs Dwell time
(MHz) (ms)
905,30 G212324A51 31,30
Frequency Graphs Number of transmissions Period
(MHz)
905,30 G212324A52 1 3,20s
Time of occupancy Maximum allowed time of Results
(Dwell time x Nr. transmissions) occupancy
0,0313 s/channel 0,4 s/ichannel Complies
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Graphs
212324a51

MultiView = Spectrum -

Ref Level 30.00 dBm  Offset 20.50 dB ® RBW 200 kHz SGL

® Att 30dB ® SWT 100 ms VBW 500 kHz

TRG:VID

1 Zero Span

20 dem

w1

= Tree 5.000 dem — I

0 dBm

-10 dBm

-20 dBm;

-30 dBm

-40 dBm;

-60 dBm

TRG

CF 905.3 MHz 1001 pts

10.0 ms/

212324a52

MultivView = Spectrum -
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