Shenzhen Tongzhou Testing Co.,Ltd. FCC ID:2AF6B-RAK4600H Report No.: TZ200401313-E1

Appendix A
RF Test Data for Lora-Hybird(902-928MHz Hybird Mode)

(Conducted Measurement)

Product Name: LoRa+BLE module
Trade Mark: RAK
Test Model: RAK4600(H)
FCC ID: 2AF6B- RAK4600H

Environmental Conditions

Temperature: 24.3C
Relative Humidity: 48%
ATM Pressure: 100.0 kPa
Test Engineer: Anna Hu
Supervised by: Hugo Chen
NOTE N/A

A.1 20 dB Bandwidth and 99% Occupied Bandwidth

20dB
Mode Channel. Bandwidth Limit(MHz) Verdict
[MHZz]
LoRa-Hybrid LCH 0.137 Not Specified PASS
LoRa-Hybrid MCH 0.138 Not Specified PASS
LoRa-Hybrid HCH 0.138 Not Specified PASS
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Shenzhen Tongzhou Testing Co.,Ltd.

FCC ID:2AF6B-RAK4600H

Test Graph

Report No.: TZ200401313-E1

LoRa-Hybrid/LCH

Graphs

Agilent Spectrum Analyzer - Occupied BW
Center Freq 902.300000 MHz

#IFGain:Low

MNALIGH AUTO/NORE | 03:57:56 PM May 27, 2020

Center Freq: 902.300000 MHz
—w— Trig: Free Run

#Atten: 30 dB

Avg|Hold: 5001500

Radio Std: None Frequency

Radic Device: BTS

Ref 20.00 dBm

Center 902.3 MHz
#Res BW 2.4 kHz

Occupied Bandwidth

#VBW 7.5 kHz

Total Power

125.42 kHz

Transmit Freq Error
x dB Bandwidth

565 Hz
137.1 kHz x dB

OBW Power

Span 250 kHz
Sweep 414 ms

18.6 dBm

Freq Offset
99.00 % iRz
-20.00 dB

LoRa-Hybrid/MCH

Agilent Spectrum Analyzer - Occupied BW
Center Freq 908.700000 MHz

#IFGain:Low

MNALIGN AUTO/NORF [ 04:00:40 PM May 27, 2020

Center Freq: 908.700000 MHz
Avg|Hold: 500/500

Trig: Free Run
#Atten: 30 dB

Radio Std: None Frequency

Radio Device: BTS

Ref 20.00 dBm

Center 908.7 MHz
#Res BW 2.4 kHz

Occupied Bandwidth

#VBW 7.5 kHz

Total Power

125.06 kHz

Transmit Freq Error
x dB Bandwidth

537 Hz
137.8 kHz x dB

OBW Power

Span 250 kHz
Sweep 414 ms

18.7 dBm

Freq Offset
99.00 % Wik
-20.00 dB
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Shenzhen Tongzhou Testing Co.,Ltd.

LoRa-Hybrid/HCH

Ag}lent Spectrum Analyzer - Occupied BW

FCC ID:2AF6B-RAK4600H

508 AC CORREC [ M ALIGN AUTO/NORF | 04:02:14 P May 27, 2020

Center Freq 914.900000 MHz

Center Freq: 914.900000 MHz Radie Std: None
Trig: Free Run Avg|Hold: 500/500

——
#IFGain:Low #Atten: 30 dB Radic Device: BTS

Ref 20.00 dBm

Center 914.9 MHz
#Res BW 2.4 kHz

Occupied Bandwidth

Span 250 kHz
#VBW 7.5 kHz Sweep 414 ms

Total Power 18.8 dBm

124.93 kHz

Transmit Freq Error
x dB Bandwidth

386 Hz OBW Power 99.00 %
138.1 kHz x dB -20.00 dB

Report No.: TZ200401313-E1

Frequency

CF Step
25.000 kHz
Man

Freq Offset
0 Hz
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Shenzhen Tongzhou Testing Co.,Ltd.

A.2 Dwell Time

FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

Cha : : Dwell . :
Mode TXon PoOiNts Total Points . Limit [s] Verdict
nnel Time[s]
LoRa-Hybrid MCH 64 8001 0.205 0.4 PASS
Test Graph
Graphs
18 To(a\po;n(soﬂx:sl'ro;ﬂalpoin s:aom‘:t\DT:oz 55
B I U NN N I
LoRa-Hybrid/MCH -
w 9 o Hw """ il L T'?hﬂf"”'é';ﬂr
AL L L e s T L e e L P
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Shenzhen Tongzhou Testing Co.,Ltd.

FCC ID:2AF6B-RAK4600H

A.3 Carrier Frequency Separation

Report No.: TZ200401313-E1

Carrier Frequency Separation Limit .
Mode Channel. Verdict
[KHz] [KHz]
LoRa-Hybrid MCH 200 64.55 PASS
Test Graph
Graphs
" Unit: dBm [ —— Channel Separation 907 SNAMH> 12 S194Am
B O s S S O \\ SR S D O OO S DO N D O
0
S [ i
----------- I s e A L
S O B }[ B S K __________
LoRa-Hybrid/MCH 30
S N PR

-To

Unit: MHz

908.5

908.56 908.62 908.68 908.74 908.8

908.86

908.98 909.04 909.1

Note: this test under absence of modulation condition.
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Shenzhen Tongzhou Testing Co.,Ltd.

A.4 Hopping Channel Number

FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

Mode Channel. Number of Hopping Channel[N] Limit[N] Verdict
FHSS Hop 64 >=15 PASS
Test Graph

LoRa-Hybrid/Hop

Agilent Spectrum Analyzer - Swept SA
Center Freq 915.000000 MHz

IFGain:Low

Ref 20.00 dBm

#Avg Type: RMS

#Atten: 30 dB

#VBW 300 kHz

i Trig: Free Run Avg|Hold:=> 1010

Mkr2 2.480 000 GHz
- dBm

1

Stop 928.00 MHz
Sweep 2.533 ms (2001 pts)

Frequency

Auto Tune

Center Freq
915.000000 MHz

StartFreq
902.000000 MHz

Stop Freq
928.000000 MHz

CF Step
2.600000 MHz
Auto Man

Freq Offset
0 Hz
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Shenzhen Tongzhou Testing Co.,Ltd.

A.5 Conducted Peak Output Power

FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

Reading Value Limit :
Mode Channel. Verdict
[dBm] [dBm]
LoRa-Hybrid LCH 9.961 30 PASS
LoRa-Hybrid MCH 9.954 30 PASS
LoRa-Hybrid HCH 9.948 30 PASS
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Shenzhen Tongzhou Testing Co.,Ltd.

Test Graph

FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

LoRa-Hybrid/LCH

Agilent Spectrum Analyzer - Swept SA
S05 AC | CORREC

Center Freq 902.300000 MHz

PNO: Wide —»— 1rig: Free Run
IFGain:Low #Atten: 30 dB

#Avy Type: Log-Pwr
Avg|Hold: 10/10

Ref 20.00 dBm

Center 902.3000 MHz

#Res BW 240 kHz #VBW 750 kHz

Mkr1 902.250 625 MHz
9.961 dBm

Span 1.250 MHz
#Sweep 500.0 ms (2001 pts)

MSG

LoRa-Hybrid/MCH

Agilent Spectrum Analyzer - Swept SA

S0 AC | CORREC

AALIGN AUTC/MORF |04:00:13 PM May 27, 2020

Center Freq 908.700000 MHz

PNO: Wide —»— 1rig: Free Run
IFGain:Low #Atten: 30 dB

Ref 20.00 dBm

Center 908.7000 MHz

#Res BW 240 kHz #VBW 750 kHz

#Avy Type: Log-Pwr 4
Avg|Hold: 10/10

Mkr1 908.657 500 MHz
9.954 dBm

Span 1.250 MHz
#Sweep 500.0 ms (2001 pts)

MSG

[% STATUS

Frequency
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Shenzhen Tongzhou Testing Co.,Ltd.

FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

LoRa-Hybrid/HCH

Agilent Spectrum Analyzer - Swept SA
S5 AC | CORREC [ [ SENSE:PULSE

Center Freq 914.900000 MHz .
PHO: Wide —— 1rig: Free Run
IFGain:Low #Atten: 30 dB

#Avg Type: Log-Pwr

Avg|Hold: 10110 !

Ref 20.00 dBm

Center 914.9000 MHz
#Res BW 240 kHz #/BW 750 kHz

Mkr1 914.866 875 MHz
9.948 dBm

Span 1.250 MHz
#Sweep 500.0 ms (2001 pts)

IMSG

[% STATUS
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Shenzhen Tongzhou Testing Co.,Ltd. FCC ID:2AF6B-RAK4600H Report No.: TZ200401313-E1

A.6 Band-edge for RF Conducted Emissions

Carrier

Carrier Frequency Bandedge Upper :
Type Frequency(MHz) . Conclusion
Frequency(MHz) Power Peak(dBm) | limit(dBm)

[dBm]
LoRa-Hybrid LCH 902 9.974 -42.98 -10.026 Pass
LoRa-Hybrid HCH 928 9.972 -62.75 -10.028 Pass
LoRa-Hybrid Hopping 902 10.211 -43.24 -9.789 Pass
LoRa-Hybrid Hopping 928 10.057 -62.4 -9.943 Pass
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Shenzhen Tongzhou Testing Co.,Ltd. FCC ID:2AF6B-RAK4600H Report No.: TZ200401313-E1

Test Graph

Graphs

LoRa-Hybrid/LCH/No
Hop

Agilent Spectrum Analyzer - Swept SA
¢ RL | RF 0o ac [ CORREC ] | AW ALIGH AUTONORF | 03:58:10 AM , —
Center Freq 851.243750 MHz #Avg Type: RMS OEENEY;

PNO: Fast —— Trig: Free Run Avg|Hold: 100/100
IFGain:Low #Atten: 30 dB
Auto Tune
Ref 20.00 dBm B
Center Freq
851.243750 MHz
J—
StartFreq
800.000000 MHz
i I
StopFreq
902.487500 MHz
I
Stop 902.49 MHz CF Step
#VBW 300 kHz Sweep 9.867 ms (2001 pts) 10.248750 MHz
MKR| MODE| TRC| SCL FUNCTION FUNCTION WIDTH FUMCTION WaLUE &~ M Man
1 III--——— I
2 I 902,00 MHz 42985dBm[ [ 0 00}
| -~ — °r—r— 7} Freq Offset
4 |  90223MHz|  99874dBm[ [ | | 0 Hz
5 [
6
7
8
9
10
1 - r 1 [ [ |4
< b3
IMSG %STATUS

LoRa-Hybrid/HCH/No
Hop

Agilent Spectrum Analyzer - Swept SA

Center Freq 937.356250 MHz _ #Avg Type: RMS e
—— Trig: Free Run Avg|Held: 100/100
IFGain:Low #Atten: 30 dB
Auto Tune
Ref 20.00 dBm I
Center Freq
937.356250 MHz
I
StartFreq
914.712500 MHz
[
StopFreq
960.000000 MHz
[
Start 914.71 MHz Stop 960.00 MHz CF Step
#VBW 300 kHz Sweep 4.400 ms (2001 pts) 4528750 MHz
MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION valLUE ~ M Man
1 m--——— I
2 TN [ oR0000MHz| _ B4201dBm| [ [ |
3/ - 1] Freq Offset
4  o9l49ezMHz|  9grzdBm| | [ | .
5 - T T
]
7
8
9
10
1
<
IMSG
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Shenzhen Tongzhou Testing Co.,Ltd.

FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

LoRa-Hybrid/LCH/Hop

Agilent Spectrum Analyzer - Swept SA
Center Freq 860.000000 MHz

IFGain:Low

MNALIGH AUTO/NORF | 04:06:36 PM May 27, 2020

#Avg Type: RMS
i Trig: Free Run Avg|Heold:>100100

#Atten: 30 dB

Ref 20.00 dBm

Stop 920.00 MHz
Sweep 11.60 ms (2001 pts)

FUNCTION WIDTH

#VBW 300 kHz

FUMCTION

% ¥
800.00 MHz £1031dBm| |

FUNCTION ¥ALUE &

il N [
2 W |  90200MHz| 4323d¢BmMm| | [ |
3 . |
4 [ 90470MHz[ 10211dBm| [ [ |
5 - ]
6
7
8
9
10
1" . [ | [ [ 8
< b

Frequency

Auto Tune

Center Freq
860.000000 MHz

StartFreq
800.000000 MHz

Stop Freq
920.000000 MHz

CF Step
12,000000 MHz
Auto Man

Freq Offset
0Hz

LoRa-Hybrid/HCH/Ho
p

Agilent Spectrum Analyzer - Swept SA
Center Freq 935.000000 MHz

PNO: Fast O,
IFGain:Low

g Typ
Trig: Free Run Avg|Held:>100/100

#Atten: 30 dB

DET

Ref 20.00 dBm

Stop 960.00 MHz
Sweep 4.800 ms (2001 pts)

FUNCTION WIDTH

#VBW 300 kHz

MKR MODE| TRC| SCL

X ¥
| f | 928.000 MHz £52405dBm| |

FUMCTION FUNCTION VALUE A

1 I I
2 I 960.000 MHz f2400Bm| [ ]
3 r - ]
4 912.925 MHz 10057Bm[ [ T ]
5 r - ]
6§
7
8
9

10

1

Frequency

Auto Tune

Center Freq
935.000000 MHz

StartFreq
910.000000 MHz

StopFreq
960.000000 MHz
I

CF Step
5.000000 MHz
Auto Man

Freq Offset
0Hz
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Shenzhen Tongzhou Testing Co.,Ltd. FCC ID:2AF6B-RAK4600H Report No.: TZ200401313-E1

A.7 RF Conducted Spurious Emissions
Test Graph

LoRa-Hybrid LCH_Graphs

Agilent Spectrum Analyzer - Swept SA
0 RU | R 09 AU | CORREC | i /NBLIGN BUTONORE

Center Freq 902.300000 MHz #Avg Type: RMS Frequency
PNO: Wide —»— 1rig: Free Run Avg|Held: 500/500
IFGain:Low #Atten: 30 dB DE

Mkr1 902.312 22 MHZ Auto Tune
Ref 20.00 dBm 9.959 dBm

Center Freq
902.300000 MHz

StartFreq
902.175000 MHz

Stop Freq
902.425000 MHz

CF Step
25,000 kHz
Auto Man

Freq Offset
0 Hz

Pref

#Res BW 100 kHz Sweep 1.067 ms (8001 pts)

Agilent Spectrum Analyzer - Swept SA

Center Freq 5.000004500 GHz . #Avg Type: Log-Pwr
—— Trig: Free Run Avg|Held: 100{100

IFGain:Low #Atten: 30 dB

Frequency

Mkr1 3.054 5 GHz Auto Tune
-45.176 dBm

Center Freq
5,000004500 GHz

StartFreq
9.000 kHz

Stop Freq
10.000000000 GHz

CF Step
999.999100 MHz
Auto Man

Freq Offset
0Hz

Puw

MKR MODE| TRC) SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE &

NN [1]f] 3 054 5 GHz 45, 176 dBm| |
-

20O~ CEaWK

A

=
w
(5]

[fgstatus t DC Coupled
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Shenzhen Tongzhou Testing Co.,Ltd.

FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

LoRa-Hybrid MCH_Graphs

Pref

Agilent Spectrum Analyzer - Swept SA
500 AC | CORREC

Center Freq 908.700000 MHz ;
PNO: Wide ~#— 1rig: Free Run

IFGain:Low #itten: 30 dB

A\ ALIGN AUTO/MORF
#Avg Type: RMS
Avg|Hold: 5004500

Ref 20.00 dBm

Span 250.0 kHz
Sweep 1.067 ms (8001 pts)

Frequency

Auto Tune

Center Freq
908.700000 MHz

StartFreq
908.575000 MHz

Stop Freq
908.825000 MHz

CF Step
25,000 kHz
Auto Man

Freq Offset
0 Hz

MSG % STATUS

Puw

Agilent Spectrum Analyzer - Swept SA
Center Freq 5.000004500 GHz

IFGain:Low

#Avyg Type: Log-Pwr
—»— Trig:Free Run Avg|Held: 100/100

#Atten: 30 dB

Mkr1 2.629 5 GHz

Ref 20.00 dBm -45 614 dBm

Stop 10.000 GHz

#VBW 3.0 MHz Sweep 17.33 ms (20001 pts

MKR MODE| TRC| SCL FUNCTION FUNCTION WIDTH FUNCTION WALLUE A

1 mn-_xm 45, 614 &m0 0000 00|
-r - ° 1]
]
I A
- ]
]

Frequency

Auto Tune

Center Freq
5.000004500 GHz

StartFreq
9.000 kHz

Stop Freq
10.000000000 GHz

CF Step
999.999100 MHz
Auto Man

Freq Offset
0 Hz

G [gstatus t DC Coupled
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Shenzhen Tongzhou Testing Co.,Ltd. FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

LoRa-Hybrid_HCH_Graphs
Spectrum Analyzer - Swept SA
_ A\ ALIGH AUTONORF PH ay 27, 2020 E
Center Freq 914.900000 MHz _ #Avg Type: RMS S
PNO: Wide ~#— 1rig: Free Run Avg|Held: 500/500
IFGain:Low #Atten: 30 dB DE
Mkr1 914.945 47 MHz Auto Tune
1LUgBldIV Ref 20.00 dBm 9.946 dBm et
Center Freq
914.900000 MHz
—I
StartFreq
914.775000 MHz
I
Pref Stop Freq
915.025000 MHz
||
CF Step
25.000 kHz
Auto Man
||
Freq Offset
O0Hz
#Res BW 100 kHz
MSG %STATUS
Agilent Spectrum Analyzer - Swept SA
g RL | RF|s0a/MOC | CORREC | A\ ALIGN AUTO/NORF E
Center Freq 5. 000004500 GHz #Avg Type: Log-Pwr e
PNO: Fast —»— 1rig: Free Run Avg|Held: 100/100 A
IFGain:Low #Atten: 30 dB L2 L
MKr1 3.299 0 GHZ AutoTune
~44.895 dBm R,
Center Freq
5000004500 GHz
[
StartFreq
9.000 kHz
I
Puw Stop Freq
10.000000000 GHz
||
Stop 10.000 GHz CF Step
#VBW 3.0 MHz Sweep 17.33 ms (20001 pts 999.999100 MHz
MKR MODE| TRC SCL FUNCTION FUMNCTION WIDTH FUNCTION VALUE -~ m Man
1 IIIII-_EEEEIE——— I
4 [ [ 1}
s [ [ r r—r Freq Offset
g - rr < -+ ] 0 Hz
I N N N B
6 ]
7 I A A N I
] I N N N B
9 ]
10 I A A N B
11 I B N N .
< >
G [gstatus t DC Coupled
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Shenzhen Tongzhou Testing Co.,Ltd.

FCC ID:2AF6B-RAK4600H

A.8 Maximum Peak power spectral density

Report No.: TZ200401313-E1

Test Mode Test Ant |PSD[dBm/3KHZz]|Limit{dBm/3KHz] | Verdict
LoRa-Hybrid| 902.3 Antl 7.429 8.00 PASS
LoRa-Hybrid| 908.7 Antl 7.010 8.00 PASS
LoRa-Hybrid| 914.9 Antl 7.782 8.00 PASS
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Shenzhen Tongzhou Testing Co.,Ltd. FCC ID:2AF6B-RAK4600H

Report No.: TZ200401313-E1

Maximum Peak power spectral density/LCH

Agilent Spectrum Analyzer - Swept SA
S0Q  AC CORREC [ | SENSE:PULEE AN ALIGH AUTO/MORF |D2:31:38 PM May 27, 2020

Center Freq 902.300000 MHz . #Avg Type: RMS 4 Frequency
PNO: Wide - T1rig: Free Run Avg|Hold: 100100 ; Y

IFGain:Low #Atten: 30 dB

Mkr1 902.258 75 MHz Auto Tune
Ref 20.00 dBm 7 429 dBm I

Center Freq
902.300000 MHz

StartFreq
902.112500 MHz

stopFreq
902.487500 MHz

CF Step
37.500 kHz
Auto Man

Freq Offset
0Hz

Center 902.3000 MHz Span 375.0 kHz
#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 39.80 ms (501 pts)

MSG ESTATUS

Maximum Peak power spectral density/MCH

Agilent Spectrum Analyzer - Swept SA

S0&  AC | CORREC

Center Freq 908.700000 MHz . #Avg Type: RMS ; Frequency
PNO: Wide =+ 1rg:Free Run Avg|Hold: 1001100

IFGain:Low #Atten: 30 dB

Mkr1 908.722 50 MHz Auto Tune
Ref 20.00 dBm 7010 dBm I

CenterFreq
908.700000 MHz

StartFreq
908.512500 MHz

stopFreq
908.887500 MHz

CF Step
37.500 kHz
Auto Man

Freq Offset
0Hz

Center 908.7000 MHz Span 375.0 kHz
#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 39.80 ms (501 pts)

MSG ESTATUS
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Shenzhen Tongzhou Testing Co.,Ltd. FCC ID:2AF6B-RAK4600H Report No.: TZ200401313-E1

Maximum Peak power spectral density/HCH

Agilent Spectrum Analyzer - Swept SA
S0Q  AC CORREC [ | SENSE:PULEE AN ALIGH AUTO/MORF | 02:30:05 PM May 27, 2020

Center Freq 914.900000 MHz . #Avg Type: RMS 4 Frequency
PNO: Wide - T1rig: Free Run Avg|Hold: 100100 ; Y

IFGain:Low #Atten: 30 dB

Mkr1 914.921 00 MHz Auto Tune
Ref 20.00 dBm 7782 dBm I

Center Freq
914.900000 MHz

StartFreq
914.712500 MHz

stopFreq
915.087500 MHz

CF Step
37.500 kHz
Auto Man

Freq Offset
0Hz

Center 914.9000 MHz Span 375.0 kHz
#Res BW 3.0 kHz #VBW 9.1 kHz Sweep 39.80 ms (501 pts)

MSG ESTATUS
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