
Falcon 
transmitter

Base signal 
transmitter

LoRa 
gateway

Selective interfering

Overhearing
Base signal 

... ...... ...

... ...... ...... ...
...... 0 1 0 ...... 0 1 0



(a) (b)

FFT bin

A
m

p
l

0 F0 2SF-1
FFT bin

A
m

p
l

0 F0 2SF-1

Frequency

BW/2

-BW/2

Time

Frequency

BW/2

-BW/2

Time

FFT bin

A
m

p
l

0 F0 2SF-1
FFT bin

A
m

p
l

0 F0 2SF-1

Frequency

BW/2

-BW/2

Time

Frequency

BW/2

-BW/2

Time



(a) (b)

Noise 
Floor

Frequency

A
b

s
. 

F
F

T

Base Signal

Noise 
Floor

Frequency

A
b

s
. 

F
F

T

Base Signal

Noise 
Floor

Frequency

A
b

s
. 

F
F

T

Weak Signal
Noise 
Floor

Frequency

A
b

s
. 

F
F

T

Weak Signal

Noise 
Floor

Frequency

A
b

s
. 

F
F

T

Disrupted
Peak

(a)

(b)

(c)



-25 -22 -19 -16

Base Signal SNR (dB)

-40

-36

-32

-28

-24

IN
T

F
 S

ig
n

a
l 

S
N

R
 (

d
B

)

-25 -22 -19 -16

Base Signal SNR (dB)

-40

-36

-32

-28

-24
IN

T
F

 S
ig

n
a
l 

S
N

R
 (

d
B

)
-25 -22 -19 -16

Base Signal SNR (dB)

-40

-36

-32

-28

-24

IN
T

F
 S

ig
n

a
l 

S
N

R
 (

d
B

)

0.2

0.4

0.6

0.8

Falcon Transmitter

Base Signal Transmitter

Gateway

Base Signal 
Transmision

Base Signal 
Detection

Reception Base  
Synchronization

Selective Packet 
Corruption

Data Extraction

Frequency 
Adjusting



(a) (b) (c)

-20 -15 -10 -5

Signal to Noise Radio

10-2

10
0

C
A

D
 E

rr
o

r 
R

a
te

SF11 preamble
SF11 payload
SF9 preamble
SF9 payload





Time

Frequency

Noise floor

(a) (b) (c)

Target peak



Device 1 Device 2 Device 3 Device 4
-15

-10

-5

0

5

10

15

(a)

-25.0 -12.5 0.0 12.5 25.0
0.0

0.2

0.4

0.6

0.8

1.0

C
D

F

Observed Frequency Offset (Hz)

(b)

7 8 9 10 11 12
0

10

20

30

40

50

P
ro

c
e
ss

in
g
 T

im
e
 (

m
s)

Spreading Factor

 SX1276 Client
 SX1268 Client

(a)

7.43

7.44

7.45

7.46

7.47

7.48

7.49

7.50

P
ro

c
e

s
s
in

g
 T

im
e

 (
m

s
)

Temperature

(b)



P
a
ck

e
t 

D
e
liv

e
ry

 R
a
te

1

0.5

0
-27 -26 -25 -24 -23 -22 -21 -20

INTF(-27dB) 
INTF(-30dB) 
INTF(-33dB)
Baseline

Base Signal SNR (dB)

Baseline
-23dB Base signal
-24dB Base signal

-40 -35 -30 -25 -20 -15

S
y
m

b
o
l 
E

rr
o
r 

R
a
te

1

0.5

0

Falcon Signal SNR (dB)
1 2 3 4 5

#Packets per Bit

-28
-30 -29

-31.5 -30.5 -32 -31
-32.5

-31
-32.5

S
N

R
 B

o
u

n
d

a
ry

-10

-20

-40

-30

S
N

R
 B

o
u

n
d

a
ry

-10

-20

-40

-30

Baseline

-23dB Base signal

-24dB Base signal

7 8 9 10 11 12

SF

10-1

100

101

102

103

Falcon
baseline

 

)
D

a
ta

 R
a

te
(b

it
s
/s



CR4/5 CR4/6 CR4/7 CR4/8

0.85

0.90

0.95

1.00

T
ru

e
 P

o
s
it
iv

e
 R

a
te

(a)
CR4/5 CR4/6 CR4/7 CR4/8

10-3

10-2

F
a

ls
e

 P
o

s
it
iv

e
 R

a
te

(b)

10 12 14 16 18 20 22 24

Base Signal Packet Length (bytes)

0

5

10

15

20

25

E
n
e
rg

y
 C

o
s
t 
(J

/d
a
y
)

1

2
5

msg per day

(a)

10 12 14 16 18 20 22 24

Base Signal Packet Length (bytes)

4

5

6

7

B
a

tt
e
ry

 L
if
e
 (

y
e
a
rs

)

1

2
5

msg per day

(b)



Gateway

100m

(a) (b) (c)

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10
0.0

0.5

1.0

S
y
m

b
o
l 
E

rr
o
r 

R
a
te

Position

 Falcon  Benchmark

Outdoor Client

Gateway

Outdoor Client

Gateway

Indoor Client

Outdoor Client

Gateway

Indoor Client

1

2

3

4

5
6

7
8

9
10

100m








