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ABSTRACT

In LoRa, the representative communication technology in LPWAN, two signals generated by different
spreading factors can be separated at the receiver even if they overlap. However, since the LoRa signals are not
perfectly orthogonal to each other, the demodulation of the overlapping signals is affected by the interference.
Therefore, when the difference between the two signal strengths is too large, the strong signal can be
demodulated correctly, but the demodulation for the weak signal might be failed, i.e., the capture effect occurs.
In this paper, we propose a signal processing technique that protects weak signal demodulation from interferences
to enhance the transmission reliability of the LoRa system. The proposed method first detects the stronger one
and then it is removes it from the overlapping signal. As a result, since only the weak signal remains,
demodulation can be conducted without the impact of interferences. In particular, the proposed method is highly
compatable because only the IFFT block is added for the signal separation. Simulation results show that the
proposed method improves transmission reliability by eliminating the impact of interference on the LoRa

demodulation.
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Fig. 1. Spectrogram of the circular-shifted CSS signals
according to the data symbol(SF=10, BW=125kHz, f1=0,
f2=125kHz).
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Fig. 2. Spectrogram of the multiplied signal with respect
to the sampling frequency.

Fole] At Wil Fulsel sk o)A
A7) wiolek 4] (11l vhehed 5 7o) Fuiis 3}
15 ARl @

o2
il

2f1+kt0—(f1+f2+k't0) =f,=H=BW (12

N

olmg F ke Fujg AR 5 £ 2 AH
o} ueb FAAlEe] FulpAdE-S 17 2(c)2f 2(d)
oAlA BARE ZAF Akl £ RF EAlgic)
FA7]= FRTAARS: 53l Al selA] Hdaks
e TS EEe RN Tl oZAS o
gl o] Halsle] HEE dolE] AE-S 5

& = glch 2™ 3(a)) Zo| dlofE] A8 2567 512

(a) Frequency perspective

-

@
T
£
508
E
< 0

] 31.25 62.5 125

Frequency(kHz)
(b)Index perspective

e 1
=
F05
£

0

0 256 512 102z

Index

T2l 3. #4 Alse] FFTAs}
Fig. 3. FFT of the multiplied signal.
486

HES S8 13 ole® Alee] Fuk 2]l
31.25kHz9} 62.5kHzolA 217t Hof) 4-9-2)7} A
BER o]F o83l alvle B Ak U
o] 34l Alge] AE AN 2¥eh wdsnz ad
3(b)e} 2] FFTA A Hdigte] A55]e o
A3)(index)& 2ol ol ot s glo] =}
2 Hxd 5 ek

III.

Ny

MEA

2} Alzdlol|A AR o}E SFE 58l wHEell
Ase FAEYEE 22 = 3lor ol £
Sl 7]Qghtar g glvk FAkHoR
7F A2 Ak 712 F Alse] Wixe] &
£ ouisiA|Rt Z2f Al2deA e ozt T
A=)

ME ohE SFE 53 hEelxl 7 A% 4, BE &
A3k A5 E c2f Ak FA7]eNA AF BEE] $
3 o]l th-&3h= 318k A LE Coll H& 7, AXE
o] Ful A2 kA A8 nle} o] At €
ol ol= Ak A= 459 313 A= Alse] Fule
7} A7 S 3(time-frequency plane)ollA] 7]-&
719] sk th25 1 F7)= 327] wite|vh wh,
BAlE S} A9] 13k A= 250 Tl 7|27 HE
Wk ohe} 7| E 2 eR T Alse] o R A4
= Fag A A¥AHe® Wk el 7ok
oA Hll, FHAS e} 31F A Ze] FAl A= 1)
Ao es 7R Ak el 27 o8 AR g8k
A Far) A FEsl) o] M7 AR o e A
£ 7H 7 T o] EAtlE Bk ke
EZ27} 7FsRt ol oluAIZ) Ak A Fala
o] FFTAZ | ul3)| shte] Fafpel =7} Ae=
A T FRTAN L Ao o2 v =27] wji
o]},

71 F5E HE A Fake] FRTA# 4
Ao 2ER|eE 1 FZ7]7) 02 ol ek AR
o s dw] sl A, &
SIR(Signal-to-Interference Ratio)o] vi-$- 2hepa 714
A5 Ao ddzkew s Hxrt A 4 9k
olof thgt o]&l|E F7] $18) SF9} SF105- ©]-8-3}]
dlole] A& 1009} 5125 Wx3le] F A5E AT
%, SIRel| u}2 dlo]e] A& 1009 Hx A& 1d
4ol vreblisdet. 19 4(a)2t 2] SIR®] 0dB24H <
Ail o] FFTA % 10004 Aol =il %
=l(peak)7} Hehtm 2 AFAQl Bxot 7lssich

0

il

oo

o3
S
fu =S ot R4 n

Lo

www.dbpia.co.kr



=1 /LPWAN A4 A4 S-S $13E 2HAA 71E

(a) SIR: 0 dB
o 1
T
=
205
g b
0
0 100 Ll
Index
(b) SIR: -20 dB
o 1
k=
£ jmT Y
Z05
E
< 0
0 100 511
Index

T2 4. 7Hel 93 Hx Ad o
Fig. 4. An example of decoding error caused by the
interference.

ub SIRo| -20dBY 7%, FFT2] | 9Agko] 100W#)
Ale] ohd thE $1x]el WAE B B} s
a7l Hek, oli= Aol SFE] Abge] F Al B
A% WA R A ohde Pk U
o] AL FAIRelA = THAALERRY o2} -
P BRI E35)7] o] 249 213 sk
xﬂl—_ 1:10 M§;]31 2~ oh;],

22} A|2d" 3 ox] whAlEl= SIRE] thzkdal
2x2 Helel] Sls) 2 Pellrliz o7ve} s
d(Okumura - Hata model)= ©]8-3}c}). 53] &F
Feb slet mae] o WF F B4 T4
400MHz ©132] TR oA BASH A2 4
B Ao T AL ofels} 2k

L(d) = 69.55+ 26.16log;, (f.)
+ (44.9 — 6.55log; yhy )log,od (13)
— 13.82log;oh, — a(h,,)

3714 a(h,, )& w3t 2k

a(h,,) =3.2log,,(11.75h,,)* —

m

4.97 (f, > 400 MHz)
(14)

A(13)3 (14)0l] AR 32719} ool H-g3h= 7l
o A8l Zeh Al2gl alxk= 3 1ed] A=) 3
- dnbdor zeh Axgle] gAAR]= 10km W9
B3lal Q0B Z LkmolA] 10km7HA] 1km 2
7¥he 471 E A (13)°ﬂ “41"‘6}04 1074
2 A e =239 = A (10C7N
o] 2ol AlelE ALkt A3t Jé& 10dB«l Ato17} 9)
k. tige] BAAR 1kme} 10kmolA HAs= 7
2 £Ale) Aol 30dBR 1 Ao} vilg- Zrk o)

H

fo fo fu o L rL
oﬁ olN

E 1. 8k nde] /)5 9 A 7k
Table 1. Notations in the Hata model and setting value.
Natation Meaning Value
d Communication range(km) 1-10
fc Carrier frequency(MHz) 870
hb Height of gateway(m) 200
hm Height of end device(m) 5

NBe) FHol WA A5, A= thE SEE 44
Azl EREE A7) 2 Ale|Ee]e} 77k A
=)o) FAI A Al ovigit) ae|BE o]z
g+ ¥3] 8 I(capture effect) ZHE] A2 EAS BT
sle] 2] SAlAEE BAS Holy AFAAS
Fahes ZHIAIA 7)ol Dasict

V. ZH4HA

sl AUk FYAE el e ) F
W A 2) AP A A 9 3) 3
BzE A5 A7 ez AP o]

WA e 3 F AEE pela] Sla WA
A At 22 stefslel SAA1EeA 2]

o] MM g dopllE AL ofnIdit ols] =
gt Aol Eslol 52 Zefdes S A HA o
& Eshs 7ol glorng, =AW
of Al WA S Fel SR :

A2t SFE AMSsle] Wxd
FHE AR 7AERL A7) 4l

= 7 Alse] Ze|qlEe tigk Ay ~dEy] e
(Power Spectrum Density) S 43} A7]7} 2 A1
35 YR F olE WA AEdch SRR HEd

CSSAEE s iy
el Alse] A A r2 ot 7o) &3
& = Sl

r(t) = s, (t) +s](t) (15)

487

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’20-03 Vol.45 No.03

74 s, (1) B o 7sE AE 2 AR p(t) ol

S AFE p(¢) ol Fallok gk B AelA= Alskak

A=z 5 B A8 o]Fo] glE 7|® CSSAEE

sgp(t) 2 F718kAL ool digshe AFTE

(1) 2 713k} o] A%, 41 A5 w4155
F,~ vt 2ok

IF, (t) = IF (t) + IF, ,(t) + IF; (t) + IF7, (1) (17)

A (anelA IF () 9} 15, (1) 9] e 94 =2}
Bzollx] Ardgh ulel zro] A7) Hug 9] Al o}
S5} 7o) WL,

IF, (t) = C+IF(t) + IF,(t) (C=7357)  (18)

A (18)ell4] = FETA}] o] Fuj42 2o
o2 TEE ol AR Mxd dHely A2
A B2g ofvidie

A717F 2 AFol gk BxE wpal $Al7]= FFT
Aol Ao Fol AEaE AASaL o F thAl
IFFTE o]§3le] A7tedode] Alsa Bght) o] &
Eaf 7HAle] AR Al ATk A= o)l 3
ok SAFAS 15, (1) = A (18)ellA] ¢7} AlA
€ Feleln vkt o] el 5 vk

m

IF,(t) = IF;(t) + IF, (1) (19)

oA71x slel Aol Welole 17,(1) & ol4lel
O ES R I i R REeC L)
HOCIEECEE RIS F R S R T

295 Az s, (1) 5 —f;ﬁﬂ IF, (#) A58 A A3

»

)

IF,(t) + IF} (t) = IF (t) + IF; () + 1F (t)
:JF]*(t)

3] Aol oF 4 gle] 441 Al 5
= Ahgh of ()9 Aol 3] Alebglom

488

2 A3 ﬂ7l7}°kﬂs () = ZH3e] o3k glo]

i

st é«] 1 H %71 $18) SFo¢} SF102 o4
sto] Zb2) dloE] A% 1003} 2005 MEZ F o] &
S FHAZCE £ ool SF1002 AR Alss
A Als, & e R Zsislon SAE R Al
o] 2] el me 1Fe] H3ks 25 50 =A13kst
stk 28 5@} 2] FHA el AT %
HellA] A2 ok 718715 7 F Re] AlsAd e
FEI) WA s & HAEIP] S8l FHALE sy,
= #3933 52} 2ol 5,9 IFe A PEJ
=k sy o] 1P o33 APHEAS 7HIe) 5~

71 FAEe] FRTAR A A4 F9k A4S -’Jr
ofste] i HE3 F, ol Akl IFFTE o]
3t FFT?éikg AlZkedd e Belgiel Belsl Als
o IFE 28 5ol vrehd whel sy o] Foiradat
A ek o3714] sy el A HallAd 5,0 FE
AR2 o ol Fo gleng BT 5 F
wth Aspdon FATedlE 23 5d)e 2ol
sy 2 T AR | "ok 29 5@} 5(d)°]
HIE Fall o 4 obRe] Al whie Y AlsE
k3] Hejsle] AlE zhel sl ZHIEAIE 8
ZAs}a glrk

Alpge) =

ioh,

=
R

(a) Overlapping signal

e 71E 22 Axgse)

Freq.(kHz)

41 8.2
Time(ms)
(b) Multiplication signal

Freq.(kHz)

41 8.2
Time(ms)
(c) De-interferenced signal (d) Re-Multiplied signal

/

o
4.1 41
Time(ms)

Freq.(kHz)

Time(ms)

J2 5. Alsde] SAelx 2 Alse] ¢ Fube s of
Fig. 5. An example of IF changes during signal
separation.

www.dbpia.co.kr



=1 /LPWAN A4 A4 S-S $13E 2HAA 71E

& (compatibility)o]ch. A1&2] £ 744 9 7+
Alge] AAF 9]x] el o]w] Za} Al7]of ¥l
Algtoln] 718 CSSAlE A4 E FAledAbE dAl 4
Al7] FzellA A=) weld 7|E Al 2wl FFT
9} t]Bo] IFFT SAFE 7153l B-2uk 27150 AgF
71%5S A48 5 sdek w3 Aok WS 7H A7
50 uhA s T8l o] ] Al ® qls

AT AR Ald 4 ok

V. 2O

£ Aol welge F3) Alrle] SIRe|
o9 e gel R 7H4e] o3 glo] gulEA Al
25 B2 $ gie neld

Zo A ellM e o sl 2ef whiere $alxl
Z7ke] sj71e] 2157k 4l Aol Edllo]ella] FA =
e PRt o R sizlalei AR o
ele] SFE ARget] Ague ARle] =271 sout
olEelet A AF 2] ARkAE wefsl] fls) A

% oJe] AAellc). B el 7))
ko] Aol ulmst7] 918l % 10000]

AEg Sasielon olul WG A% o

%) -1
ool o2 A5 S8l Akeel 9=

= 6
olA] Boli= npel zho], 7] AlxglelA= SIR] 2t
STE AR ol o] STI ol= A AWR A
A7l 7HdAlEe] dgko R FFTAM el B33t o
o] B-5e7t A=) wtelch whid Al

—HE—Existing system
—e— Proposed method
0.8
0.6
o
Ll
w0
0.4}
0.2[1\9\&\0
0 ]
-24 -20 -16 -12 -8 -4 -0

SIR(dB)

02 6. SIRel| w2 AlE oz)e
Fig. 6. Symbol error rate for SIR.

Z3AellA ZHdalge] o] Al7=9ler R SIR
2 Aol G Sale Hao) ek 53] Ak

H}
A gler g A F AEr) FUg doly AES
oeke A 2] Bzl o}-al I3RS v]x|]

3
B
52

(

RHH, 22} Al2~glef|4l= CRCE o]-&3}e] HlEq]
2o -5 et = oot 24T = Yk
oA R, HAZle sk o] Al T o skt
o] Aol Hart sl A5 =izl AAE A
3 4 qlek wleba 28] 73} 3ol AlE oz E il
7 el Aot HEs Agshd 71 W
ol A= 2k el 23t A A3} oAl7}E v Al
Aok 58] Zelelre AFAAZ I S-S &
T8 e3om whek o &8l AEARte] vl ARk
Holnz AL 582 Al weh A=<l
2oz AlRPE E3f ol
B AFAS WAshs Al 2ot Alxge] S8

>,
2

M

Y

X

ila}

4

b

s

=

4
(e}
:
)
Ho

-15dB, -25dB®Z A
ofl2lg3} 7 ollzE-S SAslAcE 23 83 94
7]& Al~"loll A= SIRe] 2ebH SNRe| Eolx|vg}
E Bx s A A= et o= 2l
3o EAF BxaPye] Agels Zlst vbd 74
o= AR FHeslr] witelot wbd HAoR
ZAE AAE Ak w2 SIRI FAgle] SNRO]
WAl ma} ExAgo] Fhax

e
_11}1. _101.
w2
Z,
tlo
=
£
N
B
>,
e

FF
)
o
il
5
%2

—B—Existing system
—e—Proposed method
0.8f
0.6
o
L
o
0.4f
0.2
0 #
-24 -20 -16 -12 -8 -4 -0
SIR(dB)
a2l 7. SIRel upE 7 o2&
Fig. 7. Packet error rate for SIR.
489

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’20-03 Vol.45 No.03

S e
|—7—Existing(-5dB) | ® \
10| |~ % - Proposed(-54B) i

E |—6— Exisling(-15dB) | W b
| |-© - Proposed(-15dB) | N \?
§+Exlstmg(25rjl3) |
|— s -Proposecl( 25dB)' i
—_ e

10®
- SNR(dB)
T2 8. SNRef| W AlE ol%
Fig. 8. Symbol error rate for SNR
t} =g 5U% SNR AEellA = 7|E Alzaglnct &
AS| ke A etk A7) oAl 8- vhehe, o]

A ALERE e dee 9

fr
2
:o
mi
O
ﬁ
ﬂ

ft
:oé
(]
o,
Ay
(o3
)
2
o o
D:‘.
E
rlo
o

T2 1) UES 43 14101] £ 94 =
7} @AY 2) vt FAAES] 2t 2 739l HAlsh
o} wEbA Algk whE Fa Al Egle] & 8718
g eRke) 5 ST ¢ QAL AlsAlZ ) ofdE
A 5AlE B3sle] v ES T AMEAE Fst 5
gt o]2idlk B4 7dsh= 2e) 7]40] LPWANA|
Zol|x] AHEE Fol= T893 847} F ook

_{

v.g e
B T Al ig A QAate) o)3) Fulas
3} 543 FFT/IFFTS 283k 744 AlA 7S A’k
sleiek. Alhge %—z4 A5 F AL 2 A5
Aol o) F wiA] Basly BaE ATAYE F
Azl AAsle] 2oz g FAE 283
o g, FUg LA DA Ak e 7]

*é‘a & Hol= 7§";PéE1€ 2

s Eshe A7k 5 deasi

490

(1]

[2]

[3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

References

L. Atzori, A. lera, and G. Morabito, “The
internet of things: A survey,” Comput. Netw.,
vol. 54, no. 15, pp. 2787-2805, Oct. 2010.

L. D. Xu, W. He, and S. Li, “Internet of things
in industries: A Survey,” IEEE Trans. Ind. Inf.,
vol. 10, no. 4, pp. 2233-2243, Nov. 2014.

JP. Bardyn, T. Melly, O. Seller, and N. Sornin,
“IoT: The era of LPWAN is starting now,” in
Proc. 42nd Eur. Solid-State Cir. Conf., pp. 1-6,
Lausanne, Switzerland, Sept. 2016.

J. Haxhibeqiri, E. D. Poorter, I. Moerman, and
J. Hoebeke, “A survey of LoRaWAN for IoT:
From technology to application,” Sensors, vol.
18, no. 11, pp. 3995-4032, Nov. 2018.

M. Centenaro, L. Vangelista, A. Zanella, and
M. Zorz,
unlicensed bands: the rising stars in the IoT and

“Long-range communications in
smart city scenarios,” IEEE Wireless Commun.,
vol. 23, no. 5, pp. 60-67, Oct. 2016.

J. H. Lee, “Long range communication module
implementation in sub-GHz band for inter-drone
Ad hoc networks,” J. KICS, vol. 43, no. 10, pp.
1670-1675, Oct. 2018.

D. Croce, M. Gucciardo, G. Santaromita, and I.

Tinnirello, “Impact of LoRa imperfect
orthogonality: analysis of link-level
performance,” [EEE Commun. Lett., vol. 22,

no. 4, pp. 796-799, Apr. 2018.

U. Noreen, L. Clavier, and A. Bounceur,
“LoRa-like CSS-based PHY layer,
effect and serial interference cancellation,” in
Proc. Eur. Wireless 2018, Catania, Italy, May
2018.

L. Vangelista, “Frequency shift chirp modulation:
The LoRa modulation,” IEEE Sign. Process.
Lett., vol. 24, no. 12, pp. 1818-1821, Oct. 2017.
P.  Poshala, “Why

undersampling can do the

capture

oversample  when
Job?,”
Instruments, Application Report, 2013.
M. C. Bor, U. Roedig, T. Voigt, and J. M.
Alonso, “Do LoRa wide-area
networks scale?,” in Proc. ACM MSWiM ’16,

Malta, Malta, Nov. 2016.

Texas

low-power

www.dbpia.co.kr



=1 /LPWAN A4 A4 S-S $13E 2HAA 71E

2 M & (Sungryul Kim)
201041 29 : Bxbstw AFE
zet st

I 20174 8¢ 1 HAleEka hekel

Jav el gtk
Sl 2019 39~3A] Fe-yiEw
‘ S . Afelmeslolyal) s
A <THEo [oT, $5UES =,

Als Az, Al

2 7| & (Kiwook Kim)

2006 84 : wEUdw A%
H3t &4

201841 24 : wEEgw HAE
BRI e T

2018 124 ~3A) : gh=rfsh
Z1EARATI FAsr]edd
TR Ad7led

<3 Hok> 10T, SDN, Network Security

Z & & (Cheonyong Kim)
20139 24 : el AR

g3t} &4

20159 29 E=Juslw ZE
B3t} Aat

20199 29 sl 73
Bt Fshitat

20191 39~&A) : gE3}s}y)

A RAT HAsp|edTEAE T

<Al Fol> 10T, FA41 AlA =, Resource Allocation

3

2 F= ¥ (Joobum Kim)

19991 29 : Borhetm A}
EAFs st

20024 29 : BETE)E
AREATT At

20161 8< : The University of
Texas at Dallas, 33/}

2002d~2005 : AH4 A 2
ol FEANEE AddTd

20053~20194 : g | S RnATI  F3b|%
AT AlE AdgdedTd

20201~& Al : Middle Georgia State University,

Department of Information Technology, Assistant

P

Professor

<ALl F VIESZ, FALE, AREelE Y

491

www.dbpia.co.kr



	LPWAN 전송 신뢰성 향상을 위한 간섭제거 기술
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 로라 변/복조
	Ⅲ. 간섭문제
	Ⅳ. 간섭제거
	Ⅴ. 모의실험
	Ⅵ. 결론
	References


