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Abstract Research and development are underway to connect the network to all things in the world and
to manage the objects through the Internet. The Internet of Things is expected to play an important role
in building ecosystem of next generation mobile communication service. The most significant
communication technology is LPWAN. In this paper, we analyze the performance according to each data
transmission rate to reduce and manage resource waste by using many LPWAN nodes more efficiently
in accordance with the demands of the times. The LPWAN communication technology used in this paper
was designed based on LoRaWAN, a long—distance low—power wireless platform developed by Semtech,

and analyzed by implementing a virtual IoT base using Network Simulator—3.
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Fig. 1. IoT service expected to emerge in 2020 (unit:
million)

A%, B, FEIE T U oA ARl
9 A7 4 ol | Aelth. olelek thaydt A}
842 AU 93 2AE AARE olgel ofelgol
& 5 Q710 FRALE AEAEY ol BasA
Hgick, e AU AH| 2o EABLE A Ao]
Edlols) Q= ol ze] A% ol W A4 A

II. LoRaWAN

1. LoRaWAN A9

LoRaWAN2 §F=A] 71§ Q1Semtech k2t IBMo] g
7 /fakgk LPWAN 7]24, 20151 & ubd 9= 2
MBS F3 dEglon, 4 RE 7R 2R it ~
HAE(CSS)H2)& A-g3te] do|HE 1GHz ©lst e
o7 Mxdte] $E3th LoRaWANLS LoRa7] &S 3}
9 EYAITORE ARSI ME]T & AT 22
EZR tjute] =9} Alo|Eo] m1g]a AHeke] FAl f
kS Aokl 1o, LoRa Alliancedh= S 24 ¥
Al ojste] = 9l

S e

LoRa® MAC
MAC options

= ClassA Class B Class C
(Baseline) (Baseline) (Continuous)

L%Ra Regional ISM band Physical Layer
= (PHY)
== EUB6S  EU43  USOI5  ASN  —

1% 2. LoRa®} LoRaWAN Stack 1%
Fig. 2. Stack Structure of LoRa and LoRaWAN

N
=

Z} ] 2AEH Tt 9 A4 QFA}Eo] ThE
7] wiitoll LoRaWANS] ARQF gk 2| ool whe} xpe]7}
ATk FHF H19] LoRaWAN 72 0] g o5 o] 1A

& A o8] 7= ds]ell o) gL 9l
t}. LoRaWAN 7+2 A 9]+= 20161 1.00] ¥EFH A1z,
AR 71 wol EshE WS 1.0209, Hal WS
L1oIT), 7 Az o T4 HE e E4) 909
2 LOLYR 2 o 8T

Parameter ¥4 & &

ﬂ!l

Time on Air (5)

30
MAC payload size (bytes)

a9 3. SFE dlojE] AF Ak
Fig. 3. Data transfer time by SF

— 208 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 19, No. 3, pp.207—211, Jun. 30, 2019. pISSN 2289-0238, eISSN 2289-0246

“1%) 123123.3} o] DRo| 73t SFi= 7h2-ahul,
T3 SF7F 29 B 5 B4 WS 38 ey
Time on Air®2 @3shk= #% d% ’\] Zro] F7 sl H o
7] A7kE SR I AR Ao R 9 X AT Eg S

7}atAl gk

2. LoRaWAN %

LoRaWAN=>- “gAe], 2149, 22 oy A% &%
& 54om 7R A 71ER <= tute]s, Aol ES)
|, T4 MIEAD A= FA45ET = tiupe] 2o A
A ARE TR dE ARE Alo|ESo]E Fat]
IE)= AHE AEHTE Alo|Edlole 2 7S AM-
sto] = tiulo] 2ol A =308k AA ARE Wk, Alo]
E9ol= 3ld AXEE Ut [P(Internet Protocol) HE

ré °

=

|

AIE Fato] AHE dLet
End-device Network Server
Appication Apglc";let;on
LoRaWAN
LoRaVIAN Gateway aser
Slave Packel
Fomatd | p siack IP Stack
PHY PHY
[ A T—T
______________________________ ]
LoRaWireless IP Network

1% 4. LoRaWAN UE T +x
Fig. 4. Network Structure of LoRaWAN

3 LoRats F 714 W7)9] #lolojE 7ute s o
A WA S F3th LoRaWANS] &) goloje

¢ WMZ 7|&S 7o g sla, AAAS 93
MAC A% ZE2EZE LoRaWANS 7]dto 7 3}, 3
F UIES A Flolo] 2= LoRaWANeIA 718 w3
HEN S golojolt),

Customer | B Decrypﬂ_E_l!clym
Application

Decrypt/Enc

Backhaul
IP Stack

i
- ’ b
Packet Forward | : [

1

Backhaul | Etnerjet, 364G, WIFI
Pstack | | |
[
! 1
! 1
! 1
! 1
! \

19 5. LoRaWAN LﬂE%i 2ol o]
Fig. 5. Network Layer of LoRaWAN

EYATS A W9t #Aste] FSK(Frequency
Shifting Keying)?} &g 548 AlF35H, LoRaWANS
A ZREF 9 YEYA 7xE 28kl LoRa =1
A2 AR FAE 7heshes St ZRES B |
E912 oblgAE w=e) wele] 0, EY D §F
QoS(Quality of Service), VIES 2] o= Ao]A B
oF "l olHAS AAsIE=Y gIS v agx
LoRaWANS AP A1 ~E}—E} EZEA| P22 I4
Hroh oy <= fulo]= Alo|Eg o]} 2B EEZRA
2 A4, o) Ao|Eslo] Ea shte] Auje] e}
EZRA 722 daag.

Concentrator Network

Application
End Nodes /Gateway Server S

T y
ckhaul % A

LoRa® RF TCP/IP SSL TCP/IP SSL

Secure Payload

LoRaWAN™ LoRaWAN™

& >

AES Secured Payload

1% 6. LoRaWAN EZ2X] F%
Fig. 6. Topology Structure of LoRaWAN

LoRaWAN F & F2 dlo|g] A o= tjulo]x
o eheh oAl dERZ] TA B Nl E e §)
t}. LoRaWAN 800MHz %=+ 900MHz2] ISM t & 9]
sl BAISHAL, EAGAE 2R T A2
el & S 71K a1 v}, oo} - s X ol A
= 10velel ek B § HAIE AL
LoRaWAN dHlolg £X%+= 0.3kbpsollAl 5kbps7hA]
ADR(Adaptive Data Rate) & &3te] dlolE] #&&E 2
Holg] A% £59F 728 Bl Ao] MY S 2AE 5= ¢
o A% £EE 27717 sk] AeAES A
akaL, Mg HQE«] o ] B dE el 74 iﬂ”ﬂ

Seegstel e A1) A F2 Ak A
Hulol st vlole] AES Sla) FAMNLEL WA ol F

il

. Al2=s A

1L Al=® e 2 4 3

& Aol AR A8k

11
g
[
(m
]
B
0
rir
it}
oot

— 209 —



Analysis of transmission rate according to LoRaWAN communication distance

748 7 e NS—-3%5 B3t +&8kal, LoRaWAN
HES o83t A HIES A ZXoA A Azl
WESlaL $AIsRE s 94 T Y29 9Ee )
2 MA1S 23 BHelo] 745E7] Wi LoRaWANS]
=t B Ao Eglo] AAe] golstal HlolE HE &
o W& dAE ATEHR A BAe] 7hssith

B =5l 4] LoRaWAN Al2=E] & 3178 v
W A

A8 0S : Microsoft Windows 10 pro 64bit
— CPU : Intel(R) Core(TM) i7 CPU 7700
— RAM : DDR4 PC—-24000 16GB
Platform: Ubuntu 16.04 LTS 64bit
LoRaWAN

2. N&E g2 B EE

lﬂ'I
z
2
R

LoRaWAN EE2] ¢l= tjujo] 28} Alo]
T8t ¢ H Zosk 5 AS, 01*?471]01
S JR3le] geldit). LoRaWANS] dA2 el 28 -
Je= 8 7.3 2

[
ol
ojrt

S

PeriodicSender

‘ LogicalloraChannelHelper |

DutyCycleHelper

‘ EndDeviceloraPhy }«—-{ LoraInterferenceHelper ‘

EndDeviceloraMac

LogDistancePropagationLossModel ‘

LoraChannel H CorrelatedShadowingPropagationLossModel ‘

BuildingsPenetrationLoss

LoraInterferenceHelper
ReceptionPath

‘ LogicalLoraChannelHelper ‘

DutyCycleHelper

GatewayLoraPhy

GatewaylLoraMac

Network Server
1% 7. LoRaWAN E& A E
Fig. 7. LoRaWAN Module Diagram

PeriodicSendert+ F-2H¢] #lo|2= A7]2] 002 =)
Ax A AAdg), TS 7 A2 Akl Wy

(3

A TS H53) LoraMace LoRaChannelHelper
25 B3 A8 75 YEY A Y-S F46n
A ehe A =4 AHEE ) LoraPhy =
tlujol A @ SX12729} SX13019] F2& Al EH | ES}
= Zd o)tk PhyEefizaol e Ae) W7 £480H
Tx, Rx, Idle, Sleep 47}A]9] AE|RErl EA)8c)

LoraChannel LoraNetDeviece® %313+ Zlog ®
< FA7T Tk 74 %H” E%‘ sk Sdl2olH,
YENAE 9dsy) 918 2oz Agdn

v, Ag 4

3km = E 20 = DR

100 500 1000 1500

—4=DR0 —+—DRl —e—DR2 DR3 —w—DRZ —@—DRS

2~ 2= A
A S8 Ao

a9 8. A7t 3kmY
Fig. 8. Performance at data rate when distance is 3 km

7km = E 20| T2 ppR

DR e DR DR2 DRS =iemDRE  =m@emDRS

I~ A=
H AF &S

a9 9. AT 7kmY o

Fig. 9. Performance at data rate when distance is 7 km

% 8.2 3kmo] Agle]7] wEe] BE g
A FEsiA BAlo] o]FoA = AL ERIE 4 k. 3
A4k vk Data Rate ¥ W 541 £57F = A5 At
o] o# Adt), wbA =29 ATt oy =

PDRo] &ol=3= A& &91e &= 3tk 19 9. = 7km

— 210 —



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)

Vol.

19, No. 3, pp.207—211, Jun. 30, 2019. pISSN 2289—0238, eISSN 2289—-0246

o] AglellA HAE g A
Data Rate 0 & ] 7} 5
o] 757t Eolds5 PDRo] E0j=&

=0o
& =

ol HFAI
© & 213 Duty Cycle9] Al7bo] Eojvtar, & wliEo]
A Fojue Aot 99 AFAT AHER =t
NS WA 7P Data Rateoll i3t AH5S #4154
th 7Pk Aol A= Data Rate7} & Ao A% &
E7b e} 8 TS HOA Y Ayt HojdeE &
2AIF7E 2150 &2 Data Rate2] Ad50] 843 &
o A& T 5 °1@r w}?)r/ﬂ A|2=Els G- E Ao
e gt AYE Z B8k Sk HZe A
S T Us 7)4\0]5}.

V. 4

B =elAE ARTE A FTERRAL 9lE AFERIE
S v} &% 07 By)stua LPWANS] o &4 ol
|2=¥12] LoRaWAN A]2=¥lS §3}e] Data Rateol u}
AT A o 7 TgrelE Auglol A
2]7} 717+9-1 Data Rate7} %2 A& AR&-3kal w7}
™ Data Rate7} W& Z1& AREE= Ao @32 o))
o =g ahew sjo] Q) AR At 719
59 [oT WIEH A 750l ol A, BAZ o R &
ool & Aolgt s, 75 3 e 75 A9
o] A7]o| W} Data RateE A4 3}e] A-&-38)=
[oT FAlel B2 =gl & Flojgt £}

[o

&l

>

= -o
_‘:/\(—)102

Zlo

References

[1] Euiseong Seo, Jongwook Jang, “Trend and Comparative
Analysis of LoRa Technology”, Journal of Engineering
and Applied Sciences, 13(6), 1391-1394, (2018).
https://doi.org/10.3923/jeasci.2018.1391.1394

WhatisLoRaWAN[LoRa
(2015-11-01), URL:
https://lora—alliance.org/about—lorawan

Alliance>about  lorawan],

[3] Ferran Adelantado, Xavier Vilajosana, Pere Tuset—Peiro,
Borja Martinez, Joan Melia—Segui, Thomas Watteyne,
“Understanding the Limits of LoRaWAN”, IEEE
Communications Magazine, 34—40, (2017).
https://doi.org/10.1109/MCOM.2017.1600613

[4]

(@2}

(o)

[7]

Sung—Hoon Mah, Byung—Seo Kim. “LoRa Technology
Analysis and LoRa Use Case Analysis By Country”, The
Journal of The Institute of Internet, Broadcasting and
Communication, 19(1), pp. 15—20, (2019).
https://doi.org/10.7236/J1IBC.2019.19.1.15

Dmitry Bankov, Evgeny Khorov, Andrey Lyakhov, “On
the Limits of LoRaWAn Channel Access”, IEEE
International Conference on  Engineering  and
Telecommunication, 10—14, (2016).
https://doi.org/10.1109/EnT.2016.011

Usman Raza, Parag Kulkarni, Mahesh Sooriyabandara,
“ Low Power Wide Area Networks: An Overview”, IEEE
COMMUNICATIONS
https://doi.org/10.1109/COMST.2017.2652320

Aloys Augustin, Jiazi Yi, Thomas Clausen, William Mark
Townsley, “A Study of LoRa:Long Range & Low Power
Networks for the Internet of Things”, Sensors, 16(9),
1466, (2016).

https://doi.org/10.3390/s16091466

A A A TN

A

o (B3

=}

2016 Fo|tfslal 7AFE]ZEkl (2}
« 20179 ~ A Tolvista HAFEZ
a3} MA}aA

« FAlok : 0T, WIEHZ 541, )

=

< 5(439)

19954 29
HhA}

« 19873 ~ 1995 ETRI

« 2000 29 UMKC Post—Doc.
<1995 ~ @A Fovistul AFHF

BTS2 gt

# o] =2 20189 AR (I L ENF
(N0.2018—0-00934,Multi—Hop 7|5Fe] F< wjo]
EHE A

)9l AYez HAREA7EH7
3% 28 = [0TE $13% Energy Sensor Node 2

ble] A ae el e 7
U Clustering

- 211 -



