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Abstract A number of nodes will be densely deployed due to the further development of Internet-of-Things (IoT).
If multiple nodes simultaneously send packets on the same frequency channel, packet collision happens at the gateway.
This leads to packet loss. By sending an ACK signal to the node whose packet was correctly received by the gateway,
the other nodes can initiate packet retransmission in order to resolve the packet loss. However, this is based on the
assumption of ACK signal transmission from the gateway to all the nodes. Thus, the processing load of the gateway
increases and duty cycle (DC) restriction on the gateway may be impacted. In this paper, we propose an autonomous
distributed frequency resource allocation method for LoRaWAN, aiming to reduce the number of packet collisions
and reduce the gateway processing load. We will show the effectiveness of the proposed approach through computer
simulation and experimental evaluations by implementing the proposed approach.
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;ﬁﬂi T/ DA &Z—+v b (Internet of Things, IoT) [Al

IZARTH BB ) A D IR IGE{E AT RE %2 LPWA (Low Power Wide
Area) PEHZEDTVS[1],[2],[3]. 5%, IoT DFELSLFH
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DEIREETIE, 1807 — b2/ LTEHD /) —F
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MY A BT =R ZIEL L ZE (HH) TERVTHEERH Y,
J=REZD ISR EHECERY. ZORBEORFEE L
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NIZRET 5 FE (ACK#E) o d. EEFLEAAT Y MZ
HUTACK 22ETERL o772/ — i, X7 v h2EET
HZriz&koNry MEEERMEEETS. L2L, Y=Yz
A DNy NG ACK 23%5T 5 L, TORBITHED K
MAKREL D ZN—Ty FEEBOTLUE S 4. 61T,
LPWA TIZ7— bV =1 2850/ - FEIZF ¥y 2IVEHHAT
& ZHEEE (Duty Cycle, DC) DlEINT WS [1]. D7z
&, ACK ZHBITRELZEEITE, Y= F Uz 1L T
BESNTWVWADCZBHELTLES. ZD& S RFEEIC
U, LPWA O#ED—DTH 5 LoRaWAN [5] 25Xk & LT,
X)) U2l B I EEERENAN—T Y MIE R 5%
MEMERY I a L —Yavic ki hTwad 6], (7, &
BO /) — PR —ERMEET/ Ty NEET 55T O
BFhaIhTwiwy, 512, XHk[4] T, Akl o>205—h
T AL TCRETRERT Y "R BEROT— NV =214 T
B ZET 2L TARZBIRES - U211 D
LA AT 2R S B FIEFRES N, S — MY oA 2EKTO
N7y bEZAETOHERIRINTWS., LrL, ZOFE
Tk, =7 z1 2K UTORMERNIZIED S\,
AT 1IBEOT = 2 IZEBD ) —RP 7y b2
— R CTRE T 2 BRE 2RI, /7y MMERERGE &
F—= Yz 2B 2 NEAMBEGNLT 5720, &/ —
NS EAD BRI R AR E ET 5, AR Y —AE|
MTRERREET S, BERKIZIE, ACK BEEREZEE R
Unconfirmed /37 v b & ACK X EE K% & & Confirmed /¥
v MZEHU, /— K2 Confirmed N7 v 27 —hDx
WCERARNZIRE T 2 FHE L HRINIEF T 2 FEZ2IRET
%. Confirmed /87 v %% -7z / — KW ACKEE%2%ZEL
IR TGEITIE, BRIZEDEELEZAAT Y NBEEL
EDEHET S, TDRORDNAT Y MEERHIZIET VX L
B BIRU Ty NEEERITS. GHREE I 2L —
VaveEBERICED, BREFEOBEYEEZRT.
AREOERIIUATD LS >T WS, 8% 2 HTIX Lo-
RaWAN OREEIZ D WTH A, # 3 HiTIRIBEREFHETH S
ACK 552 W FIEBERY TizoW TR 5, FH4HTilk
A I 2L —va v ORRERN, 5 HiTIdERMKSER
OFERZBRE, FBHTHIATOZTLDEITS.

2. LoRaWAN

2.1 # =
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BEHELURN. IZ, /=N j OADBKEL t,, FFEE fA
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K, 7— b7z AIFACK Z%EL, /—F i3y MkE
T Too WPANIZ ACK 225 TENIE, T v MIEEE
heHET 5. oIz, WGl ts, B L T/ —F j BCP
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3.3 YA L—4 R

K3i228D/—Ki,jB1EDOT—bT7z 41287y b
EEETILED, BETEOBECHETIZA LY =TV
ZDH%ERT. M3 ITEWT typy =tpg +Tie (k: 1LAED
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W87y FEZEIZRBRLZbDET 5. ZOKE, /—F it
2y MEEDOEE ZHE LW, S — R 1 Tea BUA
IZ ACK 22 ETERITIE T v MERIRE HEL, kA
DAIBEORER W E F={1,--- ,F} Of» 5T 2 X LITER
5. 2T, EEREE fL PERESNZERKET S

Iz, W% to, AW fL T/ — K i, 5 2 CP ZRFIKHIZE
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5. 4.1 TIR%E / — NEEIC B 2 EBTEM 24T, TOHA
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B Newt 27T 5. TIZT, Neo 1%, FRHZEEZTS (%
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B BREFIEOIETIE, 2/ — KB N=8 k75,
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z2D¥Ialb—vavinrAY, MATERINDEN
Ty MERE Reo ZiHiid 5.

Reor = Y {Nix(n) = Nowe(n)} /Y Nix(n) (1)

ZZT, Nix(n) &/ —Fn OGEFHEFTY M, Naue(n)
&/ — K n O&GFHEER ATy VETH O, KFETIE
Nix(n) = 100 & U7z, AFTIE, B/ — KB R7r v b2
—ENFHERIE CRRIEET 2BREEZ R LTWE D,
Ti(n) 3%/ — RCHE—2T5. 72, X7 v MEEIFEE
FTHE, 3.2 ITHVEARBEH Y THREINE., B, t=01IZ
B BRERABE f, OYMEE LT, Ty X uakGs (M
B, RANDOM) & 4T 1 @38 (BAK:, FIXED) IZ2W TG
fid 5.

T, kD LoRaWAN T RANDOM % #ET 554,
Reot DHEREIXIRA TR I ND (EHIE).

Rea = 1= {(F —1)/F}" (2)

#£1 YIal—vaviEcl

Number of nodes N 100, 200, --- , 3000
Number of frequency resources F' 1
Transmission interval Ting 1, 5, 10, 30, 60 min
Protocol Pure ALOHA
Spreading factor SF' 10
Payload size I, 11 byte
Number of trials I 100000

T T T T
L ™ 77" T Proposed 1.RANDOM o |
" Proposed 1, FIXED -
Simulation Proposed 2, RANDOM ®
3 Proposed 2, FIXED =
3 0.8 i Conventional RANDOM ®
o Conventional, FIXED =
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o .
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= on
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4 H
o .
& .
o2 -
L}
! b
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Confirmed packet rate R,

5 CP RA(EHE Rep ST 587y MEZEE Rog
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4.2.1 CPXEHIE R, DHE

5IZN=8 F=8DLED R, IZNT2 Rt 7.
Z 2T, KD LoRaWAN DR (Conventional) H/RLTW
5. 2.2 THRAR7ZESIZ, KD LoRaWAN Tld/ 37 v i
EDFET 5 E HERMWEHELY T 2ThRWd), 3.1 THEAN
EESEMEET DY AT LAETIVTIE, REBFED v N %E
FHZBWTHNAT Y MEEIEDIRINEZ L1248 D, Rep I
# 59 Reo I&— & 7%, FIXED D8, £/ — FHEHEFE
— AR TIHET 2720, BTNT Y MEEPFEEL Rea =1
& 7%, RANDOM OB5E, / — RIT k> THEZ B FEMHEN
YT HNBSHEENEL D O, N7y MERIMMEFE I, 32
L=y a VEEERD S Reo 0.6 FEEIZRD Z ERRINI.
72, N=8, F=80D¢%, X(2) 5, Reot ~0.607 &72
D, YIalb—rvarERoZYMERLZ. —H, 2008
ETFETIE Rep WWIHLT CP DREEFERBEL, TOHT— b
Tz A5 D ACK OFMIZHU T/ — NN THES N
WZREEE) VY — ADFE Y THRIND 2D, R WKIHLT
Reot PMEFEI N T VS,

F72, Rep 2N ENIET— b Y =4 OARERKIZED
50, INESTEDLL Rt KT B, &oT, N7y MiEZE
R Reot DBLRN S Bl 2EFE G Ropy WFEEL, RHZRE
Fi£ 2, RANDOM DAL Ropt 1£05 THDIZ LhHbh-o
2. UEDRS, 2 DDREFIRIET AT LAEMHIZIG TN T Y
MMEZRBENE E 7 — N Y A AR D 2 D % FHRIZE

#£2 YIal—vaviT?2

Number of nodes N 2,4, 6, 8,10, 12, 14
Number of frequency resources F' 2,4, 6, 8,10, 12, 14
Transmission interval Tipn 5 min
Protocol Pure ALOHA
Spreading factor SF 10
Payload size I, 11 byte
Number of transmission packets Nix(n) 100
Number of trials I 100000
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UTROBEFEBEY YV —AELTIZL>TETDONRT Y b
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5. 32 # 5T

51 RRVRAT LA

B2 DYATLETNVEMEL, R3DNATA-XEHN
TREFEOEKTMZ/TS. ARMTIEIRK4ED/ — %
HAWT, &/ —R&r7—bo 1 OHiE* 05m &L, BAT
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LoRaWAN #fJi& IoT & > # £ ¥ 2 — )L LoRa mini-JP [9] %
N—21Z, WIRCTHEATRERE VS EHOAZ T VY ) —
RaEFE - PR U2, ARTIRRE, BE, REZFHIRE
U, B=F 3 RCEETEEE Lz, 3D 7V VX TEK L
Ry 7 ZAOHIZEY 2 - V—REKWNTHZ LT, BITOD
FHAPATREE 725, X 8a IZZ DRBIZRT.

Jg—rozA
HiHX D LoRaWAN 7" — h 7 =« Dragino LC01 [10] %A\ 5.
X 8b IZZ D ZRT. B, AEIIBRKARZEF v 3L
BP1THD7-0, AEE2EREHEL, RUNIZEEF v
VEIRSZEMREZR TS — b 21 & UCEfES E /=,

5.2 & R
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F3 KB T
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