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P, LoRa Modem Calculator Tool
Calculator  Enerey Profile

Calculator Inputs

Spreading Factor

|

125 v | kHz

vores

[] Optimiser On

andwidtl
Coding Rate

Low Datarate

Packet Configuration

Payload Leneth 18 4| Bytes

Total Preamble Length  10.25
Header Mode

Symbols
[] Explicit Header Enabled

CRC Enabled Enabled

RF Settings

Centre Frequency 922600000 4 Hz
Transmit Power 13 4 dBm

Hardware Implementatior ] RFIO is Shared

Compatible SX Products 1272, 1273, 1276, 1277

SF:7/Payload: 18Byte=44.29mS

VR_PA
RFO >
L
RFI e Rx
Preamble ‘ Payload | CRC ‘

Galculator Outputs

Timing Performance

Equivalent Bitrate 546575 bps Time on Air 4429 ms
Preamble Duration 1050 ms Symbol Time 102 ms
RF Performance Consumption

Link Budeet 136 dB Transmit 35 mA
Receiver Sensitivity -123 dBm  CAD/Rx 108 mé
Max Crystal Offset 539 ppm  Sleep 100 né

SF=7, BW=125kHz, CR=4/5 HeaderDisabled, Preamble = 10.25 syms Payload = 18 bytes, Transmit Power = 13 dBm

P} LoRa Modem Calculator Tool
Calculator  Energy Profile

Calculator Inputs

Spreading Factor
T2 ML
1 v | 4/CR+4

[] Optimiser On

angw
Coding Rate

Low Datarate

Packet Configuration
Payload Leneth n 4| Bytes

2 s
Total Preamble Length 1025 Symbols

Header Mode [] Explicit Header Enabled

CRG Enabled Enabled

RF Settings

Centre Frequency 922600000 4| Hz
Transmit Power 13 4 dBm

Hardware Implementatior]_] RFIO is Shared

Compatible SX Products 1272, 1273, 1276, 1277

DEIECTEd LONTIEUraTIoN

SF:7/Payload:0Byte=18.69mS

VR_PA
RFO =
T
RFI = Rx
Preamble | Payload ‘ CRC ‘

Galculator Outputs

Timing Performance

Equivalent Bitrate 546875 bps Time on Air 1869 ms
Preamble Duration 1050 ms Symbol Time 1.02 ms
RF Performance Consumption

Link Budget 136 dB Transmit 35 mé
Receiver Sensitivity -123 dBm  GCAD/Rx 108 mé
Max Crystal Offset 339 ppm Sleep 100 né

SF=7, BW=125kHz, CR=4/5 HeaderDisabled, Preamble = 10.25syms Payload = 0 bytes, Transmit Power = 13 dBm
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LoRa-Packet(Radio PHYL 11 —)i&&

Radio PHY Layer

Preamble CRC*

PHDR_CRC

(Unknown) by Radio Chip

by Lib.

Preamble Length®iEiE

*UplinkdDds

by Radio Chip
IS LAl
OMACINZ RO
/ . Q@(MACIY >4+ )Payload
Device Frame MAC ™.
. Frame Control . N - =
Addres Counter HSZ NN o Al
- - . OMACIY>RDO# : 0x00
FHDR downlink Flame . . S
FHDR @0x01~0xDF:Application Specificx
DevAddr FCtrl (Frame Control) FCnt FOpts QTEST:0xDO
4Byte 1Byte 2Byte 0~15Byte X EndDevice~ApplicationfE CZB/IED
bit#7 #6 #5 #4 #3.2.1.0 S 24E1
T ADR RFU ACK FPending FOptsLen | Frame Counter [ MAC Commands
e
FHDR uplink Flame
RFU _ FHDR
Proprietary Proprietary DevAddr FCtrl (Frame Control) FCnt FOpts
4Byte 1Byte 2Byte 0~15Byte
00 | LoRaWAN R1 bit#7 #6 #5 #4 #3.2.1.0
01~11 RFU ADR ADRACKReqg ACK RFU FOptsLen | Frame Counter | MAC Commands

HLCRNEC ORBEEL TV AL~ EEQERTOKTT



Mtype(Message Type)

LoRaD@EEEEIV> R(EUp Link/Down Link+ti&E
LoRaMEFEIBIEIVY RI2FEFE(ACKAE - E)EEZ X TRL)
X BLEDRRICAAF 2RI RIERO,

*PHYPayload¥MHD/Mtype
Mtype Description (Up Link/Down Link) 57
Up Link
000xxxxx  Join Request OTAAT{EMR
i OTAAT/EA
Up Link 00 o0 Join Accept
010xxxxx  Unconfirmed Data Up ACK
< : 01 Txxxxx Unconfirmed Data Down ACK
Down Link
100xxxxx  Confirmed Data Up ACKZEK
1O TXXXXX Confirmed Data Down ACKZR
T TOXXXXX RFU (Reserved)

17 TXxXxXX Proprietary UserfL5RAR
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Radio PHY Layer

Preamble | PHDR PHDR_CRC

(Unknown) by Radio Chip
Preamble Length®i57E

MACngload _(1~M Byte)

ef0~1Byte] ] 0~N Byte

FPort | YFRMPayload

MACIY> RI&#A
MACOY> RIENWSETI Y RF/)\A X LibraryfEl(C Lo THllfEIcN33IY > R
CCTCRMENZINY RET—AINEIEINWSEL Y R /M A Library I TOHENONE T,

by Lib.

CRC*

*UplinkdDds
by Radio Chip

[MACONY>RIE IR INARDT IV —23> - 7 IV =238 == -7 TUT -3 ICERAFEA

7IUT =23 A TRISRCTELW
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Preamble PHDR_CRC

(Unknown) by Radio Chip
Preamble Length®i57iE

MMERATHMHEEE?

Radio PHY Layer

MACPayload 41~M B te)

Y FRMPayload

MHDR(Mtype)¢FRMPayloadD# & HlfEId N IER L
FRMPayloadf&£DR(SF)EXERFEIR (Dwell Time) DEER(EEI> THNRUVE LT,

by Lib.

CRC*

*Uplink®d»
by Radio Chip
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End-DeviceXA—h—HHERiS— | DevEUI[8Byte]

“ Y S T AppEUI[8Byte] | —ApplicationX—h—hHiG
(DLoRaWANAR YT —41Zloind B8 DKEY ? AppKey[16Byte] | —ApplicationX—h—h\R6H3

————————————————————————————————————————————— E © 7 S s
DevAddr[4Byte] —NWSHEIZ T, UniqueRID
@LoRaWANAR YT —Y TiRIET AR DKEY R L ? AppsKey[16Byte] | —MACIY> K+Payload®KEY (Fport:0x01~0xDF)
T NwksKey[16Byte] | —MACIY> REFOKEY (Fport : 0x00)
l ABP

XVerl.1TEZNBHRTY

(DLoRaWANTRY T —I TREAE

Radio PHY Layer

Preamble PHDR_CRC FH’SACP"" ayload (1~M Byte)

(Unknown) by Radio Chip

Preamble Length®IgiE by Lib. *Uplinkd®#

by Radio Chip
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EndDevice Gateway NetworkServer Application Application i
B Server i
Primary EUIRKEY Primary EUI&KEY
_ o NWS APS . o
End-Device XA—H—H'ES ) ) End-Device A—h—HES
| DevEUI[8Byte] MOX [ cr— | @ DevEUI[8Byte] XX
XM AppEUI[8Byte] —:— — ) E—— 04 AppEUI[8Byte]
YO ¢ AppKey[16Byte] ___— | | »»t 7 AppKey[16Byte]
— — DevEUI[8Byte] O Sl -
ApplicationX ——D'EvS 04 AppEUI[8Byte] ApplicationX—h—hHS
: . X{ ¢ AppKey[14Byte] AppEUIIZA v}
5 Join-Request PPEUTAppIaLL
o ;oo R 3
. >
: DevEUI[8Byte] )X
i M0 AppEUI[8Byte]
mmmmmmmnn MM 7 AppKey[16Byte]
1 e O
:
] XM T AppKey THSIE
] DevAddr[4Byte] —>NWSHEIHTS. UniqueRID
| T AppsKey[16Byte] —MACIY> R+PayloadDKEY (Fport:0x01~0xDF)
i T NwkSKey[16Byte] —MACIY> REIFOKEY (Fport : 0x00)
i = *Verl.02FT
i
1
]

- XM 7 AppKey TES1E Join-Accept

DevAddr[4Byte]
T AppsKey[16Byte]

T NwkSKey[16Byte] CFList[16Byte]




ABP(Activation By Personalyze)&ld ? (Ver1.02)

End-DevicetApplicationf TERICEIRF >

o
%z
?ﬁl EndDevice Gateway NetworkServer Application Application é
ﬁ Server ) ff
Z 7
'x':,/";} NWS APS DevAddr[u4Byte]
DevAddr{u4Byt ='=' o %piﬁey[ﬁ?f]
?eA\\/ppsKre[;J/[lgBjT]e] n = A T RwioKevl16Byrel
— S— — ) m— :
? NwkSKey[16Byte] CFList[16Byte]
CFList[16Byte] o
‘D?eﬁ\\/Adﬁr[uAf]BéyB’reE —>NWSHE|Z T3, UniqueRID
; NSVFEZKZYY[[] 6%21] —MACIY> R+Payload DKEY(Fport: 0x01~0xDF)

—MACIX> REIFDOKEY (Fport : 0x00)
Uplink CFList[16Byte] KVerl.023¢

Downlink
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End-DevicetApplicationB CERICEIFEH

WWWW
' %
o 7
?’"’ EndDevice Gateway NetworkServer Application Application é
ﬁ Server ﬁ
,-""
,ﬁ, NWS APS fx
4 s ) 7
! DevAddr[4Byte] [ crm— | [ cr— | DevAddr[4Byte]
¥ AppsKey[16Byte] e  — g | AppsKey[16Byte]
T NwkSKey[16Byte] T NwkSKey[16Byte]
———————————————— DevAddr[4Byte] € NWSHEIE TS UniqueRID
I o . | = J Uniquer
| Primaly CFList{ToByfe] | ¥ AppsKey[16Byte] —SMACIY> R+ PayloadDKEY (Fport:0x01~0xDF)
Default CH: 220 | ¥ NwkSKey[16Byte] —MACIY> RIEIFOKEY (Fport : 0x00)
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— X Verl.02%T
Any Uplink/(Default CH)
. " | Final CFList[16Byte] NT T ES A
Final CFList[16Byte] ~ NewChannelReq
Uplink+NewChannelAns
Class-A B e e
L <
Downlink
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EndDevice Gateway NetworkServer
5 NWS
N\ =
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Tx Event B> Uplink N R ~ NTTRARXAB
1.0sec % :
E

DIOO0:L—H
RX1ZEHT
*RX2FHRL

RX1RZ{EH1 LTI M(1sec)i&.

Rx29¢> ROz [<,
DIO1:L—=HICESRVNEE.
Rx12{E%#E15.
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[ACK]Downlink
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o b
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EndDevice Gateway NetworkServer
(Class-Bi#zK)
g GPSTIERRESRIS!E
Tx Event P> upiink Req(/t53—szsk) o y S
Downlink ANS(/t53—53%(5)  » ¢ Class-AiB4E PR  cr—
***** < - B [ cr— |
[5)
é —:—
0 Beacon1 . e
””” - N PPdt Beacon: A= REAREE 5  NTTRAAAB
Beacon & Ping _ Class-BRIlIaEE (Beacon1-ACK) | 1 o _|ng erioacity: ] .
217 Periodcity ) Ping (PayLoad) (FEfE n=0-~7) B:r?rcg{nﬁper_loc()j Sl;y-
enEmEEE — Y Periodcity [s] = 2" (EXTEME n= )
s ] S A ————————— Y. ina - = Periodcity [s] = 2"
SCRAOWIEERR | < p— Ping:Payloadi&{E y[s] )
ffffffffffff % e Beacon:9AIVJREBEE T
Beacon & Ping% ~
IBEEVARCEDE TR{EFH ) -
=HEEREHELET, < . Class-B‘L = . .
SERNRRSNTUSERMGE | g Beacon Periadcity
B i N
************ < = b 1 Beacon ! AV EIEREIE
AR(CClass-A_Uplinkalge - o e — S ass-A_ Uplink
,,,,,,,,,,,,, - Beacon | { . e
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Beacon Guard

Reserved

E Beacon Period a
‘ Ping Period

Beacon Start (—)m

A

Ping Start

NPT

Beacon Ping Slot Window&f2FRUEA DY HDT ) Beacon
J

Beacon Guard Reserved

< >
3sec




EndDevice

Tx Event p

Rx1A—T>BFLIOME
EEIFRX 21314

UplinkUTzWEE(C
Z3AUplink

Tx Event P>

Class-C (LoRaWAN®D
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I
v
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g
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Downlink1
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A

A

NetworkServer
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ED
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LoRaWANTIZDwell Mode (ZE
LoORAWANTIEZ{ETEZENR1O0-REVZ S

1X{=S T&%Payload

XASHETE) (C2ABFEHDFT T . INE. NWSEINSZESKENE T,

=& ?

XS : SF12/BW125kHzT59Byteix {6 : 2.236%2 =&ERA LO4XEHIRA
BLETODT —ARA10—FnE 4 .

T Uplink MAC Payload Size(M) ! Downlink MAC Payload Size(M)
DR SF/BW [ | TxParamSetup]Dwell Times&7E [ | TxParamSetup]Dwell Times&5E NWSHEE
NoLimit 400mS NoLimit 400mS
|FHDR| + | Fport|+FRMPayload [Byte]
0 | SF12/BW125kHz 59 - 66 59
1 | SF11/BW125kHz 59 ot(=4 59 Cannot(2413.7mS)
2 | SF10/BW125kHz 59 19 59 19
3 SF9/BW125kHz 123 61 123 61 NTTHRAXA MEEDR
4 SF8/BW125kHz 250 133 250 134
5 SF7/BW125kHz 250 250 250 250
6 SF7/BW250kHz 250 250 250 250
Okbp 0 8 U 0
8 RFU
15 RFU
HEARFIAI b EAXRTIAIN S




ADR(Adaptive Data Rate)

Library CHIEIF 5D TRICLEGESTEHRLY, =7=L . ADR:ONDER

LoRaWANTIERMETEZEM (O REYZ b

T Uplink MAC Payload Size(M) J Downlink MAC Payload Size(M)

- DR SF/BW [ | TxParamSetup]Dwell Times&E [ | TxParamSetup]Dwell Times&E ——
NWS'T NoLimit [ 400mS NoLimit | 400ms Wi
BIEEERM | FHDR|+ |Fport|+FRMPayload [Byte]

% FIF3AME 0 | SF12/BW125kHz 59 Cannot(=663.5mS) 59 anno
1 | SF11/BW125kHz 59 Cannot(2413.7mS) 59 annot(24
2 SF10/BW125kHz 59 59 19
3 SF9/BW125kHz 123 61 123 61 NTTAAXA MEEDR
4 | SF8/BW125kHz 250 133 250 134
5 | SF7/BW125kHz 250 250 250 250
NWST 6 SF7/BW250kHz 250 250 250 250
“ . Okbp 0 0 0 0
VAN Ny ) P RFU
ET. BiEMK : :
15 RFU
Preamble PHDR_CRC | .. g o e o —?—FEM—pa— TO;
pI5V/Nele[d FCtrl | FCnt | FOpts Y
[ 8Byte | (Unknown) by Radio Chip 1Byte | 2Byte |0~15Byte|0~1Byte| 0~N Byte 2Byte
Preamble Length®i&iE by Lib. *Uplink®as
by-Radte-Chip
-FCnt [%&4] “ [ACTION]

ADR_ACK_ Count:

- ADR_ACK_Limit: /85 A—4D
-ADR_ACK_Delay: /354 —%(?2)

Uplink LT=MD [ZHEACKD [B] %X

-REGIONAL PARAME #}Z5e &k, B TEZSEEHY,
- ADR_ACK_Count=ADR_ACK_Limit=>***
-ADR_ACK_Count=ADR_ACK_Limit+ADR_ACK_DELAY=>****




Firmware B F

Application Area

User
LoRa Handler

4NEEEESEEEEEEEEEEEEEEEEESN

LoRaMAC

SX1276
AS923 US915 EUB68 Others

HAL(Hardware Access Layer)

Application Area

User
LoRa Handler

[ ]
u
[ ]
A d

LoRaWAN Library

SX1272
AS923 Us915 EUB68

Nordic SDK 12.3.0

SoftDevice S132 Rev3.x.x

nRF52832(SoC)




User Applicaton®Firmwaref®ED

mLoRaWANS1J7'S5U_API{H
<<UplinkX{=HEEAH> >
LoRaMacStatus_t LoRaMacMImeRequest( MimeReqg_t *mImeRequest );
Join Request9 2R (FALET,
Callg2BR(3, /{5X—AICDevEUI. AppEUI, AppKeyZigELZET .,

LoRaMacStatus_t LoRaMacMcpsRequest( McpsReq_t *mcpsRequest );
Uplink3 2R (ERALET.
EDZLFRMPaylad®4ERkE, Confirm/Unconfirm®IgiE. FPortisEZLET .
ADR OFFDOEfFix(E 9 dDataratetbigs ELET .

<<#JRA{LABSZ> >
LoRaMacStatus_t LoRaMaclnitialization

( LoRaMacPrimitives_t *primitives, LoRaMacCallback_t *callbacks, LoRaMacRegion_t region );

Parameter details

LoRaMacPrimitives_t

MacMcpsConfirm

LoRaMacMcpsRequest(Cxi 3 2 CallbackDE i
Class-A®Uplink~DownlinkETO—E0@EENT T UizB&ICCallbackenZd
Unconfirm/Confirm®ES50iBE&ECallbackenNFzd

MacMcpsIndication
LoRaMacMcpsRequest(Zxid 3 Callback DBz
Rx1 X URX2(CHWVT, DownlinkzEMEUIEB&(CCallbacken®d .

MacMImeConfirm
LoRaMacMImeRequest(Cxi g3 CallbackDEEx
Join Request~Join Accepth'Te T (Rx1/Rx2#% 17)9 ¢, Callbackehxd,
JoinMR%Ih/ KBRS T Callbackah %9,



User Applicaton®Firmwaref¥®Q@

LoRaMacCallback_t
NULLEIE. #FREUEEA.

LoRaMacRegion_t
RegionZigEULET .
SEID547SUTIFASI23EE(CRDET,

<</\TA—-SHTEREE>>
LoRaMacStatus_t LoRaMacChannelAdd( uint8_t id, ChannelParams_t params );
LoRaMacStatus_t LoRaMacChannelRemove( uint8_t id );
LoRadUplink({EB 9 2CHMEN - BIBFZITVETD,

LoRaMacStatus_t LoRaMacMibSetRequestConfirm( MibRequestConfirm_t *mibSet );
LoRaMacStatus_t LoRaMacMibGetRequestConfirm( MibRequestConfirm_t *mibGet );
LoRaMACTERLTWS/(5A—FDset, getFOBIERTT .
% ) A—FDzEMFLoRaMac. haS8EL TZ& L\, 30BRE DI\ FA—-FCRNFET,

<<FIYVIJEE>>
LoRaMacStatus_t LoRaMacQueryTxPossible( uint8_t size, LoRaMacTxInfo_t* txInfo );
EEURLIL—LAENNEERIEENEIH VR, EERTICLORAMAC(SA T S))ABLEDEET,
AT 1-ENIEMACIN Y FEERBU. REaEENEINTRELET,
OKDIFE(F., F=EDEE=CalllET .
NGEHIFEENTHZE(E. NACKMNRDET .
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mulata oRaWANES 21 —)L)

INNOVATOR IN ELECTRONICS

Type ABZ

- -860~930MHz LPWAES1-)l

LoRa Alliance -Chipset: SX1276+STM32L

- TxPower:~+18.5dBm (PAboosthi)

SHEET:[Tx]128.0mA@+20dBmESE
[Rx]21.5mA@BW125kHz

-Peripheral: I2C/UART/USB/SPI

-Size: 12.5mm x 11.6mm x 1.76mm/LGA(Very Small)

-Temp: -40°C~+85C

-ANTENNA : M7

-88RE/FCC/CE (RadioZEHL)

(12595 LoORa
(BRNHEVEPR E%80 REIF =
Alllance



Sraveridge
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(¥Xk)Braveridge EZ5f #&L -HH -ZH
(Mail)lora-info@Braveridge.com (Tel)092-834-5789

LoRaWANtE>

1-)@

‘BLE-LoRaI>MEZ1-)l

-Chipset: SX1272+nRF52832

- TxPower:~+12.5dBm (Vcc:3.3v)
SHEERL: [LoRa_Tx]28mMA@+13dBm:%iE.

[LoRa_Rx]21.5mA@BW125kHz

SHEER2: [BLE mode]5.4mA@Tx:0dm

-Peripheral: BLE/I2C/UART/SPI/PWM/easyDMA/NFC
-Size: 22.0mm x 22.0mm x 2.0mm/LGA

-Temp: -20°C~+85C
-ANTENNA : M5 X7>7
-BIREES B M. LORAWAN Alliance :25EEREEH
- ZDAth : BLEXREHTOFirmware Updatexdis

FListGh

BLE&LoRaWANI> AL > FEMEE— FXT I

FSKE—RTEEIRIADEDAH LoRa

Alllance



Y/ LoRaWANBIRIEED

life.augmented
wE £33 QIBEMEMStE Y FlightSense™ IEEt>H
MHEREME LoRa®>1-)l (CMWX1ZZABZ-091) &% X-NUCLEO-IKS0O1A2 X-NUCLEO-53L0A1

O STHEIVATJ> : STM32L072CZ @ Semtech® LoRa™ RF IC: SX1276
® A Mm—R7)\wH (ST-LINK/V2-1) @Arduino Uno V3 J4#49%4

O SMABIUU.FLY>TFRIRI5 @ GPIOAYS

@ 4 x 3 LY — (@)

[] HTs221 [ ] LPs22HB [] vis3Lox
REEELY  KREwY BIEE Y TS bR—F
LSM6DSL []vissox
3EIRE Y38 v/OR FlightSense™ | FE 224
a—7

[] Lsm303AGR o
et R ot + SENINERE = .

(3> 1) il = LoRa

STRA/OILYNIZHA(KR) I4H00> M-S —
(Mail)st-mcu-fun@st-jp.jp  (Tel)03-5783-8240 Alhance



Innovative @ Solutions
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{LORaWANnb\n uit%ﬁ-lj tZTIE'f ﬂﬂiﬁm

-EU 863-870Mhz
(( -US+Canada®™ 902-928MHz
) 3Gatewaw — -South Korea 920-923MHz
-Asia AS923*2 923MHz

Gateway TACS4 LPWAN Tool 1 2R PAUNTREERERENE
2 2017488 NSY—C ZRAA
FST100E (A&, TRA. IRST.
AYRRS T SAR. —1-I—53 K. SUHHR—IL.
NSNS IN!

LoRaWANEREEY —EXDIRMHEENDE T, LECASO23HiEE =L, 2000 LOEEHD
1BCHITDBLTERAEOEVSUTY —EXZ IR I RE (ROMICEZAEREIRAAR R
| RsY=Y SICH @ OJ VY

[ERBETJ=h/DEKRABA IR

FPh: RREPPRXBAEAGHE1-1-2

MRASHEETI—H 70.)05—(29-J1—-A> 45—

PO R http://www.toyo.co.jp/company/access/ LORa

TEL : 03-3245-1245 (iB&)
E-mail : SLC_Lab@toyo.co.jp A"lance
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LoRa Alliance Member
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