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2 IoT/M2M

IoT/M2M

m Wi-Fi Bluetooth
LAN Local Area Network

IoT/M2M

Cellular WAN

LAN Cellular WAN
IoT/M2M

IoT/M2M LoRaWAN

LPWA Low Power Wide Area)

IoT/M2M

LAN LPWA Cellular

40% 45% 15%

TCO

Wi-Fi, Bluetooth LoRaWAN, NB-IoT G, LTE

IoT/M2M

“Technical Overview of LoRa® and LoRaWANTM, LoRa Alliance, Nov. 2015 

1. LPWA .

LPWA Low Power Wide Area DE



LPWA

IoT/M2M

LTE IoT/M2M

1, 0, M

2016 LTE

NB-IoT

Bluetooth, ZigBee, Wi-SUN

m

LoRaWAN 250 50kbps
km km

5

IoT/M2M

10 Mbps

100 kbps

20 kbps

100 bps

1 Mbps

1m 10m 100m 1 km 5 km

BLE

UNB

NB-IoT

LTE Cat-M
Wi-SUN

Wi-Fi HaLowBluetooth
ZigBee

LTE Cat-0

LTE Cat-1

LoRaWAN, 

Sigfox

3

1. LPWA .
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4 LPWA

LoRaWAN NB-IoT 2

IoT/M2M LPWA

LoRaWAN LoRa

Semtech 5 LoRa Alliance WAN

Sigfox LoRaWAN

LoRaWAN

Sigfox 100bit/s
DBPSK

LPWA Eltres, ZETA

LTE Cat-1, Cat-M, NB-IoT NB-IoT LTE Cat-1,0, M

Cat-M 1.08MHz

Cat-M1 eMTC enhanced Machine Type Communication

LoRaWAN Sigfox LTE Cat-1 LTE Cat-M NB IoT

SS DBPSK UL

/GFSK DL

OFDM A
QPSK,16QAM

OFDM A
QPSK,8PSK

125-500 KHz 100Hz 20MHz 1.4-20MHz 200kHz

20 dBm 20dBm 23-46dBm 23/30dBm 20dBm

Semtech, IBM, 

Cisco

SigFox

LPWA

*) 1.08MHz 1.4MHz Cat-M1 eMTC

HIS Markit LoRaWAN, Sigfox, NB-IoT, LTE-M LPWAN
2023 17 LoRaWAN, NB-IoT 7

LPWAN 86%

1. LPWA .



5 ARIB T-108

920MHz

920MHz

1mW, 20mW, 250mW 3 20mW

1 1
20mW, 250mW

ARIB T-108

3dBi 20mW, 250mW

200kHz     1 5 ch
*)

ch 4 , 1 360

1 0.1 0.4

920MHz ARIB STD T-108

1mW ARIB STD T-106,107

* 36

928.1MHz920.5MHz

20mW 

923.5MHz

250mW 

0.4 360
*) 128μs

4
*) 5ms

922.3MHz

ch
24

ch
32

ch
33

ch
38

ch
39

ch
61

1. LPWA .



8

LoRaWAN

LoRa Alliance PHY MAC

LoRaWAN 1GHz

LoRa

MAC

A, B C 3

A

MAC

LoRa MAC

A C

LoRa

EU

868MHz

EU

433MHz 915MHz 430MHz 920MHz

B

LoRaWAN

A NW B

C A

2. LoRaWAN.

1 LoRaWAN
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2 LoRaWAN

LoRaWAN

(GW) NS) G/LTE

GW NS

GW

NS GW GW

GW

LoRaWAN

LoRaWAN

GW NS NS
GW

NW GW NS

NS
GW

AS

2. LoRaWAN.

“ETSI TR103 526 V.1.1.1 2018-04) ”
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A, B, C 3

LoRaWAN

A

B,C A

A

B GW GW

GW

GW

C

A

B, C

B
GW

C

2. LoRaWAN.

A 1
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4 LoRa

LoRa

LoRa 1940

/

FM

LoRa FFT

2 FFT bin

IFFT FFT

bin

SF: Spreading Factor

LoRa

+BW/2

-BW/2

1 T=2SF/BW

FFT

SF SF 2SF

IFFT

FFT bin

+BW/2

-BW/2

bin 0 1276432 96

bin62

0111110

SF=

SF T

2 , T

2. LoRaWAN.
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5 SF Spreading Factor

SF

S: dBm BW: Hz , 

NF , SNR

S = -174 + 10Log BW + NF + SNR 

k: -228.6dBW/Hz T: 300 K

SF SNR

SF S

LoRaWAN GW 125KHz SF6 SF12 7

SF 7

SF

R (bit/s S dBm

SF12 293 -137

SF11 537 -134.5

SF10 976 -132

SF 9 1757 -129

SF 8 3125 -126

SF 7 5468 -123

SF 6 9375 -118

FSK 1200 -122

SF n R

BW FEC

R = SF  x BW x FEC  /  2SF

R
BW=125k,  FEC=4/5

SF R , 
3dB

“AN1200.22  LoRaTM Modulation Basics, Semtech” 

2. LoRaWAN.
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6 ADR Adaptive Data Rate

LoRaWAN ADR

GW

(SF

LoRaWAN SNR GW

NS Network Server NS ADR

LoRa Alliance ADR SF
ADR

ADR Adaptive Data Rate

“Technical Overview of LoRa® and LoRaWANTM”, LoRa Alliance, Nov. 2015

GW NS

2. LoRaWAN.
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7 A

A

GW NS

NS

1 NS

1

1

GW

NS

A

1

, 

2

, 

TX RX1 RX2

2. LoRaWAN.

2
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PHY PHY

CRC

PHY
PHY

CRC *

MAC MAC ** MIC***

FRM F
Port

FRMMType

FPort 0 255

FPort =0 ,  FRM MAC

=1 223 ,  

MType 0 7 (3

Major:  0 3 2

0: LoRaWAN R1

:   0x34 00110100 : 0x12  00010010

P Y, MAC, FRM 3

8 MAC 3 Mtype

MAC / MAC

2

Fport

0 Fport 0

MAC

8

MAC

* CRC

PHY CRC MAC

MIC

** /
*** MIC

Major

Dev

Addr

2. LoRaWAN.



16

Mtype LoRaWAN ver.1.1 7

Join Request Join

Join Accept

Join

Rejoin Request

Confirmed Data Up/Down ACK
Up Down

Unconfirmed Data Up/Down ACK

MType

000 Join Request

001 Join Accept

010 Unconfirmed Data Up

011 Unconfirmed Date Down

100 Confirmed Data Up

101 Confirmed Data Down

110 Rejoin Request *)

111 Proprietary

9

Confirmed 
Data-0

G
W

NG

ACK

OK

ACK Confirmed Data ACK

Confirmed Data

ACK

2. LoRaWAN.

Confirmed 
Data-0

ACK

*)  ver.1.1 ver.1.0
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MAC NS

MAC

ACK

”1”

”0”

MAC ID 02 08 LoRaWAN ver.1.0,

0A ver.1.0.2 ver1.1

CID=02 NS
NS S/N 1dB

CID=03 NS ADR

10 MAC

CID Request Command *

01 Reset Ind D ABP Activation By Personalization

02 Link Check D NW

03 Link ADR N

04 Duty Cycle N

05 RX Param Setup N

06 Dev Status N

07 New Channel N

08 RX Timing Setup N

09 TX Param Setup N EIRP

0A DI Channel N RX1

0B Rekey Ind D OTAA Over-The-Air Activation

0C ADR Param Setup N ADR ACK

0D Device Time D

0E Force Rejoin N

0F Rejoin Param Setup N

*) D , N NS
MAC

2. LoRaWAN.
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11

OTA Over-The- Air DevEUI, AppKey 2

DevEUI
ID AppKey , MAC

AppSKey, NwkSKey

2 NwkSKey,AppSKey

DevAddr NS NwkSKey NS
MIC MAC

/ AppSKey AS

MIC

32 DevAddr , 7 ID
NwkID , 25 NwkAddr

DevAddr

OTA ABP Activation By Personalization

NS AppKey NwkSKey, AppSKey

DevAddr NS

* LoRaWAN ver.1.1 JoinEUI NwkKey

JoinEUI

DevEUI

AppKey

NwkSKey

DevAddr

AppSKey

DevAddr NwkID NwkAddr

7bit 25bit

ID

NS/AS

, 

64bit

64bit

128bit

32bit

128bit

128bitNwkKey128bit

2. LoRaWAN.

OTAA
Over-The-Air Activation
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LoRaWAN /AS , /NS

/AS AppSKey , CCM 128

AES CCM

Wi-Fi WPA2 IPSec

/NS MAC NwkSKey MAC

128 AES

32

12

MAC

DevAddr MIC

MAC

NwkSKey

AES128 CCM
AppSKey

AES: Advanced Encryption Standard
MIC: Message Integrity Check

CCM: Counter with Cipher-based block chaining mode MAC

CMAC:  Cipher-based Message Authentication Code

NSGW AS

MAC /

MAC

32

2. LoRaWAN.

AES128 CMAC
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13 B

B

GW B

Ping

GW 128 Ping

B Join A

B

A

B

P
IN

G
  S

L
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T

Ping

PING
Ping Slot 128

NS
B Ping Slot , , 

NS

B
E

A
C

O
N

B Ping 4

P
IN

G
  S

L
O

T

P
IN

G
  S

L
O

T

P
IN

G
  S

L
O

T

128

32

2. LoRaWAN.
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14 B

Ping

Ping 128

32 4 Ping Ack
Confirmed Data Ack

Ping Ping

MAC NS

Ping

Ping

MAC MIC

A GW

GW NS

32 Ping Ack

B

P
IN

G
  S

L
O

T

B
E

A
C

O
N

P
IN

G
  S

L
O

T

P
IN

G
  S

L
O

T

D
o

w
n

lin
k

U
p

in
k

B
E

A
C

O
N

GW
NwkID + TBeaconDelay TBeaconDelay

GW 50ms NW
Ping NS

DevAddr 30ms

128

2. LoRaWAN.
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15 C

C

C A RX1 RX2 2

RX1 A

RX RX2 RX1

RX1 2

C Confirmed Data MAC

NS

RX1TX

RX2 RX2

C

C RX2

RX1 A RX1

RX2 RX1

2. LoRaWAN.
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1 IoT LTE

Cat 1, 0, M1, NB-IoT 4

3. NB-IoT

20MHz 20MHz 1.08MHz 180kHz

10M bit/s 1M bit/s 1M bit/s 250k bit/s

5M bit/s 1M bit/s 1M bit/s 250k bit/s

LTE LTE LTE +15dB LTE +20dB

UE 23dBm 23dBm 20/23dBm 20/23dBm

2 / / 2

IoT LTE

3GPP , LTE IoT

NB-IoT Cat M1
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2 NB-IoT

UE

NB-IoT

NB-IoT

eDRX

PSM

eDRX: extended Discontinuous Reception

PSM: Power Save Mode

NB-IoT LTE

3. NB-IoT
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3

LTE

NB-IoT

LTE

LTE

LTE 12 180kHz

LTE

....

NB-IoT

LTE

LTE

....

NB-IoT

GSM

GSM

....

NB-IoT

3. NB-IoT
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4 NB-IoT

π/2 BPSK, π/4

QPSK

NB-IoT QPSK

:OFDM

:SC-FDMA

OFDM SC-FDMA

QPSK,16QAM, 64QAM QPSK QPSK, π/4 QPSK 

π/2 BPSK

15kHz 15kHz 15kHz 3.75kHz

10 ms

/ 20 20 20 5

0.5 ms 0.5 ms 0.5 ms 2 ms

/ 7 6 7 6 7 7

LTE, NB-IoT

NB-IoT LTE , 

3. NB-IoT
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5 SC-FDMA

SC-FDMA

200kHz

15kHz SC-FDMA 1,3,6,12

3

10kHz

6

12

3. NB-IoT



2ms

1 0.5ms

28

6 FDD

10 10ms FDD

0.5ms 2ms

NB-IoT FDD Frequency Division Duplex

LTE RF 10ms

15kHz 1 ms 10
0.5ms 2

3.75kHz 1 2ms

FDD

3.75kHz
0 1 2 3 4

15kHz

1ms 

0.5ms

0 1 2 3 18 19

10ms 

1ms 

0.5ms

0 1 2 3 18 19

10ms 

10ms

3. NB-IoT
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LTE NB-IoT 2

NB-IoT 15kHz, 3.75kHz

180kHz 7 OFDM 1

15kHz 0.5ms, 3.75kHz 2ms

1 OFDM

OFDM ,15kHz, 3.75kHz

66.7μs, 266.7μs

15kHz, 3.75kHz 12 48 1 RB

7

180

kHz

0.5ms

OFDM

2ms

180kHz
48

3.75kHz15kHz

15kHz 3.75kHz

NB-IoT

3. NB-IoT



NP Narrowband Physical
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8 NB-IoT

NPSS, NSSS CAZAC*1

UE WCDMA LTE 504

(PID*2

DMRS UE UE

RU

LTE

/

NPDSCH DS: Downlink Shared) NPUSCH US: Uplink Shared

NPBCH (B: Broadcast NPRACH (RA: Random Access)

NPDCCH DC: Downlink Control

MBMS LTE

/

DMRS
NRS Reference Signal DMRS Demodulator Reference

NPSS Primary Sync Signal

NSSS Secondary Sync Signal

*1 CAZAC: Constant Amplitude Zero 

Auto-Correlation waveform

*2 PID: Physical layer cell ID

3. NB-IoT



9 NPUSCH

NPUSCH 2

Format 1 Format 2 ACK

Format 2 BPSK 1

Format 1

RU

3 8 4ms 1RU

NPRACH UE

NPUSCH RU

NPDCCH UE

Format 2

Format 1 15kHz

1 π/2 BPSK, 

π/4 QPSK
16 8ms

3 QPSK 8 4ms

6 QPSK 4 2ms

12 QPSK 2 1ms

3.75kHz 1 π/2 BPSK, 

π/4 QPSK
16 32ms

Format 2 15kHz 1 π/2 BPSK 4 2ms

3.75kHz 1 π/2 BPSK 4 8ms

3. NB-IoT



SF

15

kHz

B: Broadcast   C: Control   S: Shared   PSS: Primary Sync Signal  SSS: Secondary Sync Signal

32

SF

SS LTE 2

NB-IoT LTE NPSS, NSSS

NPSS 5SF NSSS 9SF

NB-IoT LTE SF 3 OFDM
LTE PDCCH SS

SS SF RS

SS SF RS

NB-IoT

10

0ms 0ms

B BPSS PSSSSSC/S C/S C/SC/S C/SC/S C/S C/S C/S C/SC/S C/SC/S C/S C/S

180

kHz

5, 9

SF

3. NB-IoT



CP: Cyclic Prefix

3.75kHz

TSEQ = 1.333msTCP

11 PRACH

UE

NPRACH

CP
Format 0:  TCP = 67μs

Format 1:  TCP = 267μs

#n+11
#n+10

#n+9

#n+8
#n+7

#n+6
#n+5

#n+4

#n+3
#n+2

#n+1
#n

1 2 3

UE NPRACH

MIB

2 4

3. NB-IoT
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NB-IoT

1. UE NPSS/NSSS

NPBCH

2. UE NPRACH

3. NPDCCH

4. UE NPUSCH RU

5. NPDCCH ACK

6. NPDCCH NPDSCH

7. NPDCCH UE ACK

12

NPSS/NSSS

NPBCH

NPRACH

(ACK

NPDCCH

NPUSCH

NPDCCH

NPDSCH

NPDCCH

NPDCCH

NPUSCH

UE

3. NB-IoT



eDRX

35

NB-IoT UE 3

Power Save Mode

UE

Idle Mode UE

Connected Mode

NB-IoT UE

NB-IoT 175 UE

μA

13

RX RX TXRX

eDRX: extended Discontinuous Reception

3. NB-IoT
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1 Sigfox SNO Sigfox Network Operator

Sigfox

Sigfox

Sigfox LoRaWAN

, Sigfox SNO Sigfox Network 

Operator

IoT

Sigfox 1SNO

(KCCS SNO

Sigfox 2019.9

Sigfox

SigFox 2019. 65

4. 

SigFox Web http;//www.sigfox.com
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2 Sigfox

SIGFOX 100Hz GW

2 PSK DBPSK: Differential Binary PSK
GW GFSK Gaussian FSK

12 8,6,4

26 100bit/s

1 2
3

6

1%

36 140

600bit/s 350ms

1 4

Sigfox

100Hz BPSK

920MHz 920MHz

20mW 20mW /250mW *

DBPSK GFSK

100 bit/s 600 bit/s

(1 140 4

-145dBm -135dBm

(1 2 0.35

20mW

250mW

4. 

100bit/s -145dBm
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3 Sigfox

Sigfox 200KHz 3

3

LoRaWAN GW

ACK

20
35 ACK ACK 8

ACK

Sigfox

3

ACK

20

ACK

RX

35

f1 f2 f3

(12byte

ACK

ACK

8byte

4. 

3
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4 Sigfox

#1 #4

2

3 6

350ms
1

30

Sigfox

4. 

920 1-2-3 KCCS, 2016.11
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5 Sigfox

GW GW

32

12 8,6,4

8

140 / 4 /

ETSI

Sigfox

12 8

4. 

12
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6 Sigfox

ID

PAC(Porting Authorization Code) 128

H

HMAC

ID

PAC H

Sigfox

PAC

128

ID HMAC

4 12

4. 

PAC
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2019 10

ELTRES ETSI ETSI TS103 357 Lfour

family

ELTRES LDPC

1

100km 

GPS

ELTRES

GPS

920MHz

20mW

π/2 BPSK

LDPC

128

0.4 4

2 -142dBm

1 LDPC:  Low Density Parity Check

2

7 ELTRES

4. 
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8 ELTRES

ELTRES π/2 BPSK 2

BPSK “0”, “1” “0”, “π” 2

π/2 BPSK π/2

“0” π/2 “1”

π/2

LoRa ELTRES 0.4

f fc-Δf/2 fc+Δf/2 Δf

ELTRES

π/2 BPSK

PPDU

fc-Δf/2

fc+Δf/2

fc

π/2 BPSK 

1” 1”      0”

- π/2                         - π/2                    + π/2

PPDU

PPDU
PPDU

PPDU

8ms

4. 
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9 ELTRES

AR Association Request

ELTRES 40 LfourID

LfourID

AR ID

LfourID

32 ID 24 CRC

184 MAC MPDU

LfourID ID

AR LfourID

ELTRES 

AR

ID CRC

AR ARID LfourID Reserved ALL Zero CRC

32 bit 24 bit128 bit

32 bit 24 bit128 bit

40 bit 28 bit 60 bit

4. 

AR LfourID

LfourID 32
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10 ZETA

ZETA 2013 ZiFiSense

ZETA Alliance
ZETA

ZETA 2 FSK GFSK 2kHz

ZETA ZiFiSense

300bit/s -130dBm

Lora WAN SF12 Sigfox
3

4

ZETA

4

4. 
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11 Weightless-P

Weightless-P Ubiik

SIG Special Interest Group 2018

Weightless-P FDMA/TDMA

FOTA

TDD

LoRaWAN 1/2FEC 8
625bit/s, 

-135.5dBm LoRaWAN SF12 ZETA

Weightless-P

TDD FOTA

4. 

920MHz

GMSK, OQPSK

FEC , 1/2 

0.625, 1.25, 5, 10 kbit/s 6.25, 12.5, 50, 100 kbit/s

1, 4, 8

-135.5dBm -122.5dBm 

Wireless-P System Specification 
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1. LoRa Alliance https://lora-alliance.org
2. 3GPP https://www.3gpp.org

3. Sigfox https://www.sigfox.com/en
4. ARIB STD-T108, 

5. LPWA , 2018.3, 
6. ETSI TS 103 357 LTN Protovols, v1.1.1, 2018.6
7. LoRa Modulation Basic , AN1200.22, Semtech

8. IoT LPWA , , 
9. LPWA , , , 

No5, 2019

10. SIGFOX , , KCCS, 2016.11
11.ELTRES ID , , 2019.3

12.ZETA TZM901
13.Weightless-P System Specification V1.0.3, Weightless, 2017.11

KDD
KDD IP KDDI 2003

A2A

, , 

A2A www.a2a.jp

any to any communications


