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ABSTRACT

In this paper, we will survey low-power local area communication technologies such as LPWAN and LoRa
for power-efficient IoT network using Wi-Fi and Small Cell, and survey the Cellular communication techniques

of IoT devices with LPWAN, as well as the power-efficient local area communication techniques.
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Table 1. Comparisom of performance figures for LoRa,
Sigfox and NB-IoT technologies

LoRa Sigfox NB-IoT release 13 GPRS
uL DL uL DL uL DL uL DL

Spectrum } y 868.1- 869.425-
[MHz] B63-870 863870 ‘geg3  geo625

832-862 791-821 890-915 935-960

T power 14 14-27 14 27 23 37 33 37
[dBm]

Modulation  Chirp spread spectrum  DBPSK ~ GFSK GMSK  SC-FDMA  GMSK GMSK
Bandwidth
[kHz)

M“f‘b‘;"eys']"a" 51 51 12 8 128 85 22 2
Scheduling  Uplink initiated (class A) ~ Uplink initiated Network scheduled  Network scheduled
MCL [dB] 154 152 158 161 164 164 144 152

125 125 0.1 0.6 180 180 200 200
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Table 2. Comparison of LoRa technology with Wi-Fi and
BLE technology

Local Area Network Low Power Wide Area Cellular Network

Short Range (LPWAN) Traditional
Communication Internet of Things M2M
Advantage Well established consulr-nov:igr?vl‘i:;/ cost Existing coverage
g Standards in building P ption . High data rate
ositioning
Battery Live Provisioning High data rate Autonomy Total
Weakness Network cost Emerging cost of
& Dependencies Standards Ownership
Type BlueTooth, Wi-Fi LoRa 3G+, 4G
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Table 3. Comparison of LoRa, NB-IoT and other
technologies

NB LTE-M EX-GSM

LTE-M
SIGFOX LoRa clean slate Rel. 13 Rel12/13 Rel13

Rangeloutdo <13m <11km <15km <15km <11km <15km <15km

MeL 160db 157db 164db 164db 156db. 164db 164db

Licensed Licensed Licensed Licensed
7-900MHz  7-900MHz  7-900MHz  8-900MHz
200kHz or  200kHzor  14MHzor  24MHzor
dedicated shared shared shared

Licensed
7-900MHz
Shared

Unlicensed  Unlicensed
900MHz 900MHz
100Hz <500kHz

Spectrum
Bandwidth
Datarate  <100bps <10kbps <50kbps  <15Okbps  <1Mbps 10kbps <1Mbps
Battery life  >10years  >10years  >10yeas  >10years  >10years  >10years  >10 years

Availability ~ Today Today 2016 2016 2016 2016 Beyond 2020

LTE Advanced
>10 Mbps.
N x 20 MHz

LTE Cat-0 NB-loT

Up to 1 Mbps Up to 10s of kbps
20 MHz ~200 kHz narrowband

Today+ Rease 12

Rease 13 & beyond Rease 13 & beyond

Sample use cases
Mobile  Video security  Wearables Object Tracking  Utility metering Environment monitoring

Connected car ~ Energy Management  Connected healthcare  City infrastructure Smart buildings
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E 4. LTEM 4% 74
Table 4. LTE-M performance specification

LTE-M

NB-loT
Cat-1 Cat-2 Cat-M
_— 3GPP Rel.13  3GPP Rel.13
Standardization 3GPP Rel.8 3GPP Rel.12 (2016 1Q) 2016 2Q)
Bandwidth 10 MHz 20 MHz 1.4 MHz 200 KHz
Soeed DL ~ 10 Mbps ~ 1 Mbps ~ 1 Mbps ~ 100 Kbps
ee
P uL ~ 5 Mbps ~ 1 Mbps ~ 1 Mbps ~ 100 Mbps
Max UE Tx Power 23 dBm 23 dBm 20 dBm 23 dBm
Battery life ~ 10 years ~ 10 years ~ 10 years
Half duplex L Narrower BW
Features (375 Kbps) DWEL Bonee Extended
eDRX
PSM coverage
2.4 Sigfox

Sigfoxe] 74~ 1] W3] vleje] ISM Fog A4
spol, velel ek 7] The Fai ted g Apgaha
olt} (868MHz - 42, 91SMHz - opdglz},
433MHz - ©}A|¢P.

A 5-2 Base Station} binary phase-shift keying
(BPSK) WHZE AHE, 100HzS] ultra-narrow bandS
o]-g3lo] EAlgkt} o] u Ultra-narrow bandS AR
Fo =M, SigfoxT TIF YIS F8H R AL
& 4= olrk w3l o] F3le] kol=E Fola, ey
Al awE v 2 5 3

F7H R Ao AelwS 100bps = A|gHlezH],
QHelt AAMS-S ZA EL & Al =dok

Sigfoxt= #gellis AR} 92 AR Aglsielo.
v, FHZell= ek Al AlE Hdck spAnt

spelakek 8] ol oJojant vbAlE 4= gl Sigfoxt
FAledl glofA] AgHEe] Wel EAlsk=d, 43k H=
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wAx] ] Aol Hd 128l EE S 5 gk 313
30l glolA] wAAl = sFell 472 Algkc). slak
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o} =gl sleF wixR] ] Zeol= Hd guje]Eolck
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Fig. 2. Performance Comparison Graphs of Sigfox and
LoRa and NB-IoT Technologies
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Table 5. Cost Analysis of Sigfox Technology
Spectrum cost _ Deployment cost End-device cost
Sigfox Free >4000€/base station <2€
LoRa Free >100€/gateway > 1000€/base station  3-5€
NB-loT >500€ / MHz >15,000€/base station >20€

g % Sellx=

E 6. LoRa®} NB-IoT 7|4 v]&L
Table 6. Comparison of LoRa and NB-IoT technologies

Sigfox 71E9] costiAS 53 o}

Wlag 1) ¥ el vlele A1ea)

Parameters LoRa NB-loT

Spectrum Unlicensed Licensed LTE bandwidth

Modulation CSs QPSK

Bandwidth 500-125 kHz 180 kHz

Peak data rate 290 bps — 50 DL:234.7kbps
kbps(DL/UL) UL:204.8kbps

Link budget 154 dB 150 dB

Max. # Unlimited Unlimited

Duplex operation - Half duplex

Power efficiency Very High Medium high

Mobility

Connection density
Energy efficiency
Spectrum efficiency
Area traffic capacity
Interference immunity
Peak current

Sleep current
Standardization

Better than NB-loT

Utilized with NB-loT

>10 years battery life of
devices

Chirp SS CDMA better
than FSK

Depends on gateway

type

Very high

32 mA

1pA

De-facto Standard

No connected mobility
(only idle mode
reselection)

1500 km?

>10 years battery life of
devices

standalone, in-band,
guard band operation

40 devices per
household, ~55k
devices per cell Low

Low

120-300 mA

5 uA

3GPP Rel.13 (planned)
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Table 7. Classification of BLEs
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(3] Bluetooth

€ Bluetooth’

SMART READY

© Bluetooth’

Bluetooth low energy
(Bluetooth Smart)

Dual mode Bluetooth
(Bluetooth Smart Ready)

Classic Bluetooth

Connect low power
applications to a smart
phone or tablet

Bluetooth connection
across any end point
(Bluetooth low energy or
classic);

Enables bridge wetween
Bluetooth low energy
(Bluetooth Smart) and
classic

Bluetooth connection
with high data rate
(up to 3Mbps)

Custom profiles,
allows any
application
Multiyear on Coin
Cell Battery

Less than 200kbps
data rate

- Supports new and old
phones (BT and BLE)

- Up to 3Mbps data rate | -

- A2DP Profile to
stream music from
phones

Up to 3Mbps data
rate

Sensor devices sending
small bits of data, using
very little energy

Devices that connect with
both

Wireless devices
streaming rich
content like video and
audio
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Fig. 3. Power consumption, distance and data transfer
rates for short-range wireless technology

3.2 Wi-Fi
Wi-Fi 7]&2] 79 ¢ 234004 & 5 3% =}
AHoeZ AY L2 7|eL ok =& dlolg]
809

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-05 Vol.45 No.05

Eeo} g2 7AZke R Q18| FA1e] Fel gle]
A= mated Al gle] & AS AYa A,
Ay 4n7F 7] wiitell oT vIESZC gloir=
2 e A=A Eshar glok

by © 2= 2 4GHz UHF ™3} 5GHz SHF
AL Agsl, dubdog ¢kd e B FEe] gix|ut

e ool $1ek Qi ol A A= 4 9
A AR 5 edvks SAS AW slck

3E 8ollM= -8 Wi-Fi 5 74 W Fu oo
W3 1 4 alek 770l et Hoh Ao
el At A 2l ek A 2 5 gl
o, o]= 27} thaL Sl T tiedo] 5171] “golst
7] Wi & 4= vk 53] Wi-Fi 7|$2 802.11ag,
802.11ad, 802.11ac 5% FH- iﬁz—%l A 3=
o] ofell el 7hets] At wapd oo} Fich

802.11ah®] 7% W5 Wi-Fi Halowg}ly E2]&=
dl, oA amlEs I A7 SAlelAe] eluiA]
85 Folaat g 7]gelch o] Hite] HRF20]
A 7ERe A glck

802.11ad] 78‘"?‘ Aibq oz ZpelA AHgE=
Al 2heEell A8xle] glem, MIMO W& 0149“3}
of o5 UFi HEF FY 5 =F Ak

A= 802.11ax2k2 ®7]=+= Wi-Fi 6°] 483}
F 3L glern, o]= 10GbpS-4 SEg AL
213 o] B2 Coverage®} 2 Latency & 138 4=

slrke 548 AYaL Sirk

E 8. 38 WiFi ¥F 4% Fu oo 93
Table 8. Current status of frequency band by major
Wi-Fi standard specification

Representative IEEE
Standard 802.11af
Frequency band  24GHz 5GHz 60GHzZ WS Sub-GHz
Standard

Progression Formal Standard  Drafts.0 Formal Standard Draft3.0
Phase

|EEE 802.11n |EEE 802.11ac |EEE 802.11ad |EEE 802.11ah

Spec. creating
framework

indoor:5.15~5.25GHz S4~72MHz  US902~928MHz

24-24835GHz  0udoor525~535GH; pu KR CanadasT-64GHz  76_gamie;  kR9175-9235

A2 547~565GHz i sp e 174~216MHz  EU863~868
5725~5.825GHz oar 470~698Hz  Japan916.5~927.5MHz

Frequency
Usage Status

Maximum
Transmission  30m 30m 10m Tkm km
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Technology Communication distance Maximum connection Data rate

ZigBee 10~75m <255 Maximum 1712 kbps

Wifi 100 m <255 > 10 Mbps

LPWAN 3km to city scale <50,000(NB-loT), <200,000(LoRe)  Adaptive from 0.1 kbps to 250 kb
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