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Abstract

Since ToT is expected to enable hyper-connected society to be realized with the advent of the 4" Industrial Revolution, many
advanced foreign countries as well as United Kingdom identified IoT spectrum policy as one of the first priority in spectrum manage-
ment in order to cope with the frequency demands required for the promotion of IoT service. In Korea, the frequencies of 110 MHz
bandwidth has been also supplied additionaly for IoT in July 2016 in order to activate a promising new IoT industry based on wireless
communication, which has great potential for future industrial growth. Therefore, in this paper, we propose spectrum policy and the
research and innovation trends on IoT to promote IoT industry by analyzing the major communication network, the key challenge
technologies and the spectrum policy framework of foreign countries.
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Fig. 1. Components of IoT system.
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Table 1. The top 10 IoT technologies'.

Technology Key contents
- Due to HW and SW advances IoT security is a
fast-evolving area through 2021 and the skills shor-
IoT .
security tage today will only accelerate.
- It is expected that the companies adopting IoT
are investing in these areas.
IoT - Require new algorithms, architectures, data structres
analytics and approaches to machine learning
- Significant innovation will result from the challenge
IoT . . .
. of enabling technologies that are context, location,
device . . .
manacement and state-aware while at the same time consistent
& with data and knowledge taxonomies.
I;I?(;*;I;Z:eer - Low-power short-range IoT networks will dominate
JoT & wireless [oT connectivity through 2025, far outnum-
bering connections using wide-area IoT networks.
networks
- LPWAN aim is to deliver data rates from hundreds
of bits per second(bps) to tens of kilobits pet se-
cond(kbps) with nationwide coverage, a battery life
LPWAN of up to 10 years, an endpoint hardware cost of
around $5, and support for hundreds of thousands
of devices connected to a base station or its equi-
valent.
ToT - Low-end 8-bit microprocessors will dominate the
OCESSOrS 0T through 2019 and shipments of 32-bit micro-
P processors will overtake the 8-bit devices by 2020
- A wide range of IoT-specific operating systems
JoT with minimal and small footprint will gain momen-
. tum in [oT through 2020 as traditional largr-scale
operating . . . . .
operating systems including Windows and iOS are
systems . .
too complex and resource-intensive for the ma-
jority of IoT applications.
- Systems creating tens of thousands of events per
second are common, and millions of events per
Event second can occur in some telecom and telemetry
stream situatiions.
processing | - They typically use parallel architectures to process
very high-rate data streams to perform tasks such
as real-time analytics and pattern recogniotion.
- Low-level device control and operations
- IoT data acquisition, transformation and manage-
IoT ment
platforms |- IoT application development, including event-driven
logic, application programming, visualization, analy-
tics and adapters to connect to enterprise systems.
loT - Standards and their associated APIs will be essen-
standards . . . .
and tial because IoT devices will need to interoperate
and communicate.
ecosystems
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Bluetooth Bluetooth LE
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Table 3. Technical comparisoon of WLAN.
Frequency Channel | Maximum Key
band bandwidth | data rate | technology
802.11b 24 GHz 5 MHz 11 Mbps DS
802.11a | 5 GHz 20 MHz | 54 Mbps | OFDM
OFDM,
802.11n | 2.4/5 GHz | 20/40 MHz | 600 Mbps MIMO
5 GHz  |20/40/80/160/ MU-
802.11ac only 20+30 Mz 6.9 Gbps MIMO
S0211ad | 60 GHz | 216 Gz | 6.7 Gbps | Crectional
antenna
TV white
space
(54~172,
+
802.11af 76~88, ?/2131%4/&[_16; 384 Mbps
174~216,
470~698
MHz)
TV white
space 1/2/4/8/16 346.6
802.1ah | 900 op8 | Mz Mbps
MHz)
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Name of standard Weightless-P IEEE 802.11ah (LP WiFi) SigFox LoRa
Network architecture Star Star, Tree Star Star
Under 1 GHz Under 1 GHz unlicensed 868/902 MHz
Frequency band ISM Band band except TVWS ISM 433/868/780/915 MHz ISM
Modulation type GMSK(UNB)/no Chirp FM + spread spectrum
Channel bandwidth 12.5 kHz 1/2/4/8/16 MHz UNB(ultra narrowband) | EU: 8x125 kHz, US: 64x125 kHz
150 kbps~ 346.666 100 bps~140 EU: 300 bps~50 kbps
DL 200~100 K
/UL data rate 00~100 Kops Mbps messages/day US: 900 bps~100 kbps
End “giiv;ansm” 17 dBm I mW~1 W 10 uW~100 mW | EU: <t14 dBm, US: <27 dBm
Adaptive rate Yes Yes No Yes
Range 2 km(urban) Up to 1 km(outdoor) 3~10 km(urban) 2~5 km(urban), 15 km(rural)
Node roaming Yes Yes Yes Yes
Governing body Weightless SIG IEEE 802.11 WG SigFox LoRa Alliance
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H 5. 3GPP IoT FAIY Hlx
Table 5. Comparison of 3GPP IoT communication network.

Rel
Rel Rel 12 Rel 13('16.
el 8 e 13(163) el 13('16.6)
CAT-1 CAT-0 CAT-M NB-IoT
m]zxLl/:nle;m 10 Mbps/ | 1 Mbps/ | 1 Mbps/ | 200 kbps/
data. rate 5 Mbps 1 Mbps 1 Mbps 200 kbps
MIMO 2x2 No No No
DL/UL Full Half Half Half
duplex FDD FDD FDD FDD
Bandwidth 20 20/100 1.4 02
(MHz) RB (6RB)
UE
MAImu | 3 23 ~23 ~23
transmut
power(dBm)

Subcarrier DL 15
spacing(kHz) 15 13 15 UL 35,15
LTE. . Yes Yes Yes No

compatibility
Frequency LTE LTE LTE LTE inband
band inband inband inband | or guardband
Chipset Cost| 100 % |90~100 %| 25 % 10~15 %
Coverage Above Above
gain 0dB 0dB 15 dB 20 dB

dlol®l iLgto] 7h53shth
LTE Direct= 7| X =E AXA &7 AuEE 71| 3

;G E/\]zﬂ 2= 0]‘—-
o LTE 7)7] 7+ &
7He ™, HEt oS

M. loT S 4|

=SER e

71€2A, w3 500 m~1 km H <] W
= Alo] 7hsslt) FulE A G280 =
AFLEIEE AU AZ Ao BAHET

HISE

[@Ne]

oT A= S4stE 913 29 EY 44 8 7le

THSAAD AFE 58 2AE & LoT AH|2oA |
oy, 4% AFs(te, A7, FE F), 71AHRA
#5 9 BHS WM o g Hel AAA o, o8 3 £A
A, % R 5 AN F Ao, 7Y 2 EY A, A
Y WA 2E, ERHE, 2RAS 2 T 58 &
oo A 9 10T M| 28 AlFa}7] fsiAe A, ?ﬂ
H1E, A7, &3S 15 4 e LPWAN [oT Y E
93 7% o] Ao g FQsitt

32 loT AL Yt

AE-AH 28] A% 55 878 A2 & 7|tk loT
7P, HAE, AA AAE dZd F= AolH, o] FE
Hae= FAHY Y Aol e FAHES AA0lgE
& Fort Al ‘j}‘m’ﬂ Aelsd olglg AA AlE
50| AFse= ARE Fastsle Ao Basith 7P
Al A U ES= 7}%@} Soﬂware-Deﬁned—Network(SDN),
tupol 2~ ] SRE, AAHFY L dlolE A4
71€50 0T 7k k= 71€2A wW2A s o
o gtk B Uolrt oT7F 7HgAIA|, TAEAA, A4
A AAE AZAFLEA ol &34 ZHELZNH
A 2jo] AE = Wl Hek zatoluA, AEA] ol
£0] ToT 7%kl A ﬁ’\]ﬂl Atk wEkA m €]
ZIefgdge] & EYOR AbolH Held AHE ¥

do], B9 #d Jlside] ¥ F8sith 19 3°ﬂ

Fragmented
Landscape

Integration

loT

Technology

a8 3. H e foT A B
Fig. 3. Future challenge for IoT research and development.
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