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ABSTRACT

Recently, it becomes essential for firms or nations to forecast the future and identify emerging technologies in
order to improve R&D efficiency and gain a competitive advantage. Particularly, the mobile communications
industry is characterized by rapid advance and wide application of its technology and thus identifying emerging
technologies is more important in the industry than in others. Nevertheless, few attempts have been made to
explore its emerging technologies. Therefore, this research aims to develop a methodology to identify the future
and emerging technologies especially for the industry and applied it to list top ten emerging technologies for
2020 in the industry. For this purpose, firstly, we focused the key issues in the future targeting 2020 and
identified user needs relating to them. Then, candidates of emerging technologies were defined from a set of
technologies to meet the needs, for which technological and economic feasibility is assessed to determine their
priorities. Finally, the top ten most important technologies were selected and verified. This research is distinct
from the previous studies in that it takes a market-pull approach instead of a technology-push approach. The
research results are expected to provide valuable information to support strategy- and policy-makings in the

mobile communications industry.
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1.
able 1. Methods to explore candldates for emerging technologies

Approach Exemplary techniques

Characteristics

Future needs-based Needs analysis

Technologies are identified from future society needs.

Forecasting Scenario, Cross-impact

techniques-based analysis, Trend analysis

It is possible to consider future uncertainty in foresight
and increase reliability of the foresight results.

Experts-based Expert panel, Delphi

Experts can consider not only technological issues but

also other key issues (environmental, social issues).

The general public-based | Survey

The general public participate in the foresight process.

. Patent analysis, Keyword
Technological data-based . T .
analysis, Citation analysis

Signals hidden in quantitative data can be identified, this

is more effective combined with other approaches
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2.
ble 2 Methods to prioritize candidates for emerging technologies

Approach Exemplary techniques

Characteristics

Quantitative data-based | Index analysis

It is difficult to evaluate tacit knowledge.

Decision-making-based AHP, QFD

A complex evaluation problem can be broken down into many
simple ones and it is also possible to identify the relationships

between evaluation criteria.

Expert-based

Panel discussion, Scoring | It enables to collect necessary data for evaluation effectively.
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Table 4‘ A framework to identify candidates for emerging technologies

Sub-issues

Sub-needs 1

Sub-needs 2

Sub-needs 3

Needs-technology 1 Preliminary

candidates for

Needs-technology 2

emerging

Needs-technology n

technologies

A final list of candidates for emerging technologies
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Table b. Patent indexes to analyze technological impacts

Patent index Operational definition Description

= Originality | (the average backward citations for a target technology/| A high TO value indicates an extensive use of prior
;:’r (TO) the average backward citation for all technologies) knowledge and low originality (2-5}3}7]<%E, 2010).

(= A high TI value indi high technological i
) (the average forward citations for a target technology/ 18 value indicates 1.g technological impact because
2 | Impact (TD) L . the technology has been widely used for the advances of
Q the average forward citation for all technologies) the relevant technologies (Berman, 2002)

(the average number of patent family for a target
technology)/ (the average number of patent family for
Marketability | all technologies)

(TM1, TM2) | (the average number of claims per patent for a target

A high TM1 value indicates the high economic impact
(Ernst, 2003).

A high TM2 value for TM2 indicates the high economic

Jes! .
§ technology)/ (the. average number of claims per patent effect (Korea Institute for Machinery & Materials, 2011)
3 for all technologies)
% Size the number of patent applications (the average for the | A high MS value indicates a large market size (Shon et al.,
MS) past five years) 2010).
Growth the growth rate of patent applications (the average for | A high GR value indicates a high growth rate (Ministry of
(GR) the past five years) Education, Culture, Sports, Science and Technology, 2005).
(the number of Korean patents for a target technology/
the number of patents for the target)/ (the number of | A high Al value indicates that Korea has a relative strength
Suitability Korean patents for all technologies / the number of | for the target technology and the target technology is
(AI) patents for all technologies) suitable to be an emerging technology for Korea (Soete,
* Korean patents = patents with Korean applicants, | 1987).
Korean inventors or priority country as Korea
dlolel 5 B3l Alashe A 4o 4, <8 3 4.1. 20204 34 olfr A L=
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Table 6. Issue concordance matrix to analyze social impacts

Issue Issue 1 Issue 2 Issue 3 Issue N | Total scores

2020 emerging technologies Weight
Emerging technology 1

Emerging technology 10
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Table 10. Prioritization results of candidates for emerging technologies

Candidates for emerging mobile | Index | Originality | Feasibility | Impact | Marketability | Suitability STCZZL
ications technologi
commurtications TechiolOBIes | weight 0242 0.082 0312 0210 0.154 | (max 5)
FAEEE A A 549 B4G
1 RE 3.94 425 425 438 431 4.61
2 AR, A AH) 3.69 4.50 4.06 4.19 431 4.41
3 Intelligent M2M/MTC 3.67 4.00 4.06 4.11 422 437
4 253 o] FEA vEY=A 3.83 4.06 3.89 4.00 4.00 422
5 TEXA UES =T 4.38 275 3.63 3.13 3.13 3.88
6 Zv4 D2D ¥ #HEAl 3.47 3.65 3.59 3.41 3.59 3.78
7 ZAW wajd ~ntE v|EE 3.19 3.63 3.25 3.56 3.19 3.66
8 JAEA] 4.33 2.33 3.67 3.00 3.22 3.65
9 2349 AWEA] olF5A4l 3.25 3.81 3.19 3.06 3.25 3.64
10 L wE YELZ 3.13 4.06 3.31 3.06 3.31 3.57
11 Hzldlz= B4l 3.92 3.23 3.08 2.92 2.92 3.47
12 =7} Al B3R vES = 3.22 4.33 3.00 2.61 3.83 3.27
7oz vhehdel shFaste] Z$ Pl et o [ 1219 2k A7 © @ Avine, 7 7)e
A Abolgh A} viehar giARE AubE o ® <51 W2 7S Hol= <o) Ads] Aeldk Ao=w
Agag A 28 5AC] B4G o|58AD, FAE A=l o5 5o, 1% 7eE ARE caASE
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‘Z34 DD 2 FHEBA s1%e] AgAe] ) SRAGPAE vl S5t shgEah Agare
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Al vEH = o] AiHeR Erh 77t Aatst 3hs 83l E3abdeld A 71 §-
MEEAS Bk golskl ) sl 2 WAE AEdE AFsl Btk $4%9) AES 99 @
w2 HYghS 1, SRS 002 A fsiet A= A Ao 7FEEaas E8slelen], 5sRE
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Table 11. Patent analysis results - index values
.. Impact Marketability
Origina -
Emerging mobile comMcations lity Tec.hno Economic Mérket Growth | Suitability
technologies 10" lottf;lcal ™1 | ™2 sl,\l/lzcsa rg;: Al
IAFEE A A 549 B4G °l55Al 0.95 1.82 5.07 | 0.93 0.54 0.81 0.30
AR, A A3 1.43 0.53 0.50 | 0.94 0.90 2.04 3.36
Intelligent ~M2M/MTC 1.01 059 | 0.82 | 1.03 0.30 0.31 0.55
A olssAl vEH= 0.96 094 | 0.60 | 1.00 3.00 1.22 0.64
B WEY A 3.18 0.61 0.30 | 0.87 0.40 0.47 3.18
234 D2D ¥ ™54 0.93 1.05 0.71 | 1.02 2.76 3.00 0.62
A4l 0.82 1.03 121 | 1.01 1.42 1.62 0.23
23 AR o554l 2.54 072 | 0.42 | 0.99 0.87 1.00 1.26
A R B 1.39 0.96 1.18 | 1.12 0.78 0.63 2.39
=7} AR S vMENA 0.71 154 | 0.81 | 0.98 0.39 0.40 0.42
ezl 2= Al 0.63 1.64 2.65 | 091 0.46 0.33 0.71
ZA meld ~ulE wjEE 0.53 126 | 082 | 1.17 0.19 0.19 0.00
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Table 12. Patent analysis results - normalized values
Impact Marketability
. - Suitabil
) . o Originality | Technol Economic Market | Growth .
Emerging mobile communications | Index . . ity Total
technologies TO-1 ogical ™ | T2 size rate Al scores
TI MS GR
Weight | 0.236 0.284 0.179 0.144
IAFEE A AY 549 B4G °l5EAl 0.16 1.00 1.00 | 020 0.12 0.22 0.09 | 0.40
2RI, A A 0.34 0.00 0.04 | 023 0.25 0.66 1.00 | 0.36
Intelligent M2M/MTC 0.18 0.05 0.11 | 0.3 0.04 0.04 0.16 | 0.16
A58 olsEAl MES= 0.16 0.32 0.06 | 0.43 1.00 0.37 0.19 | 0.36
B4 vESY= 1.00 0.06 0.00 | 0.00 0.07 0.10 095 | 0.31
272 D2D ¥ FHEA 0.15 0.40 0.09 | 0.50 0.91 1.00 0.18 | 0.46
ZA mpied AvtE uvjEE 0.00 0.57 0.11 | 1.00 0.00 0.00 0.00 | 0.24
FAHEA 0.11 0.39 0.19 | 047 0.44 0.51 0.07 | 0.31
233 AR o554l 0.76 0.15 | 003 | 0.40 0.24 0.29 038 | 032
A wE YELT 0.32 0.33 0.18 | 0.83 0.21 0.16 0.71 | 0.39
Hldllz= A1 0.04 0.86 049 | 0.13 0.10 0.05 0.21 0.27
=71 AduA] S MEH= 0.07 0.78 0.11 | 0.37 0.07 0.07 0.13 | 0.23
13, o4 vl £ A
Table 13. Issue concordance analysis results
Emerging mobile Issue Total
communications scores
technologies
Weight | 14.1 | 13.7 | 13.2 12 12 10.3 9.9 9.7 6.7 100.0
FAFEE A Ay 5A4°] B4G
o= A 1 1 1 1 1 1 1 1 94.9
AR, A AE) 1 1 1 1 1 1 1 79.9
Intelligent M2M/MTC Y| E$] = 1 1 1 1 1 1 1 1 88.4
A5 o]5FA VES= 1 1 1 1 1 1 68.8
TEX UES=T 1 1 1 1 1 1 1 78.7
Z3<4 D2D ¥ FHEA 1 1 1 1 1 61.0
247 mrld ~vutE wEE 1 1 1 1 1 1 1 81.7
oA} EAl 1 1 1 33.2
A wlE YES S 1 1 1 1 1 1 69.6
Z3od Anjglr] o] FEAl 1 1 1 1 1 1 1 1 94.9
Hzlsl2= 54 1 1 1 1 1 55.9
=71 A A MEH= 1 13.7
3g3le] AlEshr] oy AdreAl dES Al 3t AYE el Ao g gl & Ul
9J3lai= AHP 4 ZAdelA 2 7eAE &4 o] ¢ FEHoRE A gle] g 2 S
siodck o] w) dgEvl= 37 W] =AH el gledl, SslEE Bk 4 Sle AR
Hr71Ezke] AkEgats E8sigich HJriEsE A Aol Wele vig A Y-S weE o 55
B “Intelligent M2M/MTC’ ¢} <24 mujel A= s34 7Ee] BAS Hashks Als
2mE el 714 Alslshae 100 FleR 27} 245 Flo] kg Aloluk
AAH 71E50] S5Hlel leiE Aoz mAete s )ee] Ald eES BAstust
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22 1. Soi47e 93t nl2Ss|x SoiDB ZA 4|
E 16. FAEA fd7le Sslide A3 S8 A4
TAETE A AY EAS | (B4G or 5G or (5 adj generation)) and (Smart or (Lower adj power) or 309
B4G °]5-54l green or ((Energy or super or hyper or ultra) adj Efficient))
Hglsl 2= £l ((Tera adj Hertz) or Terahertz or THz) or (Ultra adj broadband) 264
A4l (Quantum or Qubit or Qbit) 810
U2 HESY= (Nano* or molecular or (small adj scale)) adj5S (communicat* or network*) 226
- . Device adj to adj Device) or D2D or ((Cooperative or (Direct and
= 4 ul & Eﬂix\‘l (

% D2D = HHS Distributed)) adj Communication) 1572
Z3] 71¥g]x] o]5%A] | ((Long or Super or wide) adj (range or area or site)) near2 cover® 497
As8 o] 554l U/ ES|Z | (Intelligent or smart ) adj2  network* 1709

(Machine adj to adj Machine) or M2M or (Machine adj Type adj
Intelligent M2M/MTC Communicat*) or MTC or (Internet adj of adj = Thing*) or (Web adj of adj| 171
Thing*)
=7} AP 34 | (national or public) and (disaster or risk)) near2 (protect* or manag* or
o . . 223
Y ESY = relief or reliev¥)
24wl ke
w2 ((Smart or intelligen*) near2  (Grid* or Meter*)) or smartgrid* or smartmeter® 107
[s]
FA e JES= (wireless adj2 (backbone or  backhaul)) 444
AR, A =) ((femto or pico or nano) adj cell) or femtocell or picocell or nanocell 512
= 3 6,844
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