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ABSTRACT

The article attempts to examine how new emerging firms acquire and accumulated knowledge through technol-
ogy spillovers. More specifically, by examining the process of transferring technical leadership from incumbents to
emerging firms, this article elucidates how emerging firms can advance the acquisition and reinforcement of their
knowledge in the spillovers of technologies along with standardization. We conduct the analysis of patent forward
citations from essential patents (SEP: Standard Essential Patent), which are declared linked with technology speci-
fications, to proprietary patents (Non-SEP) in the mobile telecommunication industry. The data shows that by the
citations of essential patents from incumbent leading standard setters, an emerging semiconductor supplier (i.e., a
complementary firm) builds and reinforces system knowledge, and thereby overwhelms incumbents. The finding is
expected to expand the debates of standard setters' knowledge management and provide managerial implications for
practitioners.

Keywords: standardization, standard specifications, essential patent (SEP: Standard Essential Patent), citation, spill-
over, system knowledge
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®1. BREEEOSE

Telecommunication System

LTE-Advanced Radio Technolgy",
" General Information (Long Defunct)".

"Program Management, LTE (Evolved UTRA) and

Specification Categories 2G Series 3G Series
"Requirements, Service Aspects (Stage 1)",
"Technical Realization (Stage 2)", 00.01.02.03

10,41,42.,43,50,

21,22,23,30,36

Core Network and Intra Fixed  ['Signaling Protocols (Stage 3)-(RSS-CN)",

Technology Aspects".

"OAM&P and Charging","Multiple Radio Access

Network "Signaling Protocols (Stage 3)-Intra-Fixed- 08,09,48,49 28,29
(=T RNT—2) etwork".
"Signaling Protocols (Stage 3)-User Equipment to
[Network", "Radio Aspects", "CODECs", "Data", 04,05,06,07,

12,44,45,46,52

24,25,26,27,32,37

"Subscriber Identity Module (SIM /
ot i ards", "Test Specs", , ,
giff%%s\‘l t;é; "[C Cards", "Test Specs" 11,51 31,34
D T FEL R it " UE and (U)SIM Test Specifications".
Sec%;i%?fec;lzrgﬁ}l? :}‘;hms "Security Aspects"," Security Algorithms (3)". 55 33,35
. o
x2. TAHE
PAZ Lo il K =K SR
CHARE | ¥ | WAUREEEMMEREEE| ARSI v a5 T
Oy Cx
Nokia 2700 34242 1982.12.22 - 2016.12.29 1997.11.28 - 2016.12.30 6703 8224
i Ericsson 2034 39724 1930.08.05 - 2016.12.29 1998.10.22 - 2016.12.02 9166 8547
Motorola 833 34182 1948.02.03 - 2016.12.29 1995.10.11 - 2012.04.17 4415 5186
Samsung 1346 208575 1984.02.21 - 2016.12.29 2003.09.19 - 2012.09.27 6721 4787
et Apple 1058 29726 1983.02.01 - 2016.12.29 1995.12.22 - 2016.11.28 1520 3521
Huawei 820 33341 1999.02.04 - 2016.12.29 2005.04.29 - 2016.10.24 3573 1206
LG 1749 88720 1986.12.10 - 2016.12.29 1990.04.04 - 2016.12.02 12741 6268
MediaTek 28 3542 1995.05.03 - 2016.12.29 2014.03.25 - 2014.03.25 246 78
Qualcomm 4370 34524 1989.10.24 - 2016.12.29 2000.04.03 - 2016.06.14 16099 22740
; f Texas
ML
4:;}%_\:7? Instruments 229 19925 1990.01.02 - 2015.12.03 2005.09.01 - 2012.08.17 760 1639
Infineon 12 8271 2005.03.24 - 2016.12.29 2008.06.13 - 2008.06.13 90 24
Freescale 33 5986 1994.06.01 - 2016.12.29 2010.06.10 - 2011.02.24 153 0
Spreadtrum 0 201 2005.04.28 - 2016.12.01 - 33 0
L 15212 | 540959 62220 62220

T AV hEa—m v RO
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12v5, 90 412 1%, Motorola & Nokia @
Fefhr B RS = 0 %8 B (density)' 23 <, & < IC
Motorola DEEFE R EWN T & 2345735, Ericsson I3,
ORIV ARTAES L TEL T, BE
FRHETDHZENTE 2, £72, Qualcomm [T
1985 AT SN T EERY T T4 ¥ —T
BHOHM, ORI OXERTFEIRA L
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BT, KRBT 270D, LAEREF
DESER M L, BT BiAs W 0% E O fE
Z % hU—2Z «>— ;L UCINET VI @ “Density””
ko TEHE L, BEOUARTOESIZX
L HANHUE E R O EOMED & T X, £ o4k
FHIAL LY b BBEMEEE AT Ao E IR
HWHICHEDL, TOREEFRH VAT AIZONT
DEMERARAERAE L TV DH EEZ BN,

90 {121, Nokia & Motorola @ 2G & 3G
DT HLE F & WHFFFF & OBfRIZ, UCINET
VI OFEEOFETIEZNZE10.016, 0.103 & 72
5 (F 3), LBV AT L A= —DHFF >
U — 27 TiZ., & < IZ Motorola A3 M 70 ik %
HEAELTWEZLEE R D,

FK4LM2lE, BEEN EOREDOLHA
FirZ2 gl LT, MARTFZHHEL TWZD
NERLTND (T—HFEMIZ OV TITER

Appendix & A &), X2 3F 4 2XbELT= D
DTHD, UFDHITICENTHRBETH D A3,
FROATIL 51 ST R & DT T
AR A HL TW DB AR 2T, Bz
1. 2 O IE, Qualcomm DAL EHKFFFD 5 L,
60. 6 % I Motorola, 36. 2% I% Nokia O 24 78 5 7T
5 L TuWA 2, Qualcomm O MZEKFF% 5| H
L CWAEEITIFEEL TV, F£72. Motorola
& Nokia (Z9647# & LT, Z< OEAMERFFL
THEY., %< D313 Motorola & Nokia D 78
FrzslHLTnd, 2oy, £ 0¥
Motorola & Nokia [Z{KfF L T2 & 2 5,
—J7. YW, %3 O Qualcomm 1% B fLHE T &
FEAERALTELT, EREEOHIME I
AL T, AR ZBRSE L Cuie, 2 OBRECI,
Qualcomm [T FARZED G H I 2 WL L, #eT)
EEBELTWEEEZOND, LEDZ L,
#%FEAZE L LT Qualcomm %, 1990-1997 4D
REN I OIRR 2D T2 & B BiLD,

#3. 1990-1997 £I=&I+% Nokia & Motorola DHEIE Y T—H DEE
1990-1997 Nokia 2G+3G Motorola 2G+3G
Density 0.016 0.103
Standrad Deviation 0.126 0.304
Average Degree 0.5 3.188
The Number of SEP 50 61
) D OV B E L WEFFF ORI BIR DT — & % UCINET VI @
Dichotomization” TZ# L T, “Cohesion” & “Density” Tl L7z,

Fz4. 1990-1997 FI=H T2 X B D5 | ARERFR
W ERFRT
Qualcomm Nokia Motorola | Ericsson |New Entrants | Chipsets
Qualcomm 36.2% 60.6% 3.2%
Nokia 64.6% 32.6% 2.8%
MM HE | Motorola 12.9% 82.5% 4.6%
i | Ericsson 24.9% 69.8% 5.3%
New Entrants 49.6% 46.3% 4.1%
Chipsets 53.3% 33.3% 13.3%
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64.6%
Qualcomm ) Nokia
60.6% 2.0 24.9%
69.8%
Motorola Ericsson
$2.5%

]2,

5.2. 5 BRS¢ JnissRAk (1990-2007)

3%, 1990-2007 FE DO ORIz B I B,
Motorola, Nokia, Qualcomm, I35 JX U Ericsson @
FALIC BT D HEAMT B BHOEE 2R L TN D,
¥ X O Qualcomm
D 26 & 36 OB E & LR L ORI
(3, UCINET VI D% &£ DFHR TIX L L h 0. 204,
0.153, 0.038, 0.175 & 72 % (# 5), Nokia <X°
Qualcomm BRI 2072 2 MIEFFT 2 e b % < R
AT DL Linb MR Y T —
7 EWEETDH X DI/ » T 3b, Motorola | %t
L. Nokia =° Qualcomm 73N HIFkIZ 31T D A7 % 4
TFLHOTVDLEBZBND,

—Ji. K6 L4 E, FEEN EOEED
VAR A LT, MARTFLZHRFEL TV
DNERLTWND (F— MOV TIETER

Nokia, Motorola, Ericsson,

Qualcomm

'IHHII
s ’

New Enftrants

5,399
Ericsson

Motorola

Qualcomm

33.3%

53.30%%

Chipsets

Motorola

Ericsson

1990-1997 FI= &5 EFE D5 AR &

Appendix & C Z ) X4 1Z&6 ZXr{bL7-b
DThD, £6 EXAERD L, FEEOMAKE
FFD 2% < 1X. Qualcomm O WVIEKFFEFIHT 5 X
I/ o TN D (F—HFEAITE R Appendix #
B& M), i % 1E. Nokia TIl% 24.7%. Motorola
TIX 50.8% O M B K FF 23, Qualcomm O ¥ ZE
FEBIHLTWD, T, BEEEOMA HI
D43 FREE VL, Qualcomm DA A FIH L T\ 5,
[FIFFIZ. Qualcomm H & %, HLOMERF 24K
%< BIFIL TV 5, 1990-2007 EDRFHICIZ, &
< IZ Qualcomm ([ZRFE I N HHRIEEHEIT, £
it bK< IS NS & &bz, B
It E SN T S DICHMHEEZITI L1
o TR, BEAEICLDHBOBLIEEA
TWet&EZ2 b5,

6. 1990-1997 FI=HITHHMBRYET—VDEE
1990-2007 Nokia 2G+3G | Motorola 2G+3G | Ericsson 2G+3G | Qualcomm 2G+3G
Density 0.204 0.153 0.038 0.175
Standrad Deviation 0.403 0.36 0.192 0.38
Average Degree 6.313 4.75 1.188 5.438
The Number of SEP 1017 209 446 1321
TE) D O A B & MO RS ER DT — & & UCINET VI @ “Dichotomization” TZH#i LT, “Cohesion”
L "Density” TEHHE L7,
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3. 1990-1997 £(=#1+5 Nokia. Motorola #&U Qualcomm DAEFHFLEMRIEZOMBRYFT—2H

0,
80.7% o
n ﬂ Qualcomm
24.7%
Qualcomm | «—— Nokia
19%
F
9.9, Motorola
0,
aine 29.6%  [15.9%
I Qualcomm
0, .
Motorola 12.5% Ericsson Chipsets
15.5% 10.1% e 0.19%
20.2% FIA Mokmols: o5 12.7%

E4. 1990-1997 £FI=H1+HE XM D5 ARG

39




MR ZIAY MRARE 17 S

5.3. BB ¢ Bk HAKLE

2016 A F TOHIFIZ /2 5 & . Motorola, Nokia,
Qualcomm, I35 J X Ericsson D F B ICB T 5
s ER OBE, T 7205 2T LD L
NLREL 2o TS (115),

Nokia, Motorola, Ericsson, ¥ X U Qualcomm
D 26 & 36 OHTBUAEE & LIRF & OB
IZ. UCINET VI OB EDEOFFE CTIX, ZhZ
21 0.218, 0.194, 0.091, 0.214 & 725 (& 7).
Nokia, Motorola, ¥ J U Qualcomm O %%k D %
FEIXE WY, 72/ TH Nokia & Qualcomm [ EEH
LTEL DUARTFERETL2OHRLT, &
WEEDHGROR Y bV —7 ZHEFEL TN D,

—J, K8LHerRDL L, HEEOMA K
FFD% < 1%, 5l & % Qualcomm D Y ZE R %
SIAL TS (57— FffllE 5 K Appendix % C
ZH), M6ITERSEZXRELIZEDTH D, i
% 1%, Nokia TIX 21.9%. Motorola Tl% 38% O

Ericsson

B HFFY, Qualcomm D MR Z G LTV
Lo Flo, %BBAEFETH, Qualcomm DHEHAT A 5]
HLTW5, FZ, Qualcomm HE . HiED
VIR <5 LTV D,

7272 L. Qualcomm B & & . Qualcomm O
WZEFERF D D DG HOEIG R0 T 5 & &
HiZ, BECERBFOBRCSIHZED, BREE
¥DOVERTFP DD HOEIGREE > TWVD,
UL, LG 72 E OB D VAR E S 03
MmiizzeizksaeBZxonsd, 295 LM
I, Hilf gL L, X0 2EReEICL - TH
B M T, BEMTHAEICIHOND X
IO TWNDHZEEZRBELTWEN, 5% D
Bt ZET 57759, 1990-2016 4EDOFHICIE,
Qualcomm @ X 9 725 O 8K 7T A ¥ —
I BRI E &b, OBRBEEEOEN S
SIHLC, Mzt L CWnWab 2 &b, il
DHELGERFHETH DL EBZ 2 DD,

sressscene
EFATBIRTEEY

S

S nma ==
- e

Qualcomm

P EEy—cz e ssu75y [[arroro—s [ aEse

WEEERE .t#:uJ-T-ar-HE%{b

B5. 1990-2016 £EI=#I175 Nokia. Motorola. Erricsson. &L Qualcomm @
WAL REZEOMERYNT—Y
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7. 1990-2016 £I=#1+5 Nokia. Motorola. LU Qualcomm DHEIERYET—HDEE
1990-2016 Nokia 2G+3G | Motorola 2G+3G |Ericsson 2G+3G| Qualcomm 2G+3G
Density 0.218 0.194 0.091 0.214
Standrad Deviation 0.413 0.395 0.287 0.41
Average Degree 6.75 6 2.813 6.625
The Number of SEP 2700 833 2034 4370
1) NS OEIXEN IR E & WA TF OSSR DT — & % UCINET VI @ “Dichotomization” TZEH#i L T, “Cohesion” &
“Density” CTaIHE L7z,

8. 1990-2017 &FI=H+5EE D3| AHRER
WRFFRT
Qualcomm| Nokia Motorola | Ericsson |New Entrants| Chipsets
Qualcomm | 63.8% 7.0% 7.1% 7.8% 12.9% 1.3%
Nokia 21.9% 28.2% 9.5% 22.4% 16.4% 1.7%
M HE | Motorola 38.0% 11.0% 21.7% 13.1% 14.5% 1.7%
= Ericsson 25.8% 16.5% 9.4% 28.2% 18.3% 1.8%
New Entrants |  26.3% 12.7% 5.9% 10.1% 40.7% 4.3%
Chipsets 39.2% 7.3% 10.8% 10.9% 22.5% 9.4%

6. TAARIrYay

LB o iatil Bl B AIE(E PE2E O £l o
EAEILIC B VT, WhICER oI5
ik (T2 b Y AT LK) DA /A ——
PAEC, VAT L A—T— OO FEHED,
Qualcomm D & 5 REFEEOTH MY 77 14 ¥ —
WCRBATLIEONE /R L TW5, [oT (Internet of
Things) ORHARIZIL, tRMELET Bl &
THI2H, TG TOMED=—XLFEERED
FAENHL 2D & PREIND, £DRNT, 5k
FARE L BIEENHEAICHEMNZSIHTHZ &
T, A/ X—=varBnEganbd, LERoT,
L —E R TIEL, B¥ENE LWBAEN 2
MRFTL2Z IR TCHLEEBEXOND, 29
L7oRPTxt U, AFZEo R IE, ¥, A
frEf oA L — =L L BT, BN OE
Mz MnT, AT DR AR - BT 5 2
ENTEDLZ L ETRELTND,

R IZ B3 2 Tl 184 OB O Mt
HEIZ X D HEF O BHA M & ABMEIZER L TRHRETS
MN7p T & 7= (eg., Bekkers et. al., 2002; Blind
and Thumm, 2004; West, 2003), ZUiZxf L. ASHF
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FEDRRIT, EEOEINRIREDO LR T, &
AMESFD EHMESN TELLLART (BXD
FedF) OBIHB AN T —N—% g Z & &R
LTW5b, T EINOTANE / ABRME(F v —
AR A—=T2) ORIz a3 57120 TR,
BRI O S - ffk, S BITEF O 8k
DIRFFOBIRITEF LN L 2B L TV D,

IHNETICH, e oy (& <ITHFF) O
FIIC & o T, WIS T A2 O B 15 23
L O PP FF S T b (e.g., Bekkers and
Martinelli, 2010; Heet al., 2006; Kang and Motohashi,
2015) , 7275, fElx oA A5 LIEH S 27210
TIE, Bx REIRZ AT 2 Mo - fik
WZOBRND LTRSS, LR TEI LIV
AT DHIRIC S &S BT O FEME AR TE
D EITEVEER,

—J7. KRBFFED AT, RIEAEFED AT
DEIRZIGEN L TR Z#G - S L) o
LLTEBY, T L - TEIRNBNIA S HFx e
EIZELoTHESND LT RDET, HAL
TV ZEZHALNTL TS, RIFFLD KSR
X, ROV AT L A—H—Txt L, BREE.
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L ATHTBRIMRETH D FERY 7T A Y —3, (Patel and Pavitt, 1997; Schilling, 1998) %, & %
A DOF AT 2 I+ 5 = & THEMBRIE 2 < BICH T 2 HE RN O T —~Th D, L
Mk AT 2 LRIFIC, B L OO B S ML, 2> ha— L& AT 5 kLR 10
HIZk-oTHLOH@HZ S HITM{ETE 52 & WD B D TH DN OV TIE ISR &
ZRLTWD, Ty, EEOHREY [HEiffo®E), [H
T LIBBEET BBOVAT L - A— MTOMALME, 72 DN THIROEENE ] O mh
=D XNV AT DEFEIZ DN T DJAFLR 5 LI DLIZFEMIZE bR, = hr—L& DR
EIHAT o TV RN DD, FIFRIZ DV TOHEF ERET A2 itk o T, REDRENZ XV F
ZRRENCARRFT 5 2 & T Bl oo 3 EAE A e R 2 2 ENARRICR D LTRSS,
HL, HifFCEED Y b —LZATREIC LT B, R TIE, F—AE LT, HERED
WHEEBEZOND, %I, BioFEEHEL R kD H 0 FRoREMD A N A—R—DF v
ORI K D BANRCEE~D = hr—L (A NT— 7 ORETEIT-o TR Y, Fiiie—iik
Woary ke —cks 7T —%7 7 F v - 2 DRINTWRWVWEWIRANRD D, FRED
Yhu—)) IZOWTHRHNTILNENRS D LB Hik Do HRORERD AN F —N—DR
ZHILD, BNLNLDY AT LHE O FNT— 2R3, REORITOMEE - @il b
Eix, BIEABRLAno b, BiFRHEECD 2=V EDI I REBELRD O HDMITON
& BV THA 2 B0t — BRI R T D HEF TUX, BEZR ST A E O, K0S R R
EORFFT D 2 & T, BB S - mEOHESE VEThHD, MAT, 5%, L VFEMRFH O
ayha—ATHILERTEDLLEEZLND D BETbADLEITH Z LT, FREOREIEE -
5 C# % (Shiuand Yasumoto, 2017), Loy hr— oW T, EEEZH ST
fikicb oz fe—352 & LTV MEEHDTEAH D,
(i)

1 7pd, FEECBT MM LT, BB FFSNTVED, 2 oD LTRIB(LESICO A5G b7 <R, Zo7uh e
BT 2 kA HERE T2 DIXE ST, ZHLEfBEIZH 200 NS 5508 (HilF 08 T EDRFH R THREE1T-
TV, De L b2 DI OV TR A J28 LI E T D BRI R AR 2RGS0 AT R FF LTV D RTREME D @ E B 2 B D,
ZOXINT, R, FERIREOLOLEICRK T DI TIERNb OO0, [FEEARRRICT 2B OFRA LV AR T 55 2 T,
HNREEEE 209 TS5,

2 AWFFETIE, 3GPP BNEFL TS 2G GSM & 3G UMTS O # i Bk £ D F — # ~_— = (http://www.3gpp.org/ftp/Information/
Databases/Spec_Status/3GPP-Spec-Status.zip) #ffi [l L7z, F7z, 3GPP OHE S EOEEE John M. Meredith |2, 2 COHAMHIHEE
37 —=Z =R SNTND ZEZ2IF LD, T— 2= ADFHEME LA RMEZ e-mail THER L7,

3 AL ETSHICHRFFE LCHE S S a— LR O T — 4% ~<—2 (http://ipr.etsi.org/searchIPRD.aspx) 75, 2016 4 12 A
SLHETOT —HDOX T a—RE{Tolz, 728, RFE T, #H5E EORSO7=H 2G GSM,2.5G GPRS,2.75G Edge % “2G GMS” £ LT,
3G WCDMA, 3.5G HSDPA, 3.75G HSUPA, #J£UN4G LTE % “3G UMTS” L LCT — XD EiETTo72, Fio, AR T, sk BT
BADEEAT | DORELELUTHY U ML, A, Nokia UK Ltd., Nokia Siemens Networks, Nokia Corporation, Nokia Japan Ltd.,
Nokia Mobile Phones, Nokia Research Center, Nokia Communications & Nokia Telecommunication Inc. |£'Nokia” & L ChH 7> L=, 7233,
Nokia Telecommunications (% 92 FE(ZFEA L Z DORiH 31T Telenokia T S8 Telenokia & L COMERFFHGEIX Y20 o7, F7-,
Telefonaktiebolaget LM Ericsson (% “Ericsson” & LCH > K L7z, Apple (UK) Limited & Apple Inc. |% “Apple” L LTH V> M7,

4 AHFFETIZUCINET LT, BMEZFR Lz, BEE, Ry N —2NENRETE TH L0 2 ETORVNENRIEETH L,
TAEOLESS 107 T 7 DA 7R DR AREIE n(n-1)/2 TH DD, ZIVTTy IAD7R0130) DI 1 ZFrT D Z LI Lo TEEIT RO BND,
5 Dichotomization &iE, HARXARD~ MY v 7 ADT—=HZHONWT, [FFFRHLEE “17] & TREFRRWEE “07) 107 —2BA%
FHTHETHD, ZIUuL, 7T XU EOLEHIGEUTEBRTHY, T —FNEOITHERIIT L 52700,

42



[Appendicies]

& A. 1990-1997 £FI=H1THEER D5 AR #R

WIARFRTE Total
Qualcomm Nokia Motorola | Ericsson |New Entrants| Chipsets
Qualcomm 79 132 7 218
Nokia 184 93 8 285
E [ Motorola 28 179 10 217
5z | Ericsson 80 224 17 321
New Entrants 60 56 5 121
Chipsets 16 10 4 30
Total 0 447 694 0 51 0 1192
5 B. 1990-2007 <& +HHE XM O3 AE K
VZERF T Total
Qualcomm | Nokia Motorola | Ericsson |[New Entrants| Chipsets
Qualcomm 7465 453 507 613 201 6 9245
Nokia 812 1042 307 973 137 11 3282
ME [ Motorola 1183 231 471 362 81 3 2331
2| Ericsson 1271 664 523 1555 153 6 4172
New Entrants| 2102 963 206 772 693 31 4767
Chipsets 334 46 57 72 25 33 567
Total 13167 3399 2071 4347 1290 90 24364
5 C. 1990-2016 fFI=HIT5iEFE D5 AR
WEFFRT Total
Qualcomm | Nokia Motorola | Ericsson |New Entrants| Chipsets
Qualcomm | 10277 1130 1147 1261 2082 202 16099
Nokia 1469 1888 637 1500 1096 113 6703
THE | Motorola | 1678 485 958 578 642 74 4415
iz | Ericsson 2364 1508 860 2589 1677 168 9166
New Entrants | 6450 3120 1446 2479 9996 1064 24555
Chipsets 502 93 138 140 289 120 1282
Total 22740 8224 5186 8547 15782 1741 62220
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