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Abstract

The era of the sixth-generation technology standard for broadband cellu-
lar networks (6G) will come within a decade. To prevent any specific country’s
gaining monopoly on 6G-related intellectual properties, global players from pub-
lic or private sectors all earnestly participate in research and development (R&D)
activities about 6G. Researchers also imagined 6G’s unique applications, such as
extended reality, wireless brain-machine interfaces, mobile holographic display,
and connected robotics and autonomous systems. 6G, the essential technology
for the future, will decisively affect Taiwan's upcoming growth. Therefore, our
government should real-time follow up 6G-related international technological
developments and other governments’ corresponding policies, find potential
partners and competitors from the literature or patents, and verify if the R&D
spending aligns with the critical issues. In this context, this study, overviewing
6G’s different aspects of international policies, industry news, R&D progresses,
scientometrics, patent metrics, and government spending on science and technol-
ogy, can be used as a decision-making tool by our government.
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#. 1-5 sub-THz/THz # = s Yotk % B 45

( “TERAHERTZ” OR TERAHERTZ OR THZ) AND ((CHIP AND
((POWER NEAR/3 AMPLIF*) OR OSCILLATOR OR (FREQUENCY

¥ Rtk M NEAR/3 (CONVERTER OR TRANSDUCER OR OSCILLATOR OR

(%A -4 & -~ M43 * #% | DOUBLER OR MULTIPLIER OR BOOSTER)) OR (PASSIVE NEAR/3

%) (DEVICE OR ELEMENT)))) OR (ANTENNA NEAR/3 CHIP) OR (AN-
TENNA NEAR/3 PACKAGE) OR (CHANNEL NEAR/3 (ANALY* OR
MEASURE*)))

CTB=(( “TERAHERTZ” OR TERAHERTZ OR THZ)) AND

LAz Mats
T waes ACP=(H04W) AND DP>=(20170101) AND DP<=(20210723);

TRy RS ,,\%M%—?yi?;aﬁlﬁvﬁd AR EFLLTY T
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(2) w &= ’1/ o 7 E AR K J"r_ SRR LR TR P

(B) BroF BAMAE P F A B2 THF W L

F01-6 5 ARTE TR DY R B AR R MAEF 20
% 1-6 x'ﬂﬁ"lﬁﬁ fEh M a g x ke ok MaEs

° i R MRS

COMMUNICATION AND ((LEO AND SATELLITE*) OR “LOW

4T - C R4S ¢
(BRAL R - WEES T 1 EARTH ORBIT” )

,
%)

CTB=((LEO AND SATELLITE*) OR “LOW EARTH ORBIT” ) AND

A :32 Rd 4 3
LEL ACP=(H04W*) AND DP>=(20170101) AND DP<=(20210723);

LL;}i,{h‘Iﬁfﬂ?}g-’c %ﬂf] & Kl/;v&mlﬁ’fﬁg TLBAET 0 X ou] A
é}l?c_u " communication | *T% Mg e il AR B hip [ & IR 2 CPC U

3. B5G/6G & % £ ATRE 4Pt

(1) i #53% & 4 # ;% Holographic MIMO Surface
(2) MAFAE Hgol YD R R AEs &
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(3) B # & > MR DTRES PRI
(4) TRAR P H I -

BT S AT AR YRR IR R T 2R

%17 TRAIATHEGE R i H & M A

((LOW NEAR/1 LOSS) OR SIZE) AND (WIRELESS OR B5G OR 5G OR
6G) AND COMMUNICATION AND (ENCAP* OR (PASSIVE NEAR/2
(DEVICE OR ELEMENT OR COMPONENT)) OR RESISTANCE OR
CAPACITOR OR INDUCTOR OR COIL)) OR (COMMUNICATION AND
“LOW NOISE” AND “HIGH POWER” AND (CHIP OR CIRCUIT
OR CMOS)) OR ((B5G OR 6G) AND COMMUNICATION AND (SENS*
OR POSITION OR LOCAT*)) OR (HOLOGRAPHIC AND (MIMO OR
(MULTI* NEAR/0 INPUT NEAR/1 OUTPUT)) AND SURFACE)

CTB=((HOLOGRAPHIC AND (MIMO OR (MULTI* NEARO INPUT
NEAR1 OUTPUT)) AND SURFACE) OR ((LOW NEAR1 LOSS) OR
SIZE) AND (ENCAP* OR (PASSIVE NEAR2 (DEVICE OR ELEMENT
Bk AT OR COMPONENT))) OR ( “LOW NOISE” AND “HIGH POWER”
AND (CHIP OR CIRCUIT OR CMOS)) OR ((SENS* OR POSITION*)
AND (5G OR “BEYOND 5G” OR B5G OR 6G))) AND ACP=(H04W*)
AND DP>=(20170101) AND DP<=(20210723);

Rtk M
(BGRB8 - M4ES Y
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Z

FpdRT S - 78 T ML B E A sk AL ’ﬁ "low earth orbit ;| ¥ i%

by AE LY PR AE S 0 0 MBI T TR AIATRE ST | 1T LB
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1. B5G/6G + L4 % ﬁ%l ~ ﬁ%l (massive MIMO) #

(1) %78 6G % * AL 7|7 52 2 A/ RBHHF (4ot L 3UIS % A7)
%%%ﬁ?ﬁ %H}%~?%F%&%§)

(2) B5G/6G i & #F 45 ~ B K FiF 5 E 2 A MF

Q) FER B~ T2 M2 6 iﬁﬁ)‘?ﬁﬁﬂﬁaﬁiﬁ*
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% 1-8 massive MIMO # % B 45

et A M
(LA 38 - MEES Y
%)

(MASSIVE NEAR/I (MIMO OR (MULTI* NEAR/0 INPUT NEAR/1
OUTPUT)))

CTB=(MASSIVE NEAR1 (MIMO OR (MULTI* NEARO INPUT
Lk MaEE NEAR! OUTPUT))) AND ACP=(H04W*) AND DP>=(20170101) AND
DP<=(20210723);

P REH ¢ massive MIMO 7 5 # & M4EF -
2. B5G/6G 37 MFEP A DS ~ W iE Y fRAS L BTkt

) ik &’@%*Fﬁﬁm
(2) & a2 1A R0 R 0 BSG/OG i i Sdh 2 1 i i
) F BTy M4z B5GOG ARG ELFE 2 e

219 5 RATY TR Y ehd et bR K MAET 200 B

F 1-9 ATE MEPRL ) G S fRAB L TR R M T

A MRS . .
. N NEW RADIO” AND (ACCESS OR ENCOD* OR DECOD* OR
S AL R LTS R S

%)

CTB=( “NEW RADIO” AND (ACCESS OR ENCOD* OR DECOD*
Lk R MaEF OR TRANSCEIV*)) AND ACP=(H04W*) AND DP>=(20170101) AND
DP<=(20210723);

v

PR R BTEN G TR AMEET o L A BT R R R T
P pE 2 BT o

3. 6G * 1 A7 E & s

(1) Z{é%l\ A1 79?,\.:—» 6G i lﬁ%ﬁiﬁ%ﬁ’gﬁ”‘@ ,1/{#&;{;_]_
(2) 34 1 £ 2 B5G/6G 473 A 3 %41
(3) 4 19rE 5 A# 2 BSG/6G ¥ 7 e F LA F i

#1-10 5 2 g orid % dhe g B e R MAET 2 v
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gggggg pmentand eploymen rens 66 wirles communicationteshnlogles

£ 1-10 X 1 AFE & ST R M AT

Rtk E MAES

(AR~ M (5G OR B5G OR 6G) AND COMMUNICATION AND (INTELLIGENCE
“) e ' OR LEARNING)

F

L1l M

ACP=(H04W* AND (GO6N3* OR GO6N7* OR GO6N20*)) AND
DP>=(20170101) AND DP<=(20210723);

HmeIme T A2 E | FRABMEs F 2 T 566G
E R Mg R o & 417 CPC Bl 5 " GO6N (computer systems based on specific
computational models) | & X 1 FFEApR > ¥ 1 B £ E & R W HOAW

(1) B5G/6G E & * = @2 itk 2 5 € 3P
(2) 6G BHEF (s ub—GHZ 3 THz) e 38 £ 3 54
(3) B5G/6G #n pe 7 P sk & § & 45 P i

L1 5 ApF g oF R Y ene PR B AR R BAET 20t

Fo 1-11 50 g2 5 £ Pl
< fetek MaEF

(BE3E~# & ~ B4E3 ¥ 4 | (5G OR B5G OR 6G) AND (MULTI* NEAR/I ACCESS)
Z
2 )

Bl MatF

ALL=(5G OR B5G OR 6G) AND CTB=(MULTI* NEAR1 ACCESS) AND
DP>=(20170101) AND DP<=(20210723);

PR e s B TG

; FAB | tL AR MEET > £ T5G
B5G - 6G | % "Lz -

a B ﬁ‘iﬁ‘}'%-}iﬁ LTI N o 2T G

‘.’
PR R A RE AR AR E T AT

-~

LSRR A BB U
1. 6G 39 3 &

(1) B & R ip|es T iz2. 6G & #3
(2) Sub-THz/THz i 3t 5 %

(3) 5l S i 6G F F AT
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Development and deployment trends in 6G wireless communication technolo gies

#0112 5 AR TR Y Y R B e R MAET 20

F1-12 B LR AR R WAL

° R R MRS ) ]
(fipitgio - as o g | (60 ORBIGORGG) OR ( “TERAHERTZ' OR TERAHERTZ OR
“) s ‘ THZ)) AND PROTOCOL

=

CTB=(((5G OR B5G OR 6G) OR ( “TERA HERTZ” OR TERAHERTZ

OR THZ)) AND PROTOCOL) AND ACP=(H04W*) AND DP>=(20170101)
AND DP<=(20210723);

Bl k MatF

p

et < ‘Ef’f”"liilﬁiﬁl]\*’%?i—@%gf}%—?’Es’f'lﬂ'li’é“ﬁ”
CPC Kfl‘ﬂﬁ%’ﬁﬂ fm A APRE o

2.6G & R i ™ 2 = Ml AL 5 T
() =@ T™2 6GREMHe7d gLt
) = aﬁ;T%6Gﬁ@?§ﬂ~4%§a?T?%i

(3) 6G M HLF HrE 24 & 22 3 15 R
Z 113 5 AT AT Y R B AR R M AT 20

21IDBEFRepEf T2l AR FLIA TR EHET
¥ }[?%%ﬁ & MaF
(AR MAE R (HETEROGEN* OR AERIAL OR TERRESTRIAL) AND COMMUNICA-
“) R - TION AND SATELLITE AND PROTOCOL
&

CTB=((HETEROGEN* OR AERIAL OR TERRESTRIAL) AND SATEL-

LITE AND PROTOCOL) AND ACP=(H04W*) AND DP>=(20170101)
AND DP<=(20210723);

Bl k MeEF

SRk~ RIS N B IT S L R BT > B IRIE- H
CPC “%ﬁ%@ B R AR RBE o

3. 6G F~ Big e 3T 2 b T

}

(DPié /@%ﬁ~6G#%# MWL T

|

#0114 5 AR TR T Y R B e R MAET 20
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Development and deployment trends in 6G wireles:

o114 455 0 A T F WA

et A M
(LA 38 - MEES Y
%)

((IOT AND (WIRELESS OR COMMUNICATION)) OR ( “INTERNET
OF” NEAR/I (THINGS OR VEHICLE))) AND PROTOCOL

CTB=((IOT OR (INTERNET NEAR2 (THINGS OR VEHICLE*)))
Lk MaEE AND PROTOCOL) AND ACP=(H04W*) AND DP>=(20170101) AND
DP<=(20210723);

W RA ol el ToT B 417 4 B4
M 2_ interocular transfer) » i * praFn|gr [ g 2
=12 CPC "L il e ST Ap B -

¢ 193]
X

%44}
/\-
=
Py
&=~
= 7
o s
>4
oas)

4. B5G/6G i 2 fic k8 ks

(1) B st g ficie i 3d 0 28 4 % 3 4 048 (4 O-RAN, Integrated and
Open Networks % )

(2) 6G U NEEE w2 GHAE

3) Bihi gt 3 ( %zr' open source RAN, open source core net-
work, ONAP, OAI % )

(4) L3/L2 /] A1 A o3 4 T i

115 5 AR TR Y Y prE B e R MAET 20

# 1-151 %ﬁ}/\ E/:‘ fb%ﬁ??ﬁé'ﬁi—i

(EDGE NEAR/1 INTELLIGENCE) OR ((5G OR B5G OR 6G) AND

( “ORAN” OR “OPEN NETWORKS” OR “OPEN SOURCE” OR

ONAP OR OAI)) OR ((5G OR B5G OR 6G) AND ( “SMALL BASE” OR
“SMALL CELL” ) AND PROTOCOL)

CTB=((EDGE NEAR1 INTELLIGENCE) OR ( “ORAN” OR “OPEN
NETWORKS” OR “OPEN SOURCE” OR ONAP OR OAI) OR

(( “SMALLBASE” OR “SMALL CELL” ) AND PROTOCOL)) AND
ACP=(H04W*) AND DP>=(20170101) AND DP<=(20210723);

Rtk M
(BfRAE~ 458~ MeES Y
%)

Bl MatF

PUEEIE N B (TR A AL ) R F L s BRI S RMAET o
e OAIM%ﬁF,;__ ?’K&\gﬁ’ﬂ‘ﬁ Mool T5G-B5G~6G, 217
m‘ﬂﬁ -%’f']ﬁ‘ | & * CPC m‘fp‘
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ends In 66 wireles: on techn

ologies

-—
——

#

T HERARA

8 R

F 2-1~ £ 25707 2R~ g
EERT
B~FEEEE S~ HAE

Ap B TR
=Ll S ]
Eirx-we

& H

N
] o

ASEER P P W 6G HiFen
?%ﬁﬁﬁﬁﬁﬁiﬁpﬁ‘ﬁﬁﬁmw\

=3

2
L

% 2-1 2 Wi7# 6G T L

i oA

MR v g

NSF (Resilient & NSF % £ B[ 2067 5 ¢ 1 42 Bl 20 6 922
. BERPFIEY B RRINE PED
Intelligent NextG Sys- | 4vig T+ % & T34 | i 2 i T A e ‘
¢ = % (OUSD R&E) ~ B }3& 2 T 5o 3
tems) RINGS Program | 3 & » B3 I &5 % ~ 4 ~ p .
L . ., I (NIST) ¥ Apple ~ Ericsson ~ Google ~
ﬂ—:s‘é-& . a AI‘:J_’_P_ ﬁArﬂ'_rj"‘],} ) |$\"h§_vi' ]17%,: =3 . ]
2021-2024 = (m ok ek ok CE st IBM ~ Intel ~ Microsoft ~ Nokia ~ Qual-
- YRR R S B AT T o ) .
v N % . Bl i % comm ~ VMware % & ¥ » 48 24 B4R i oD
BR AW EE LR o
iy
4000 ¥ % = L
2 RuRE L | ¢ il i 3 95 GHz 7
STHZ 4 2 & 2 P 3p3& > 4 6G HjiF
Spectrum Horizon #E 95 GHz rm FHAEEC > SR T H T | HPR
ALig#E - R R FEOFHEALT B
B EW - B TE HY o 5 212GHZ M H i RS

(unlicensed devices) i€ * » 14 B> £ AT
P B

LMD FE
2+ % (Joint Univer-
sity Microelectronics
Program, JUMP)
deig s
2018-2023

£Y &

2 mEF

2 AR INET ORI A Y 4]

k& (Defense Advanced Research Projects
Agency, DARPA) £ 2016 # & 4 » &3 2%
Al Eare 7 o 7 (Scientific Re-
search Corporation, SRC) & i¥ ; 2018 & 1
PiE-HELBRFH ST L ERLT R
B> Ferd 30 s Bladas B
T EFE

T 6G o
#o ?éé%frgmﬂ f;ﬁfrgg
FRERE LER2040 & 0 B¢ F
T 3 3B AR R B (] AT L
DARPA "KHE3E P 55 c140% > B s fL3k
28 F e 60%

g SRR s AT Y

NN

FAL R

: National Science Foundation, 2021 ~ Federal Communications

Commission, 2019 ~ Scientific Research Corporation, 2018
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Development and deployment trends in 6G wireles:

4 22 %P7 E 6G 4p BE FT R

sl b

6G &4+ 3 Hexa-X
Azig &

2021-2023

9 & -

FRED & ‘ﬁ*‘i“%%ﬁ?%*?
Hexa-X @ j& 7% p £ R ¢ < Horizon
BOGHE-HEE 066G kfadArE 20203 F Fet >+ F + f # 7 Nokia~
I~ tEN R s 2 7E 2 >0 | Ericsson ~ Atos ~ Intel ~ Orange ~ Sie-

mens ~ TIM % Telefonica » ** 2021 & 1
Pl op ks SH30 R o

7

FAL K R

- European Commission, 2021

% 2-3 p A7 & 6G #p B 5T

i 2 A

R etk PSR

=AW A ph (D) ARG Q) FEM
A~ Wz (3) B Rk o
FERe: L 2R EHEF R 6G 4L
P K H AR > B P B R
?ﬁ’ﬁdéﬁpﬁﬁ4\A%mﬁi

BAME o YA AL R OFEFRE
EMA SRR R D R IR BSG R
PR 5 PR R4 "’"“B"mfsf
BSG jiewes @ | , | EMART Y HEFEH T AL L=
6G HE Fd mF ks (Cyber-Physical-Sys- | 3 8278 A7 3 i 55 22 4o 5 4 B LR
ik tem, CPS) 9 3 Society 5.0 » £ 3| & | A 4 % -
2020-2025 AT AT it
o e 4672030 AL € B D gEY 5Gfrk B R
R SG ki R BB CIES L E
FE gkt 0 2 5 F R T Beyond
5G Ready | e85 -
Bk R BAL § Sl (b doi R 5
X OFTERAAMEFE o E P A
BE o TR T E PN (2020-2025 £ ) ik
B o BB 2025 F xR/ M E R
et I Beyond 5G Ready Show-
case | FA e 2R R ERIpH A & 5 T
Svid BAp 2R Ho
SRR B A SRR § IR T w4 0 2020a
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Development and deployment trends in 6 wireless comn n technologies

% 2-4 35 WiT & 6G 4p M 5T
FOR LA 2 Wk g5
2019 # 4 % 22 p > PEHFF LG
% (Ministry of Science and ICT, MSIT) %
FA-F BEREGEOGHE 27

L@ﬁis?]ii R i 1Tbps Rxd 6GA7F » S 25 ] e B
Fr 6GF Y % * THz 4f & 6G 17 R FFAAPM B X5 o
deig E - BRI FEEE R 10 22 p
Kl T wEi# R <0.lms 14 38 Pk Z 42 4ot
9,760 f&it ~ AL Bz ST E A R Tbps & e A 2 PHFE Sk 3 2 P
3 AR P 100GHz ™ } g B AE Bt B 2 B3

I B O I e PO
A2 Te¥ R 488 PR 7% (Tangible Media)

TR IR A EE A S BEARF T IR T e 7 2020b

% 2-5 ¢ BT &£ 6G 4p B FT R
FCR HE BREP % vk 2245
PRAEIN s F BRI KTV
FioFmitn ¥ s p RPEFAE
1% 6 6GHEIFEHE L itk g7 3
P E AR R EER * o 2 FR6G H P g it e
MR E ple > IV Ead 6G A o H g
B 6G HATATHE 1 1% 5 21 6G P
b RS -

6G HpTFT g 1 1Tz
Ll
g E -

Tk R TAR6G HEFTF L IF S S ) 0 2019

Bt EEMAN

N

FRT G AERLS 2P (Alliance for Telecommunications Industry
Solutions, ATIS) >+ 2020 & 10 * 13 p £ # = = 7 & £ 5 B (Next G Alli-
ance) » P RFE FA £ 5 F (o 6G HATAT AT EH o BT R AR
R EAE W RFLET ;E;E—,T&;.éﬁ B (market readiness) £ 3% ©
ATIS eh = f & 4& AT&T ~ Ericsson ~ Facebook ~ InterDigital ~ Microsoft ~
Nokia » Qualcomm ~ Samsung--- % > T #F 3 4c ? o TH RFHR B33 =
L RvE (1) F1R6G R FIER A BB  Hl AR B § 4 M Next
GHMr, » TEL AR Next G- Q) MM EFHMAE £ FPX
FCRrege RBFRA e o Q) 41 THF B R 2% 7 HF > g Next G
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Far R P b end ik 5 (Alliance for Telecommunications Industry Solutions,
2020) -

- wp
d B p =~ & (University of Oulu) #4 7 ch % fF 6G #4534 2 1 F + &
S kB 6G AR 3 3t E 2 - 0 3 A 2018~2026 ey (A Hp A o BB IR
MR L fo T8 6G Hirentif o 3N( 6G M43 7 £ 42019 & B
&;?%}6G # W% ¢ (6G Wireless Summit) s B e g 13 A6G v A
2o N F3H S B A KA F E P IR (sustainable development goals,
SDGs) ~ i £ v 3 HE - BWMBEF A 1FE - FHEFE FTX
BIRER S E B BRI~ B P ¥ 3848 (6G Flagship, 2021) o % ff 6G ## 4%
3 E B AR 6G B SDGs e i 4p = 5 B RILR] 0 6G F o E i oo
PR B R R PR FRHE-A 2030 £ 4R - FEH 6G T 0L IRGE >
Tﬁm’}\F gt g4 & o ﬁ FAMBFEFS AR o g A o
MY - 25 AHBEFLIIAFFEP R (B ER0E BT F
PRBBEFERSI L) a AARFREESL R o Ao 2325
T AR A B D R B 3 6T o K 6G g &
R E I 6G# BER g A7~ B (megatrend) BAREFEEPERE é, 5
Ap iR B B > 35 5 01 6G &2 SDGs [ ehddg o Bt s s v 6G Hojirr X
FH R B%m*fﬁyé%ﬁﬁﬁﬁﬁﬁiﬁiﬁwnﬁ%%ﬁ\@ﬁ
Pt i 5 42 & (hyperlocal granularity) ~ £]:3 374 f& % o H ? > 6G PR3 H-F]
BN RAPFAFOIRTESAEFREP R A S Bdpenic £
Ble® v Fifar f RARORE . ARFE G RS TT R R B
Mk A R FE AR 2N 0 T A 6G FFF BT AL 370 fE Lk S o

iz
£
P

N
y 72

= p&

NTT Docomo %2020 # 1 * 22 p #5784 56G v £ 2 rf g0 6G
Fred e PR s AR 2 A KR 26085 0 P EF A 2030 £ B 4ot
- 6G JR% - 6G FATRAL #-0 F2AZ R & ~ * F & - MaE B ~{1¥ THz AR £ >
PE(RA T BAES AT UG ARAMBE S MR AE op;‘g”‘vréﬂ'léii
FREARE A AT R R (AT R EIFE S ) » 2EHE R B (non-terres-
trial network) ;& # % Ef]i;%&E:l;:}iﬁtr ;ﬁd =t e £ > NTT Docomo ~ #

Hilde A P E R on@Ase 20 R A 6G et g 2 4e B (NTT Docomo,

2021) »
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6G BT R 5 S %S
Ceelopmentand deployment e 66 wireles communicatin technaloges

pAY - TG %% KDDI & 2021 # 10 7 % # ¢ "B5G/6G v & 3
% 2 %% ; (KDDI Corporation and KDDI Research, 2021) » #-§ 3. 6G =pF 2k
X 72030 & > €9 B &R HH T BSG/OGH B A 4 E BT 9 B AR
SR T AR ad R REE 2B RN K G 'Fﬂél,’& :
BY W kL 2o 330 T Accelerate 5.0 ) »F 554 #rdk 4 o
JORE G B A € 3R A Y A B «h T Sociery 5.0, - KDDI #-r4 7 5 4%
#FL 3 Sociery 5.0 S F IR (D) RE~Q)F 2 -Q)FHE DT 2 -~(5
LAFESOFETE S (DIBEL -

P A8 417 (SoftBank) ~ % & <« & « R 275 B2 A F3RE 3
o 4{# (National Institute of Information and Communications Technology,
NICT) v BB W e A A1 5. B 2 % & (National Research Tomsk State Uni-
versity) ~ # A 275,72 1 < & (Tomsk Polytechnic University) ’ fj}u 6G Hjir &
T2y e, ¥32020F 67 18 p 2 7 BT & 434 300
GHz LA [ 312 85 50 R B e B - R E & < 5] &
TRAER - PR o T BRI P A BB E T f A (mmWave)
Ak < & (~1 mm) > ® i A2 %3 f ko fis (photonic jet effect) 4 T 414
A R ANAZ L AR AR e A B F IR APFIZ L 4 1.36 mm x 1.36
mmx 1.72mm ~ 32 & fF 1.8 mm? ik T » B 5 15dBi (R E ) PR R
HME AP T f  THzE RT & 3 { ~ 99§ > & @354 £ (propagation
loss)» £ = ZEMEZTREBBWELN L TN EDHPRRGZ > 2HFHT
ﬁﬁ’Eﬁw%ﬁﬂhﬁﬁiﬁfw$KOMmﬂ%%ﬁ’kﬁi?%ﬁ
@,l M FEME R R (MBZE A SBEARTT FET e P70 2020c¢) ©

A+ )
EA2020 & 70 14p5% 7 666 L3 0 5k 6G N B e
o N FhEHNTE B R G E R R g > B ALE D AR

p E
%Wﬁﬁ-gzﬁtiinﬁ@mo;:awa:&Vﬁéw¢mn8&%4wxﬁﬁ%
Biugagm £ @ X RHEHER R 2%0&1ﬁéﬂoéﬂﬁﬂ%%&v

7
B* B4t B9 B (extended reality, XR) ~ % & 2 {7 % > 4 B (high-fi-
delity mobile hologram) 22 g - 4F %] (digital replica) & - 4p 3t 5G e E
B ¢ taziy (performance) 8 & & edk =2 > = B 305 6G PRARHE- P PR &L
Pt ~ % H (architecture) £ ¥ i #f 14 (trustworthiness) < »cit & & - % B #
it FIFW & T 5G 150 & (1Tbps) ~ % ¥ @%&ﬁéﬁSGﬁumUM?
100 #cf) ) o 4= m » o~ Al FIRE KR (network entities) B e 75 B
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yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

£ T-HFESGEHPEL TR U - 7 LS5 0§ 6G &
BENAD BALGEY 2 BT A ilAeE 2E SR ra6G4iﬁtr
S EARG B A A F Y R R 6G F fenhl 4215 iE S
¢ J£ 7Y & (terahertz, THz) A < eni@ * ~ 3 2 B AR 5L /& F qjal’ﬂm%i'] * A
Pt~ RGBT HE s R BT R FAE I F iR
FiFE (Samsung, 2020) ©

Ii~*H
PR A2020F 117 6 p s L RO VH A T TR F LR
FE h o GEEAMY REBEF A AFEELWF R 30 5 AP
6G 3t enh g2 > Pl dp § L TIPR « 70> IMT2030 (6G) ft it e & 2021
EFO6o1 gm0 T6G UM P U BEAMEERK I £ F | - IMT-2030 (6G) &
¢RI Efoi &R de T o0 32019 E & 2 o a\ﬁ H#¢ WAk iE
$HCHET L ERREPT fwmé§PEW@miﬁbﬂ7
T Lhondad? WOGHEMEE iz LA R - FEREA
Bt SRR E  c BER Y o M AR KA F m&«f”'? £ %
WHERRA S P T AR AmEE R R - 'E‘ﬁi?if%i °
6G# Bt 4 o457 ()AL g HE ~(2) gAd L \(3)1% RE I SheR)
PR ()AEA R Q) 2L Q)R T I @) r—;h,g\; 2 in s (5)
TEER B~ (6) AT e Al (7) B4 ~(8) F 5 A3 o BE4EPN
Bl & 3 (DAL p £ (intelligent-endogenesis) ~ (2) ¥ 52 | m 5% ¢ 4 & (air in-
terface) ~ (3) #7412 ‘fé‘_)ii @ﬁ%] @) s A ET Ak~ (S)EmaR /?I’H
£~ (6) ATV p Ak ~ (7) £ 2t 4 B5 (deterministic networking) ~ (8) &
4 }éi‘r,%%ﬁfé.‘(9)_& ot ~(10)p A2 FE o

=8 SRR E

- ~ =X & # % (sub-THz)/  # % (THz) # 2 % 5t

2017 & 4 sub-Thz/Thz w =8 % %ifp M sh~ = 4 3] 222 F - 2017 & 2018
EFFABEERETE B F A E (LB 2-1> 2021 &# T3
Vo AR L 0 (B 22) %A 37 B (795 » b AR 535.6%) ~ %
B (59 2 26.6%) ~ B (39 »17.6%)~ B + (18 £ »8.1%) ~ ¥ ® (15 &
6.8%) ~ & it (15 » 6.8%) ~ & (11 £ » 5.0%) ~ % ~ 11 (11 £ » 5.0%) -
Bt (11 £ 0 5.0%) > #5748 (10§ » 45%) 5 & 88 2 d 75 7] 5§ 23

Lo F Adhwm gL o e A4 B 57 340-GHz Heterogeneously-Inte-

16



6G BT R 5 S %S

Development and deployment trends in 6G wireless communication technologies

grated THz Imager With 4 degrees-Beamwidth 16 x 16 IPD Antenna Array for
Lensless Terahertz Imaging Applications” ~” Single Flip-Chip Packaged Di-
electric Resonator Antenna for CMOS Terahertz Antenna Array Gain Enhance-
ment” ~ " 300-GHz Direct and Heterodyne Active Imagers Based on 0.13-mu
m SiGe HBT Technology” ~” 340-GHz Low-Cost and High-Gain On-Chip
Higher Order Mode Dielectric Resonator Antenna for THz Applications” o 2
Hem v B ABHEALE300® w10 F(RI23 - FhEk#FLPF 3 FE

E - )R AARE FARDEF L XA T AL P17 R )
PRPAER (SR ) M2 F AR5 R )P Wk e 5 (135 )~ 4L
REawaEpg ~F A1 G ) 421 (105 ) SBRirhfPE AL F L aRT
IREDIFLAER ) BRMPEREBR) AR E (TH )

FROG LTI ThR)EFROEG LT AT H )

57
48
39 38
33 °
2017 2018 2019 2020 2021

B) 2-1 sub-Thz/Thz # =3 % ik~ & & fr & 4845
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Development in66 technologies

JAPAN, 18 ENGLAND, 15 SOUTH KOREA, 15
u SINGAPORE, 10 NETHERLANDS, 8 | SPAIN, 8

MALAYSIA,
CANADA, 7 SCOTLAND, 6 5
ITALY, 11

PAKISTAN, 5

Q TURKEY, 5
SAUDI

PEOPLES R CHINA, 79 GERMANY, 39 AUSTRALIA, 6 ARABIA, 5 ISRAEL, 4 TAIWAN, 4

B] 2-2 sub-Thz/Thz 7 =8 % so B 3 ~ st
Chinese Acad Of Sci 15, Uni ity Of California System, 15,

2% 2%

Southeast University China, 13, 2%
Leibniz Institut Fur Innovati

Mikroelektronik lhp, 17, 3

Kotelnikov Institute Of
Radioengineering Electronics, 8, 1%
University Of Wuppertal, 11, 2% Russian Academy Of Sciences, 8, 1%
Massachusetts Institute Of
Technology Mit, 10, 1%

Beijing Institute Of Technology, 7,
1%

Georgia Institute Of Technology, 7,
1%

University System Of Georgia, 7, 1%

The Others, 564, 83%

B] 2-3 sub-Thz/Thz # =3  svih > 2 £ H = 52t
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nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

I Mg R Mo g kA

2017 2 4 Mg bk d A s APy £ A 9277 K 0 2017 &
200 B B3 2 BBV R AP AE (LRI2-45202] £ 5t E 60 )0
FE 2w I0R(B2-5 A5 B(119E » & FH43.0%) ~ 2R (49 % >
17.7%) ~ B 21 & » 7.6%) ~ ER (15 f > 5.4%) ~ &~ 1 (15 5 * 5.4%)
Pa(148 >51%) 27 (135 »47%) ~# R (11§ »4.0%)~ & & (11 & >
4.0%)~ 34 (11 & »4.0%); 2F A F S @ o 2% F 44
EAS0 B > T 10 L (B2-6 FhALEFFAE 2 P H L3 8- )7
PR T 8B (AEAPR T R LR ) 2INEA G A E R
(257‘%3)‘“l?ﬂvfiﬁf‘%ﬂ’g(nﬁ)‘#“ﬁéﬁ?«’%‘?(llg)\ﬁmﬂ‘/;;ﬁg_t::
RpE gy ® o wme g (10 ) @ WA AR E ol LEIMGFE L1AESE
(9%5)%&@?1%3“;%3“;“"0(8/‘;’5)~NASA(8%§)‘ﬂ@ﬂiaﬂﬁ(S%)‘
PRPEHECEQBGR)HERIEFCF O R)FEFE TR )

88
58
49 47
o
28
2017 2018 2019 2020 2021

Bl 2-4 Mg (R W m kA 2 A E ARY
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technologies

ENGLAND, 15 ITALY, 15 JAPAN, 14
AUSTRALIA, 13

SOUTH KOREA, 11
USA, 49

CANADA, 8
NETHERLANDS,
MALAYSIA, 6 6
FRANCE, 11 DENMARK, 8
PEOPLES R CHINA, 119

SWITZE...
4
GERMANY, 21 INDIA, 11 PAKISTAN, 4
2 ) N2 2h— [N 2 "
B 2-5 Mg ik om sk b

=

UNIVERSITY OF CHINESE ACADEMY OF
SCIENCES CAS, 12, 2%

TURKEY, 4
> 4

CHINESE ACADEMY OF SCIENC
3%

BELJING UNIVERSITY OF POSTS
TELECOMMUNICATIONS, 11, 2%

HELMHOLTZ ASSOCIATION, 10, 1%

ARMY ENGINEERING UNIVERSITY OF
PLA,9,1%

1%

NATIONAL AERONAUTICS SPACE

ADMINISTRATION NASA, 8, 1%
GERMAN AEROSPACE CENTRE DLR, 8,

SOUTHEAST UNIVERSITY CHINA, 8, 1%
UNIVERSITY OF SCIENCE TECHNOLOGY
OF CHINA CAS, 8,1%
1%

HARBIN INSTITUTE OF TECHNOLOGY, 7,

WUHAN UNIVERSITY, 7,1%

B 2-6 A #LiE

i R

]
7
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Development and deployment trends in 6G wireless communication technologies

= ~ B5G/6G T Al #7 M 44 i

2017 2 £ B5G/6G T 2 gl ATH EHE isdh 2 £ 4 3254 / > 2017 1
2020 # B3 4 Bc® T g £ (R B2-752021 £ @A T 60 )
FAP LT I0R(B2-8) kA 57 (T8 » ik 30.7%) ~ 2 B (67 & >
26.4%) > 2348 30 % > 11.8%)~ EH (20 % » 7.9%)~ W g ¥+ RF G (19 % »
75%)~ 4 £+ 17 F 67%)~ R 175 »67%)~ B ~ (16 & » 6.3%)
HRB(3E 51%) 5@ (128 »4.7%); o2 2B &+ fX 7% 11 & -
23 N A2 o 2HF A PHEACES0 R w10 - (B2-9°  FhR:
FPELAP > 2 FE a3 k- ) RAEL AT AE RO ) F A
Fr(h) PERERIPEAFE L)W ER~F (T k) 2R
BMiFEFRL P 0h) % EALIE <8 (6k ) Nokia(6f ) #74cik
PHEF ARG ) BN 2B 6B )T HELTAEGE )
Nokia #rii— &3 2 H i+ o

110
62
(o]
44
21
16
P_
2017 2018 2019 2020 2021

Bl 2-7 TR A FTH SER T < F & fr £ ABY

21



6G AN 11 3 R S5 e B3

Development in66 technologies

CANADA, 17 INDIA, 17 JAPAN, 16
SOUTH KOREA, 30
PEOPLES R CHINA, 78
ITALY, 11 TAIWAN, 11 AUSTRALIA, 10

. SPAINY
FINLAND, 12 TURKEY, 10
U ARAB
SAUDI ARABIA, 19 FRANCE, 11 SINGAPORE, 9 EMIRATES, 7 | BRAZIL, 6 EGYPT, 6

B 2-8 7 25 4157 4L H R Fsh < S

Chinese Academy Of Sciences, 7, 1% King Abdullah University Of Science
Technology, 7, 1%

University Of Qulu, 7, 1%

Nokia Corporation, 6,1%
i University Of Technol
m, 9, Design, 6, 1%
State University System Of Florida, 6,
1%
Universite Paris Saclay, 6,1%

Centre National De La Recherche
Scientifique Cnrs, 6, 0%

Harbin Institute Of Technology, 6, 1%

University Of California Systel

The Others, 713, 91%

Bl 2-9 TR AIATH Gk fivsh © 3 4 B a3t
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= ~ B5G/6G ~ .4 % ﬁﬁj % ?ﬁj 41 (massive MIMO)

2017 % 4 massive MIMO % < £ % 7] 3810 % > 2017 % 2020 & FF % %
ﬁiﬁaéiﬁ'ﬁﬁfi(i}%‘lz 1052021 # 5223 67 ) o5 £ 2% 10 B (F
2-11) & B 5 ¢ B (1821 & » b AE R e 47.8%) ~ % B (646 £ » 17.0%) ~ &
B (332 % »8.7%) ~*c £+ (285 % > 7.5%) ~ 3 48 (262 & > 6.9%) ~ x84 (218
B 05.7%) ~E B (211 E 25.5%) ~i®4 (151 5 24.0%) ~p ~ (146 & »3.8%) -
B (134 % 235%); o BELF 1 &0 F 132K%H~ o 2k g4
HACE 1700 B -5 10 & (B2-12 F R EF# 472 B E =23 8- )

EALS RS S F QIS K) A ABTEFASTR) A A EF (147
) e g *?(122%) FRLFPHEAF AL R ) P ML R
CE0R ) HEHEZAF (04K ) F5 4R )0l < F (85

B hIRE 85K ) FiAsE- e g EE o

1024
981 —
741
618
402
o
2017 2018 2019 2020 2021

@) 2-10 massive MIMO 4p i 25 ~ % 4 i & 485
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Development in66 technologies

CANADA, 285 SOUTH KOREA, 262 SWEDEN, 218
GERMANY, 134 TAIWAN, 132
- .

NORTH
BRAZIL, 85 IRELAND, 79 ITALY, 75

SPAINZO FINLAND, 66 !
SAUDI SINGAPORE,
ARABIA, 97 | PAKISTAN, 69 5 SCOTLAND, 50

XIDIAN UNIVERSITY, 113, 1%
UNIVERSITY OF ELECTRONIC SCIENCE
TECHNOLOGY OF CHINA, 110,1%

PEOPLES R CHINA, 1821

LINKOPING UNIVERSITY, 104, 1%

SOUTHEAST UNIVERSITY CHI
%

HUAWEI TECHNOLOGIES, 94, 1%
BEIJING JIAOTONG UNIVERSITY, 85,
BEUJING UNIVERSITY OF POSTS 1%

TELECOMMUNICATIONS, 157, 2%
UNIVERSITY OF LONDON, 85, 1%

TSINGHUA UNIVERSITY, 147, 2%

NANJING UNIVERSITY OF POSTS
TELECOMMUNICATIONS, 122, 1%

The Others, 7907, 85%

B 2-12 massive MIMO Ap i 35 < 3 & H > 32

24



nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

7 ~ B5G/6G #T# MIHB A5 ~ W S fR A2 TRt

2017 & 5 #THE SEBRT5 i B fRA S BRI £ B T 246
B0 2017 2 2020 & 3 A B0 BApde £ (LB 2-135 2021 & Wi
TI 6N Yo AL EER LZH 100 F AL LW 10 B/ (B 2-14) &
BLiERGAE > LERMS220%) P B @65 > 18.7%)~ 5 it 33 5 >
13.4%) ~ E R (26 & > 10.6%) ~ &~ 91 (25 % > 102%) ~ 5% (23 & > 9.3%)
317 (235 093%) 4k * (205 0 8.1%)~ P (16 & > 6.5%) ~ & # (15
£ 061%) A E RSB F L ER NS BAR > 2B CF LY
HAZBE400 B - % 10 & (B2-15  FEEFFLMH > 2 B H 243 8- %)
% B % Samsung (14 5 ) ~#F 5 (12 % ) "Nokia (11 5 ) ~ S e m g ~ £ (11
B $ROF oLl ) FRIBIEIRAEFE QL) £FRDF s
LT~ 5 k3 (8% ) Ericsson (7 f )~ &~ Ik IE7RX B (T H )~ S f
Rr~%0h)-

101
58
44
(o]
25
18
2017 2018 2019 2020 2021

Bl 2-13 #7& S4B A5 ~ Wi o fRAB 8 B iR H 2 B L A AR
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Development in66 technologies

. CANADA, 20
SOUTH KOREA, 33
FRANCE, 13 GERMANY, 10 RUSSIA, 10 MALAYSIA, 8
JAPAN, 16
PAKISTAN, 6 TURKEY, 6
7

INDIA, 11
BRAZIL,
SAUDI ARABIA, 5
BELGIU...
5 4
PEOPLES R CHINA, 46 ITALY, 25 TAIWAN, 15 AUSTRALIA, 6 | SINGAPORE, 5

B 2-14 #7® AP TS ~ i S fRAB 2 BB R R Reh v Rt

GEORGIA INSTITUTE OF
TECHNOLOGY, 8, 1%

UNIVERSITY OF SOUTHAMPTON, 8, 1%
UNIVERSITY SYSTEM OF
GEORGIA, 8, 1%

ERICSSON, 7, 1%
UNIVERSITY OF BOLOGNA, 7,
1%

UNIVERSITY OF OULU, 7, 1%

SAMSUNG, 14, 2%

HUAWEI TECHNOLOGIES, 12,
2%

NOKIA CORPORATION, 11, 1%

TAMPERE UNIVERSITY, 11, 2%

The Others, 619, 87%

Bl 2-15 37 AREEDP D) ~ 3 E SR B bk he #F £ H
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A ~6Gra1iFEamuEA

20172 s+ a2 EaRAEANHZ~> £ 57770 K > 2017 2 2020 & F
FAETG RApEkS R (LH2-160 2021 £ ERE 67 ) ¥ R FE
HTAREA % F A2 LD I0R(B2-17) & A P B G505 » &
145.5%) ~ % B (160 & > 20.8%) ~ 3 45 (95 & » 12.3%) > 4t £ % (82 % -
10.6%) ~ B (65 F > 84%)~ /i W P (52 »6.8%) B ~ (51 4 >
6.6%) ~ 2 B (49 & > 6.4%) ~ ;B (41 & > 53%)~ X (40 B > 52%) ;5 &
MEELAR 17 22 BB R T o ixﬁ%ﬁv‘ff%ﬁﬁf@gjlooof@;,
w10 L (B2-18  FRERFEAF > 2 FH 23 8- X ) RE 54 7
%*§M3%)‘ﬂﬂ%4%ﬁ’§cmﬁ) »%@&«é%ﬁﬁ)‘%i
SR AFQE)NEFERAFNI A F245) P RAe 2~ F 225 )
PRPERQLE ) TERFPFHEAF QL AL ) L (185 ) By
*%(18%) FRDT RERT S F (18K ) wHr s~ FFFL A~ (18

B ) L ArE- BRI EE o

ik

351
205
o
14
46
17
2017 2018 2019 2020 2021

Bl2-16 A 1 EaMid k> 3 & FEdgf
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Development in66 technologies

JAPAN, 51 FRANCE, 49 AUSTRALIA, 41
CANADA, 82

GERMANY, 31 ITALY, 31
FINLAND, 40

PAKISTAN, 29 SCOTLAND, 23 SINGAPORE, 22
INDIA, 37

TR MALAYSIA 15
GREECE, | NORWAY,
SAUDI ARABIA, 52 EGYPT, 12 11 11

Bl 2-17 * 1 7 E & M AR 7h 2 42

ENGLAND, 65

SOUTH KOREA, 95

PEOPLES R CHINA, 350

King Saud University, 24, 1%

Southeast University China, 22,

1% Chinese Academy Of Sciences,
21,1%

Beijing University Of Posts
Telecommunications, 43, 2 Xidian University, 21, 1%
Huawei Technologies, 18, 0%

University Of Electronic Science Sejong University, 18, 1%

Technology Of China, 30,1%
University Of Oulu, 28, 1%

Universite Paris Saclay, 18, 1%

University Of Quebec Montreal,

University Of Quebec, 28, 1% 18,1%
The Others, 2075, 88%
Bl 2-18 A+ 1y EaRidnh 34 H =0t
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2017 2 5 % RS £ 451337 & 0 2017 & 2020 & 7 3 4
g éfmﬁwiév (LB 2-195>202] & @532 67 Yo~ K o8
EHE7% 10 2> #4222 25 10K (B 2-20) &A%Y B G475 b EF
B 40.9%) ~ #FE (182 F » 13.6%) ~ 4 £ % (176 £ - 13.2%) ~ % & (176

oo 13.2%) s % 58 (149 % > 11.1%) ~ &0 & (104 & > 7.8%) ~ ;& (69 & -
52%) T AETR (555 41%) 7 g H PR (525 13.9%) K (495 >
37%)~ S (A9 % 0 3.7%) c 23k v F A B HEALE 1,100 B 0 B 10 & (B
221 R EERF A ARE LY - X)RAELFLTI RS
TME)*AETAFG6R) " HLs ~F G0k ) #RiKIF @5
b ﬂﬁlm£4nz«r#if<%‘f(45;&u)‘*“w;aéﬂﬁ(ﬂﬁ) B R AT
FAFC3R)-GRAEFERIEERQ A ) FL 260k ) T At
FICOMSATS + 8 23 % )~ d s Rl *F 23 5 )~ ¢® WL+ #4H+ 5 (23
f)s EiErE- g EE

405
313
277
183
147 (o]
2017 2018 2019 2020 2021

B 2-19 =0 p& 5 € &P Pjivem ~ o & E ARR
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Development in66 technologies

AUSTRALIA, 69 l
ENGLAND, 182
USA, 176

FRANCE, 48 u
SAUDI ARABIA, 52

TURKEY, 36 m
FINLAND, 49
JAPAN, 42 IRAN, 33
BRAZIL,
28 27
CANADA, 176 SOUTH KOREA, 149 TAIWAN, 49 VIETNAM,30 | PORTUGAL, 26

B 2-20 =0 P& 5 € 42 BB R Toh 2 St

PEOPLES R CHINA, 547

TSINGHUA UNIVERSITY, 37, 1%
LANCASTER UNIVERSITY, 33, 1%
QUEEN MARY UNIVERSITY LONDON,
28,1%
HUAWEI TECHNOLOGIES, 26, 1%

XIDIAN UNIVERSITY, 71,

BEIING UNIVERSITY OF POSTS

COMSATS UNIVERSITY
TELECOMMUNICATIONS, 56, 1% ISLAMABAD CUI, 23, 1%
SOUTHEAST UNIVERSITY SOUTHWEST JIAOTONG

CHINA, 50, 1%
UNIVERSITY OF LONDON, 45, UNIVERSITY, 23, 1%
UNIVERSITY OF ELECTRONIC SCIENCE

1%
UNIVERSITY OF MANCHESTER,
TECHNOLOGY OF CHINA, 23,1%

45,1%

The Others, 3233, 87%

B 2-21 % pe % € P 3 4 B it
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A~ 6G B S T

2017 & 4 AR At T dh v £ A I 1036 F - 2017 & 2020 & F 3 %
BBk TAM AL (LF22202021 F AT 60 ) o AR 25 10 F (F
223) ik B 5 ¢ B(291 5 ik EERE28.1%) ~ £ B (168 % »16.2%) ~ % # (102
% 0 9.8%)F R (93 F 19.0%) ~E B (91 % »8.8%) & 517 (91 & »8.8%) ~
EXFNTTE 74%)~4c £+ (72 F 2 6.9%) ~ 16 B (66 & ° 6.4%) ~ 2 B (50
% 4@@:@%u%%#%ﬁﬂ7foﬁwﬂ‘%%%ﬁﬁ@LmO%’
umr(@zm Fﬁ RN Zkﬁcé?%—ﬁ)&ﬁé“*?
A B Q6K ) FREFAE QLA A AT LF Q0K )~ A

~F 17/ ) l$m$ﬁ‘i 16k )~ «zﬂﬂ?\zfi%‘fzﬂ“ﬂm(m
) BPRIZI B k(15K ) Nokia(15 & )~ & = flentad 3 < & (15
Jo )~ Ericsson (14 /5 )~ F 2 (147 )~ WA e < F (145 ) ¢ B E=

FME) "R+ ~F (145 ) &4 ¥ 5 =5 Nokia ~ Erics-
son ~ EF 5 o

=k

M 4

324
234
185
148
132 (o]
2017 2018 2019 2020 2021
B 2-22 BAF IS Th Y B & E AR
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SPAIN, 91 ITALY, 77 CANADA, 72

SOUTH KOREA, 102
GERMANY, 66

PEOPLES R CHINA, 291

SAUDI ARABIA, 41
FINLAND, 29 TAIWAN, 28 BRAZIL, 24
AUSTRALIA, 37
BELGIUM, 22
TURKEY, 22
USA, 168 INDIA, 91 FRANCE, 50 GREECE, 20

Bl 2-23 TR s LR Reh et

CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE
CNRS, 16, 1%

INDIAN INSTITUTE OF TECHNOLOGY SYSTEM
1IT SYSTEM, 15, 0%

XIDIAN UNIVERSITY, 26, 1

UNIVERSITY OF LONDON, 21, 1% NOKIA CORPORATION, 15, 0%

BEUING UNIVERSITY OF POSTS UNIVERSITY OF PADUA, 15, 0%
TELECOMMUNICATIONS, 20,
1%

BEUING JIAOTONG UNIVERSITY,
17,1%
AALBORG UNIVERSITY, 16, 0%

The Others, 2924, 95%

B 2-24 FARE U T v B & B it
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1 ~6G R RRFRT 2= BT ALFERT

20172 R FRBAERTL 2 0IAEFLR TR X276 & >
2017 & 2020 & B 3 % B # ek B AP S E (L F 2-250 2021 £ @53
Pye g AP LA I0R (B 2-260) % B 5 ¢ R (43 5 0k 56.6%) ~ &+ I
(125 > 158%)~ 2R (12 % > 158%)~ 4 £+ 9k > 118%) ~ 5K 9 &
11.8%)~ FE® (8 > 10.5%)~ & 317 (64 »79%) = & 4 F *53%) -
DEF LB @G 53%) A G 0 3.9%) c 23 H ¢ F A P HEAE
150 > % 10 £ (B227 P EERFLEFE S 2 RE 23 K- ) A
e AT AR (125 ) FREIFR 04 ) ¥ B4 A fExE R
GABRBFELLIAEACF@K) A ‘éﬂ?n%?(S%)‘évi B L
’%‘3(5%5)‘%*?'%%””“%(57515)%“\% :3‘;(45)“‘E»“«Im
FEIRAFQR) VEFFEOOR T REREI P AT G R )
AAFQCR)PHAARAFECR)TFOREREHACF G R )
AR s S <8 3K )

27

19

15

(o BN

2017 2018 2019 2020 2021

B12-25 8 BT 2 2 Al B FE B Lh & 4 fF & AT

33



6G AN 11 3 R S5 e B3

in66

CANADA, 9 INDIA, 9 ENGLAND, 8
ITALY, 12

technologies

PEOPLES R CHINA, 43

LUXEMBOUR...
'GREECE, 2 2 PAKISTAN, 2
SAUDI ARABIA, 4
SCOTLAND, 2
TAIWAN, 2 TURKEY, 2
USA, 12 BRAZIL, 4 GERMANY, 3 SOUTH KOREA, 2

2 W R TR Ren v st

Bl 226 B i T 2 = il

Nanjing University Of
Telecommunications,

Indian Institute Of Technolo
10, 5%

University Of Genoa, 5, 2%

Tsinghua University, 4, 2%
Army Engineering University Of

Air Force Engineering
Pla, 8, 4%

University, 3, 2%
King Abdullah University Of
Science Technology, 3, 1%

Beijing University Of Posts
Telecommunications, 5, 2%

Concordia University Canada, 5,

Nanjing University, 3, 1%
2%

Southeast University China, 3,
1%

Universidade Federal Do Ceara,
3,1%

University Of Rome Tor
Vergata, 3, 1%

The Others, 159, 71%

Bl 2-27 R R AT 22 Bl g FEmhitiGny B4 H 2 M

~ —
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Development and deployment trends in 6G wireless communication technologies

-~ 6G P E i AT

2017 % £ $ Wil 2 236 2 £ 4 7 3946 £ 0 2017 & 2020 £ ¥
LB L AP S E (LE2-2802021 & BT 60 ) B A E L5 10K (B
2-29) i B 5 ¢ B (1075 & - ik EH 0 27.2%) ~ B0 B (616 £ 0 15.6%) %
B (535 % » 13.6%) ~ & &8 (472 £ » 12.0%) ~ = & #1264 £ » 6.7%) ~ )
B 0243 5 5 6.2%) ~ FR (236 £ 0 6.0%) ~ & ~ 11 (219 £ » 5.5%) ~
FFLT (205 F 0 52%) -~ dr £ 4 (184 F 2 47%); &S 167 B 4 4§
120 2303 5 & 148 3,000 B > 5 10 & (B 230 FF £ F# 4
B A RE Al ) RALERRSIRT B AR (955 ) T AR
3 COMSATS + 5 (94 5 ) W 5 ¥ BRI A8 (2 F) ¢ %73 4
SH QS R) 3 HEAFAF (4R ) M AMTAF 03K ) FRTRE
W1 HGIE ) ARG ) FRAEIER AR (BE ) AR
SR EEE FEE RGN SRR EEFE S JOF DY

1341
973
657 613
o
349
2017 2018 2019 2020 2021

] 2-28 4 i e 30 S0t Tk v B A E AR S
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PAKISTAN, 264

PEOPLES R CHINA, 1075

ITALY, 219

INDIA, 616

SOUTH KOREA, 472

UARAB
CANADA, 184 SWEDEN,
] 2-29 4~ 95 43 345 7

EMIRATES, 74
86
T 73

SINGAPORE, 58

1%

NATIONAL INSTITUTE OF
TECHNOLOGY NIT SYSTEM,

1%

TELECOMMUNICATIONS, 63,
COMSATS UNIVERSITY

BEIJING UNIVERSITY OF POSTS
ISLAMABAD CUI, 94, 1%

KING SAUD UNIVERSITY, 92, 1%

VELLORE INSTITUTE OF
TECHNOLOGY, 59, 1%
0%

CHINESE ACADEMY OF SCIENCES, 58,
XIDIAN UNIVERSITY, 85, 1%

INDIAN INSTITUTE OF TECHNOLOGY
SYSTEM IIT SYSTEM, 53, 0%
KYUNGPOOK NATIONAL
UNIVERSITY, 64, 1%

CENTRE NATIONAL DE LA
RECHERCHE SCIENTIFIQUE
CNRS, 51, 0%

UNIVERSITY OF ELECTRONIC

SCIENCE TECHNOLOGY OF CHINA,
51, 0%

The Others, 9925, 93%
B] 2-30 - B e id 2t Tk v B & H At
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- - ~ B5G/6G i 3 $ic 8k s

2017 & £ Bk Sk £ 4 71319 K 0 2017 & 2020 & BF g 4
BB T £ (L B2-3152021 & @D 60 ) S v Bk
R 8 FAPLHI0OR (B 232) &5 5 ¢ B (140 § - &AW
43.9%)~ 2 R (74 F 2232%)~a 517 34 5 »10.7%) ~ = ® (29 & ©9.1%) -
EXFIQ5E »78%)~ adr 24 5 » 7.5%) ~ i®M (20 & » 6.3%) ~ = % (20
B0 63%) s v £ % (18K »5.6%)~ 2B (18 K » 5.6%)° >3kt~ 3 & 1%
HAZEO600 B > % 10 £ (BI2-33 - FhEFF 4P 2 FHZE 8- )
ZEGIAAMIAFATRH)P R LAF (25 )" ML+ #£H+ 5 (11
E)VPREAREER (0 ) W EF RRARI A (105 ) 2 Haul 7 k5
IAREFEREFAT Y B ) e 218 8F ) ¥ Wenx
EABEBE) RN BEHEAE QL) FROEI LA LB E )

120
91
o
67
29
11
2017 2018 2019 2020 2021

Bl 2-31 i 20tk Sdh v 3 4 E AR
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ITALY, 25 SOUTH KOREA, 24
SUSTRALIA.2D FRANCE, 18 SINGAPORE, 15 u
L FINLAND, 8
TAIWAN, GERMANY, 10

0
BRAZIL, 6
CANADA, 18 SAUDI ARABIA, 13 NORWAY, 10 GREECE, 8 SCOTLAND, 6

B 2-32 i€ 2408k AL Gk < st

PEOPLES R CHINA, 140

Eurecom, 8, 1%

Nanyang Technological University, 8, 1%

Beijing University Of Pos’
Telecommunications, 17,

Nanyang Technological University National Institute Of
Education Nie Singapore, 8, 1%

Tianjin University, 8, 1%

University Of Oslo, 8, 1%

Sun Yat Sen University, 12, 1%

University System Of Georgia, 8, 1%

University Of Electronic Science
Technology Of China, 11, 1%

Chinese Academy Of Sciences,

10, 1%

King Saud University, 10, 1%

The Others, 914, 89%

Bl 2-33 i@ U HCHE & e B 4 H st
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¥w FAE
LAzt kPP Y P 22017417 1p 22021 #7723 o
%ﬁ 53 TAND, 228> TOR, 278 ;. "TNEAR#F | 5 M4t
ZRE P w VRS E T*) 5 pe i (wildcard) 5 "TCTB
35—&5 3 ek F "'ﬂﬁ e FEIERE R R "ACP |
q_& v & 414 5 (cooperative patent classification, CPC) > & ¥ & |4 3¢ 1
"THO4W | % & %03 21 4§ (wireless communication networks) #p B o

— ~ =k #3 (sub-THz)/ * #k 3% (THz) = 5 % 5t

2017 & 4 sub-Thz/Thz sz A sip M EF R 2R &£ 5521 & > B E
LSS “{E%F”%W g% (2 B 2-34 5 2021 & rﬁ“fu;i? 7% )
",% TER o H B A @Z]m%'f |38 % B i~ 8 ( B) 2-35) - Crowdcomfort ~ & 5
Intel % & 7 & £ Crowdcomfort S RE {‘FK £_” Systems and methods
for providing geolocation services in a mobile-based crowdsourcing platform”
(US2020/0396002A1 ~ US2017/0141848A1) » # % ¥ Integration of image/
video pattern recognition in traffic engineering” (US2017/0064531A1) ~
Multichannel radio frequency apparatus and method” (US2017/0019847A1) -
Intel e 3 2 & %\ #® §_” Waveguide communication with increased link data

rate” (U82019/0013924A1 ~ US2018/0183561A1) 5 % #® 3+ A -

E’lg—;—o

(@ JES

2017 2018 2019 2020 2021

Bl 2-34 sub-THz/THz # =4 % %o % R & {1¢ 4%
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CN (19.05%), 4

GB (4.76%), 1 |KR (4.76%), 1

US (61.90%), 13 IE (4.76%), 1 |TW (4.76%), 1

] 2-35 sub-THz/THz # = % % & B & 4k

EENEY AR SR R e

2017 % £ mﬁuﬁ Brhdaney st E RSB L2 43106 &
K o A ré ";{EEF"*»‘%»L AE % (2 B 2-36 > 2021-& YE‘L;LT
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