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Abstract: As a new economic form, the digital economy has become a crucial driver of economic growth. The relationship between
the sixth-generation mobile communication (6G) and the digital economy is characterized by mutual promotion and dependence, with
significant value in key technology research and intense international competition. This study systematically reviews the principles
and current development status of key 6G technologies from three dimensions: 6G wireless technology, network technology, and
security technology. It evaluates China’s global competitiveness in these key technology directions, specifically including wireless
artificial intelligence (AI), massive MIMO technology, terahertz communication, intelligent reflecting surfaces, integrated sensing and
communication, distributed networking, space—air—ground integrated networks, Al-native networks, computing power networks, physical
layer security, network layer security, and data security and privacy protection. The study strongly recommends expediting the
industrialization of pivotal technologies such as 6G wireless, networking, and security. This urgency is aimed at facilitating a
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groundbreaking advancement in 6G network capabilities to meet the evolving demands of future businesses. The emphasis is on

safeguarding innovation, providing robust industry support, amplifying domestic demand, and ensuring a steady supply of skilled

personnel. Furthermore, it is crucial to endorse the creation of an innovative ecosystem, which will serve as the cornerstone for the

sustainable development of the 6G industry. To achieve these goals, the research suggests close collaboration with the global

telecommunications industry, active participation in the formulation of international standards for 6G, and collective efforts to propel

the industrialization of 6G technology.

Keywords: 6G mobile communication; digital economy; wireless technology; network technology; security technology

—t A

Brasr IR NER. M NERE, FFT
ZUFRIEMINIR, Wk TETFIEE K fEvdkR
WzGe. TIAEFZ G —FEass, snse
BRA GG K E IR F1. FE R EW LT
PR R BT B E RS, 2022 FF R E T4
G2 50.2 34270, *F I R4 I S 4 51 4
Mdt— 2. BEERFLFENGERERKER
B, DREshdE M. HoRdo. T EBMSE R
FRER 8T 1Y X 48 FL 3 it fs 3 A AL 2 B
“Ezhk” WAEH, KRR RERE. QIFMAE TR T
EAEPEFRS NI, RO TR AT K R
PRI FH o

M7, BAMABIERE (5G) EETF R TIYE
GBI R T, L i 1t SRS B K 1 5G I %
FEAE BT I 2 A A 55 T T Ak T R A e Ar
B, ST Tk, Rk, 228 PR RETRSE AU
B FE T 5 N SG T iz B AN, B,
DY 2 3 SO B AE M 28 B T 2 R VR R
R AR TR, 7E 5G ML E RS i i[RI
HLEFRARRB AT NS N TR, &
I RGBT — AR Bl 2 (RIS SR s,
6G) MIKE. SZhr b, 2019 4 Tk Al{E B Ak 4t
FIAL T IMT-2030 (6G) HEdELL, ERMLIEE
B WA mRMEHIIESE “F=%” &,
G R 6GH AW K. HAT, 2BR6GHFAIAT
WRWEL, WIS T 6GIER HAR. NMA .
FEARFR PRSI SR AIE

B 250 IR K AT 6G B AR kR T 4
BrEKR, WG R AR A, HEORT
R, BRI HE R %, DAL
BOAR KR GEACIE . VI IESRINSE ., RN SLag
W N 7R o 7E 5G SR 3h BRI 5 4 H.
IS E N30 R SRS IWIE //REN: P 2 DA //E<

010

BRAIRRAED . 6G FE 74 5F 2 A7 1E AR FKAF 1)
KFRo — M, HFEEEKE6G 5%, 555G
LG, 6G 5 R IR M 4 i i fEHfe T e
Th, BERBAEG . NAEREE. TR — ik
W26 78 5 S R RE R, KRR Tl &l =7
ST Rt B B, N AU R R AR A
WM. H—TrH, BFEFRE. Bl SH.
A7 07 AR IR SN 6G FHA 5 U B IR« 4%
K7 AN, AN RSt 2 5 AU I P
FAEFE, kG RE. s r e, St (Rl s 7R IR s
6GHAKIE .

MSCHRAEZR AT 0L, EF 6G i 7T EAER T 6G )
B, PSS, SCIUE S, KR ZE, B
KB R R H R, vl EXT 6G 7= A2 B B 5
Wi () R AR (KR 2ZEE . N TR EE (AD.
B SGBEEOM. AR, FLSE6GIERE. Mg, %4
SESRBER AR DT M, WERE R IR IR R RO S G
71, RWARE. Tk, ACATELIBERE. B
W2 FERLAEINERE R, Fid6G REE AL
JRBRFNR IR, PPAl 3R A I e S AR Uy ) B
B BR3E 4+ 7, AT BE B 6G 5 B AR R 55 4 k%
Ja, KEUESRE PR L R R SRS

=\ G REBARMAEREZF N

6G JC LR+ AR & ST 6G HE M FH 1A% 0 S
AR R TAE CAE DU, DIGZE ATHIR . @K
PSR B H AR . KFf2z8 /5. e R $ M RS
IS ES— L OSAC) ZE N ST,

(—) FLRAl AR

6GTEAF —RBIMBEFEHAR, ¥HB AV
B, RERMEARHNE. SHAR, AIFEAREXRS
DigRARE, EEREEE 2T, 23 6G. Al
REREIIUREN, T (55 AR A 15 R b



PETIEMEF 2023 F F25% 6 H

EIF AR —To 2k AL, 4R AE AT B8 il
B, EAEEE AP T T 1T fE A A ALEOR
BT B LGS RS, TS AR B SE
R, EARKII SE . SRR, W ATk
WERMEZ (EERST . BERZE IRy
fo) MHERMSE MR am D J&a
T8 A I T 238 15 X 2% A% i AL A 55 A0 e 2 Y i
i A, FERLEE b SEBLMR RiZ AR BE, O
Mo AT REFET . A

H 2018 FF LK, MoK Z 1 FHLACE 7% M
RN P28 AL B G, T 6G I ARV [ 182 e
28 ATEOR SR TR 2 K SCRF . 8 7RG ATHR
{3 SRR S B R SR BGE RE AR 3 =GR
FEiHR) (3GPP) A T BB E M TRE, 3
FREUR SRR 73 M 72 RAN I SA TARZH b 73 il ¥
SL TR T AR R R SR AL R T, X
S T AR thoN o2k ALIIFRHEALARASL 1 LA

BEE ATBORIEE— 20 i, AR 1A
L. LG R RN 6G I A, KR
W $2 T 1 1) AT FR T I RE A SCRF B . o2kl AR R4t
HI 2 M RHE BT ATV, SR sh s .
FEILT 5N, B ATERIIAT T R (7 A 5t

(Z) BRIMRREEA

BEE R O SERUE AW s, AR AN
FOTRB R HIFE TS MIRTHR T, RERE 51 AR
EREREES N PN SN N PN R
Ryt — it

BRI R E RS, BT IRS, P HDESS &
I AURREEREFISEGAIRL /et 5IB S
TRV, R RO EAT A R 2 1R 3 R OR A Y
i AR BOR, $ w26 1) 22 P S R RE 0 RT3
THIRE 77, BRAT B e A AR AN T R 1 RE B AL
o EARHMBRERES LE D BA R &R AR
IPHRAETT, BEMESCEL=4ERSUEE AL, HARE RS
8 BAREL, B AE = 4k (8] A HEAT SR B

&b
He o

(=) KiFzzi@ls

KR ZEPEFRINZEALT 0.1~10 THz 6 16l (1) FLRZ 38
FEREN HURR U A T SR RN 2L B B2 ) B
AT R TE BB R IR AT A, SRR RS

1 BAMRRERAREAREE

AR o A AR R A %6 A0 B A I 388 SE B e
LIBE MR, H NS 6G K R RIS d %
M2 OHoR BT %, ARENMA P2 805 B
AN B AN PN aS ¢ €/ CIE LN T Y e L R
B R, AN, BT EIEE S T R
TERFE, N 2 R AN 2 v (R R RS B E AL
IR EFIBAG S, WRAE R R TT 1) .

FLAE20 4R AT, [ Pr ERUR 3 TR 3 SR
To ARSI, (H AR AR B BT A
x, IEEBMIT MR IR, U2 MEETE
WYME, SEFEHES R 22 BORE A A, H Rl
BRI A SEHE K

FE AR 28 A5 BORBE FET7 T, B N AR B
PR OLBOR . IERORIOE B, X sk br B H
W, BERGAEENIEENFEAAL: 5
RRZFACBES R TR A A SRR,
ANBE I L AR R AR 8 R BRI, Ak
PR EEs NI W = i 1 G M D Nl
S ARG, @, TAEMEEER,

(M) BreRSTHE

IRS IR SRIHAR, SCHRFSEHL6G ToLkiEfz
g8 Ae BT EHT I B R Z A,
IRS 72 1 K IC IR SN Te 4 i)~ i, B4 s
TeA AR RIS M NS 7 A AT AR DA K AR
PRt (HLIEI2) s FETCER M 2% i ds SR 3038 IRS JF
RE VMR A2 K S, RIVAT SR b 5 S B R A A A
W Z M JC A5, LASEBL & 70 Ao IRS
NS A AR R TC A5 T T IR TP 1) e A3 1 — Ao

011



66 KX ARM K TR EHS M X R

BAHHL

NEHES BAHMES

&2 IRSERETREE

B F B, A — e RE Ll i LmEAE
PEIE AR TE TR

AR, [ P9 LE RS J7 TH R T 5K AR g A
T, BT R K. 2021 4, FRE 3B
R shil (5 iz 8 w4y Er % 3.5 GHz L. 2.6 GHz 4%
Bl ZKPEBGE R T IRS BLA K 5G 4h 7 .
IRS BRI FLAE 2 N 73 7 B BONIR N . B
=A, EHAP R, IRS B S REENER
S KA 7 T, AR RE 1 AKEAT AR BRI T A3 1]
BRI B T, AR T 286 T2 N
A HRA R R ERReREHI 7, IRS K AEH: 3
AT 51 T vk 2 Bl B 10045 T A 85 DL o 2%
i S P ALE, SRR AR, KR, T
EE T IRS Bh i . FBEMBL. R, Z 4
P R EIRE I R IR 5T

() BIERH—&FL

ISAC 72 48 15 Jo 28 W 45 o % IRl A5 D e
GRRRIETE, LR S SR AT 2R R At 5 e
PRI, g A A B (S . E(E R E
JROSEELE RS . SRS T ML, ISAC
AT DRI FH TG 28 Bl v it LA B2 A R A0S | Th 2% 5 U
HEATIEASE AR IR, T AR I A i3 R AR LR &
PERE.

ISAC M & & I BLAE 2018 4 “ Kl (E &
W RFEECA AR BB R & 1E, B TR
PUESRAR YL R o 3 E 0T 70 AR A AL AR AR PR
ik, B ISACHLN 6G M E BEH AR I 2 —, FHRN ™
Wk K5 E bR ERE S . SR, ISAC Ak~

012

MR AT, AETT R KRR R -2 I 7 A ok 2
W HOR. NAEETT 2 kG RS EOR,
SR RS, BEARZEA . MRS, iR
Pt BRAEACTT [ 7 T R R AT

=\ 6G A &R K TR I

6G M 258 B AR 2 STHF 6G B & N T B N 2
KR EMAEE. FE. KEUE. AL BHl5H
AR, O A S By I FERRR) “ T,
SCREIT IR T I EIR. IR eI AR,

(=) FIHAMERAR

6G [ 253 K I 4 rh il 505 A H R N &
RO R R 4 20, DU K AR S 2 41
PR ST 4 TR U AN Y 2% e T AR R BE . A0 A
BB L 2 REOR, A i) 2 B Se
ARG SCRPPRE AR T A 870 A 2 A R EBOR
ATRIKRA SRS . XERBERORFEAF L ol
FEEN . AT EEEEERR I, 155G K I B
O IR Z,  BIVRI A X D 8 248 38 i ) 2% 4 e
PR EME . 24 SREaFA RS EREST -

X BRABEFAR AL 6G 70 A7 2 W4 45 (1 ZE LA, (2
FNE AL X — UK K KT R BERE N H B 51, th
BT R MR R e a3 i X R 3.0 L H - 7E
BORWEFE L, B AN S0 5% 3 B Al 244 J2 K 1 il i
W ERAEE . AR SR, TR P SR BOR
e AR, WEFEIEANA IR, BESRI
AL IS, B Pt o fee e b i

(Z) “Z=R#” —RLAMIHAR

1E6G B, REE L/ /R ED .
TR (FIERER ) S RT ) ITE) Mgk S
M (MEE /R L MKIREME, H
BRI — RS, SEILAE. AR B
W, SR AR A R RS S
by DX 4% (%) 7 B LI, T2 AR R G2 T S M T
A R TR 0 % 1) A TH — A4k, TEART] . B PR
Wb g%, i ZTH SR RS (WE3).,

TEBERME6G “2S KH” — b i K8 .
RIEEFA R, SAamitinE e, wEkt
TAREMITEL T2 Ot 5000 5T, 46T fa) tH 5 3 2L



PETIEMEF 2023 F F25% 6 H

AT [ 2%

ok o0¢ ;000 ¢ 220001
DoEIl o 0[143 ‘DF EOD(
B3 =R R MENEE RS

M X FR A TR BRI RS . 20204F, FRIE k2
2 LI A0 R Bt Vit v Y, M RTUh AL T
BT IR 5 IR0 B . LR HIRI LB PR
TORE, T ERRSBORANE . BTN RAHR
(R S A /4 n ) 3: 0001 W b e N N 3
SRR HERLRE T, B i L S 2 FH O 7K
I RS A AL T i P S o 5 5

(=) FEEREMSKEA

PLE 2] ALHORKEAE 6G S 1 3 4 2% (11501
E . IBE W B R g RN, WA REAE
6G [ 45 LA PN B S LB dl R B . Bl PUAL B, A
RIS, BERUHERE ., BRI PRAL S5 AL AR S %
BATIAEL, K ALRS RIS . Bl Hik.
ER S MG IIRE. il RAEBHTIR R G, SR
ALBESHE R e, s BR . ZRA0ESS
A ORSEALE BE LI BE 1. 6G K E T IR A 0
B2, AOUY R EEER LR, B2
BLNE G 2= AL 2% AT AR . 9 A RE X 4%
XF RIS FI T ALRARAL N 25 PR . S48 A AR5
Xt MRS N EAT L 7 SR B SE ATHRSS

HHEE T 2E [ 6G W FU A ZUE = R AR BOR FIAEZS
AT R RERE, BRELE AR BE LK = T 6G il
B 07 W R A AE TP B Bl RO B X IR B
R NS, UmBER. @miEANS . ALE
Fiv BOR BTN AAN S . RE A A
FHL. ATRH . K HdE 55 05 i B A R )= T A
Ho MIAARRAE, POl F il &8 gEfBoR
ERHEA G — . R OISR 2. IIZREL
PEATFH b BRI = S8 V)R A, 75 2
& I

() BHMBERA

B2 LA 2 gty bR FAfERE AL
NATEEN I BEIR, SRS BRIV . 22 S AR
FEW, FEMIZR TSR EE RS B3 T, 2% st
X 2 R S LRGN L TR R, B 2k
SKHUZ TR ERE, =. WL A& E, ki
e 9 28 MU SE BRI A P AR, SIS T Al ) 5
TR RESNASNHERS . BA Sk
A5G (LI 4.

FAT, B E AR 5 T S ATk i Wi o R K e
JEF1. —Jit, HAFRIFEEK LMLt
RREWER: H—J7H, BRI S,
O P 16 B AR sk e Je 2 ) o N I 3 2 i) L
DR 6] o o A AR A oK B (A I 22 4 Ity B A
PO I R, RSO B T SRR S M b AT R % F
WG KEEFE M, BT IREBERARRLY, B
i AT SEAR OGP LRI AT &, PR AR« R T
AT

BeAh, PR SRR TR A Ry ik A e ¥ . A
VAR 57 Ml AL 550 7 0 26 i HL L (R DR B3 4T, 1
[ N LE AT SAR S I S L s LH RS
HERHBE ) BB, FEUT A AR A
PIZg . THE LA AR, T AE TR B RS
W £ Z A8 HLAE A5 A P B AR vl 1 A 4t
— MECASCRE I B R A R LS A

M. 66 RERAMELEREZFIIMF

6G LA A& S 6G [ 2 KA 7 Y ) AT 42
ANEE 5, AL IR 2% P AR R J2 G m] o B2 4 4
BOR. WS Z iR B 24 BRI 1
Ko FEE 6GME R % ETARRR MWK ik 2
HHEF e KT, BEMSR 24 Bdili 24 5
RIPFBOARTT AL TR IR S, BEAR 2B “ A
SR BREST BUR AR R

(—) YEEREHAR

YIHL 2 2 AR B TE TE AR B () FE
ki IE{E BB BT BB, BRI e H AR
PENIRBE 6G 45 22 & EEF-B 2 —, " N6GHk
FIRAMRE A . MR R R R L AT L .
O A Z MmN L H (MIMO) |] N 6G /4%

013



66 KX ARM K TR EHS M X R

Al IEBF &
()
A ——n )
ELWE e BHRGEE B R 5

QQ
B EEH
B

ji

4 HIMEEE

SERLE G R . RERRCR M RTEE, N
Vi NE S W NS NGO B e o) /e
JE AR ) 22 AP @) IRS AR SR F Al 4 R 2
FARE, 38 B g s R R D R AT S B 1 RE IR
2, NI RBAL G LAZE AT R R YE, S
FIEAR AR AL IR R RS 8 2 LA A S ek SE A
2 A I DY BRI 58 ) AN R RS AT 84 e
RIVORE S B SR HilmE AT R, g
A “HhERX” ToLEME R G L NG SRS
5B BERUR TR O, $RTH % 1R R
AR, @ FTHOBIETE (VLCO) BARRHW W
YENAE BB R e g 5 Uy 30, Ry 24
R I AR BB A5 T B BRI BRI R WIHES) T
VLC B 58 - AT AT 6 T i 57 3 44
Yoo o REAS U IORS R A R0 G A e S 2 e ob
P AR, TR D S BUE A LA 1 — R B
EHR . @ KAFREEAE R TR T2
BRI, AR PBOEGEA S Z W St E R R
RAFIRE ai, TSR R v LTI 4T

014

#IRAE

H ] 7E HL R A RIS K B FORE P R, BAT
B T T S B B P L AL R A o R KRR MIMO
BARGZ# YIS, FE LM FA 55 3h i g
MRS HEAL AR, HATSEEl VMR Z R %
FIE 5, A KRR MIMO SE3 6G 4 1 J2 %2
LSRR . IRS AR B2 2 A B i R [H R}
KRS, G 7 HABE KR 7T, HL L
T e P 30 5 7 i ) Pk . B VLC Bk
W TR DR, HIT SRR 1 — A SE AT 7T AL
R, ERGWE . ZRNM LR BRAAKERE
TRbs L EGT RSt 2T AR, VLC
B /NI INAE,  DOSCRF U B A e, DB
P P FL B o 30 R RO 24 388 A5 B AW Sy T
TP IE BT TS KT, B %6 IE (S A S8 HUAR
ML TS A7 AL R 2 A AR AR B . SRR AN
IS DA AT PR A R

2R, PR 2 A BRI s OB S e R D g
SEHLS MR AR B T e R



PETIEMEF 2023 F F25% 6 H

Ao RGRF A FERBETIEEHRE T
BB R, ik, YR A KGR E
5G KA R RO FEAL T LR B R A A
PRI T, HESHRIRUSOT RS AR B AT LA
PECASEEL “7= 520k Wb fe)s T 1 I K ) ¢ 4
BT R, WIEFF 2 1 LR SEHUAH L
PRI e ROR JE

(Z) MEREREFEAN

W 2% J2 SRR S B AN X 48 28 495 22 8] 805 33 B
fEi%. 6G M4 [1)IEH % FERIA B 1< 107 1MEHE /km?,
435 22 AR M DA FE G e f e R W 9% S5 B AT 45
181 6G W 2% J2 2 AT G R KBk . O Jodk AlE AR IE
o 2E ST SR S BE . RS, SiEl
AR gREE AR YR Bl R R s o 4
ThRe, FETH M4 2 4 i b g B R 1 B B4k
RE IR 22 A RE 77 FIE MK, 78 43 TR EC A5 A Py 36
B Z AR . @ X HUEEH R GBS 1E B 6G W 4%
kAT Lrhaoth . 530 ORI
HEIE R EF BN EIERIIRS) T, 6GEATEAY
ALIE RAPEH GN E R O, M E a2
PSSR, RN SR O, SB=7 500/ 55
PEATREE, T Rdofb 2 ki, G &%
BRIENNIEBORI A 6G M 2 1 2 HEE, #E
ZIRA LN . B GV IE S RIS Ui A JE
{5 I ZE 554 i S N 755K, FEORIE 22 PR AT 2
TR REESENEG; fiethi B, 3IA
I B G T, U N S AR AL
B 2 A A I N VUM S DIRE,  SEELZ AU A4 ]
N 6G 4% 1 A P IS IR LN o

ESME 1 6G 5 P AE 2 A B R K7 1),
HEERF AR, WG WA RS TEW
gea . sl AP N Mtk T, H
PN B TR R 7, dnd il T B N AR e A
P B 5 2R ) 6% B A D R AR R ) R O B R R
K, WPUEICE AL S W EERAR . HidE. Bl
GRS G i, RRTE BRI 2% 22 42 U 1
“RRZET “RIFET, BSIXPIEAEIRS, #®
P IR 28 23 i) e (1) 2B DA I 5K S50 == S R AL
FIRAKHE, H RN 45 22 A I 0 iy, it R
PR FRPRARTE SR 55 T A HE ) X 48 2 22
BHEARRE; BB ST 2 4 U T R 1)

OV VERE I, B R A B O HE R X R BOE A AE
PRSI FAR A B A RS

(=) BIRRERBRFARIPREAR

Bl 22 4 S BB ALRAP BOR AL T V)3 JE A1 28 =
2 b, R X () EE B S Sy, ARAE R BT 1
ANEHE SRR 2 S R T B R . Bk, MEER AT
%o fE6G M H T, RLBEKSHITHEE
R, MHMEHEEE 2R BN, S5
P 2 B BRE AL, 7 1) B8 2 F P I BRAAE
B T IR BN X 48 X6f B FA (5 S5 TRDRE B S0 5 B S
&, BRSPS S TR, Mgy
By BIGMZ AT EERE TR&EER. 6G ML
HAZWEER . 35T MR B SR
W Re i R B2 5 2 a5, FER
RS HiEE . BB RAERIE LIRS E. R R
WV W b S DhRe, R IS (Y e 5
VIR ROt T ROR S, AN, KRS AR
T 2 mE Ry 7, mbEE E T IHEE®
IR, 053228 BT RL R R 1 B0 PR S [ J ] 7 &1
THERBR N BT A ROR R, A 1% i A T
I P02 Pk o 75 B2 R PR 7 B B R SR AR
IE 6G P28 [ 22 A 1 o

ME BRI 2% 2 i MR, REM S
L FHAL, FETIHIEL. HRS ). PR kRE
MR 25 7K S b A 2 A L SR g Al o 3 L ) 45 2 4
IR R R, H RN (TEE PR
DY B A EEAREN10%), 1 ML BRI 2000 5
FHN T 37558 i 5. FRIE7E 27k B [J B
41, (HE R E T EEEE T 5 R
KPAEE—EZE . fEARK6GIHIKEIEE T, XK
HU “7=2208” P[RR TR RIKE), T REER
A N PSRRI E AR 7T B 04 ok B AR & A AR
HEAL AR, DUSPRIE 2 E bRk R RTHT -

Ty 66 KEEFAH &I

(—) BARTX
TFRERBEBOARBIHT, ATHEAT R JCLil . p4%
K A ORIEAERE T, SR AMER T SO O
BRBOECRE ST SRR SG M, HEEMk.
H ey Re e AR GR . NAETGE AL KK

015



66 KX ARM K TR EHS M X R

VI RA N N R SI RS Y= B NE LT o WA T 203
ARI7 1) T LA R PRI AR, BL AL
KEHE 5515 BHOR 5 %9 1 R B Rl B FH R 3
], 5 6G o4k A PR A S 56 5 B9F R 8 1) 7=l
TR -

5G R B T RS, WX T E Yk
W &N, mATEE AR SE AR 2% 55 B (1) 8% )
FEA R . 5835 6G M 28 AR K FE I T Z 77 8 S HK
ARG, “ KM — R . A4 B R
W26 S5 A% 0 77 ) BT R EE s G . DA T I 4% R
NEEEAR, MEIER 2 R 7 SR IR 45 5 T
T, LL6G W45 BE 77 1 s bk 3k e SR i 55 4 ATl
RS TR

5G I 4 %4, H P BRARIF & 68 1A AT A
B, TEEMP L EREE. 6G M % A EN
P&, X EREREEN (S R R, 2
P 6G M2 A e A R R . & ST R LA K
B MIMO M 28 2244 . IRS. VLCZE N EFEHN AN
6G ZAaWAERAR, X2 A BffE
A % 5 1 A N FH IR RAG R J& o

() {REESIE

FEQUET RIS T, M98 6G BORCHERE Sy,
REAIE ST P W R B3R AE T AHESD 6G
FER BARAERF 78 . 118 6G W 45 2. HESE . B AT
LT MHARTI S, et 6G BOARGIHT . ARk
BN BORRITIGE K. SEtiPHY L mA5], 3
FErRL S Ak BHIFBE BT A 0T B 6G HUR A
RSB S IE, BRRARKR R IR,

FEPMYSCHETTI 58 6G AR K e AN €1
W, SCHERT LRGN L% A Re IR . R e
ST SR Y A R M K R . T B 6G R 2% s
TH, JFREIELARN . RS ETr TR 5 Bk
PRSI o HESI AT R O, WO S
JSL PR 55 75 3K > SCRPECR SR RN WA, R
BORPAALRERE -

FE KNI, 256 [ SR IX 7 b e sk
B, F2ARAT AN N X 6G k55 2 FEAL I 75 5K
DS s A NEVH el g . BB BTN RAR R, S
6G % 2% g B i F) 37 2 IR ) e b A SR R, A
6G ARSI E T L7 T I 55 AR B R RS 5 o

FENARBETT T, St 3 = AN A5

016

BE REIR VRO SRR . 8RR SRR BT
ANAFTR, NEFEREAA KRBT 65 &
SENA AR P, ST 1) AR N AR AR g R
RER. S (45 37N G P R WS (e N7 76 S
i, WSl HAL S5 6G K AR EBR.

(=) Efra1E

fe s 6G LI EBRTE S 1. TRAE 6G % L ER
Wk KB r 22 5 R e, e B A B s 7 T e
e, EWENZER. WEmPNS 5
[ BRIBE S WA BN, N RS 5 i A s T R R
ZRAMEAER T RS 5 6G H brbritEdlE, #
KIE 6G bR e 7 2 10 FE Brgmi /7, 6t b [ Py [ Fr
PSR IS AP

Z 55T H N, ey AR R,
HEBN RS AT IE W E PR sey 5 5 AR & . LS8
6G KRB IR AR R, ST
Bonawt AN, IR HES) 6G B 1 TRE AL AN
POlACHERE . AL A ER LN AT SR, Sk AR B A
Wit ¥ I 6G H ATt N I 5

F 2SR B

RSO A B W L 2 TR ANTEAEAT ) 2 o 5 B30 55 5%

Received date: August 3, 2023; Revised date: November 28, 2023
Corresponding author: Zhu Guangxu is an associate research fellow
from Shenzhen Research Institute of Big Data. His major research field
is wireless communication. E-mail: gxzhu@sribd.cn

Funding project: Chinese Academy of Engineering project “Research
on National Grain Security Strategy in the Context of Dual Circulation”
(2022-XBZD-03)

SE 3

(11 P EEEEE B b E 56 K RAZ G 8 K+

(2022 4) [EB/OL]. [2023-07-15]. http://www. caict. ac. cn/kxyj/
qwib/bps/202301/P020230316604298102966.pdf.
China Academy of Information and Communications Technology.
China’s white paper on 5G development and economic and social
impact (2022) [EB/OL]. [2023-07-15]. http://www. caict. ac. cn/
kxyj/qwfb/bps/202301/P020230316604298102966.pdf.

[2] IMT Vision—Framework and overall objectives of the future
development of IMT for 2020 and beyond [EB/OL]. (2015-09-
15)[2023-07-15]. https://www. itu. int/dms_pubrec/itu-r/rec/m/
R-REC-M.2083-0-201509-1!'PDF-E.pdf.

[3] From cloud AI to network Al: A view from 6GANA [EB/OL].
(2021-05-31)[2023-07-15]. http://6g-ana. com/upload/file/20210619/
6375969458505193666851527.pdf.

[4] 6G drivers and vision v1.0 [EB/OL]. (2021-04-19)[2023-07-15].



PETIEMEF 2023 F F25% 6 H

[3]

(6]

(7]

(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

https://www. ngmn. org/wp-content/uploads/NGMN-6G-Drivers-and-
Vision-V1.0_final New.pdf.

Saad W, Bennis M, Chen M Z. A vision of 6G wireless systems:
Applications, trends, technologies, and open research problems
[J]. IEEE Network, 2020, 34(3): 134-142.

Zhang Z Q, Xiao Y, Ma Z, et al. 6G wireless networks: Vision, re-
quirements, architecture, and key technologies [J]. IEEE Vehicular
Technology Magazine, 2019, 14(3): 28-41.

kA, MR B, 2R, 55 6G B2 W 45 S B R [7]. 55
1}, 2022, 43(7): 189-202.

Zhang H J, Chen A Q, Li Y B, et al. Key technologies of 6G mobile
network [J]. Journal on Communications, 2022, 43(7): 189-202.
Shen X M, Gao J, Wu W, et al. Holistic network virtualization and
pervasive network intelligence for 6G [J]. IEEE Communications
Surveys & Tutorials, 2022, 24(1): 1-30.

Faisal A, Sarieddeen H, Dahrouj H, et al. Ultramassive MIMO
systems at terahertz bands: Prospects and challenges [J]. IEEE
Vehicular Technology Magazine, 2020, 15(4): 33-42.

Wu Q Q, Zhang R. Intelligent reflecting surface enhanced
wireless network: Joint active and passive beamforming design
[C]. Abu Dhabi: 2018 IEEE Global Communications Conference
(GLOBECOM), 2018.

Liu F, Cui Y H, Masouros C, et al. Integrated sensing and
communications: Toward dual-functional wireless networks for
6G and beyond [J]. IEEE Journal on Selected Areas in
Communications, 2022, 40(6): 1728-1767.

IMT-2030 (6G)HEHELL. 6G [ 2% L I 5t 5 SRR S B A B¢
4 [R]. dL5T: IMT-2030 (6G)HEHE4L, 2021.

IMT-2030 (6G) Promotion Group. 6G network architecture vision
and key technology outlook white paper [R]. Beijing: IMT—2030
(6G) Promotion Group, 2021.

Hoydis J, Aoudia F A, Valcarce A, et al. Toward a 6G Al-native air
interface [J]. IEEE Communications Magazine, 2021, 59(5): 76-81.
v % S 0T AT BE. 6G Jo 2k A AE ATZER 5 EOR B (2022)
[R]. Abxt: s EF ST TR, 2022.

China Mobile Research Institute. 6G native Al architecture and
technologies white paper (2022) [R]. Beijing: China Mobile
Research Institute, 2022.

Letaief K B, Chen W, Shi Y M, et al. The roadmap to 6G: Al em-

[16]

[17]

[18]

[19]

[20]

21

[23]

[22]

[24]

powered wireless networks [J]. IEEE Communications Magazine,
2019, 57(8): 84-90.

Ylianttila M, Kantola R, Gurtov A, et al. 6G white paper:
Research challenges for trust, security and privacy [EB/OL].
(2020-04-24)[2023-07-15]. https://arxiv.org/abs/2004.11665.pdf.
Arfaoui M A, Soltani M D, Tavakkolnia I, et al. Physical layer
security for visible light communication systems: A survey [J]. IEEE
Communications Surveys & Tutorials, 2020, 22(3): 1887-1908.
IMT-2030 (6G) HfE it 41. 8 fe #E R M H AR FL 4R 5 [R]. JLa:
IMT-2030 (6G)#fEE4H, 2021.

IMT-2023 (6G) Promotion Group. Reconfigurable intelligent
surface technology research report [R]. Beijing: IMT —2030
(6G) Promotion Group, 2021.

B, BURE. TH 7 6G B R WOBIEAE [T]. T % HE R, 2020,
26(2): 11-19.

Chi N, Jia J L. Visible light communication towards 6G [J]. ZTE
Technology Journal, 2020, 26(2): 11-19.

IMT-2030 (6G)fEE 4. K % 5 ARE A5 BF Fe e i [R]. LA
IMT-2030 (6G)EiE4H, 2021.

IMT-2030 (6G) Propulsion Group. Terahertz technology commu-
nications research report [R]. Beijing: IMT-2030 (6G) Promotion
Group, 2021.

WS, AR, R, A K 258 (5 BORERIE [7]. 815 74K,
2020, 41(5): 168-186.

Xie S, Li H R, Li L X, et al. Survey of terahertz communication
technology [J]. Journal on Communications, 2020, 41(5): 168—186.
Peng M G, Li Y, Jiang J M, et al. Heterogeneous cloud radio
access networks: A new perspective for enhancing spectral and
energy efficiencies [J]. IEEE Wireless Communications, 2014, 21
(6): 126-135.

Liu Y, Wang H S, Peng M G, et al. DeePGA: A privacy-
preserving data aggregation game in crowdsensing via deep
reinforcement learning [J]. IEEE Internet of Things Journal, 2020,
7(5): 4113-4127.

GARM, 0. R m oINS S B BORFIBE AR
[7]. SRl 2015, 31(5): 47-51.

Peng M G, Ai Y. Heterogeneous cloud radio access networks:
Principle, architecture, techniques and challenges [J]. Telecommu-
nications Science, 2015, 31(5): 47-51.

017



