v PSZINEAT) PERERZINEAT] PERIVFEARHET ISSN 1009-6868

Y FCEEREURSNESEN SURETETYHSIRTenT CN 34-1228/TN

9? . vQ

00 ¢ 1 1 1 7K

ZTE TECHNOLOGY JOURNAL

http://tech.zte.com.cn F31E-55%5184H-2025468H - F 41

Eil: H[@ 6G SR ERENF[EEEAR

ISSN 1009-6868

87 30 BF L2451

009 68



(PIGERNEIAR) 5

= 10 BIREZRS

FAS (PGEIRBRARARGIGN ) $hUE (JLatBRH 337 )
FBRZF (PRLEIRBMARAFRIRTEFK)

BRIEIR (R ntHRH R Hid%)

Bl e (hERl Bk 1)
7R (PLEIB A IRARIEHRHK) FEER (WLHETRHRE )

ERBEZR
5 &
BEt
EBE
;K
e e
L iE
HEiE
& A
B
FEE
TER
FRE
ZERAR
REER
x|
X
& E
AR
R e
DEE
EEL
=%
RIZFLE
AR
SBHREL
iVl H
RIRIE
E =
ER

g ASHE KA
EIRHBHL R 2= A8 . AR

b B sh A5 B ml B 1<
FPGEITTR A IR A Rl R
VU TR K2R %

[ A RFH A . R
AR Tl R

KRR RFHR

e R R RS

{5 B I e R 2 AT
RERFHIZ . AIRK
WL R FH %

b REH

rh ER R AR R 2 A

VU TR R 2=

hE TR L . R R AR
RGBT RS A7

R AR A PR /i R
LR TR A Bl R RIS

LS A R R F A%

bR K2 E A%

PUZEHRHL 2= P2 . KK

P ERERE L ERREHRT
hIR T 2ERBE U . SEARRIRK
PERERERE T . RIIRFR K

JCETHB L R 2 4%

HE TR . PR R

I 388 52 6 = ) AT
NEPNE = e

T M L R 2 42

b2 R 2 A%
FEHLS P AU LR
PR R 2=

NS
ERE
T M
FxiE
EFxXH
EEH
FHEwE
FEY
I A
BR3Isk
REMH
[5 B
B OB
R
=t
#FBE
HETT
% [ P
B 5k
528
i 7
ik E
ik T
k=R
KT
K=EB
BER
BER
$hEEBA
A =
RIEFE

e

A B WS e R e 1

By i 25 €5

IR R R

H A B A7 AT B2 ) e AR
JEATHR L R 247

By LW 22 €5

G B AR A PR FI AT RILE AR
W AR bE L W R R
T B EPE BRI BE K

T EREREAR R
TR B e

LR

HOGETRB A IR Rl R R
R R A% . Rl

TR — G R R R
JeECRAH S

H Gl TR A RS 7R

SN RSSO MEAE) R 3

SE R AR

TR L R 2%

T EB ST E TR R
JEATHR L R 247

T TAERREBE L AL RUHRHL I =R
SE R

W CAERRE b L LRSSl R R

ISR TP R (ORI 2z, RIS
Hh e = j o F R

ol AE BACTRE BB ERH R &
W AR L . TE R AR
BRSSP =2 €%

R R A7 L Rl

R KRR
hEFRREBEBE L BT R HAR



- HIERR ~

PR

e

l Gl
o nty

| S LM L

— 1995—2025 —
SBFI30AFELEERET

ERRFRE

— 8B (RXEREAR) SIH=1EF

O X /75t (PHBRRHBRATEEK)

(B CFEIEAR ) 28l =+ 42 br,
TR BRI AT, PSR
SR BT JR 75 ST AT LA R O )
[OEASTRI AN & N IR YN ES (N N g
R

=HENERE, = ERERIL (X
MEA) B EN AT SR AL 5,
U e PSR W) LElETI b N D STy S AT
TBEEAHFARNLTS KR SR, S
H R L, FATIME L, SRESOREIHETREH, &
Wr=2Emt e, RIS NSEar rIAK .

EEEFE, HigelHERER

SOBAEATIR R, EAFF TR
FOREARMISRE . 1985 4R, H2GEIRTERIYINE il
R BT, A—REARREER/N T,
B AN A BRE BIEET A E R A 2G
F 5G, BB TR S K,
152G, 3G BB, FAVTHIEAME AR ZE N, Wit
TD-SCDMA ., /NRIBEHEARME, HEIE =30
WAEFRE AR, B IZE R M4k, 4G I,

FATHEH PrebG &, K 5G SRR TR H
F AG W%, 2RI 5G 7 TS0 451 fk
KW 5G AR, FROTEES Shrfdlc 5%
ORI, F5e5EHk 5G Huh 53 A% e R
PR AR IR A AR IGAIE, HETF W 4% 7 55 S RERL,
1 5G—A GUS LI =B R A IMA R, W (E R
ik 5.417 Gbit/s, 2 6G HHBHRALE AN & . 114>,
SOE IR IR TS 2R 160 2/ E 5 MHIX,
AT AR S5 AE 2 BRIEF  R A& R 5L
IREEASR A EEEE

2018 4F, HLIETH G IS AR kR . ARBOE
MeS HLEFRATHEMEE W TR G, @
I FHAE BT TALT I RN . T S TR
HIHR AT, kT 5G Jsh &ERTTIH A
= OB R HEBESSE . GoldenDB £ S
FEHB 10 LTSRS NS IRE G . XA
g THXER, e TE 5T EERERF
EAAERRE S

SEEI AR, BRTE S A L& 1 185
WEATE =22 SRR B3, AT EHEK
2 R R EL T s T R BUE 6 1F, fEf
TERGE. B Rigih . BRSO e R
Ay ST AL RS T 5G-A H BRbRifE, 30
TIE—R | SRR S SF TR, @
SLEMEAR) HEX TR, LRFRE. §2%
LTRFFNEE, KESRERRIEST, HiT
ik R AR, X B SRR T AR LA
BERE, BB IR — iR R AR IR 5 L e
WEERINA



- ’NE%E’
: v.'h:-«.\.. ; _ﬁm«

UEHT, FEEFBEES

SHZHX, L “FERE + 17 WG EIK
RS, SRR T SRR b, TR 5G &
WS ATEARIE LS APk ik, T T 5%
WL, SCHLT WSS B A ANE R YR I
F S54RI T I K. 2024 48, FATELSS
HULF LI 36.68%, WHIRESSHEK 16.12%,
ALIRS R FNL S ORI Kl 2, RE
WH 42%, FATRAT S BT %, AiER
S AR BURHOET R, RS EPFEK
17 DeepSeek H/EMEH AiCube JIFE—MHL, N
AL AT B v #; MFER 3.0 FE ks HE
1 000 RATEKAE, FETALFLE, B, 8
I8 AMTATIER BRARAFINE , By “ N TR B
I EAEBR

2025 4F, FATRAE “FaHoRkiE, SFIEHHT
hnise) “EERE + 517 R, R EAREE,
BB SRR = — AL . KN A S T A
o FRATKIRSEANRI R AN, B m 5G-A
ATRAERL S840, DARORBIRT S [SAK K e
FERORERE b, AR AT 5BEHARME,
HEhHET ATIKE 1 4307 21 3 I 45 fig e 75 58 C AIR
DNA ) WMZEEMMEN, LM% FATR Al
JRAE, LRFERS S AR 4 FN,
o TR REIMARETT R, NARIKTEZ 5G Kb
EAGEDRE, DIRHLAIHE BeA ThsdHEE B A%

oA

REXRE, [FlLRIFLLHE

AR, GBI TR 015141
R MBS, VAL “ SR+ FAT R,
AT BB ALAE” #F AR BATHA,
SRR ALKHUBR RIRTI. 40T, SEAK
FREA AR 1 - S M R R
PR, ERR SRR, i, TR EE
I 2 BB A WA STLKEETF, DL
SR QUK I BT AR A, SRR A 8

R AT R, LI kS5 &,
O M mREEE, TEER Y RE58E
S, M SR RO RE R
—HLERS =, B AL “Boa—/A B M,
AR IE M T E L.

FAME ST RS, BRI TR,
SO EREE R, ER Ik
e HRsn, WEE AT REATE R . S IEE,
AL HIE R ES S m s dn e, Fhod ik
3 ETERE. BRI, BB ZRITRERE: DL
AT A RE S TR A T 7 P A TP, 5 S
BEE” 5 BBV, MERE AT, TSN
B CHRIE” 5 P AL 28R . BEBRAENIEASE
WHAE, FR WA WTCHRATEE. fEifEsh
BTG N MR, TRy R}
B M, DSORGB AR BERR
WEEPRA, Wl AT e mlsE, hns Rz + 57
ERIEFRL, TRE P KL A1, SEIE
Fag ATRIMVPAER, 1 “ALEERAA” .

FEIL, FATER ARG ( HramifsoR ) A
TN AL RFAEGRER AR
BLHAT AR ST RA B 73 SR B, 2R
MR ESEAMME. BT RNTMEEEER,
LEAGE BN PR AW U R GET Y e i, O AT Ml ik
PPA M eE. Aok, FATHREHZE.
FENKEEET, DTG IEZ %, fEaEsk,
BT AT JT RS AR SRS, HERIRZR AL
TR

S E R ECRITR D], R E & T 5
WG AT IR AL RS SRR 1
fEAE, B3Pl i gs Ay B o 4 2 B R0 2 E S
S, AE S EETCA A

IR, PRSI AT S0 M SRy X aE TR
JeI AT EFRATLL “iEsE + 5" hE, DL
TP A, T, HEEIT I EL 1
Ak



- Hakk -

_t_:' N
Eﬁiﬁ.*

O X/ &#HA (AFHITER )

19954F 6 A 12 H, (H%Hmmiil) dmisiiie
BB, FRPAIEART], = FERIASR,
184 HHH SO, 91 MZE ST HE TGP HES, HREGE 2G
) 6G AR RE, ARSI (E REE
W =0k, =14, &—B% AR, S
—i SEARHITS, TR AE LT, B
SR, TR AR, ST
NS ARG S I, WA O i i
FEAEREAAAR I, ST 2 8 IR AT AT s

SR, A BRI LN, AR
VUEM R S5, TR, SRS,

2020 &§: HEBESF, FIECIHFH

X4, PEBEFSH IR (PEBES
SENESBFEIUEM ST AR ER) , (T
SRR ) BN T2 9, XHPTE AT,
LEFATRIM A N . O T RTINS
AL CEZHAR . AR, (RfeE. R N,
THR T mi iz . FAIRA, SR I er
RS A B RMA R AR, LT
72% WAL SR, LTI N A TERAUR SR
o T CIRAUTTI SR EEUE ) TR, B

——1995—2025 —
B30 AELEEH

IFIET “3+17 HRHE, B "= + 457 R
B, MibRAAT s FATHIET “3+17 £
XL, BI =A%+ @AW, #ifRE—EE
HTCALIREr o X —4F, ST E RSB R
XGi—, FEPLSH G AL, B
T PINSCREIE N R, AR 2 . X —FS
BRI A PR AR, TR T
TSR

2021 &: =iRRE, #ORED

FETGRHRE TAHER, AP SIS R, X —
g, TMHARTH 8 (£ 9)8) WES, 10742
WA T RIS AR M. N2
SEFITAERZIR, B E N 22 B 1 SRS
FIERE W, AFW 13 ME AL R Z @A L
MBR], TR RN T ETHI R A AR
M, FATHGE OEIF T —IK R RmELU
Fezsi, BATESHINERIBHAHE, SRR
LSS RS R, ISR T, #
FIMINAERSE, HIRA; N T ikH s S hn(E
FEHRECRI IR R, ST T she SO sz
Wt, BERRE TR, UM T RPN,

2022 £ LAHIAH, RmelRE

P H ARSI T &, R
TEIRA—IREE. (LFECRFELEIT, fFAA W
BIBIL, (T RN 5, T T R
SRS TALRIRAL. X, — 72 He
ST, EE SR T T TR
o X—4F, ROVELESMREE., B0,



B PGB S E R A AT B, TR
M RAIARE, Rt T OH, Rt T G617 AFEAL,
MR T BN AR S GE M 2 S TEF E L R TR
=, S8R AR SRR EHEA R, PO TR
FOFETERSIE. NI EAR AW, KIEFENIHE,
BYBANHTIT 7 I TR = T o

2023 &: ZEe, EEAE

PORTE” CRsets” AT R E A
5, BATAHEESER TARRE, HREMA, FAEN]
WA, B, FAEE. TR AL BT,
TN AT NS T — ISR, g I00setns, Hid
WBIIESL, FETHARTIZMN AT 734k, W00 H AN,
PR RS, TSR BT R ATt
FNBL ML A0 B ¥ R AL R BT, 1L~
Z 5%, EEEEZTWAUK. R =ERHRETR, 3]
PGEIRRTATZ, T 22 RS 4. RELRIT RS
SCRIF= R ST SR, ARG B AR 2. FAT]
WIRE], FIIAMAUE AR, BRIl B2 %
", R SRR .

2024 £: REMS, BERIE

ECATEIE N, 2024 FERUGRAT—4F HOICTIBRE =
o™ JIT: AR SOOI A EREACOHIT .
BODEAIT], SESCTES: 3 NI (HHERUWTIRZ I /1155
(WICD) i35 ) , TG EEFEYS . hEEAS
HE AT R B s, BTG b E S A 2R il
T . RN EMNZES T E, EREATAE
e B H R F O e STIMITE & LR L 1,
P AR AT A TR, BTN E: M5l
[l S, FEFATRIIARR S G AR

Bl =E0E, BATAUE 64 “FAER" 2T
JBSLHES, SRR FOR T — A RKoR SRR

=R, WAL PSR AR = 4R, P
PITIFFE TR, AATTITTE S R A PRI R R,
IR A VT S A RS T RS EA SE T . —AER,
FATHAE T @A, B 6G UiTHImieE, BT

T L FNERAFEITILVEERN IS BIESTATFE
i S HUR B ZHER . B RE AR EOARBRIT . FAT2 5L
Ml , WIERIRTIHESDE . ORRATR R . farsEm
BXZR,

SRS RS, AR AR R DU SRR KTIE
G AT 23 A R Iy, JE LB SRS R T,
MRS R FE SR, LTS R R A 1
AR —— XA UE IR SR, B2 RHERE" MR,
R H A SR AIZEI

ZAAFLERATRA, PEBEIT R R EEE, )
TSR AR D IR T, TR
SRS T RER G A RV ES % BV EZ FTH,
USRI A, 2= S2AR i 2 R T g i D =
EDLEEL

=HERERT, TATAMUEER T — B MR S, o
ARHARDHIRIN S

SRS XA T AT S A R, SRR AT A RS R
ik “RHLAZE” WIRDDIRZIE, RARMIRRESCRE, 1k
Jr TR A

TS AT RAL S AT TR S, R ARNTRIH EETE
SRS, SRR TR SR AR PR

HHUTERZ S HZR, IRNTAER R, 2R
M TERZEIRAIC 2, Bl T TR AN s 2 ARATR)
BERA R, W T FARRA A TR

AR A, RN R O~ — TSR T4k,
TR gL, LRI O RS i RARTTRIRE
WSy, LRI R SR o

BB T 7 B B —— AR T AR TA T, 1E30F
AT AR, BT NAZS. RIS
— IR, A AR

=S, SRR, BTG

YhFE 6G 5 ALYk, FATRAREELITIN Y, HoE
Ol A AR Sefi AR, Bl TR BT .
EAIFFAS . “BRSREE Ty, (E B

LTRSS T, FERFY 8, IR —4
R Ak, DA R R AR
&, BEPEBE TR

BUEA=-AEN R, 155 T — =4



= 1995—2025 —
B30 AELEEEH

ERER - -

A EAL s
(hMEREAR)

Ak i dap
Maﬁfﬁé WMoy

IR AARAEE > h|r]10RS

PRERRDERATLIEA

AR BPLAEAR >4 2 2+

EARBERTRH

FBa5

ST B A T S i \ N o = - ) -
NGB RRP EIRABESK " »




- EFEE

%&ﬁguﬁﬂ

473-2jt‘%%', S&i-zi¥uﬁ?-m§§ thfia
AR, BRI AL

X TE Wk iE

JE SR A SRR

Q‘sz‘J 30 @‘q}

F s BB
¢ s s
SHEASAE
ﬂiﬁﬁ‘%ﬁfﬂ;glgl,
AAHEE T,
SRR
S RERS

30(4%%

°

IERZBERFRRA




5p%y 2
HEEBRE
CREBBRAL(

BHR

BEREHIR

— 1995—2025 —
BHI30RAFLEEEH

<tk @QRKEE» 3085
¥ 7 e HiHe
£ il ge
2+ 423 Qi
BEELF LR

WY (F ABARA) ko) #) o0 B

(F 2B A ) Ed kiR, o E
th 2+ K., BEETive, 2Ll EREAL
B LA, AT kPR R — Gl th S, F Rzl F
GH S Mt B, he TR T k. Bk DB
HeAuAh 208 h e ih 8y X A B - K th A AT
T B T A E G, A TN B AR, A
FRKE S IV S SR N VNS G

BB A, (Y ABARAL) kEEHw,
B K G, AHRBENLE, HiELEGR RS
HHREARRZ S 1 &,




VR

R R« ¢ # ﬂ&*»?}fl‘uo)ﬂ%

5]‘\,-\/\,155'{ H“/gfi*\
T’VJLT‘FJ’?#" )

FRR
PR A AEL ﬁ é&"% {

| PN (N = ILF &
exx iR, BRI

RYNKZRE

P e KB i, AT 3018




9952025
HHI0BELBEH

8 ARAREH,
. Zos] Bgm

3

el PN e

”“f%“ A - b 90//[%

% Zp‘i«%mﬁﬁ9®’] ﬂ 2-" [{]%F
=+ W AAGR/EHE,
s B AR

T RAT

MR A S -?¢h%%§ﬁiﬁﬂéﬂﬁg>
P A g EA




BRAE

VXL (OF:ic)
PIRAS SIS

7= TR

PR FRITAFRK

e BATHLA> 4
% AR ¥

Hrish K @B B AL A
EL P AT &K,

2ot kb, BREABE T B FOLE E b,
AT # . BBEXFFHEEME LR,
DR AT % B R K

Tode i, P Ode — %ot K& R H, LR
FAFEBGI S, A#ikiirdisy, b Ad
T R BAE H KRB KK

&tk wERETXRTR, LAtk
KR T D TR RA BT R, HIEFTF
BRCE: PVEACE P N

A (FLBAEL) ERLA, ¥hl ki
& W53 |

\
.




|

— 1995—2025 —
BHI30RAFLEEEH

F 2B LTEM R LR
L+ EeH L,

2 F M AR E T TIHA
HERRE &,

P TV 22 Ik )
TEHEFSRAAKT S,

#R (P 2RMEAL)
A F| 2+ B F




BFREA

R (F 2B REA) AR E+EF

FRAF ARG B EHEATT, B
S FEAMRAMAAHGERINIML, %

KRR THRALTH, BETHEHAANRSDE
BREDLARE GRINBRK Xt el N L P 2R NERLF -
M- Kk, BRELF2MF AL

ZARALWE, FFIAEIHFHE .
HAAHE, LEFHRZTRAR B
Wl SEN, HFTHERBLABE
TREF L,

x ®” . ) o \
Pl TP SRR BR 2%, B(RE2ARNHELLR)

A 2Bk, AR K T FZ

B, VAT AR DRELE R T




Vh

— 1995—2025 —
BIHI30RAFLEEEH

Z+H5RET.
LR XA W S TR R B R

# g I 45 4 %,
BEEBRAIRELE2 DB L E.

.t a8, Fred
- WAk &, R UIEZE.
B B3 TEAREL, LEZEL:
BRI XZ IR /ﬂ] éﬁ i@ % ’ @ 4%—% % o




FRER

PIRBREE R AR

EZLE
FEASEI

PR %%, 2 glhsY
% %%, Srivah
4% <« $ 2B AL )2 3010 3




— 1995—2025 —
BIHI30RAFLEEEH

WA E R A

Aze &9 F ki £ A,

BT RF R

ot (F 2B AR A ) k) ) 2+ Al F 2
iR, RiEr— LA A SEEB Y, @k
g BB h LR 2+ REGSRFE, K A%
HEH R, G A RA, o

1 PikwE A LA AR WAERE, BiFFH

o xm i B thif B, B A AR 1A A SRR A TR,
?—i&,iﬁj-iﬂiljc—?"“-%u&tﬁ R BAL ¥ D A B3] %

24 & s, doske e, & (F A AL L)
%2 BT T AR AT R, 2 F AR ERE
FuAB, BBERMmIEIE T




g 40 Bexsi

C 19854 2H7H, HIIM P SAABRA F RS -
BEEI * o

> 1986 4 HOGRTBITIL, ZX-60 BN, T 7 AR SRR ATIE, ek A
19851992 ERGRUGH— AL

0 1989 & ZX-500 WA, O A A FR BN — G RCF R P 3Ll

© 19914 121, BRI EAKTE C5 RIECTEME B 500 | TECTIR AL ZX500 (A) BFRR, TR SR
: BRIRBURSITER , FRAI T B 328l AR im0 e, R ERGE T — s dim. Alt,
HOMITIEE b T AU B i 1 R R

ZEEHA 0 1993 & - 3 [, ZXJ2000 £ R AZZHALUI R, [F4E 11 7, 8 i 0 IF A5 i v & 1) 807 iy A Ss #eL i

o HAMVFAIIESS . 12 A, F2%RHEF ALt 5 24 mEARTE g A 18% (S OA) |, &
1993—1996 4 N

‘3, MRARGE 91T, ﬂllf“%Iik(%ﬁl)/AﬁJ'iﬂP CHYESEIB L R BT AU Tl IR A
IR, HE “EARET 2B .

-6 7, BUARABEA SR I T PO O AR, LTl ARG, BERBE S
b5 BHEALHT, SR, BREE R, SRR

<10 A, PRI I, PR R A R R T R AL AR, R RIS 2R
BOAEN], AARTEILRT, P2, R, PG, K, =W, B, KPR IRSESFHRL 15 ZWP5ERr,
Z ok SRS S,

O 1995 & -3 1, WX RSB IT R /9 ZXI10 KAk e B R4 S e LE VL5 S B BOT il S 3w 11 1,
: ZXJ10 BRAR LA B9 A RIVFRTIE, JF7EL S8 P oA E S E A H ATRES [ PR — LR AR 1 e 1Y
REFHLET .

- RS EPAGES s BB H N ITU ARG, 6 RAEE bR AE T 50 4

O 1996 F - 751996 4FH—Ulig TAESI L, 4R s LAy “=JhI” o 77 a5 S — A S LB 7 1)
5 Zoofur kg, HARTTWRIETT A AN  dis e, hENig e EbrignE. 3 9, W
A7 Bl 578

S1UH, SRR FRAEIT ZX010 TS Ra %0 H 5 RS 27 TR f FHE ARG H | i BH S e b
FIZepR “=BERE RO P RIS T 10 i i Stk bR Sk TR

- FROL 1C B, 0 A ERF RO RS




— 1996—2025 —
BH30AELEEEH

. © 1997 4 - 11 A YN PGB A WA TR . FFAERINESAS S P bl b I 5 (i
BIEZRE % Erliz.
19972003 4 | OGRS R A AR L 36 150 74T, BRI E R

: WIWH . A9 H, MBS — A 355
© 19984 - 10 17 H, FGEMAKEIENIAA A LHEIFMS 9 500 67T “Se4A” B . 2% B i o[
f A Al 3 [ PR AR AR S MR A B B R 1 TR SR i H .
12 H, RGETRIER A E, FFIRSATHER R, B ac B R . BEA SIS . B
72 A FAL R RIARTR P S AL 4 A IS, AT R . FRR . A B
: BT B R EEE 3 AV E SR, AR, 4k,
O 1999 &£ -1 H, AL S L SR EBGESIT T8 —1> GSM L1 J5, FFAEmJbfr e JFiE 1800M L5535,
% IEHEFE TSI, 1999 45 6 A, 345 GSM AR,
: <6 A, hRGEIRRIIF L E N ECE EAR AR 2 SO GSM FHL ZTE 189,
O 2000 - HGERGABARKHBERIT, [T AR 40%.
() 2001 &£ - PRaEIREITIE H/RE A GSM MBI A G R, BifG, 7ERILLT., R3E. JE AR, ERREE. HrE 2
: FREERRAF M, GSM AE S,
<3, FRLEREAASERE ZHL R CDMA FHL ZTES02, RAtHE CDMA & RHIH A,
<5 A, $2%EIR CDMA B3l RSP hrb EBGE 110 TLAR, 715 7.5% Misairs, ERXUEAK

MBI B
- HOGEINTE AT 54> CDMA RG], 257 itk ASEAERR 60 24N K6 100 REKIEE
[

; - HGETRAE AL RN P I8 PHS (/NRE ) LR
() 2002 £ -6 A, 24ER DWDM 7= i S P br i EAS s A B RIS Em R % (—#1) TR, Z T RMY%E
i I AEN, BB 2 TEAE, RYREERE RN DWDM W H, e 24wt E RS s — i E N
JT R DWDM &%
C HRXGETR CTERIET SRR, B EBE A BahEEOUR, PCS. NRBA S =2 —T
ity SefEmaussr g EN ER) BT, RETENMERTE TR, BdREGIEEEEEK,
ADSL 7= i i S I it i 20% .

O 2003 F - GSM Sl BRI ARRIHUAR TR P L RG22, SEBU AR b 7E P E LR B B2 R 0E

@ﬁﬂ%“vﬁ#iﬁ*jﬂ

5E B

Qsﬁﬁﬂﬂ‘!ﬁ}i.&ﬁ‘ﬁﬂi.
@

Lot g1k CTD-LTED

| N8 201592980 —
e r T I I ETEERER 00 S ud




i

-
FK
-l

AASiT

:Er'fé t 200 < HOGH HATEHE 4 1P G —F-5, SCRF GSM. UMTS | BRSSH A IMS 72 i, i (5 W2 il 4 J B 5 Sk
1 PLER CDMA FHLEE N T B AIEE —, RN S PERP ETFHLE 05— JOTH, &80 1 {2350,
<12 [, PLEIRAET RS AR T, SO E R AR H BT A AL, Bk b ERIE SR
b BRI 2004 425 B S PR R SR

2004—

C 200 - FOGEIRE T E B EFOCHKEE T TR (DCL) , WFEESIRE S ARZ . PR A
5 TR T A

DLE T 2005 4TS — TD W%, F1T 2006 4EITEM A 1] BBU + RRU SHidirimeli s, HK
fifede TD Kbk TR 28 K sl I, 8 TD Foll il B A R

<1215 B, i SR a S E KR SIS ENL, B8 RN T e 5 w5 S E R IR
EVERY T AR,
c 200 - LE TR CDMA 2577 S TEE B Reliance Fl TATA 2532 8 W SO R, 4 TR RBEED B = im il Yy, (HED
: BE A2 wl M AR R R i i — R R T .
: - FOGEIR S IRFEREZEENME ISACFETAETR , @i ek er=shaE M, o 24 bR ST E o
O 200 - FGETAAE P ERS B TD —WHEARI H B 51% M AT, W7 D H— %, 2 53%mHh ES
: —/~ TD-SCDMA (3G ) 35T 2024 4F A3k 100 10 “FLAIEENHS” Wik,
MBS EEA L Aircell £1F 3G ATG, T 2008 4 11 A IERMEHNV R 425 h R sl TEH R G M4
T&, BETERER . MR 36 ATG M, 72 E S e K.
c' 200 < AEY), HE R A ER e HE  SDR R AL, B EIE B AR, 51k TRk,
- FGHTS CSL SVEEF H R 3 2R E LT SDR 45K AT4 IP HSPA+ P4, 224N BRI R 3G [4%

© 200 < AEA), AR R AL AR — 3k ) R —4X PON GEEAY B A& ZXA10 €300,
-9 H, AGEREAR A EVFE BB R S ZXR10 T8000, 2 E N A I AR AR R 5 i AR T I f 7%,
=R R A BV
- POGEHARATEE E-Plus TCGM R T, Jo8)™ i B IR SR =it 11 355
© 201 - G TR S T Tl i s BT e M, &4 TD-LTE R, 5140 TD-LTE =k b,

- HOLETACH R H3G B 3G M4, RSB MG, B & PoeiE 7 RIS RN A5 X / B
Pl AR R 2% . A P IR 45 3
- 1 24EH CDMA BT #is 30%, EEERE N

© 201 o 2L A AR Telenor il R T3 VG VA2 E 1 Digi A 2G/3G/4G Gi— Lk M4, 8 T 248
A 2 K I 24 8 15 v ) RS 7

o 201 <11 AFI20144E 3 J1, hOGHIRGE S ARG BES Jazztel FTTH( — . — )W H , 30 H 4450 23158 7.5 1Bt
S GE TR SN A B R FTTH I H , 2 SRR TR U FTTH &5 TR, &
BI3E T B RIIRHEANE

©c 201 « RRLGETRI) A 28 nm T % LTE M3 R F4E, RN HL R ek sk ik
Z%1 RRU j" o

o 201 - R TR 1 5 [ AR T S 0 A ST B AT P

PLEIRK AT PreSG T i FHIE N
- FOGEIEDV AT IR TAL T, EIRTL TR IRT, 4G RFTRH K 25%:
- PSBUL TR IR, Ml SR B E AT AT =



201

2(

20

2(

20

20

2(

2(
20

20

< h
— 19952025 —
B30 FEFLE TR

- ST A AR T TR RERE A A L SR E R T S R TR ERURESE 9 MEK

B H WK P ETA R o F4E, ZEBERGE SR BT R m RN 228, WAFHT
160 A [E ZZFIHLX

- AEIERBEIEE RS (MWC) |, H24ETH Pre5G Massive MIMO 238 MWC SURH R —— “FefERsh

BORFRE” J “CTO Hef%” , FAE H ARSI RT .
DB Z PR RF] Wind Tre S IF0H , T H 40T 10 ACWOT,

< H G TR 55 DUAR RS shad 175 RS0 ( TD-LTE ) S AR 5 R 1 H 563K 2016 4F 5 R 45 45454
o FROYIE T SR i R i ey, 2017 4E38 3 UPtime Tier IV fg i 5905 AGE , 1l “—aF—&”

LA VERIARFT o

- POGEIE ST, SIS IE AR PRy, Bt S E TSk 2R iCenter T,

iz 9543k 130 ZAE M NSNETF -

-2 7, HRGHEIT 5CAERELD R RN, WEERIERE S 56 e o R4, KA 5C 2RI

FAF= G B SR i %8, sk 5G SeBAT USE

- POGEIR G ER SEETTES MRS T 4 F A —A> 56 Hub .
<10 7, EIRE E R B s A Ay, R CREBER, RIAF SRR, RISHRGE, RER

FETTSAATAT, MSEAL AR, P ORI, RIS TEUIN T AL R iy
) CSHBE SOHH.

« tPOGETR SDR Hu5 7 B IR IR AR BBU (V9200) , Jolk AU 4SS Rp78 B AR HLAE BURE i s

M5 . 4R, i 56 ZHEEN . SR EBBEER G, REE 56 MR Z 4.

» H2%IEIR GoldenDB %irdfs o 4 I i i Toll A SALEARHEDIIE, MON BNl 2, e EHRATE

Fr80™, HRCR B oA OB e < A Tl 26— bt

- THREN 56 M S, W24l 56 i mATR L 30%.
S 1A, RREIEIN SR 1151470 A BEE RS &, A ] 5G %07 st A A 4Bk S0 Jrdh Fee e 1 b

SRR

©2 A, MR BRI R, EUARE “H 56 il 567 o M, ARNTE THII. i, Kb,

W, R R AR, PRI L) 2024 AEASREINEAS “CHE 56 LT 5.

- 2021 45, FPRLEIRTCL S AL AE Telenor Ffillfz . VEON MBEVL . Orange "EAZ [ . TEF 2 H %5 2 = SEFL

R T B DX

» G IR 55 i S 2 52 S T LI P il A S I

- FFOSETRTE 56 SN A SE AR B 40 SR b — 41 2230 5 T E K AL Bl A4 (— 454 3001, 48 0 00 ) .
- HOLEIAERE % Real 400G BT ZFHANEPLN 5 616 km FRLEEHIEE L0, FAE, RAGSHKE

A 800G FIFA A C+L —{AMOEREN, B A AL IV A 4 o

- FOGEIRRE L S R T A BUEE, FRGTRRIE 1146 .



'.klu?‘i*?la &

~

l

thy!
4

o 1995—2000 4

L AUFISZI R RS

91995 %

6L ORI SRR, SR
TR CRXUERER) EREN, AR, B
 E91997 4

AL CREREIR) BOYRU T

~ £92000 4

CTHL CHRGEERY HKER
IR CRSEIREEAR )

E NS ATERAT,

llpgl

2001—2005 4
REKIKHIBE

£32000 ¢
10 A, CPXCEIREAR ) Bl SCRHEII PR e e

£92001 4
8 A, (HMEINEAR ) FRERAMF R T =552

£92002 ¢

9H, CHMEREAR ) PHEE 3 Ji AR IX LT T3
12 7, (R RE AR ) B BT (k) %
PR

£92003 4
12 4, (LR ) %3k m (CAJ-CD #iya )
PATILTS )2

£352005 4¢

L, CR2GEIREEAR ) S3K5 3 Jm E TRl
AR

10 A, {ZTE Communications) K 1ER TS, EHN4IH
AN ERAT

C12H,

‘mE*MMHﬁN‘-&)EEkEE

2006—2010 4
Efr b &z RRYAE

£ 2006 4E
6 A, (ZTE Communications ) " EH &30 (CIFD ) 430w
£ 2008 4
751, (ZTE Communications ) B E ( &H A TR ) Wk
9 2009 4¢
H, (ZTE Communications ) #3% [ SRR ( LABAR) ) (CSA(T) )
(&S
1, CRRGEIREEAR ) LA F BT
5 A, {ZTE Communications ) ##J72% (EFH/BES]) (Index Copernicus) sk
1LH, CPGEIREEAR ) K4 4 AR KL%

£3 2010 4E
5 H, (ZTE Communications ) 7 FE#Z.C1 ] (#51E ) s

L 2011—2015 4
. WASenhE
CE9 2011 4

1 A, {ZTE Communications ) #% 1 SCRM HH TR RIS %
© 3J1, (ZTE Communications ) 21t ZE4s, TITFIRISIAIR . BSTiElE

CHRRGEIREAR ) R AP AME BALIR 20102011 4EEERFERNHN T2

£3 2012 4¢

DT H, AN AR IR, IR A e A S
g 12 A,
: 12 A,

CR2LEIREEAR ) 3K 2012 FEAE A B X A 75 172
{ZTE Communications ) #%J%[E INSPEC 4RIk %

52013
C2 7, IESCHTISIA DOT IR B S iR
6, (ZTE Communications ) B¢HFEL NSD it FE s 5

8 20154

A, WIE I A TR R
30, Ch2GmiREAR )Y BEIER RCCSE (2 AR TIREN HFIE ) h
EB DA (A)
6 1, HERANT] 20 AL AR K i
8 A, JEAtSERER SN, B SCRIRESCRIES 7 MRS



e 2016—2020 4

. BREREFHE

£ 2016 4

6 A, ZGtt ST M tech.zte.com.en 2R

1073, CHRCEIEoR ) 3 R L RE RIS T4 A B {75 %
12 A, {ZTE Communications ) J& i ScholarOne Fi & BIY- 5

£3 2017 4¢

20, (RRGEREAR) 3K 20152016 4E R LHAE P55 1 T)%

3 H, {ZTE Communications ) #{RZH iz ) (Abstract Journal)
LTS

£3 2018 4

8, Zraithse Mgz 2 dtm , ST SCRIFIZESCPIES 8 Jm e 2
9, CPEIREAR ) B R T

10 /1, {ZTE Communications ) P 2018 vl [ BREZMT S 752 AR
WA

12 7, (2@ AR Y F1 (ZTE Communications ) 528 T4 . £
0 R B A B

2

55119952025 —
BH3OFELETHTH

8 2019 %

2 H, (PRLERIEA) Fil (ZTE Communications ) 35 1] F1 3C & 1 7L
R e T

5H, CHRGEIEAR ) B HARFEBEARIRWUERE (JST) dog
6 H, (HXGEIREAR ) ABERYL A RILFIE BT 70 ARG ah
LIRS

9 H, Z4EALRIEBAESS 15 m BRI TR IR A P G 1
LERERIS I ERY

10 A, {ZTE Communications ) #{3F 4 2019 1 [ [# 5 52 0 11575 2
AT

10 7, ZRakEhigie 2019 S M2 AR W RIS IR EA - 20E
YRR T2

11 A, {ZTE Communications ) 457 M} tech—en.zte.com.cn |2k

3 2020 4

3 A, FIHRRE AR T IEA AR R R = RS B

3A, JPE RIS 8, MEAER] 5 500 240> HAREE HEAH
44, JER N =R, RIS LiE gl

8 F, HREIT] 25 JE 4R &R

é 2021—2025 4
 (EIENIRANAE

|9 2021 4F

LS TERHP R K AR P P AT AT
6 11 AT G IS LR PG 2
7 TR L g

T ZERUI 10 (PG R SR )

O ZERSORAT SRR, B SRR © B A

£ 2022 4

2 81, (R&aEiRdEAR ) i (ZTE Communications ) B

21, BESCTIAE (RIS PR de ks (WICT2021) )
2 7, RSO R AL R EEALAE S (T B RO T
IR HE ) T3 9%

8 A, EFHS “ENETIHET WH L RAHP| AL IR

9, PUTEIOHIAZ A WK S AR R S R
G RIBISIE" SRR

1A, PCRRREREE Pl AR T ke
12 7, SESCHIE AL CREGI TR s 8t (WICh) )
123, (PRLEiRER ) Ak 72Eey (i FEoR . lEEoR
BRI H 3¢ ) T3 2

12 7, dhdescmiii 328 Rt SCARE (ARG SRR )

5 2023 4
LH, ZErd g E I B OGmRE AR G R e P 2 B R %
L, 3T UHFELFRBNEMER

21, et SESRBEEARBIN RINESNIERHS)

3 A, AEALPET TG ORI 0 LR R T e 28 7
pipilES b S

3H, BRI RIISCRIEZah, § RIS

5H, JRbHEEE 14 A7 2GR T HOR L G20 BRI I BA
1A, st PR EEE 2 fE A R Ry R
121, (PREEIEAR ) BRAZE (PCeb T E B )

£3 2024 4

41, (HRRERIRER ) AL ER O AR

8 J, MBS, HEPICTL 10 MES, WEMBX
116 A, A 11 AiFBekit

9 1, (PRGEIREIAR) L 16 4 AL ERHZ O], HikA
& € B R BT )

10 A , {ZTE Communications ) #% [E PR 5040 % Scopus s

124, (PXMERFEAR ) F(ZTE Communications ) AL H 38 5
oA (R RE E U Bt R I H 3¢ ) T2 2

12 A, (PRLEREAR) Al (ZTE Communications ) Ak € Bl 4
Tt S DR RS (WIC12024) ), {351 Q3

85 2025 4
2 H, thSESCE T TASRHG TR
6 F, ST AL 2025 BIBF K 01 T

R —



o RESHE -

PXBARAREHE 2129 REZSHET

¢RARBARID SR ML A C205R R EEAMTG 4L

205K §R78 Fh

0 k&™

B2 XRES

2016 4F 8 J1 20—21 H, W 245E IR AR 254158 22
WHRMBRAERF T AT PRI KRS
BB B, SUEA, WA
e e AL S H 2 i SUAS AR T ST S 2
SEAE, WP EIRAII A B B JERTHR LR
SFHA G RIRUIRHL R A AR A 3 A S
SN

TRAREARIR L2 RAZARE7ATRAR LA L

2075 §R1za 5K B

QBRI -~
B 23 R mES

2017 4 8 A 12—13 H, H 2%l il 4 R 42 455 23
WHRBSERN T A, h2E R R E R K —
RS, SUGEE—5 0 T b i I fle i
Th— AT Wi BB A5 R, A — A 5 97 7l
B, #—AEm A .

Q #Wm

%821 RmES

2015 4 8 A 7—8 H, 245 ilEE R ZeaEAt s 21 K
MBELSAEFINT AT, ML 20 4, 48

WA AR e RS0 6 MR IR E ML “FF
TR, B ARSI R .
PR 15 g, SEREE T MmESE. Nk
FEHRRZE A A A ) 20 4R & mit

{

—

¢E2AMBARE RS2z Rt &M E2006 AR R ERAMT 4

206X 5R208 46 A




— 1995—20256 —
BH30AELEEEN

QO maem

£ 24 RRES

2019 4 8  17—18 H, 245 R4 AR 425415 24 Ik
WMESEWET B, BHEARIERERKRFA¥INSHK
KIEE . N AR T TR ——SC it
AR P 2L TR G R R TR, SN T 8
PR RTE DL, W T B SOk LA TR RIS E 2
o ZeiBabilig 7 48 E I B A B AF L S P PR R
TR A T R R 2 R A4S TTAE A

SRIBRRARSH LR 24X RN B 20 1 9B ERR AT &

2019.817 1 ZS

Q @i

Sy PN

% 25 IAﬁéz: RGBT AR RIS 25 MRBSINE 2020 BEAARATITS
2020 4F 8 H 22—23 H, HXim iR R4 E 45 25 FIEHEM.2020£8 A 22 A
WRBEBSEERMT B, ZESLE, HMEAF#HDS =
K25 [ BN T v X6 TR AR 9 R R I DL
ZR AR T 3 G E B [T 0] 25 ARk I KR g
B, SRR P T AT T A AR, REAT—
BOAK, FREMBOTFRETFOEE, PR
it , R E SR A IR AR

9 2w IR L T :
£ 26 RRES BB 26U ME LN E202 AR R A EA

2021 A9 A 11—12 H, "% il 4 AR 24 456 26
W SAE MR IF . TG TG 2 i PR K2
AT P PR B SR AT e Rt R K2
BRIEIRHHZ N PP, 5aRERSEE T A
AT PSR RS E R, —BOA =2
WA VRS Al I PIR R AR, AR T ZE Yk SE 1
R ST




Q BmFm

56 28 RRES

2023 4F 8 H 19—20 H, 24 iR AR Ze 426 28
KMBESEE T B AFBHMLERFKZA%H
JiE 2o i A 5 b RN 5K B L o0 B AR 2 AR
L, AR KBRS ZEmMH. R BRIGSE 16
DL NG FRFE RR TRE N FERBE, AR
B YCR B U BRI R BHR, SRR

202 EEHREATIIS
MAEMEAREHB20REE AW

9 XEm

56 27 RRES

2022 4F 8 H 13—14 H, 2%l iR AR 22 EAt s 27
W SERIET A I A F AT RS =
SV T 2 R R RIS L. B
LRk . &f . BRERAE 16 MEFRFEHH BT,
5G. JLFEH . HAEHEE . MAIRIESE N M T
FEARMA . Est iR B E S e A 1
BHELRBERE

Q WiIm

B 29 RRES

2024 4F 8 J1 25—26 H, HO4EIREE R J2 525 29
WRESAETITH A IF. SUAL T PR, 4
ST TIIAR AR, IR T bSO T B 4R
R AR . SWSER T REWUR, 10 RLHHE
MAZEEAE 10 MAELS . BHWRT ERERG
R 2 AL R R, WA A T L
SRR A IR 2



D’ hMEPIE A (ZHONGXING TONGXUN JISHU)
Z Sk MEI1B4E 2025F 88  S4H

PIZINERH PERKZIVETH S=BERHHRENERST ERBETATFHSIHFEHRT PRAM. DHEE EXREEEHIEFWRET 1995 FeIH

MEET b | B G RASEER A
01 HiaEZ W, =IREB, Dt
03 EEINzNEENEE BER, FEIRE, =B, KE
13 BERSEAEENENE XBRERAK SpsEIT, RPN, 353
19 6CHFZEEEN="TFRERIA : DAESREAD IMNEANRF KRR FH, KEE, BRE
29 UmBIHERY 6G AL Al PXLE Fi5g), BSEEE, el
34 ZEBEAIMERAIBVIVIR EEE XRE, FRRE, KXE
41 BFAETVREINF BN ENE R IE AR i, 52, BFERE
ZFRMN= > 48 6G: NBEEIBREEMS X158
55 BEE T —HRXEMEHNEITERANAR BN, XIFg, T|EF
PUMR > 64 ATBEEASHAES BN, B, BEE
ZEEE > 02 (PISBEIRFZARY 2026 FEFITHI

(OPRGEREARN2025 FRARLERADIRARIIA

1. 6GIEAEEHA 3.6GMERe 5. M) Al AR
TEZEIFRNRASHIE TER RATSIARASIIE X PEREHF—REREEUESEER RIDE
FARBIFRRASHKIG BT ERMEMAEAASHE TSI JCRBRE AR HIE 38608

BERSHE £58

2. EEMERERHERXEBEA 4. BR6GHEMNBERIBPERFHAR 6. F—RLEMBEAR
PEBDHREERK RixR  PEIRERRELJCREBEXRFHR KFE BB RFHER FEY
BERZHE =N IERBBERFEIEE =R PEECBARBEIR BERk
BIRHIKSHIR BLOS IEREBEBRZEE S




N\AlN CONTENTS ZTE TECHNOLOGY JOURNAL
Vol.31 No. 4 Aug. 2025

Special Topic »

Expert View »

Enterprise View »

WMERSE

Timely Robotic Communications in 6G Era

01 Editorial ZHANG Ping, QIN Xiaoqi, MA Nan
03 Intent=Driven Intelligent and Concise Communications
DALI Jincheng, QIN Xiaoqi, QIN Hailong, ZHANG Ping
13 Semantic Communication Technology for Railway Intrusion Detection
GUO Jiangyuan, CHEN Wei, Al Bo
19 Three Enabling Technologies for 6G Digital Twin Channel: Multimodal Sensing, Environ-
ment Knowledge, and Large Model YU Li, ZHANG Jianhua, CAI Yichen
29 6G Al-Native Network with Edge—Device Collaboration
WANG Zhiqin, ZHOU Jizhe, HAN Kaifeng
34 Multi—Agent Cooperative Perception: Current Status and Prospects
LIU Genjia, CHEN Siheng, ZHANG Wenjun
41 Novel Generative Model-Based Machine—Type Semantic Communications

CHENG Nan, WANG Xiucheng, SHEN Xuemin

48 6G: From Communication to Integration of Communication, Sensing, Computing, and Intelligence
LIU Guangyi
55 Optical Computing: Advancing Next—Generation Optical Network Applications

LI Junjie, LIU Yuyang, HUO Xiaoli

64 Frontiers of Artificial Intelligence Technology and Applications

BAO Yiming, LIN Yang, TU Yaofeng

HAFUEARSE . CN 34-1228/TN*1995+b*16+74+zh*P*¥20.00%6500%10%2025-08

FEEMARNENRAN, BEEXR, BFR. MERMEHFEREN, FUNEHEL2 LRSI,
REFHFY, AEUHIXNENEBFHAS; WEDSIBFHAS, METZASLEST,



E[F 6G RIS B E eV 8RB S A |

B 6GHIS I MEENIHBERA W F

BRFIR

crssmsssmnmenss, (ETTETYNGY e

N T RELENL AL )2 3035 B 5T T HLA R g
K, HES 6G S RGP WEET MRS RSZRIN AR
MR R Al [ 7 IR RENLEY . PUTE] 2030 4F,
PAETRES . Tl Las AW AR AE REDLaRE (5 e A it
SRR 85% . MUBLHE R A REALARICRY , it x5 B AY
BT, SR b e S A TR, MR RESCHE
TET X Py Bt RS AR SR8 . R aaE BRAL B, SR
T, AT AR I A0 368 5 AR ) 32 2 B iy B B U T A
IEA, R RENLEEA DS R AL T E AR
&, WHEGARGR 2Ry, MELISCBL 8k
i, R — UG AT, AR R RETE Y A 1A
MR, AP HAR, HEShil S Mash AR E™ 1
CERETAX” ARAHL

TERCFF SR, “RUEE” AEEEE (ComAl) iz
Mt . ComAl B 7EFTH AL L5 158 BEAH 2 B BT A,
PATH S5 B M BE A, Tl SGE U | T8 AR B4

DOI: 10.12142/ZTETJ.202504001
ISFsEHE: 2025-07-10

R R, M CUSERRET R CAET i ER
o HEORE(E RGBT HER N AR THECh
TR SCPRILT, iR A O PRSI A R, AU TE
R e, ST OCHE (S SRR, SEBU I LR
W SR RIS RBRTY, LA 2 8 REHLES ] e AL b R 1 5
Ko IEWESUFERIEHR : WERGEAH B Jrmft
b, R RE AR R A AR, I BYPRBEE I S A
Wt XAMUAREE B EBOR A E, EREL Tl (52 A
CEHTYT W BRI BIBE.

N T HESIR X —T7 A REACRR, ARLEL T
6G [ IR RENLAE R HOR” Dy M, [FZE “LIg (e "
MRS, L8 TR AEfE . ATRBE. AsERFE24
G EIBTSE BN, SRR BEYLaE F ARl i
HU PR . L IR 6 RiAURIEIR SC, AT i e B
B RGBT SN FRATIIER I LE N A RE 1 Pt
AMERZE . 6GHIRRAMUET “fERER", HFLET
AR AMUET R ARG, BT TR EIAORIE. A
EARLRE X — SR A S BTk ) i

PrG@EIRRA 01
202588 E3IBHEAH Aug 2025 Vol. 31 No. 4



RRER B 6GHS I ME RN SHBERA

'R OA G N

Y, DEIRMMSRLT, IRMBEBARIZHE. MBS AE
EERINETE, (BEFR) T4, IEEE Fellow, IMT-
2020 (5G) EXRLEMR, IMT-2030 (6G) HIHABEBERS
ZR, DRERNFETSZ FARBHA” B3R, KHED
TRhBEECHRAE RS, NPEEEEARAERER
M5 SRS, SEEREREMARERETR ( “973”
D sREREER. BEXaRARRERITI ( “863” 1T
FTREZHEEZRS, FEZRRETRFSR. —5&, BFK
AR ER TN, RNHIR_ER 2N, EMPE LR,
HETIERRRERIN, NEHBETE “ERTEUNEN .

FIRE, LRMBAFEHE, ERAEFFAT, PEIRER
"PEIEALAEEFSE”; TRMRIDONTENSRES

KT Z

EMBICSREEA; TREEERERMRTIIINE. EX
BEXARNFESE LINB. IRHEANZESMESZ TR
nE; REFPNEEZZERFRA—FR 3N, REED
YR3IM; BRFEN130RE, 2SHEBERME2IT. Tl
FRE 4106

5, TRMBAZHR. NESRMEAZEERFTHEN
R, AEEELLEENHRAIRMERTNEELE. PEMN
BNUERFEERRENINSEUREEZEIEEERT; TBM
SlBEERCINNEANE, BEEMIKIETIENEE
B0, THREERESNIKRAS; ERF4MEREABKIN
B, SBEZFNEEAEMI M. EXERRITRNIRE 1 I1;
REFNEHIRTER. BFRUZMR_FR . 2B
FRAR—FL, URPETAHSTFOFRELIN,

ZTBEER
\\/\ \ ~ (=] \ N
(OPRaE AR AR) 2026 ZFEETLTX
R LTS FHIA
1 A pe— e e p————
LT s
2 FERTABE EESEERA % 9 g%ﬁ;ﬁ%k
3 SRS NER TEDESEERNEESS
OBt =L,
; RIERABONEERA ggi ggigggé“ﬁ%*%ﬂ*
St REASES
5 AR EERIEEEA EPE IR HE
TR IRRIASEUE
] o in T B EASES

SR RRBAZHR

02 | RGERIAR
2025588 5315545 Aug. 2025 Vol. 31 No. 4



RRER EERENEBERE BER F

,§\.qEEjJE'J f'éj 1|=|

Intent—Driven Intelligent and Concise Communications

#% B/DAI Jincheng', Z=BEEH/QIN Xiaoqgi?, DOI: 10.12142/ZTETJ.202504002

Zi87%/QIN Hailong', 3KkF/ZHANG Ping?® PUEBLERRIGIE: http://kns.cnki.net/kems/detail/34.1228.TN.20250716.1528.010.html
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2. ERBEAFZ MBSO M ABTRERFTHE, PE LR 100876) WREEH: 2025-06-05

(1. The Key Laboratory of Universal Wireless Communications, Ministry
of Education, Beijing University of Posts and Telecommunications, Bei-
jing 100876, China;

2. The State Key Laboratory of Networking and Switching Technology, Bei-
jing University of Posts and Telecommunications, Beijing 100876, China)
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Abstract: As communication evolves into the 6G era, traditional paradigms relying on physical resource expansion are increasingly struggling
to meet the burgeoning demand for intelligent and ubiguitous connectivity. An intent—driven intelligent and concise communications system
is proposed, which seamlessly integrates insights from cognitive psychology, information theory, and artificial intelligence. Using semantic
tokens as the basic representation units, the system establishes a communication framework centered on information utility. It incorporates
intelligent agents with perception, cognition, and feedback capabilities to achieve context—aware semantic modeling and compressed trans-
mission of heterogeneous data. The system’s key enabling technologies comprehensively include semantic encoding, intent parsing, robust
transmission, and reliable decoding. The proposed architecture supports differentiated communication needs, including high—fidelity human—
human interaction, efficient human—machine control, and collaborative multi—agent systems. It is particularly effective and robust under
bandwidth—limited and dynamically varying channel conditions. This study reviews the development trajectory and technical foundations of
intelligent and concise communication, providing theoretical and practical guidance for building efficient, general—purpose, and sustainable
communication systems.

Keywords: intelligent and concise communications; intent—driven; high—efficiency compression; robust transmission
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BE: KBNS SIEEERIEE. WIEEEONE, RBE T —PEFIU Transformer IEBNIE Y IBEIER, IERE
WEESESSEAXRNBE N HEFENSESBMER, SNEOFEESNSHESHEMNENERER. TR ES7SIUMEE
& DHEITS, SZIERSESAIWIND BRIS AR SHIDTEE TN . BREE, MMRENEEIE Y BEERETENSHBIRS
RIMZBEERT MIEMESESHARIUBE, FERERIAEREEMETREIIBITMNSEA TSRS, NIRRT HRREREmE
AAEOWURD T SHEBRERH T HoR AR,

X2R: NBIHN; BYEE; RERGEREERS; 58850

Abstract: To address the challenges of low efficiency in transmitting massive video data and suboptimal detection accuracy under complex
channel conditions for railway intrusion detection, an adaptive semantic communication framework based on Video Transformer is proposed.
This framework achieves efficient and robust task—oriented semantic information transmission by conveying highly task—relevant semantic
features and integrating a channel—adaptive module. Experiments conducted on a constructed real-world railway scenario video dataset
show that, compared with traditional separate video coding and joint video coding methods, the proposed framework attains higher intrusion
detection accuracy under various additive white Gaussian noise and diverse fading channel conditions. Furthermore, it exhibits superior ro-
bustness and performance gains in low signal—to—noise ratio and complex channel environments, offering a novel technical approach for en-
hancing the video analysis and transmission efficacy of intelligent railway monitoring systems.

Keywords: intrusion detection; semantic communication; deep joint source—channel coding; channel adaptation

SIFEIN: T, BN, 5. BB ARKTIIBNE N OBEEA U], R OEER, 2025, 31(4): 13-18. DOI: 10.12142/ZTETJ.202504003
Citation: GUO J Y, CHEN W, Al B. Semantic communication technology for railway intrusion detection [J]. ZTE technology journal, 2025, 31
(4): 13-18. DOI: 10.12142/ZTETJ.202504003

Sk, NTERE. WHKMAET LGB FRORIR R R A RO B, R R R AR, B T

Mk, HEsh Tk RS B REAL A TR R
Ho fE RSB CHORZCE” SIS, Bk TR
PR ) A BAE ORISR RE PSR R B B
T, BT R GV BRI AR R B SR Sy, Tz
TRET UGG W R, Gl DARELG O, RIEE AR
WL T PR RIS RS RS,
TR TR RS2 | v R 5 A A B I8 i 2 2R 2
PERESRTHAAZ OIS, —J7 T, UG RERZMESE

EEm8: BXEXNZEZNE (U2468201, 6221001)

AR AEFEXAFET s 7—TJri, SRR il 5B
BEIREAO,, SZHIHERS . Mg LR IIFEE N R
ARSI, 38 £ (5 R AL TR RS, X — 2 1 e
e BRRE 1 5 T WP REAT 55 AR 2

TERRBS B RRIAUE S h , ANRASIAE R AT 42 22 4l
Bl W2 —, 1EH 2B HM . %4555 B Rk
TAREIE AR PA X B A B . Sh sy, B A
RPEETF L ANRAGIN R GEH H AT F e 30
Sk DXIAIZRME . B PR E R X R TE Rk, DA
TAFFE T, SR . YRR RE . 2R, Bk
AR RIS Z PR —J7T, ARFRET RARE

PGEIRRA | 13
2025F 88 EE31BFE 45 Aug 2025 Vol. 31 No. 4



BRI AEATNEYE SCBERA

\\\\\\\\

PERIRR B, BEOR R 40 Hoa% 1T 1 000 P9 25 1R 5 B g
15 Ji—O7 M, RETHEAEGIRZ R ik A b Sk
HE | R E A SRS, 3 o 300 B O SR R A L PR
G B I, SCEEROER ARG, TR LR
BRSNS B 1 [ ER R GERR, RS IE R IR A e 2B 5
TR R AR SR

1 $REE N BT E IR AU Bk AR

1 58 1 B 6 A ARG DN 7 2 = 2 1ok 5 PR 2 4k RO T
B, BRSO T A S 0 R SR A AR
{HE5 5 8 AR R PR RE o JE TR BE 2 ) I AR J7 v
PR R 45 32 0G0, A T B el R s e S8 PR A ot 52 2R
EARRI . JE T UG A A ARG DU CIE Bl A FEUR 25 0 266 A5 4 2
) 248 Ab B A ORI SR R T T I A AR A6
DU BERE TIHT AT A AR N [RI4E B2 i St , T4 T A=A
DPKERE , (B AR S R (1 I 2 SR A BT IS TRI DGR, 3%
AR TETT SR BT IR 52 R A R I 45 1 & BIE 5 is1Tix
P2 T i 2 PR

T AR, — AT R R R R R R
HIERF) ~omR S5 . TR A, WG ARy A L
A TCL AT AR 2 R g5 A, B AT S 2L AL 3
FAAZAGI o SRTT, 1207 2R 58 B AIRUZ A% i 2 < i
AR E R SE ST, 1 H T REEIRNE (0%
BUB ., RS SRS T, fFAERFEITR, SEUE
(ERCEIIART o R, ARGEItE S R G085 R
FEA—(F 1B e — U R Re R A ERATA, HA
BUEAR R (H.264, H.265) FEHILSRRIRZEIITIL
b, KRR E U R AR S A G, SRR fE R
BRRETHER . FEIEMRAET, BT n ol &
TR KR R, BE— D REAR T R SRR (ﬁﬂﬁﬁﬁ‘
W A7 R0 0r) BvERe, o9l &R, Beﬂiffllﬂao
Ab, A O e B T R, lﬁifh e
BPMG A S E RE A, W AUR G A R B L e HE R
. HAT— PR R AL AT RS e
RARBIRCR . T UL, SUREES
Fh AR Al M v e b T HEPE, A
DAMARAS I fift AL GEAAGE (5 R 52
TR PE BRI 29 ] L

1"!5%7*$£FEEA‘ FHARE AL :! ‘==
R AL, 15 SGE{F RSB “‘ :' ';‘
Z B AR FUR L B Tz R
R %3 2 3 5 7 A A o AR

14 | RGERIAR
202588 315548 Aug. 2025 Vol. 31 No. 4

IV‘&LQK

/0 = A KB —rd

ot
o]
&y
|FE|FEJ
S
d

LR IEE, AT R T R
G TS BIEA ORS. TfER R RT 5
ASCBIE SRFAE, 8 ST 7T AT RO (SR R, W1
ST, T ORRE T AT A MOREAES . HAT, 0
(EHR BRGNS . BRI . 5 BSR4 PR
LT HOMERET Y, SRTIT, 7 BRI ICRERYIR B B2 0%
SER | R AR, TSGR — 51
BRAR, B0 T SRR . SO AR IR (i
T R T 0 B RS I, R 2 B R e
Lt

RSO M S (R 3] A BB 5 T 5 A ek
AR — BURE BT 45 , 4Rtk T —Fh i 41 Bk A Bk
T ST S R . RS A VR SR
AP LB Transformer f 401 T % , TERBE(GHALRNY
R FHE S5 SRIE . SBAHE— SEFEE LIRG5
FEE M, PEHE T DA O R 50 3 5
Fiht, DURTHRBS 2 A RS T RO M btk it bk
BB DX S5 S OUBTRCRAE A SO P ML HERE A Rt
G AL T T REEAE, Wi T 07 1 BB B
(SR P IR

2 BEFiE X EENEAESRIZIT

2.1 RiEsy

ARSCHTHE B HE SR T A 3 DA

1) Rikumis COmisas . TE et gk i & amat
s b, ST BUR LRI 54 55 AR DG 1 SRR
fiE, FEGRAD A A ] i ;

2) A5 A R AL - 8 R LR A )
WIS hyah BC G2k 8 R A A AT, BESR P THhE

3) HeE SRR A RS T 2 I S5 7 s
Huly, S5 NIRRT 5 il R s L3R, P58
NGS5

FRERRARIE 1R, FES R34

LJ__IF )
Mﬁq:ﬁ% $J/)H

%fﬁ ’éim

B EEEKBARKNE SCRERREHESR



\\\\\\\\

D) B\ SE, Kk v il AR A A AT LSRR R
x e R o ORI AE A, RIS B, A3k
RPN TE L o 3 3 P AR 3 S )
LT N, A0 Transformer JE A 4 B 5405 Trans -
former AUALBEZSAL, R TRRARTHR &, « B 5B A B Al
) AE FE R 0 o LA BT T X p X p b T B, 4R
T A S g hab P ik s A SRt s
SEg R EE AT R e R EE R (FR L. 17
TERANAE) LIS, IELR I« T4 U 55 R G Y
TRIZOUEE LR y € R JHovh d S SR il
TR TEARR IR PR AT DL IR N -

y=E(xp) (1),

Horr ) EC) il LR, poheifmiEs e, Mifs,
TR (R E IE SRR y PRI S EUE AL A —
MRS, UERGIERAGS se C" (m MEELRMAT
SRR ) . BIE— NS AL IR P, T BR L
2, TN s A TR IS — IR BRAE LI L R 2 s 4 )
AP, Q.
Lss* =P (2),
m

2) Rkl H—fb)E A5 ER A G S s IBHIE 58
B HEE A TCA MRS {5 18 Kk 2

AR SRR ICE AR 8 N Al E b A, B s By g
FRIE SRR ARTA . I T e s (5 AL R T AR
TN

s=s+n (3),
Hr, sHEERBES, ne CmRMEFRE, A& m M
MR & A CV(0, 02 T) ST R 0 AL R, o Fnbs
i, DRSAIERE ., 2% (IR R DIFRR R

EFRISAERATNEYE SCBERA SRIBIT F

s=hs+n (4),

Hrr, he C'FRFEWL.

3) Hloin e EER INE T s, IR A TS
it R A SR AR o TR 1 LRk y e R, B
Joi B o R B T SRR R R y SRV SRR, B
T 3k e e M S JE R Y 53 26 S AR BRI Dy AfRAEA
{RAMEA . SR Cmt sl , i SO a5 N, I
Transformer FEAAR IR, JF45 G5 Ak b 2 0y Se S0 (5 18 15
RSB A AR . TR I AL PR AT LR IR -

p=D(5.n) (5),

Horbr, DC) Rif RS RE, wol e Sl e, pe Ry
N RAGIMHE AR [ 8, FR X ARSI o AR EAR AR Y
ATREME . HAT e AT REME AR B ) ARSI ZE R

¢ = argmax p, (6)
Hrr, p2oRp i i1I0R .

2.2 EF 85 Transformer BI1E X 4R fRAD

TERRBS A REMAE RS, ARG AR O HR e T fn ey
NI F AR P e | R U HL S R R AR
Hir (IS EREmiy)) o 1L88 7 R AUl 22 1)
O, (A2 R TR 54, eI
A LIRS AR, ML, ASSCHE B TS Trans -
former (115 SCARMRRS N4, S8 2220000 H R L], 58
X B 6 M A TR ) e R SRR I i 5 4 555 1) ) T 4
ek .

MRS RMARH Ly, WA Ey . Ry 2D
(9 WA Transformer B A0 #RARAT , ANI&I 2 fr s o B> A0 0
Transformer JA & 3 AMZ O 250 [ B IR B (a]
FIERE B L R it i 2% o Hit FUbR il i 227 B AR

SPEEEN EE)EE=va) BEES
R R RS
0 0
= = = = = 2| |y
Y B % k)% E % k)= £ B LT
w =] =2 " = = " 7]
w i i fk il
B2 A Transformer HREVRNLE L5414
BB

| 15

202588 ZE31ESE4H Aug. 2025 Vol. 31 No. 4



BRI AEATNEYE SCBERA

\\\\\\\\

ZH., AEHEMIE RS S P AR AR SE S 5T
Ho Hoh, =3 fa) H R R s 6] 4R B S BT R 4R
RELMNRRER SRR, RIBARBIRIIEE .
P8RS E . 250 R BT8R E, SIARE A T
B LIS SEMUE] AR FARIOC R, 2 A HARIZ 3l
Pl ST R fRm, FIRTRTS 2Rl A I 2 R E, ST
PRI AR LM ERERE ) o 5 IR BIA GBS A AR A5 T BRI
TEAR SO 2 AL f 2R M vp i i R B NV, = 2 S B
Transformer 3% 7% b PR 11 2 U5 3w &8 & N, = 10 4> F 5
Transformer LA FER

2.3 BT AW S BB R

BB T IS A R 4 BB L,
LB SR R AT, BN (M HL R e D K
P PE R 2RV, ORI AT MRS 20 T
S BT R TR, TR T R AR
T 5 fORS R AR E 1

I TR AR, A SO IR S S A
G T A B RS R R H A TR
T B SRS I (2 L RE ) T A
ORISR (B, BhAS L S A
RS T2 3530 46 P T R M £ 8
PRI S0 LS P S e . OB S0 (250 12 R
T B TR br MBS TR,
TR RS I S AR A B

P O30 13 17 e B — AN TR 27 B
SRR, R LA e DUy HE S B 8 e £ 18
A S R — LA O S S SR T
AT SRS 5 A A A P S L A
T 125 AR S B S M 4 AR AR

FURTIR TR0 1 BRI R PR B SE e it 5 %
HOA B T AR M L (2 1 T BT X 4

1) GRS MR (500 LEE AR, A
{87 LT R T, (3530 TR PG
BT £ B W T B (5 L
(0 L BB R T 15 SR L N
2 RT3, I N
R R

2) R B A 1 RE A 1
OSRTEZ ey (e WY (v
e e LRV ZR AR B BE05 (53, 10
(ORI — O (MR (L, 7

16 | RGERIAR
202588 315548 Aug. 2025 Vol. 31 No. 4

ot
o]
&y
|FE|FEJ
S
d

DA 4 T 7 i 220 11 5 3 4 S0 2 R PR RO A5 5 B SE PR 52
(EL e, PR ERem SO PR SST SRS opr R SR
BT S A B AR B P S SR . D, S T
A IR IR S A AR A R AR, AEARZEA TSt
R VE N R FE T 2R, B IAT “FiE
FAUBREE" KRB B R SUR R X R IR HAY %L
{EL, TS 24 i £ G0 P e A B R v Y (o A1) L SRt
85) BRI AL R S ALY BRI SRR AR (AN TIT RS | T 3
BRIE NS AUENERREZE . SIAMRIERARE, REUHE
BEARAS R TR A PR AR A SR Z U, 4 J5 SR 8 N
AR SRR TR M

518 IS WA S5 AN 3 TR o 4525 i — 1240
Transformer $ i Hi 452 1F y: € R%*" Xl" d; 26N FEAIE 33 T8 8L,
1, X L FTREFIE MR SR T 2 )2 O LAL BRAE I L K
FIEERNERFIER R, RGN T Kb, (Rl
rR— R, AR N AFIE A (5 MF AL XS
N 1—5 PG ERR%E) . fEMELL (SNR) h—MMFsdul, £
AR LRI B, A BRI E R, AR R
FER, FRN:

= concat(SNR, r) € R? (7),

Hirp ) concat(*) RR G IEAE . p A2 YL BRAS 21 45
N T ae RSB e R, FRN:

[a,B]= MLP(u) e R* (8),
Hirp, MLP() 678 B R 2 e 55 )2 DA K v 8] g HE 21 %
T A Y 22 )2 AL

MG, a. BEEP RN RY — RE VIS a2 RHE y,
HEAT A B 4 0 S B S SR A, AR R B R RR AR
y, e RO TR LR A0S R T LR RN |

y=aXy +B 9),
Forp, ORI+ 7 3 TE 4 5 (1) SRR S5 oR AnsedE

ACH, B Transformer FEASZb #EE 5 #4i A—A4>

SERA

SNR:EIE
B3 (SEBENIERIEN



\\\\\\\\

{F18 B S WA DL R R, DTS X dmA Rl
A FERE SIS L Y AT E RS . B — 2 EE & —
43 Transformer He LA K —AME 18 H & WA,

3ELBWERE L

3.1 IWiEE

AR SCH T — A B SR SR BRI
FRER TR RE o BAE R AR B R N 65 4> S Ak i A IR X
(i3 7= B EARHLLE 2018 4F 12 F1 —2019 4F 4 J1 SRAE1Y W 4%
RIS ) o 3k 2 X I PR MG o S NS R 2%, e U B i o
BHREALE 9 197 MHEA, RAHEASH 8 ML LE IR AL, I
Gi— R PR 224 x 22445 %, AT ISR, BEA
PAS L Bl o il R e Fnilk 4, iR AR S5 IEAR
FEAAE A5 S T R Y o A0 Transformer 5B
25 AEER APURIY R E 8 M Sk, AL AN 64,
W SCRFIE B EECA d = 256,

BRI O A R, AR S R vk
Lo, AUAERRARAC A TC 2R RN AR . B G H.265 USRS 2 &
(EHEAREMITE (1 FFmpeg 17 H.265 4if%) , LI K —
P St i BT IR BEIDE 15 VA5 1 i A AL A2 i, )
BF, FRATTET LG T R BR {5 IS WA e ) SR G I AESE , DA
M B T S R AR PR 25

AR S T T R 1 3 D B 3GPP HhE LY 3
P e VR (5 T8 R AL . T B EI7E 0 ~ 20 dB (1
TRA MR A PRI, ELAEPEREPEAS 45 7 ik
MR SE IR (AT 540 —280 . gk, RAS
AT 55 LR 28 UL R sR AL AT 288

3.2 LI

Pl 4 JR7R TSR A T A M s A3 R AR
DAER XS L, SEIRAE SRR, A SCHR T AiE SGEFHESR
F T E e guil s %, BARmE, A
T AL T AR REAS 0 ~ 20 dB A1 M L IX 8] Y 24 R B B e
BEETE O dB I A51F T, MERG R ik 84.8%, - Bfifr
Ll i L T 2 88% MY FRAR M L FR . AHLLZ TR, 154
1 H.265 gt s AR TE AR T R (W g %) M
Fe it (AT & G 5 T AR AR M LE o M e ™ AL (0 dB
IR R B 2 66% F169%) . BME7E B b T, 3
HERR R IR S A SO AR 250 . SR BE 22 R T
B HRARAR ] . AL G35 TF B A I i TR R PR
B, AMOHMEER SR, B &5 T RS ARKIITES T

EFRISAERATNEYE SCBERA SRIBIT F

KMITURTER, SEULFREEZ . A SR SGEEHESE
i B AL, R ORI A& 5 54T 55 o JEE AR SR A3 SR
fiE, BRI T T (FRCR AR G, IS, (HIE A
WAL AT LA R GE A BOB A FER R, DUl fE s
AR A o

K5 R T e AT S (CDL) RIS (HIE A
FIfEMRLEZRMET , ZRRIZRoEm: SR A 5 8 2 R e b
B ARPERERIE M . 558, IRGEEZERIIZREA R
FETHERIMZALRE ST EAARRIFRE LT, SIREG
SNy SN R AR R R 03l o T (AR P — R (A R
(CDL-A, C. D) TUNIZRRIRIRL, xR Z R ZREE A
By o) A AR AR . K, YRR R RO A 2
BRI AR IUPREE T, PERESR R BETRT . M ACKIIARAE

s 804 L=
< « >
B 2 T
s - »
iH\:I 75 ‘ yr,
«| ’
>/ -- 1BeEE
20 b= e -~ RENEENERETTA
] » A REBVIEENERTTEA
- 4 VBB SHRISToA
' »> H265+EETE
650.0 25 50 75 100 125 150 175 20.0
{ElRLt/dB

B4 SHORSBEE T REERSERIEREER

90

FEWRE %

,/‘. -~ MALEIRE GRS A4
70 | - P REALEIRECRSZERI5)
-k R AEWRE (CDL-A %)
-l R AKEURES (CDL-CYI145)
- REALERRE(CDL-DI||4H)

65
00 25 50 75 100 125 150 175 20.0

EIR/dB
CDL.SEHifE=S

B5 RBEETARILSEIIERELLR

PGB | 17
2025 FE 83 SB31#5E 41 Aug. 2025 Vol. 31 No. 4



\\\\\\\\

BRI AEATNEYE SCBERA

HZRAIAYINRAIRRL, AT B Al FH2ERIAR 2 AR
B (A RIFR A BB G E AN AR ZS RIRRL) . 74515
M LU A T i AR A B2 o 33X U B S AR B G
AIMFIESER:, fes | SRR TR RO L, ARk i e
AR . A, fEREEZEA (CDL-A. C. D) T
SRR MEREZE S, B TR IR AR B2 I X S
JE S EEREARR, i — 25 U SR bR 2 il 0% 4l B A A )|
Y5, MIMHORPERERS 25 . [RIL, WO SR BE )1 JT45
B LM EE AR AN, e RAEE JeE ik EiE
SEPR AL . B AR AN ) A

4 LERIE

R SCT [l Bk T 0 R G2 2 3 ST I AT
%, BEH T —F0 T O Transformer (1 [ 35 1 18 Sl 35 HE
B MR I B BOT 55 ARSI 55 25 B A5G HY
W RFIE, IS AEIE AE RS (5 BN b e 1 2
), ALK TG T A A TR L (e
W 7 R LA AT 5515 B TUAR S5 T A JR R . S B 5 SR 3
B, JCITE 7 (M s (5 T A 2 5 22 1Y CDL 5 (R IE T,
ARSI B3 BB T GE R I3 8 2y 5 5 R S HE A WA
WG St 5. FEASFMEMR LA, ASOERE LI AR
FRY P 0 T B S BT 2 B ARG ORS8RI B K P e
FVERIAR . X0 T AR MR Bk R GE Y 4 R T 37
HORB K, M T8 SR IGTESE TR 7 5 8 ReAT 55 VERE Ty
[TEEPN:IR

SEE

N1 PSRN, B, RN, & . SRISH— (Ut E0kMSRE V). 4
BIEIAR, 2021, 27(4): 44-50. DOI: 10.12142/ZTETJ.202104009

[21CAO Z W, QIN Y, JIA L M, et al. Railway intrusion detection
based on machine vision: a survey, challenges, and perspectives
[JI. IEEE transactions on intelligent transportation systems, 2024,
25(7): 6427-6448. DOI: 10.1109/tits.2024.3412170

[31 GONG X, CHEN X, ZHONG Z, et al. Enhanced few—shot learning
for intrusion detection in railway video surveillance [J]. |IEEE
transactions on intelligent transportation systems, 2021, 23(8):
11301-11313

4] BT, BER, K¥ . BREEKRSIFTLIN BYIEE U 04E
HEIR, 2022, 27(2): 2—8. DOI:10.12142/ZTETJ.202302002

(6] BNV, X%, KN E . EFERCONBENIBE: EIBSHEL 1.

18 RGERIAR
2025588 5315545 Aug. 2025 Vol. 31 No. 4

SBIBIT F

SOERRIAR, 2023, 29(2): 13—-18. DOI: 10.12142/ZTETJ.202302004

[6]GUO J Y, CHEN W, SUN Y X, et al. VideoQA-SC: adaptive
semantic communication for video question answering [J]. IEEE
journal on selected areas in communications, 2025, 43(7): 2462—
2477.DOI: 10.1109/jsac.2025.3559160

[71GUO L, CHEN W, SUN Y X, et al. Digital-SC: digital semantic
communication with adaptive network split and learned non—
linear quantization [EB/OLI]. (2024-12-02) [2025-05-20]. https:/
ieeexplore.ieee.org/document/10772628

[8]CHENG J M, CHEN W, LI J, et al. Efficient spatio—temporal
predictive learning for massive MIMO CSI prediction [J]. ZTE
Communications, 2025, 23(1): 3-10. DOI:  10.12142/
ZTECOM.202501002

OIVFHER, BN, 5. ETFRERSEREERIG CSI RIREA 1.
0O 3@ A B R, 2022, 27(2: 29-33. DOl 10.12142/
ZTETJ.202302007

[T0] WANG S, DAI J, LIANG Z, et al. Wireless deep video semantic
transmission  [J]. IEEE journal on selected areas in
communications, 2022, 41(1): 214-229. DOI: 10.1109/
JSAC.2022.3221977

£ & &

BT, RV BAZMIBTARE; T2
RIOONREKSEREERD. BYES; &
FICX 3R,

R, ARDBAFHE,; KEMSBTLEES.
BESIE. ANLESERANR, HESESHER
BAME. BEVISERE. BYXEE. 8R
RBHEWARIE; FARRARBERINSE
FRZETFIMEBEN NI EINE; X IEEE &
BERAEID. 2022 FEERBENEH+AR
iR, BEEXORENZRAKRIEEIN
2 (BFR FRE,

33, RRBAZEHE. BFSRLIESMR
K, BR6GERAARSAEREER, DRER
NPESZOFBATIA, BEXAEHETTRZ
Ex. MESTRNZES. FUSAFEES.
PERD “KBANEEFR” KBS, PHPR
ARL BT MEANS, HRIFEZD,
IEEE Fellow, |EEE VTSZSEMHM; NGETBEAR

. 5 2020—2022 T2 IKE0 2% JNARRIF RE S 00
rEeR, REBEREIZR) 9,

1] | |



RRER 6CHFFESEIN=TMERRAK: DETRA NN KER  FHF

6G HFEEEERI=MEHERA:
SRR IR ARF KIS

Three Enabling Technologies for 6G Digital Twin Channel:
Multimodal Sensing, Environment Knowledge, and Large Model
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Abstract: In future 6G mobile communication systems, intelligent machine—type communication (MTC) will play a pivotal role in scenarios
such as industrial automation and vehicular networks, posing unprecedented challenges to the accuracy, real-time performance, and adapt-
ability of wireless channel modeling. As an emerging paradigm for channel representation, the digital twin channel (DTC) enables high—
fidelity mapping of physical channels into the digital domain, providing sensing, prediction, and decision—making support for 6G systems in
dynamic environments. To promote the transition of DTC from theoretical concept to practical engineering application, and to enhance its
multimodal data fusion and cross—scenario generalization capabilities, this work integrates the channel large model (ChannelLM) into the
DTC framework, focusing on the design and implementation of core technologies. Specifically, the DTC architecture is enabled by three key
components: multimodal environment sensing and reconstruction, wireless environment knowledge (WEK) construction, and a generalizable
ChannelLM. These components respectively support high—precision modeling of physical environments, interpretable construction of
environment—channel relationships, knowledge—driven channel prediction, and communication strategy generation. Experimental results
across typical MTC scenarios demonstrate that the proposed framework achieves high channel prediction accuracy and strong environmen-
tal adaptability, offering a viable pathway for the practical deployment of DTC in future 6G networks.

Keywords: digital twin channel; multimodal sensing; environment reconstruction; channel prediction; wireless environment knowledge; chan-

nel large model
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Abstract: To address the requirements of artificial intelligence (Al)—native service, integrated sensing, and intelligent collaboration for 6G Al
terminals, an edge—device collaborative 6G Al—-native network architecture is proposed. The architecture adopts a hierarchical design (infra-
structure layer, model management layer, resource control layer, and service orchestration layer) to achieve core capabilities such as edge—
device data management and control, dynamic model collaboration, and integrated heterogeneous resource scheduling, providing integrated
"'communication + computing + data + model" service capabilities. Based on this architecture, an edge—device Al collaborative system evalu-
ation model is established. Focusing on three key dimensions—data management, model collaboration, and resource scheduling—key tech-
nologies are proposed, including high—quality dataset construction, data management framework, reference model library, edge—device
model collaboration, heterogeneous resource integration and control, and flexible networking, forming a comprehensive edge—device intelli-
gent collaboration technology system.
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Abstract: Multi—agent cooperative perception, as a key interdisciplinary direction between artificial intelligence and distributed systems, has at-
tracted widespread attention in recent years in areas such as autonomous driving, unmanned system formation, and intelligent surveillance. This
paper reviews the research background and development of this field, focusing on key topics including communication mechanism optimization,
robustness under pose noise, heterogeneous cooperation, security and privacy protection, and simulation platforms. On this basis, this paper fur-
ther explores a lightweight solution for efficient communication and discusses future research trends. This work aims to provide insights and ref-
erences for researchers, promoting the continuous advancement of multi—agent cooperative perception technology.
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Abstract: A novel semantic communication architecture based on the Latent Diffusion Model (LDM) is proposed. This architecture leverages
pre—trained generative models to enable semantic feature reconstruction without the need for task—specific retraining. By exploiting the in-
trinsic denoising capability of LDM, the proposed system maintains stable reconstruction performance under channel noise perturbations
and out—of—distribution inputs. Additionally, the architecture supports the flexible integration of external large—scale models, significantly en-
hancing the evolutionary capability of semantic communication systems. Experimental results on large—scale image datasets demonstrate
that our method achieves superior image recovery and semantic fidelity, even under low signal-to—noise ratio (SNR) conditions. In particu-
lar, it significantly outperforms existing mainstream approaches in terms of learning—based perceptual similarity metrics. This study offers a
new perspective for deploying machine—type semantic communication on resource—constrained devices and exhibits strong potential for
practical applications and large—scale deployment.
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Abstract: Mobile communication networks have emerged as an indispensable infrastructure in contemporary society. As the next—generation
communication technology, 6G needs to mark a significant leap in communication performance. More importantly, it needs to achieve the
deep integration of multiple fields such as communication, sensing, computing, and artificial intelligence (Al). The article first examines the
driving forces behind 6G networks, including the demands of service evolution and the challenges in network construction, operation, and
maintenance. Subsequently, it elaborates on the pivotal design transformations in the 6G network architecture, encompassing the transition
from a siloed multi—capability model to an integrated fusion of communication, sensing, computing, and Al capabilities, from offering a
single service to providing differentiated services leveraging these multi—capabilities, from an added—on Al approach to a native Al, and from
post—hoc high—cost handling to proactive low—cost intervention. Finally, the article introduces the key technologies of 6G network architec-
ture, including cloud—native and service—based radio access networks (RAN), native Al, and network digital twins. These technologies collec-
tively offer robust support for the efficient, intelligent, and flexible operation of 6G networks.
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