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Abstract: With the deep integration of wireless communication and radar sensing technologies, integrated sensing and
communication (ISAC) shares hardware platforms and spectrum resources. It has demonstrated significant potential for
enhancing system efficiency. However, traditional ISAC relying on prior models and expert knowledge has struggled to
address real-time communication and sensing demands in dynamic environments. The rapid development of deep learn-
ing recently provided a novel paradigm to resolve these limitations, enabling systems to process massive data more effec-
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deep learning model architectures in ISAC were analyzed. Furthermore, the research situation of deep learning in typical
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tracking was systematically investigated. Finally, key technical challenges and future directions in deep learning-driven
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and facilitated the coordinated development of intelligent networks, holding important theoretical and practical value.
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(CNN, convolutional neural network) . 1§ ¥ f# 22 [
2% (RNN, recurrent neural network) . Transformer-
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2.1 DNN
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FRAE 5 B0 B AR JUATHFAE, B BCE A TEfEE S

SRR S EE ok [k R, SR A B AT S5
A CREE A PERE, DRk 2 M FEE A
NRES . BRI ST 5, ARG WE S
FiR o

1E ISAC B AT B S Bk T, B
IR/ B, B UL AL)Z btk 77 SRR 75
FR Y5 HAR 1) ISAC AT 55 AR08 5 A b AT VR 2 . 451
u, fEHFMEMATS R, A H AR BN B0 R E
B, 0l DL YN S B N IR IS R R
5 S OCVE H AR B ARARAE, 1T DLIE BRI KI5
Vo MERRMEEIR R L, F AR EREGEE S
BT HER S B B AR I HER TR, S iEs
R R AR B RS A8 A, T8 G DR 3 e 4 5 30
FEEK. NREEEAKEESEEMTT R, B
MUZJE T & I NHLH— 1L SN IGE0E, i
WeRE R e, FEEMEE AN, [,
B B ASRE N ST SRR S, RIEE
SR iy W= 7y i1 6 B EMEE v N = g A
FATS5 5y SCAEAVR BRBH AR i b, #RiRIEE S
BOANTERE BT AL, i 2 ISACTE BT %%
PRV & 308 TR oK, Wi AT A, ONN Ml &
BRI SRR AR NG, AU AR B 5
M,

SR, ISAC ) CNN B I LR Bk .

1) A DA A B B 7 40O P 5 (0 20, TEB S
T8 ER AR H PR TINAE 55 R A PR

WNE  BRE

BATEHHN ; - . BRI
s i) k | - .. p (IS E31%)
EIFESTAN A : T
(CSUREFE %) - (G IR %)

)R

58 CNNH:ALE K



%61

PRI I T I 2 ) Bl 1R R GERIR -239-

2) M DU B BE B 1 A R REAE, B Rz
WA
2.3 RNN

B Stof 4 £ IR 44 A Kb B AR B0HE B AL 1 R FR
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FH 3k 25 B 240 D6 A5 B 00 2w i Z Bl 451480, LR AR
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BORNE . THE AR A A m) s, R s iRiX
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R, SE KO RE ). IbAh, IERREA
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LSTM HR s T ST e T AR 2= .
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SIRAN T, Flhn, 7E GRU REEH T i Nl £ 1
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IR . ERMNERETIRT, MNTI A
WL A Q. B KAVE VEERE, HiEEJIVLEIT
THE SR DU 5N
K"
Jd;
Ho, QKVeR ™, nKRBNFINKE, d
NFFEYERE s d 2481, HTEH Q5 KRR

Attention (Q,K , V) = Softmax V 4)

2R, TR s A AR T ST o RN
R ]
“g%??ﬁgﬁr'
AL TN T ERE R
Cpaaliilagill] i v | (ARSI AR %)
T N : T
(DT ZIE) v (CSIFR. {23 B35 #3445
— o= —— &
v v
WAE BB i

K9 RNNFALER



+ 240 -

¥ 46 %

TEAMESFHN
(Bt BV FHAIE 751155

BARAES RN
(CSIFHIESF51%)

CHFRLE AR J5E)

B AL
(CSIFs P05 R4F)

10 Transformer 3 A 4544

BE0F ISAC F i K5 i, 77 BOFr vk B g AS 3R
W&, Ad L BE S A B kA OE A RS R AE S (o
OFDM 775 J& ) 550 Hbri 2 Ah b Candy ik
RahED, NI SEHLEAE 5 B EE £ 49—
HEE T I BGERIE. fEUCEEAE B, ATAR S E [ 5 /%
HUESAEIE XA R ZESR, s HEZ kAR
JIWL R S E R R E S i . EEES
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2 Pl Ay (R 0057 R A T B U A B A

REZEHS

* IS (THART W& HHE)

1% A
® EAFHHME (CSL fRiHias. SINRSE) | (¢ BfEEIME (DUFAHL foildess)
o RAHE (FI AR ) 4E) o BANZE (BOARYM RASREREE)

11 DRL AL
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A4, ISAC [ DRL (8% 32 P 115 5 BT
A A TR, WA AL SIS A P S AT 5%
WM AR Bl -

N T ISAC I, DRL 75 34T 2 4E 5 M % .
DRL (172K 75 25 (0] 38 bl {5 15 8 R AE 2% 0 E s
BAr (W EARFEE . HE) . HEESH (K
B MG SEEAMBEEEIERE. DR RE, R
il 7 EURFI AN A . Kl R T 7R 9 IAME
FART R A T, W IR A B S B AT RE TR
B, SRILZ HARMIBhARUE . 7R TR S 4T
L SR N 2% RN B IR 28 R G R RN S 8, T 4%
MEH . METHEURETRE. X TEEM
ISAC TS, W] LAAS F 58 % 149 IO 26 285 ) FH 80/ N 1 2
2%, DR E BRI S Re g s X TR B
(IISACAESS, W LATRIMLIIZREER, bt ST,
RNIRFHINGREARRR, En#ES N & PRt
ML . SR, ISAC H A DRL 9 i if BL R
Bk o

D) WEZRBARR S, FEAMFEREAL, FHERKE
A HHHEA Be A )6 ORI .

2) fEmE A ISAC H5tH, DRL A Be T Ui sk
RPN SR AR E AN I 1)

3 EFTDLRIISACKH

ISAC H 1) DL A2t Hoom R IR RFAE SR LS th ok g
71, RAZFORBEEARIEME T OB . AT
KA DLTEISAC A3 S A, A& {5 A4
R BEREEAR . FHESEEAR . NN+
Ao BRRMNEIEEREAR, BARNASSWE 12
Fiim e
31 ETDLAISACEEMEITRA

B 1B AT A SEELUB N 5 l (E AT 45 P [F) AR
CHE, HTEEEEN SIS, SRRECSI
T PR AR . A AT 75 4 A 7 46 ) DL S AL SR 2
(BT AN TR B AR D YIRS, IR 4 B

NTRTHEEAG TS E, DuZP8E X RIS

E12 T DLIIISAC N5

=4 ET DLEISAC S it EARR L
ik RGN Yyt DL A=A W Fehs s SR AL ik
. e e B B RS A 5 S 5 T RS
SCER[22]  ERARNL LA Y SIMO-OFDM HAs STransformer MRS RIS R J7 1538 P 7 PR
- RIS 4 Bl s 363 %2 Fi . RIS ik & A il Ak 2 P 1) 14 5 A
SHRISS) MIMO-OFDM B ARpLER C-DRCNN AT e LR A BE A T RHERIEA 2
SRS LRSS OTFS PR ResNet OAMPSLIRMEMEFIS I TH: 4 s it yof 2

i R TR S IR AR
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H B MIMO-OFDM £ 45, #4682 RERE
bk 22 6 B a4 W 4% (C-DRCNN, complex-valued
depth residual convolutional neural network) 55K &
SRR . BRI T, BRI EE A T
MSE LU T d /D R L S 7 L IR0 10 dB, &2
FRIHEEAG TR A S, R SEIA - E fr
AR EERES DI RE . R A S MR T BBk
Zhang ZFPONINE i B AL A 25 MR RIRFAIE T BR AR BRI
ResNet, {454 IEAZ I A 4% (8] (OTFS, orthogonal
time frequency space) 5 A FIHEAT 75 5 46 W 7Y 1E A2
AL EA%35E (OAMP, orthogonal approximate mes-
sage passing) Bk, ZEIE(EIEAS T MSE T
2k MMSE 4L 4077 15K Z 15 dB, A7 5 Al 1%
T ZEAE 10 dB {5 LN BEARZ 2 MR 20

SCHR[58-591 A % 1& A5 TE (V1R FE (0 B — 7 TH
Ak, HuZEPHNFH T # 3) Transformer (STrans-
former, sliding Transformer) [ /& 24 v 5 6g /1 F1
MUSIC ik (I HER P, (EREAZ 5 (SIMO,
single-input multiple-output) -OFDM £ 4t 1 X} {5 1&
BEAT T s S v E AR A, IR SRR, %
T3 A% GL 2 1 B XUE RNN 732 20% )1 25
FEAE, BURIIAZAHEM YRR, B Al TR
ZE/NT 010, BHEAGTHRZEELE 10 dBEMELL KT
0.5 nso

gi b, HErHFsEd DL AR f K% 45 & W
RIS. k&7 f#. OTFS HEH AR, HUKE T E1HE
flivh o ARG =R S IR T B AR A 2
FELR 2 SIHLHIAS 5635 5 Pk o
32 ETDLAIISACEEH B

& G A5 T8 Y B T7 22 MR T~ 02 B AL R 4
W, WMgwmiSE S, [ EIR, (HIXLETEEA T
I 2 FEAL B C BI85 R SR AR R BRI, PR
BT DLW ik g A 00, o g 2 EAE
FEHET DL W gmbs it 5 18 S AR (S 2R 42 1) i
E2 i e N

SR, X TISACT &, WIS H AR H
LR A, 10T A TR 52 IR A rh S B
JRAEIDIRE, [FI R OROEAE I e RS, BOR
X EC A2 5 BT R o SCHR (61138 1 AR 3 1 g i A
(VAE, variational autoencoder) A1 CNN 2 T i# (5
HREAG S ERREE S EN, SBETE TINS5
U5, AHORFRI> 2 I8 B4 . SCHR[62] )38 DRL
PR A R -TFIE K (A2C, advantage actor-critic)
LIS AR R & 24t (FAS, fluid antenna sys-
tem), AT R AEALI L IR SR D SENE, AHEL T
A K H DL AL B g 65 7735, REfg sl 22 /0 2 £%
HITERESE T, (HARH T €26 CSI,  Hu 73 CSIA
AL s 0 IE B A 22 . BT AR ), Li 4563
Fethh 17— AT DNN K Tigm b 7 52, %07 St
BT BT AR 2R pR A, B N AT BE B AU =] 35
G R S gD AR [, JEAUKH e 3% CSTL, Bet®
Ko & S 5 TR 30%, MM IREEEAS 5%
HIR et b, SagduyuZEOUERH T —Fb
FT DLW ZAES 2% SIHESE, @i DNN 78 A i o 4t
IT9mRY, FREZ M EOR BT RS, AR LR EF
T E B R, W Re 0 PR T O R

e, B R 90% PA L, Ty 6G M 45 Hh i) Ak 5 TE
st 1 K B .

17 3T DL B9 ISAC A5 18 2 A5 152 AR 1 HF 747
T 2 PhaR, B R 58 38 CSTIO/ . B2 R
PREE NI B A R B bR A
33 ETFTDLAISACERSEHRA

G IR LTk, ARt RS, 7E
ISAC HHI T ACRIK . IZALREJIAS R Bk ik 280,
HF DL B ISAC % I8 7 i £ A 38 I 1 5 v 8 ) 8%
H5E R0 S I AR b A2 30 A A0 1 TR R 23 TG SRR, R 5 0
B B, HESETRE, UM R&. b, £
TR X 2 S S 127306574 iR 6 FITUR

Liu 25542 tH 7 o A 200 B 2 2 ik, @i
DNN 2 A4 D 26 R SRR, 00 2k e 4 L e 2%

x5 E T DL ISAC 84 AR EL
SCik RGN ER DL WU i S YERE I ok
SCHR[61] %40 MIMO-OFDM AR VAEAICNN u B A S EE E T NS THE VRN SEPN
SCHR[62]  FASHERIMZ A P MIMO &b A2C FASHUALH PN 3T T AT RERR A =R ZACRE AR
SCHR[63] A EITTEIZ M MIMO - & DNN AR 5ESE CSL; $2Tt T W2 2 4 KO A 5
SCHR[64] % s Gl oA DNN ZAEFEIMMEA Fbs; D VEEREMEER S B E RS
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%6 ET DLAYISAC BHR DB AT
HIF 5% ) SCHk DL 7 L RIAEE IS 5 HF TR A Pk
e . PRI R A5 K MRS, (FEEE ATy RNE
THEH  CHR[65-66] DNN. DDPG Kb V2l . WA
2 JCHR[27,29,68- DDPG. . i . ) FIHB G HIRS S E AP 2
HE AR 69.73] DDQN. SAC [EAGIN 42 V2I. CAbAER R ST Ve
PRI G CHER[28,30,67, DNN. DDPG. #mGiGace. mEAR VI, BANLINE . . By BIAS IS B
Bt 70-72.74] DDON  ffkfe, WAERT. fee DB ik Z BT A R

VAT T 0.5 bitHz, I EH B K5 T RE
71, AR IERERERITEZIEEIUIZIDNN, H
o PRI AR 4K ) 0 28 A5 PR IE R AS R o SCHR[28]
JIT 4 HA PR B 40 TIC 7 2R R L M A G2 07 SR AE T
HACEMZAGRE )] BRI R R, 207 R TR T
PREE WX 28 TH B AR RO ) AN TR LD, EAN AR
BB 4 T 1 REI RN 20% . 3#E—25, Liu 2560
FAE s AR5 2Tk, BRE L E . @
EAITHR IR T, AR R AH b T e B 2 ) ik
A 2702 bit/Hz ({1 5E 7, IF Hie 558 1 B B AL
.

SR1MT, DRL7E ISAC B 73 e & 3t 52
R 1 I 34272966741 e 7 2 45 AT rPod i i A 4K 2
AR BEIE S BC AR, RIS ZE R AN e B I oL R
AE PR 2 2] S R S . b, SCHR[66-701K
F DDPG 3%, St ah A& g shfE 23 (a) il dl, @it
WA B SN H bR 2% B 51N, SR T s APt
TR DR HIAULSHE, 1’7 T RAENIFR
iV o SCHR [29, 71-72] 3K ) XE I E Q M 44
(DDQN, double deep Q-network) H ik, EBETH
BB VES RIA 2 B ek 5, R 7 XU 2% S5 740
e-greedy Hl%, b 7T RANEGESEEHE. F
R EERE i (V2L vehicle to infrastructure) {£5%
EVEAN G L, A RS T REAEAS &, Hor,

SCHR[29]BEREFAMR T 57.14%. SCRR[27,73-74] K
F#E R -1F8 % (SAC, soft actor-critic) &%, i@
i WA AL B IS S, SR R SR A
KB IE 5K RERE, H—DIRT T KAkt Re,
Horb, SCHR[27)7EALBE 900 KB i1 5HAT 55 K/, F
I IEZIH 0.66 s

Jo 2 DL G & DRL, 7E ISAC H &R 1 Il % 2
fA]7E S PR AT T B 20 R 2 (B AP AT 1 I 8, R )
FRTEBNA B MIC A, i PudiE pifE
TEARA IR K B IR 2% B 7 i — B 9T .
3.4 ETDLBYISAC AKRIMFA

A AALAZ 1) B B S 40, E R
PR AR BRG] 28 A B . PO FRIAFIEZR AR
¥ (Wi-Fi, wireless fidelity) % . 7E & T DL )
ISACHEZER, THIAF Wi-Fidi AR HZ 3560, #
ARXF R T Frs o

£ %7 Wi-Fi I 4%, Luo 25731 % B #1 4 Trans-
former (ViT, vision Transformer) %% 7341 Wi-Fi [
CSI, 7E UT-HAR %4 45 1A% 98.78% 1% 2 17 i)
HERR, (EAEACBRIERIN,  aR Ansh 1E s R I 45
AME, AR 12 IR . AR — R, X
BR[23151 N T B &3 2 REAE 8 71 1) = 4 CNN,
T BRI AN AR, AR TR RLTE T
R BRIz A ERE, IEEAE D EREARIE OL T SE

=7 ETF DL AYISAC AR AR 3T EE

SCik ARG ERERSLIE] DL 7Y TR W TR s S PR AL Pk
. P . . . REARE ST . o
SCHR[23] B Z R =4ECNN 94.1% F1193.2% W3R T 33 LAE ) TR AR
. b e Wi-Fi . Z Rl VIT 2RI 5 H 5 s

LN 2N % . . 1 W N
e I T Vit 98.78% VRS T i HAR BRI
. . . i . . ZRRFERL S "
SCHR[76] ES ) aEASRY VGG 3 LSTM 92% F195% ST} T A2 2 PR FIEZ P it
SER7T] MISAEEARE SRREONZE Transformer  99.06% H199.44% TR AL HOR R 3

et 7 BT hRA]
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W7 FHBRNE G RAMES, #EFERILF]94.1%
H193.2%. t—3LH, SCHER[76] ML 1 N 28iE3)
WONE =N EA 2 BUIhRE, E R S RE A 2
X EAIEEN S TEN R, RGE AN FZE
B, EHET R L4 (VGG, visual geometry
group) EGLSTM ) 2 ZRFAiE Rl & X 45 42 BURFE 15
B PR AT IE SR A E AL BT, XK
WS Auf 75 E 52 4 PRI 7% 0 AR R R A7 PR 7 e 6 )
IEH92% F195%.

EHIEFA I, Kang £ Hid@ i A1 F 2
KV TR IK R B A 2 () B R RA 2 (R AE, IR
Transformer #2284, fi# ok 7 4% 50 0715 F X T RRAL R
FIAR, E2HBEE BAETE S AER T
99.06% H199.44%, & FE R T T 3h A5 3h Il 1)
PERE.

ARk, el — DR R T S AR I SRR B A
Jiid, URTHERIAE R A b SN BE . R
RACTHE I A, $emscn e Sy ett, e REi
— IR .

3.5 ETFTDLBYISAC BFriRH 5B EHA

DL A @ i KA I S 5k vh . Shas o s 2
PARTH SR 32T, f# ISAC REBS/E R 2 IR B
B WER AT B AR IR S8 B, B X b
L8R

BT H BRI S S50 TH,  SCER[78-791% H A
(P BIE A R AT A TE, AR R
EREAS R, M HEEBMRITHEERE. fERMH%
BB, BT AR, 2 AR ) s BE R i
F, U SCHR[801E 5 &M A% HIfE L T, % H ARG
BBl I B AT RS W il 1o Chen ZEBUESZEL T X AR
SEEFEH) B 21k J7 | (DOA, direction of arrival)
flith. #t—20Hh, Paul ZB2HE H & 7 1 5% DRL AE
e, M#T DDPG 5%, DoA it i3 7 MR 24
KT 2190%, 54T 55 H 4R SE FEAE T 43.09%.

Xl AR IO S, SCHR[83-84 1 FH i s %L
AW R O 1 RE,  SCHR[35,85]i8 3T DL J7 v2: i
TR ORISR, S T IR T AT
B BRI, SCHR[35,83-8517F h A5 MR85 b () R BLATY
AR .. N TAUIX— 8, Eghbali 42 H
T — g5 4 70 S M SAC BV 1)k R 75 2
DAY S AR S AS TR & R AR SO . B R
=S EE (KUK, SCHik[26,87]4> A# B DDPG &7k
MISAC HILIE M ARG MR E %, H, SCHR[R26]1
R R AR R Z T RIRE RRT T 55.49%,
SCHR[8712R FH I SAC 57241 Lt DDPG 75 7E A A 3%
s OREE ZR A AR 1 4.4% 1 4.8%.

BEXT SRR RERLAR AL, Wu ZE B8Ry 1 —F
T KL M4 (GNN, graph neural network) [
TNg S s B, R ) Bk SRR, A
WA, SIESM 5 S0E AR, EEIEEAR
] L RSP I5 BESE T 7 3~7 fi5 . i —2, Tariq
L8912 pe 4k & B 11 55 R0 Transformer 2884, Ab 3
AR HA DASCRF LR T, 54 A A7 B 3
P TTEARLG, 2O VEAE TR AR A () R R
B, E%0.912 4, U] HAE ST A
A LR . SCRR[901 M 45 A YOLOVS 1 Sage-
Husa JE 8 25 3EAT B bR A 0 AN P0zs 70, 38 i 41
DB R R, DD IEAE A, SR A AR

fE3: T DL ISAC 5T 1, AN [A] ) DL AR AL AE
FIEAGTE BERE. FESE . ALK H
B iR 5 18 I 5 AN 35 e L R IR AR A . R 9
S5 M ETHE TR B EE . EEF RN
S BBk di% . vtk — 0 PR DL {E ISAC H i) B
FH B85 Al

b % ISACAE 45 ) 2 #E4k, A [F DL B AL 1) id&
S AAF . R10FE— DM 7 % RBR A
FRASATS . B JPAT S5 DA B 7S Yok A (1) ic 32 46
DAL AR 2E DL 75 ISAC A #E N H 7, AR

%8 ET DLHIISAC BFFRIRA 5B ERARIILL

L Sk DL i el A fRAL H b RIS i
UL DNN. CNN o e EEMIERROGE. SN EhARE

it CHR[78-82] e ik PR EIE RS i il i ez

- SRR P P
W 5 Igiﬁi e Wik BRI RE AL PR ER T
. R

SRR GNN. M. ik Bb BB B o SR R

ot SHRISS90] 351 s 2 ot ok B BRI Pl
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%9 EFDLRISACK B RZ
R, B FEPFR A ik
g ResNet, Transformer Rttt ssscst TR IR
(BT CNN. A2C. DNN S By, AL TS RAf5EE CSI, 5 B 24 lam
SOV S AL RS h ASER
A DNN. DDPG. DDON. SAC BUTARIEAL, %122 B *”ﬁ%ﬁﬁﬂgzﬁ’muﬂﬁ@
NAAA I CNN. LSTM. Transformer CSIoHT, I 2 REE S ZALRE SIS IR, i AE B
Eﬁ;E% SAC. DDPG. RNN. CNN HARARE i, ks ETRELERE, WO, R
%10 ISAC F # & DL RS BCIZ 5B 5 47
(E %% Hom RiFI R 35 TR HRR
i DNN WESRIL, ZIESEANE  REREES, £ HERREA R (ST, VA
AL CNN AR, BHIE T4 s N e KRR, AR 5 it
— RNN P, 2 T AEPRTIN, AR H R i
Transformer 4 ASERLS, JEAT I FIAL WAL, AR SR A RR
A DRL WEERE, SRR BN, Wk B, BRI a

KRS, DT,

1) DNN % 18 H i 21 iy (45 g /7 5 24T 5538 H
PE, W TR EE LS 2 B RS, @
o VRN R O R, IR A
BRI, F A B A AU 54 I 5

2) CNN B8 7 R AE S B e ) 5 P B A
PR, FEHTZ4ES (WCSL. HikA D)
(B SRR 2 AT S e ], & TR TN
H bkl 5 A&, HIXZ CNNSHE K,
TR IR B

3) RNN f HAFfA (LSTM/GRU) 3 it i 44
HEARE ), EENH T A A BRI H AR
PRI, AR TSR 5 0 FE ) R R ) T 5 2%
Yt Rz AGRE T o

4) Transformer F& T~ [ ¥ & /7 WL 520 42 )= 5
fERL G, EEBIMEEE M TS AR R H
o, EHETFEIFRD G E R P

5) DRL (1 DDPG/SAC) i id iRk & Ml H 5 )

Edoq i)

FetHA é&

AR, WSz N T30S TR A e S R
B, (HEPEACRAR S USSR M, 750 PR 15 A
1
4 FARPESRFKGE

5T DL 1 ISAC ffg SR L H 5 K 140 38 7 P
RALRE ST, ARATTHIIG 2 B BRIt 0 ). ARy
ARG L AR S I ST R 2
A FARRAL PRI 3 AN4E FE XS T DL 1 ISAC B A7AE (1)
FARBRERIAT RS, W13 fiR.
4.1 BEZRIMETRRBFREM

ISAC T BEAEA W R T LM T P e e 1217,
{5 DL B (1992 4b B8 70 4 52 21 20 55040 53 A5 1 PR
file FEAF R AN FBA KR [FRME TE R
MR, TRUIZRI DL AR AT G 2> B MR T FE 10
. B, A TR AR SR A AT T RE LT
T CSI, ABAE SR AN I, HiREn s
EWIN. FFE, AR/ SR I N A

PERES 5

[ s, Bomie Fre e HOEME. YD RAWARE S rfoum, R |

| pomsk, mEEW N BURWE. B BAEE

FEARG I S T FE

P R SR R

| R

= s BRI KL F==ﬂ»ﬁ%§%,%%ﬂ%ﬁl

B3 HORPRAR S RO Sems
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Bk, (AEEREAASEY, BT EETRM
M s, LU B P RE S KIE R R, BRI, 4
[ 32 F+ DL AR (A 52 3E B g /7, L RERE I 248
(1 TE 2k 37 5 Fh AR PRSI, BRCA TSAC TH] I 1Y) 25 22
Pk o

T DL B RUTE & Z T 2R IR 858 N [ R 1k
ANEE . FER R A 3N E I R AR, (EEE
JE, E7E a5 2 Pl S 2 SR A A A ) ad ikt
HEHYEE, BT A BRSO SRR TR AR Y
FEARBARIA S R SR IR ) fEREZT, SN
BEIE N S 0 I, R R TR R R
BT SHOE, Iz RS ERG)ZH, TE
FER P A BR 2 5 A4 IR Bk & VR & 454, R
GUIE AT T AT L & 5 A e e PR RN T MR I, A
T 7 28 A 5 A 1 R ] S
42 HHEBERS LR FEE

ISACAT 55 223K iy Sy 1%, {H DL THR
FeBERR ) T AR I FE B & FIL 2k & L& .
MHTH) DL AL, )2 Transformer 554244, fEAL
PR BRI TR R v, M DU I 28 (5
VR AT 55 Bk . h4h, DRL 7E 98 Y5 43 Bl Ak
WA ARRNA, RERBRE KRR, |
HAEL RS RBIFEIFa R, IRl fE e SloE
1%, FWSEPR RGMEE . Kk, Wifal 3 DL A
R s FE SARTH R R 4, 23T+ ISAC SR 4
(1) B B 5

AR ISAC AT 55 H vk SR 5 S )7
AT EVE R BB S R G5 3 A S IR
k. TESVE)ZTH, nB A BTRG . kiR 2R
FARX TURSHGAT K45, IR R 0EBRE
4, DLENSSIZIRIASGAT s, B2, W
THE AL ISAC AT 45 B R 45 W 5 1T SRk, i
FELZ AT gafe 1 TRES . T AR R A%, $RTHEEE
JEFHBETIHE: TERGEMET, MWL
AL, v 5% 5 AT 55 40 B 22 00 5 5K 2= vty Adb
B, S um RS AN SR SR AT, MR
RS TR YR R S A ], 3 A S A
55 1 SR T 3R
43 HIELRESREFARP

ISAC 5 B AL K o R At , W &
PrE . WGBSR ANE, W e B e = A
RUYINZR 0 B2 ORI B RA RO G B ). A DL 5

TEAE D B B RO S, wlan, Yt ag
TR PUREAR T H bR R BB, R B AR 8
PEo Bb4h, fERZmEERET, FEEERGTR
Kt m, R RTINS T, Lg%
77 T REE A A2 A Al E iR ok . Rk,
AT 7E £ B 0 2 4 1) [ ) 3 T 38 A R RIAT 45 1 1
A, & ISAC AR FE T EIE M E LT .
FffR BRI, AR RAR A
TR BT 3N T SRR . & AR Ty
M, JERA FEE NS BN S E A gy =X
SCMESCEAT R, REEROR AR S b e A, I
T TR A S B A 5 2 H 1 Bh A4S 0 SR
W EEE BB oIV ae 1 BRAVRI BEIE A,
AT BB 21 5 2 BRI, SR A th i
(1o A7 RN S5, A 200 1 P Uk R T R
GRIRETT T, MERGIERAE. W% Z R R
HEMZEH 2R R, R 5N XS H
A, PhZt b 7 SO0 AR ERAE, SEBEEE AT
B S AT, WA AR A = Xt o+ 1E
Ptk %
5 HRiE

A S ik T DL 19 ISAC B IR A AL
HEL T AZATIT N VR A 31 S S B O IF 7T AR
KA R G s b T ISAC O HE 42 5 DL AL
., RN ST 7RIS B ARG 3 s ARG
W5 N R WERREL, R AR 2 it
J&g, (BPESRESERTPE, BB A RE 55 5 AT A7 AE
Pk KK, B FIR TS B AR BB R ek
b, T DL ISACH B fEM L. B EMl
SEATIRSE IR 2 N, S 6G B R R IEAS 4% 1)
RIBIENFBIRE -

SE 3K

[1] NGO Q T, TANG Z F, JAYAWICKRAMA B, et al. Timeliness of infor-
mation in 5G nonterrestrial networks: a survey[J]. IEEE Internet of
Things Journal, 2024, 11(21): 34652-34675.

[2] XU Y J, TIAN Q Y, CHEN Q B, et al. Robust secure beamforming de-
sign for multi-RIS-aided MISO systems with hardware impairments and
channel uncertainties[J]. IEEE Transactions on Communications, 2025,
73(3): 1517-1530.

[3] EWéz, REBE, XUk, % . T 6G A 2% SR G R VAl X AR AL [T]. 3
1524, 2024, 45(7): 235-249.

WANG X Y, LU L, LIU C, et al. Modeling, evaluation, and optimiza-



%61

PRI I T I 2 ) Bl 1R R GERIR - 247 -

—

=

—_

—

=

—

tion for 6G network architecture[J]. Journal on Communications, 2024,
45(7): 235-249.

IR, DR, SRR . R A8 S S TH 4 I I PR 58 5 ) U IS R 4t
FIE AT SEFT T[], BT 515 B AR, 2025, 47(1): 75-83.

XU Y J, QIU Y J, ZHANG H B. Channel estimation for intelligent re-
flecting surface assisted ambient backscatter communication systems[J].
Journal of Electronics & Information Technology, 2025, 47(1): 75-83.
R R, AR AT E R e SN T B KR 2L S R
BRI BT, L 5105 B AR, 2024, 46(3): 808-816.

YUAN Y M, XU Y J, ZHOU J H. Robust beamforming algorithm for
terahertz communication systems aided by reconfigurable intelligent sur-
faces[J]. Journal of Electronics & Information Technology, 2024, 46(3):
808-816.

ZHANG H J, ZHANG Y X, LIU X N, et al. Resource allocation and
mobility management for perceptive mobile networks in 6G[J]. IEEE
Wireless Communications, 2024, 31(4): 223-229.
IMT-2030(6G)#EF2H . 6G S FE 5t 5B E SRBEHAR 19 H-1I[R]. 2021.
IMT-2030(6G) Promotion Group. 6G overall vision and potential key
technology white paper[R]. 2021.

T, AR, KA, S . ZEIZ AR S R A A T AR
AGEIR: BOHTHE RS ARRTT 1R[], A5 2441, 2024, 45(11): 223-243.
YU K, LI D, ZHANG Q X, et al. Survey of ubiquitons sensing, poten-
tial communication, integrated computing, and inherent security for In-
ternet of vehicles: latest developments and future directions[J]. Journal
on Communications, 2024, 45(11): 223-243.

AR, ZERAE, BB HE T2 F R A SRR R — AR A TR AR
TE ). A5 244, 2024, 45(10): 31-40.

SHIML, LI X H, LYU S T. ISAC constant modulus waveform design
based on multi-target fair sensing[J]. Journal on Communications, 2024,
45(10): 31-40.

[10] F&, TKIGR, Mssig, &6 . ZRIBEI I A5 IR I BDIR 5 i

HEIA(D). JAE AR, 2022, 43(8): 188-202.

CHENG X, ZHANG H T, YANG Z H, et al. Integrated sensing and
communications for Internet of vehicles: current status and develop-
ment trend[J]. Journal on Communications, 2022, 43(8): 188-202.
WA, BT, LV, S BB IERE — R AL R BRI T AR S R
JERAI ). TWAF R, 2023, 44(11): 43-54.

YANG J, HUANG Y X, DU T, et al. Prototype verification for inte-
grated sensing and communications: current status and development
trends[J]. Journal on Communications, 2023, 44(11): 43-54.

LIUF, CUI'Y H, MASOUROS C, et al. Integrated sensing and communi-
cations: toward dual-functional wireless networks for 6G and beyond[J].
IEEE Journal on Selected Areas in Communications, 2022, 40(6):
1728-1767.

CUIL'Y H, LIU F, JING X J, et al. Integrating sensing and communica-
tions for ubiquitous IoT: applications, trends, and challenges[J]. IEEE
Network, 2021, 35(5): 158-167.

IR, R, BRATDR . I8 IR — R AR T SRR )], EER
HIS R R 2 223 (L AR, 2023, 35(6): 981-991.

XU Y J, CAO N, CHEN Q B. Survey on waveform design methods for
integrated sensing and communication[J]. Journal of Chongqing Uni-
versity of Posts and Telecommunications (Natural Science Edition),
2023, 35(6): 981-991.

REA, BVAR, AR, 5 O Z ISR E — B R 515
TALERT]. B AE AR, 2022, 43(2): 76-88.

YU X B,LYU Z D, LILY, et al. Waveform design and signal process-
ing for terahertz integrated sensing and communication[J]. Journal on
Communications, 2022, 43(2): 76-88.

[16] NIU Y Y, WEI Z Q, MA D Y, et al. Interference management in
MIMO-ISAC systems: a transceiver design approach[J]. IEEE Transac-
tions on Cognitive Communications and Networking, 2024(99): 1.

[17] FREEE, 57T, RET, & B E A — AR T BUIR S R
BT 5 5 2R, 2025, 47(1): 1-21.

LINY W, ZHANG Q X, YU Z Q, et al. Status and prospect of hard-
ware design on integrated sensing and communication[J]. Journal of
Electronics & Information Technology, 2025, 47(1): 1-21.

[18] PRASOBH SANKAR R S, CHEPURI S P, ELDAR Y C. Beamform-
ing in integrated sensing and communication systems with reconfigu-
rable intelligent surfaces[J]. IEEE Transactions on Wireless Communi-
cations, 2024, 23(5): 4017-4031.

[19] Emez, 5K, HR, 5. 6G {5 AN — R AL M 2% 18 S0 HIEAT
SAL[T). 15 4], 2023, 44(2): 219-230.

WANG XY, ZHANG X Z, MA L, et al. Research and optimization on
the sensing algorithm for 6G integrated sensing and communication
network[J]. Journal on Communications, 2023, 44(2): 219-230.

[20] XUDF, YU X H, NG D W K, et al. Robust and secure resource alloca-
tion for ISAC systems: a novel optimization framework for variable-
length snapshots[J]. IEEE Transactions on Communications, 2022, 70
(12): 8196-8214.

[21] k)5, SROCE, PEUEAR, 4IRS 4l DA R0 TC 2 485 B I A M 2% 1K)

R Th 2 B MBI [T]. SR TR R (A AR R), 2023,
51(3): 110-123.
ZHANG G C, LE WY, PANG H J, et al. Transmit power minimization
algorithms for IRS-assisted cognitive simultaneous wireless informa-
tion and power transfer networks[J]. Journal of South China University
of Technology (Natural Science Edition), 2023, 51(3): 110-123.

[22] HU J M, VALIULAHI I, MASOUROS C. ISAC receiver design: a
learning-based two-stage joint data-and-target parameter estimation[J].
IEEE Wireless Communications Letters, 2024, 13(8): 2105-2109.

[23] ZHANG R H, JIANG C X, WU S, et al. Wi-Fi sensing for joint gesture
recognition and human identification from few samples in human-
computer interaction[J]. IEEE Journal on Selected Areas in Communi-
cations, 2022, 40(7): 2193-2205.

[24] XIAO Z Q, ZENG Y. Waveform design and performance analysis for
full-duplex integrated sensing and communication[J]. IEEE Journal on
Selected Areas in Communications, 2022, 40(6): 1823-1837.

[25] LIUR, LI M, LIU Q, et al. Joint waveform and filter designs for STAP-
SLP-based MIMO-DFRC systems[J]. IEEE Journal on Selected Areas
in Communications, 2022, 40(6): 1918-1931.

[26] MOON 8§, LIU H P, HWANG I. Joint beamforming for RIS-assisted in-
tegrated sensing and secure communication in UAV networks[J]. Jour-
nal of Communications and Networks, 2024, 26(5): 502-508.

[27] CUI Y Y, LI H H, ZHANG D G, et al. Multiagent reinforcement
learning-based cooperative multitype task offloading strategy for Inter-
net of vehicles in B5G/6G network[J]. IEEE Internet of Things Jour-
nal, 2023, 10(14): 12248-12260.

[28] LUY, MAO W H, DU H Y, et al. Semantic-aware vision-assisted inte-
grated sensing and communication: architecture and resource allocation[J].
TIEEE Wireless Communications, 2024, 31(3): 302-308.

[29] LIU Q, LUO R, LIANG H R, et al. Energy-efficient joint computation



©248 -

W

hallis

B

i

¥ 46 %

[30

[31

[32

[33

[34

[35

[36

[37

[38

[39

[40

[41

[42

[43

[44

]

]

]

1

]

]

]

]

offloading and resource allocation strategy for ISAC-aided 6G V2X
networks[J]. IEEE Transactions on Green Communications and Net-
working, 2023, 7(1): 413-423.

LIU X N, ZHANG H J, REN C, et al. Multi-task learning resource allo-
cation in federated integrated sensing and communication networks[J].
IEEE Transactions on Wireless Communications, 2024, 23(9): 11612-
11623.

CHEN Q Y, CAO J N, ZHU S Y. Data-driven monitoring and predic-
tive maintenance for engineering structures: technologies, implementa-
tion challenges, and future directions[J]. IEEE Internet of Things Jour-
nal, 2023, 10(16): 14527-14551.

HE HT, JIN S, WEN C K, et al. Model-driven deep learning for physi-
cal layer communications[J]. IEEE Wireless Communications, 2019,
26(5): 77-83.

ZHANG Y W, LI S B, LI D Y, et al. Transformer-based predictive
beamforming for integrated sensing and communication in vehicular
networks[J]. IEEE Internet of Things Journal, 2024, 11(11): 20690-
20705.

XU X D, ZHU F Z, HAN S J, et al. Swin-loc: transformer-based CSI
fingerprinting indoor localization with MIMO ISAC system[J]. IEEE
Transactions on Vehicular Technology, 2024, 73(8): 11664-11679.
ZHANG X Q, YUAN W J, LIU C, et al. Predictive beamforming for
vehicles with complex behaviors in ISAC systems: a deep learning ap-
proach[J]. IEEE Journal of Selected Topics in Signal Processing, 2024,
18(5): 828-841.

FONTANESI G, GUERRA A, GUIDI F, et al. A deep-NN beamform-
ing approach for dual function radar-communication THz UAV[J].
IEEE Transactions on Vehicular Technology, 2025, 74(1): 746-760.
ZHANG J X, XU S, ZHANG Z M, et al. A denoising diffusion proba-
bilistic model-based digital twinning of ISAC MIMO channel[J]. IEEE
Internet of Things Journal, 2024(99): 1.

JIANG W J, MA DY, WEI Z Q, et al. ISAC-NET: model-driven deep
learning for integrated passive sensing and communication[J]. IEEE
Transactions on Communications, 2024, 72(8): 4692-4707.

ZHANG J F, LIU M Q, TANG J, et al. Joint design for RIS-aided
ISAC via deep unfolding learning[J]. IEEE Transactions on Cognitive
Communications and Networking, 2025, 11(1): 349-361.

LA, XUMES, AR T, 45 . 3k T B BRI BE 2 51 ¥ OTFS {= 18
T[], M5 15 B 24, 2024, 46(2): 680-687.

PU X M, LIU Y X, SONG M X, et al. Orthogonal time frequency
space channel estimation based on model-driven deep learning[J]. Jour-
nal of Electronics & Information Technology, 2024, 46(2): 680-687.
TR T B 5 AR B B[R] 3R 50 ) e 0 2R A5 HOR BT L (D). B e
AR R, 2023,

ZHANG X'Y. Research on intelligent wireless communication technol-
ogy driven by data and model[D]. Nanjing: Southeast University, 2023.
MAO Q, HU F, HAO Q. Deep learning for intelligent wireless net-
works: a comprehensive survey[J]. [IEEE Communications Surveys &
Tutorials, 2018, 20(4): 2595-2621.

ABDEL KHALEK N, TASHMAN D H, HAMOUDA W. Advances in
machine learning-driven cognitive radio for wireless networks: a sur-
vey[J]. IEEE Communications Surveys & Tutorials, 2024, 26(2): 1201-
1237.

XU X D, YAN K W, HAN S J, et al. Learning-based edge-device col-
laborative DNN inference in IoVT networks[J]. IEEE Internet of

[45]

[46]

[47]

(48]

[49]

[50]

(511

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

Things Journal, 2024, 11(5): 7989-8004.

DJIGAL H, XU J, LIU L F, et al. Machine and deep learning for re-
source allocation in multi-access edge computing: a survey[J]. IEEE
Communications Surveys & Tutorials, 2022, 24(4): 2449-2494.

REN X Y, MOSAVAT-JAHROMI H, CAI L, et al. Spatio-temporal
spectrum load prediction using convolutional neural network and
ResNet[J]. IEEE Transactions on Cognitive Communications and Net-
working, 2022, 8(2): 502-513.

YU JY, HOWARD W W, XU Y, et al. Model order estimation in the
presence of multipath interference using residual convolutional neural
networks[J]. IEEE Transactions on Wireless Communications, 2024,
23(7): 7349-7361.

CHEN W X, LYU F, WU F, et al. FLAG: flexible, accurate, and long-time
user load prediction in large-scale Wi-Fi system using deep RNN[J].
IEEE Internet of Things Journal, 2021, 8(22): 16510-16521.
RODRIGUEZ E, OTERO B, GUTIERREZ N, et al. A survey of deep
learning techniques for cybersecurity in mobile networks[J]. IEEE
Communications Surveys & Tutorials, 2021, 23(3): 1920-1955.
MOHAMMADI M, AL-FUQAHA A, SOROUR 8§, et al. Deep learn-
ing for IoT big data and streaming analytics: a survey[J]. IEEE Com-
munications Surveys & Tutorials, 2018, 20(4): 2923-2960.

ZHANG S Y, ZHANG S Y, MAO Y J, et al. Transformer-based chan-
nel prediction for rate-splitting multiple access-enabled vehicle-to-
everything communication[J]. IEEE Transactions on Wireless Commu-
nications, 2024, 23(10): 12717-12730.

FAN X W, ZHANG Y K, LU Y, et al. PARFormer: transformer-based
multi-task network for pedestrian attribute recognition[J]. IEEE Trans-
actions on Circuits and Systems for Video Technology, 2024, 34(1):
411-423.

JIANG H, CUI M Y, NG D W K, et al. Accurate channel prediction
based on transformer: making mobility negligible[J]. IEEE Journal on
Selected Areas in Communications, 2022, 40(9): 2717-2732.

ABDI N, ALBASEER A, ABDALLAH M. The role of deep learning
in advancing proactive cybersecurity measures for smart grid net-
works: a survey[J]. IEEE Internet of Things Journal, 2024, 11(9):
16398-16421.

ALI AL-GARADI M, MOHAMED A, AL-ALI A K, et al. A survey of
machine and deep learning methods for Internet of things (IoT) se-
curity[J]. IEEE Communications Surveys & Tutorials, 2020, 22(3):
1646-1685.

PANG G Y, LIU W C, LI Y H, et al. DRL-based resource allocation in
remote state estimation[J]. IEEE Transactions on Wireless Communica-
tions, 2023, 22(7): 4434-4448.

WANG X M, ZHANG Y H, SHEN R J, et al. DRL-based energy-
efficient resource allocation frameworks for uplink NOMA systems[J].
IEEE Internet of Things Journal, 2020, 7(8): 7279-7294.

DU J H, HE M M, HE J, et al. A tensor-based signal processing for
ISAC using C-DRCNN in RIS-assisted mmWave MIMO-OFDM sys-
tems[J]. IEEE Internet of Things Journal, 2024, 11(18): 29470-29485.
ZHANG X Q, WEN H F, YAN Z, et al. A novel joint channel estima-
tion and symbol detection receiver for orthogonal time frequency
space in vehicular networks[J]. Entropy, 2023, 25(9): 1358.
MATSUMINE T, OCHIAI H. Recent advances in deep learning for
channel coding: a survey[J]. IEEE Open Journal of the Communica-
tions Society, 2024, 5: 6443-6481.



%5 6 34 PRI I T I 2 ) Bl 1R R GERIR - 249 -

[61] JING Z X, MU J S, LI X Y, et al. Efficient fusion and reconstruction net of Things Journal, 2024, 11(17): 28111-28122.
for communication and sensing signals in green IoT networks[J]. IEEE [76] ZHANG Y'Y, WANG G P, LIU H, et al. Wi-Fi-based indoor human ac-

Internet of Things Journal, 2023, 10(11): 9319-9328.

WANG C, LI G, ZHANG H B, et al. Fluid antenna system liberating
multiuser MIMO for ISAC via deep reinforcement learning[J]. IEEE
Transactions on Wireless Communications, 2024, 23(9): 10879-10894.
LIR Z, BAO CY, CHEN L, et al. Deep learning enabled precoding in
secure integrated sensing and communication systems[J]. IEEE Com-
munications Letters, 2024, 28(12): 2769-2773.

SAGDUYU Y E, ERPEK T, YENER A, et al. Will 6G be semantic
communications? opportunities and challenges from task oriented and
secure communications to integrated sensing[J]. IEEE Network, 2024,
38(6): 72-80.

LIU X N, ZHANG H J, LONG K P, et al. Distributed unsupervised
learning for interference management in integrated sensing and com-
munication systems[J]. IEEE Transactions on Wireless Communica-
tions, 2023, 22(12): 9301-9312.

CHEN Y H, YANG H L, OU X Y, et al. Anti-jamming resource alloca-
tion for integrated sensing and communications based on game-guided
reinforcement learning[J]. IEEE Wireless Communications Letters,
2025, 14(1): 223-227.

PALA S, SINGH K, LI C P, et al. Empowering ISAC systems with fed-
erated learning: a focus on satellite and RIS-enhanced terrestrial inte-
grated networks[J]. IEEE Transactions on Wireless Communications,
2025, 24(1): 810-824.

HU B T, ZHANG W Z, GAO 'Y, et al. Multiagent deep deterministic
policy gradient-based computation offloading and resource allocation
for ISAC-aided 6G V2X networks[J]. IEEE Internet of Things Journal,
2024, 11(20): 33890-33902.

GONG Y, WEI' Y F, FENG Z Y, et al. Resource allocation for inte-
grated sensing and communication in digital twin enabled Internet of
vehicles[J]. IEEE Transactions on Vehicular Technology, 2023, 72(4):
4510-4524.

KURMA S, SINGH K, MUMTAZ S, et al. Resource optimization in
active-STAR-RIS-aided THz ISAC systems with DDA modulation: a
machine-learning approach[J]. IEEE Transactions on Wireless Commu-
nications, 2024, 23(10): 15291-15307.

XIE ZY, WANG Z Y, ZHANG Z K, et al. Distributed UAV swarm for
device-free integrated sensing and communication relying on multi-
agent reinforcement learning[J]. IEEE Transactions on Vehicular Tech-
nology, 2024, 73(12): 19925-19930.

WANG Q Y, CHAI R, SUN R J, et al. ISAC-enabled multi-UAV coop-
erative perception and trajectory optimization[J]. IEEE Internet of
Things Journal, 2024, 11(24): 40982-40995.

ZHANG F, HAN G J, LIU L, et al. Deep reinforcement learning based
cooperative partial task offloading and resource allocation for IloT ap-
plications[J]. IEEE Transactions on Network Science and Engineering,
2023, 10(5): 2991-3006.

LIANG Y H, TANG H J, WU H M, et al. Lyapunov-guided offloading
optimization based on soft actor-critic for ISAC-aided Internet of ve-
hicles[J]. IEEE Transactions on Mobile Computing, 2024, 23(12):
14708-14721.

LUO F, KHAN S, JIANG B, et al. Vision transformers for human ac-

tivity recognition using Wi-Fi channel state information[J]. IEEE Inter-

tivity sensing: a selective sensing strategy and a multilevel feature fu-
sion approach[J]. IEEE Internet of Things Journal, 2024, 11(18):
29335-29347.

KANG LY, LI Z, ZHAO X H, et al. ST-PCT: spatial-temporal point
cloud transformer for sensing activity based on mmWave[J]. IEEE In-
ternet of Things Journal, 2024, 11(6): 10979-10991.

CHENG X C, YUAN X J, JIANG W J, et al. Deep active learning for
mmWave array-based multi-source AoA tracking[J]. IEEE Transac-
tions on Wireless Communications, 2024, 23(9): 12368-12381.

[791 NAOUMI S, BAZZI A, BOMFIN R, et al. Complex neural network

based joint AoA and AoD estimation for bistatic ISAC[J]. IEEE Jour-
nal of Selected Topics in Signal Processing, 2024, 18(5): 842-856.

WU Y Z, LEMIC F, HAN C, et al. Sensing integrated DFT-spread
OFDM waveform and deep learning-powered receiver design for tera-
hertz integrated sensing and communication systems[J]. IEEE Transac-
tions on Communications, 2023, 71(1): 595-610.

CHEN P, CHEN Z M, LIU L, et al. SDOA-net: an efficient deep-
learning-based DOA estimation network for imperfect array[J]. IEEE
Transactions on Instrumentation and Measurement, 2024, 73: 8503512.
PAUL A, SINGH K, KAUSHIK A, et al. Quantum-enhanced DRL opti-
mization for DoA estimation and task offloading in ISAC systems[J].
IEEE Journal on Selected Areas in Communications, 2025, 43(1):
364-381.

LIUC,LIU X M, LIS, et al. Deep CLSTM for predictive beamform-
ing in integrated sensing and communication-enabled vehicular net-
works[J]. Journal of Communications and Information Networks,
2022, 7(3): 269-277.

LIU C, YUAN W J, LI SY, et al. Learning-based predictive beamform-
ing for integrated sensing and communication in vehicular networks[J].
IEEE Journal on Selected Areas in Communications, 2022, 40(8):
2317-2334.

WANG Z H, WONG V W S, SCHOBER R. Integrated sensing and
communications for end-to-end predictive beamforming design in
vehicle-to-infrastructure networks[J]. IEEE Journal of Selected Topics
in Signal Processing, 2024, 18(5): 933-949.

EGHBALI Y, FARAMARZI S, TASKOU S K, et al. Beamforming for
STAR-RIS-aided integrated sensing and communication using meta
DRL[J]. IEEE Wireless Communications Letters, 2024, 13(4):
919-923.

LIU Q, ZHU Y Q, LI M, et al. DRL-based secrecy rate optimization
for RIS-assisted secure ISAC systems[J]. IEEE Transactions on Ve-
hicular Technology, 2023, 72(12): 16871-16875.

WU J G, WANG Z G, LIU Y F, et al. Efficient global algorithms for
transmit beamforming design in ISAC systems[J]. IEEE Transactions
on Signal Processing, 2024, 72: 4493-4508.

TARIQ S, ARFETO B E, KHALID U, et al. Deep quantum-transformer
networks for multimodal beam prediction in ISAC systems[J]. IEEE In-
ternet of Things Journal, 2024, 11(18): 29387-29401.

ZOU J Q, WANG C W, LIU Y'Y, et al. Vision-assisted 3-D predictive
beamforming for green UAV-to-vehicle communications[J]. IEEE
Transactions on Green Communications and Networking, 2023, 7(1):
434-443.



250 -

-

pall

#

1

¥ 46 %

(fEH ]

B (1998-), &, RN, HKHEH
KEEE A, BTN OB
N LR BRe T %5

FRETE (1967-), 5, W& LA, #
+, ERUEH K EE. HELES, F
BRI FT T NS N 4% . BBEhiEAE . K

R

BEBEE (1986-), %, #WdREEN, 1
+, HERHEHE KRR, AT, E
BRI OB . N TR RE.
RE T . P RS,

P AR 1983-), B, TFmiEA, P E

RS A A PR 7] R 2 v W) TR, &
SIS LW/ B eV S N AN I <

BEz (1991-), 5, WA, FEH
fEA A BRA A EER A\ LW, 2
W7 B — AR L. N TR RESE .

BRF1 (1979-), &, WWIIFIHAN, HRHER
ORI, EEH T ENES 56
SV (SENEY/| PR R



