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(3) T AHUSIE R AE JE Ad v T AHLAT A
AR B, A Mg MR, BR AR K
AR, ERARYULE S B S T8 A4 T 5 A0 B AN 7
M. AR B AR E R R, T ANIAH]
HAREMR M, PAT I BHIAESS, R PR
BErb pmr R, A B ST I8 A 9 2% 1) B A A
BN, BRES T e r R g, £
WEITCE R 2% ey, To AALAT DS IN H s )
THOL, R R, i P 4 SR BEAT AP A
BRI JE AW W] LI R AE A [F) fr B R AR AF TE AR
15 B (Channel State Information, CSI), Ai#{E
RGURIUETAREER, X0 TRERBE. D%
2 1) R B 5 T A T A SRS AR B B
T T AVLRERSFE34E S [ b A 5, FER AR
LA A A ETEE S, Blnss8eh BRI
B MITC AN RG] LUK RAE I R (5 B 5 2

EEBAPHEE S, 5T REN 8 07 51 & AirSim
FITCLRAZ 18 17 B Wireless InSitefs) & (1504 4
BEAT ISR, E LA A ) (BN RS B 5 i s
] 1) B AR A0FE AR B (R OG22, S TE AL
M3 A 17 5% N S RS TE Al
3.1.2 AR E R R ENE

b THT 5 328 T 8 30 J — A A A0 0 A TR 2%
Hr, T AMUAEA R P& AT L R 3 L3 ) 5
B, B SR, TR i H A A e AU S s
AR EHR S BBUE S A, ERTE
RN RS G/ bNES R AR N RS Y o SV VA B4
RS OB GRS RIFEEAE . B R
To NWLHE E I 4Bk T 22 248 (Global Naviga-
tion Satellite System, GNSS){E i} ZE 122 4= 14 77 H]
FOAN KL, b T G o ) FHISACEOR, il 52 A i
BI85 NI AR M 5 RS . X Fh 77 UM
Al LA BT #5158 (Physical Broadcast Channel,
PBCH) ¥ [F) 2 15 k47 3 5 5 BIAW 7] (Time of
Arrival, TOA)RERAIIER , Ak G 1 84N B %
BN, BEICT RGRA, ERFERTT T RANT
G HAERIE, R TR AN B RO AL
R

M FH g 53 9 2% 32 42 1) J0 AL 248 By 5 ik il 38 T LA
BEATEME, BlanJc AWLE I 18R T4 T AT RIS
2 OFDMAE 5 R I i gn Bkli,  HH S HES H br
A, HET S 288 5% (Range-Doppler Al-
gorithm, RDA)#AT HAR L, 8 & 2R 3
RIS T — 58 73 HR 3 T Rl i B B AR B A R
RO TG B R G A TISACH AR W RIRYE, If
HXS AN SISACH AL B A IR N 1 R $2 44
TR
3.2 EEEBRMEESZSHTANEREBER—HL

FETH )R B S AT, NS 25 3 5t
AR S R A7 M A R SIS R AR S et S A
IR K, TANUE N RIGEHRE . BahitiE.
AR s AR BT &, FEMLE TR A (AR AR
BN, AMUAEM 2 R EE S, L FR
ARG . B, ITEAZAANR AL, H—
PA I 2 FREFPERER I, MR TEF R TR
A B, KR E AN . @
I ANLSEBLE AL T AWLEAT 2247 55
0 S T B e B O AL FE o T [ B SRR i 5 55
TG AL REE I — AL AL N 73 R R 3R
3.2.1 BT AN LI EN

AR B P B B TE AL e R Rl 5 A
S EENH S, WE4PR. TANR &S
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WA Jo AL RE IS B — IR AL L I 5 5 R W FE 250 867

P AR 25 TBR MY, BT DL B AR AL UAVIE
o PR SR oz B ATE A A B LA UA VAT H A 1 DL T
KR, BIKRGER T HIEEE S F1# (Age of In-
formation, Aol), S35 %l MIG AL S &A1 H br
15 B SR LB

1E 2 To NHUREAS [ FH P 4 it ad ik — AR A0 IR 55 1)
BARYEr, HPORBLRE, B2 e AHLandr 43 ic
B 55 I B R, 0K K 5 e e s — A4k R 4t
IR SS oT f, aI R T 2 ) SR TR P R ER B1
RN ZEBEAT A SRR, mT LUK FH AT A 280 oy
EREL, MR A RGBSR, RS
G AMENE T, AT BRI TS,
% Jo ANHLA] DS B S AE 55 40 B SR AR AL AR 5540 o f1
fExIhE, i, 2T ANESERTSEE
(A5 e LU 2 m) DRI AT 5 E B i R 2k, &
LR RGBT S5 5 B [H] 1T X Be R R
FEA T ERG T ELE B A5 0L R S 2 B AW &
TR BER A BCA UL R A, B R AW
TEAE BN RE .

(2) T AW E B HUE S B E A £ AL
RILBEFE FHBE M A, TTANAE R T
G5, FIMRKIERAES, HMRsEEGERH
ZAE 5 A F R EAAES . XRERH T RA
ML SN N R g fe 77, s AT AL
ATHIE, UULRSHE ST S5, SRR
PR AL R BE AN a5 1 A R S e i = IR R
%, Rl e B S0 Y BUE SR IS .

TEROEIERAE S, @G RANL K
SIThE. YATPESE, W] DABRSIJC AN AIE 5
P IRAETFTIEIE BN, FEAF W AN HE I8 AE
Jike 2% Jo £ () R IS, 3 b D 246 3 7 R B 1) o 6L g
JIM G —P ) R E B TR AR SR R, 4
Uiy o] DAYE S AL (5 IR 55 0 [RI,  7E 38 24 I (8] A i 8K
WSS, fEm KRR LR s e s, #2
SRS

(3) e AW WA B RS 5 e Ar: FETEAML
P BRGNS 5 e M BN, e AL I f2dk
K E HuTH 2 05 (Base Station, BS) Bl A& 8 AT
IR BNEENE 5, LI BARIE AL . X — 1
R RS ROE T ATE S, 57 BisWik bt
JETABLEEY, T ANALUBE J5 % [ 315 5 A% ol ek
HEAT BARRTI 5 BAE AT . 20 B R 5] AUk
A ALAZ B 1A (Bistatic Synthetic Aperture Radar,
BiSAR) &G4 R H 7 B ANLIIHLS) M 5 P EE 2%
-, A REEAE B V2 PR AT S AR e AL AR
5 N TR R OER, TE AL LT

ATERAE HAR DR AL, DALE T 2 BN A
SEORMEN, & ME AT SilERERE. T ANLAT
DA 7€ I [8] N AT B ENAE 5%, T AE AN 8] B &
ET AT ESAES,  LLog O R & 9 25 1A 55
3.2.2 BREANEINEFSHE

TER BN AR, B AL T H RS
i MLEDPERR . ARG, PIEEths . HRAER R
R Z N T 8RR E . WS 550 RS
J7T, RO A A B R R A XA, R AN ]
DASE I ey RO HROA PR 2, AT U AR R A0 25 X 45 v
PR E . ERSFTRIEERAES T, AN
WA B IA Gt A MY S . AR
P (Internet of things, 1oT) 8L % 5 %815 I 5
H, AN AT ©AT, TR R T 5% B
TR, FEBLERA b ST 2 8 1 BE R R AR
SEI EdE e T AHLAE R 55 To T4 s, 38 i 7
B9 RIMAEGE T EmNE S, Bt 4Et
AT BB AN D) 2 R A TR, AEARTOFEAAE T AN E]
R RPPIRSEAE, TR SER G T E
B A

To NAVIERS Bl 2 v 5 2 AT DLk AT 14 2 5%
-, AR AT IR TP Y A, SRR JF
GAEH P IERINE, BT R S AT
Bk, SEPHURIERS BRI, fE B2 R
AR (Multicasting), Jo AHLEESS [FI 17 2 A P AC
NEAFNE, e T EARERMARE, H4E
PR ICAARMA T A5t

[ FF P P 4 it AT DAKEAT 55 #0321 AL
BB G ST L TE AHL BB PR A o
BN, RAENLGHEY SEAEN 5, Fl
& T I ARG S G S E R . il
AR EE, OIS ITHIE, AN EAR
PRI SE L 2t SR S%, JF AT DAE S e 2[Rl
WCERBERE &, N B R RE A I SR AT 55 Ab B
REp=GAP
3.2.3 BEMEEEHHEN T AR A

T P16 Jfr 7 110 388 3 T 265 3k i B 6 A LS FH 3
s, TANUWE AR P, AT R E RS s
TANSE . AR . BRIT VA BE AN N SRR R I R
I, w0 Jo AL AT SEFR R I MBS g ) 20 H
B, T RN AT I A TR R, R L
RKATIRES ) B R EL S HE S SRR 4 K TR
B, PRUEESHERS RS E AT 58, JF A DR IRl s
R, KRN TESFHATE M LG T AN 5
3l R TCVEI AR o DR LG A B TG AL ) 68 3 4R Rl
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BEHORP,

i T St T ALEAT B, T DA A2
X AHLIBAE FF R R, AT AL E . &
FEL M) G, IR, SR H
P 2 FRTE AHUNTE . BT AHLA M R IR
PE, B0 24T AHULEZ 200 2k s mi ol 12 T ik 52
BB R SERAFEMAN, TEANLE B ISR IR
fir, BEMCIEAZTUE PULFEH KAT, 5 ZAMAR AL,
TG, AR RATHE, AT RATPULERER, M
1B DR 70 N BILAES B (1 22 2 1k Az i R0 . AN
Ub, BRI IR BE S D T AP i 1 AT 2R
Ry AIFRA AL S By, I ARE AR ATEL
RAT O, (RN 96 A2 o AR R [X sk 4 7 i SR 5 5K

R BCE BRGNS A, SRR
TIAH X IR LA R B MR AR 2R, JFREX 7
REEEER, PLSEEIN JE AHLILARTIE 1 i
PRER. AP 7 HAZ L SR E Y.

IR, TN R R A HEh A S s, fE
G PR TE AL A PR B B AL 55 o, B — bl ) R RS
JEEANZ 76 JE A PR, A AE e DL A2 o AL I Py s
P SAERITERR K. ik, T T MRl s &
GLi 2 Bl P R RRNSOR RO A, fEBhCA T 38
T o O b T e 83 O O 2% ikl 3 T 22 A Bk [R] T
P, KIIRTEXTEANEE AR/ KA AT &
FURFIRE R, ¥ RRBTE L, SCBlmR L. KB
AR [BE BRI, 33 A2 TE AL KAT P 7 AR ST M
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WIS To AU RE R A5 I — (AR I 5 BRI FE SRk 869

nal-level). 52 (Symbol-level) 5 & F115 SRl &
TFAE 2 IER, e TAREZH. B4
RS EAHE iR E MR LI a8, P9 RS
) N 22 A TRkl 4 (B 38 £ 5 vh SR U VR 45 I R 47 AH
ALRFAERR S, MTTSEBLN R, $em 7 I AL
B PG TR FE R RI, IR T R R,
T I AR A T2 328 1 W 25 A B B 8AE R4
B TISACH AN B/ 2 3@ Bl oA 7o AL E BL
S EZRARTB, S AR 2555
T RIS

4 FTAHERERTIR R — L R BEIRARMR

T NHLAE BE i B — AR I 28 25 5 1 kg
FEEHESEZFHAR, GBS BRI IR T
PR, RPATEIRAR SIS . AN 5
IR RS, N T &N 2 AR IR T R g
fig,  DUBRENSE BB BT 43 Be AR 9 AR I G
FARAETC AHUAE g (il B — AR 2 R A3 2 T —
FERERIN A -

4.1 RRAENFERERA

FETC ML BE A IR — Rk M 2 b, B AR
SR TE AN = RGR B AL BRI AE B Bl . B
HNRsY R, fEaEsn Ty O HE L 2 B 2
R R, KMBEMIMO. PMEESN. IT37@EE
o 2GS RN ST e AR B B FH e 2 25 1 5 e A WLAE
AU R ARE S B S, SRS
I RLIIHAT -

4.1.1 KFHEMIMO

FE TG AW BE H 30 B — R i 28 v, R AR A
Nt (Massive Multiple Input Multiple Output,
Massive MIMO)#i AR 576 AHLHI 456 Bl R e $2
T ARG S YR N B HE AL BERE ). KFIAR
MIMOIE T A 335 5T NHL_E RS 2 REFE, fE
8 7 [F] — 5 B L[R2 2 AN P S48 v ot =2 1) i
%%, oI Z AN RS LR, T R A
MAFEMPLTHRE JT. B4, MIMOR 7> Af 56 &
T BRI REHAR, WHRIHZ AT ABLRIR
LRGN R LR, SCHUE 5 125 8 5 A A
AL . X —HARMIALET, AUEF T M
()78 S5 VG, I REAE I8 I I R RSO 1 R SBR[
e, FIES T, PR RURIE R
R4, v UAEAFRTC AN BCAH FAL R 5, it
WAL, PITIRBIE 5 o 3 2 R i o L 2 4 AT
s, M SN Ra R,

4.1.2 tMERH
TR BN ARAE T AW LAE BE (18 SR — R AL N 2%

HRER B REEMERH . B2 AN HFE
TAE, REne % | LRSS, Ninie s
IRBE RS B AN SR VO PR RE A
MR — T ANIER A FEME X, HSER
AhAEE, BAFEIIE NG BT 446 &
B, S H AR SE AR e AR . FIE, BME
BN ] DU s A5 2B IR, B R G S
A NG Fy, TEBDE R REE AR, &k
AL SR A7 3 AR IR y2ads o] LA A =)
I AAT A IS R, BT E R EdER AN,
T 7T 32 B R R A TE AN Z 8] A5 AL 4
e, DLKR P ES > AR SR TH BRS04 1 ab 3
B, DANXEh A H R B AR SFH R, X
—H AR B i AR AR R BRI K
2 IV ) S AR 1 N FH B AR T SR
4.1.3 EIHRERFBEE

TET NN RE I IH R — Rt M 25 b, Bl R 2R
AL 3 KRR AW s, JEVR R KB T
&, XA 1S A R AR AN E A A2
St AR GITE I8 S B A 1) Bk i £E T FL 2% T a3
NXHE S E R, S EESERR N P T R
AP E, M3 3% 38 15 U 3E o BR T 9 Ak AT
B, AR A 55 P 380 2 i 1) A 5 R0 B S )
G, I3RS, S A AT DL AT B 15
BB SERF AT P B A BRI RE R, AT SE @S
SRGIRA A . O W7 28 A
T N F T RN EE B A o, 0 R A g DL S
2 )R (A E AL R AT B, X N ANAER
FeIA S v ) S FEAE SR A T 0 A o S g 1
4.2 FRESMEAR

TMMIEPATAESS B, B FAARF LS M R
fil, AT R REEANS R ME, @ERERE A
R H 2 ab T FEAE S A B ETh, FIkmigE 2
FhEs PR PR, BRRREE . ARG A, K, o
FIEARBEIRMALET, SRR, Dim
AMLE R — R0 RE S, BT TE I AL —
T 25 1 R ) S B
4.2.1 BE&ERESOCHEAR

BRI RO B A BRI, R
RIS BT S T R AT AL E . 3k
T3 SR AR /AR R, @ I S A
AT, DAL TE AN B/ FC S o 7E B 28 R UK
Srlio, FIEFRMARZOTEH A6, (G
R BEHERAEE AR, thAh, BRI
H H R ARILAE 2 AN 5T, 50 Gl e s — A g
R BEARTE . 2S5 RIT H IR0
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2 %

AT %

G ANISACE AR IIZE., AT, BEnf
SRR AT AL, AT DA R A B R F R
R SN WNIRSEA VRl VE:- PN P
AEEAS RS E R R AR B TTEE
AW T IE AL BT TE 5 g A Ak, 49 an i
A*EyE . Dijkstrafii B YR e 5 i 1Y, i
FUCRCES AL 3R T AL B IR S P RS & ok R

BT VEE EE T SRS
K, I REMGAE TUE I W] A IRAF LR T IR ACAE, i
T ESECER SIS 5. R, BE&TER
JOBRYELE T, B TGVE S BT A PR 1) AR AL,
— HARSS T REGA S R A2k, T EEHTH AL
TR, BT B 50E 75 = RO B G
MHEEMEAS R, X0 T Sh MR I R G0k
AT RETCVEH 2 7 oK .

4.2.2 ELFRESEEAR

5B & TED BRI, 784 BRI B4
AR EFNXS S SEAEF TR TAPLR
gith, BEEESIET, B AEFFRULTAN
PLE ERRESHAE R LA, X ERE IR RE R
P SEE BT R EE . BRI, AR ST BRI
AR T HLAS 7 2 2 DGR B K U, U
RAEZ T MNNPMER R, BN S 4F R 37
A

TELR GHUR 73 T IR S I PR 2 HRp 2 —, AR ILAE
FTE NS 5 P80 FoAt I AWLEI SRR 22 B, AT
AR A H BE U5 40 O SR o B, B — DR BUHT
PSS BT, A LR AL (SCA ) B K AR TR
R ), A RR IR R T R AT
B,

FELL BRIy AR B o — > B 35 i L0
PEo LETH B R R A AT S50, BN TE AN AT AR 3R
WEARA . AR5 HR L ERES, sha R IL R
NG . B, EZ2HBAIMES T, 24
Z R R AR 2 2] BRI UK B0 v ST 55 B 3
I AT AN BIE 2, TR S TS AP 5
TUH, IERIERATIN IR T R G R B ARMERE . L
b, AR U A R D PR 5 2 o R AR A A S0
FE, 43 22 45 BE A% 1 B0 A0 N ) A& A A ER 500

BEE T B RS9 K, 2 T AL
BECNE, R E 4 N 2% (Graph Neural Net-
work, GNN)KFZ UM B P850 45 5, #EAT 516 70
B, CRCNASKRE TR — N 77 ). Gl s
W2 5 B R A I ST S ATy R, fEEE)
A KB, WARRIEE T, X—J7A B
PRI PERE,

5 FTANEEERNBRER—AILETERRBE

SR

RE FRREEARCEIS TV, IHE
TN Re & — RN 28 R 15 2] 7 R, EA)
SR 35 VR 22 BRI TR A AR 1) R, X Sk bk
FEAR P RRYR IR 1] SR AL R8T DA S I 4 22
AEETT I, KX LT 1A T HOR 5 e AP RE Y
KRR IR PRl G, A et — A T 1) B R
3 SR A RO FE R R
5.1 ME[EgEEZRNTEITRERA

FETC AW RE A — b 2%, B ANLA
PR 1) 5 A2 1) 240 DX 2% 12 R 2 T I SC B R 3 . A5 41
e 3 e N AR F i A F,  JHC 288 s ) e PR A
FE3073 A A, A DA R I TR] RATAE 55 1O 75 oK
RERA RSB ERBERTERE, HILZR
BB TR, B, ERTEEREAR, L
MBS AE RAT AR T ARG IR A RE &, A
N TRABX — 250 ) T AE A R 07 S . Bl e A
EH A (Energy Harvesting, EH )@ i K KBHAE . X
Rl L& MR SR B T B SIE, BEE
K7 IANE B3 2w i S i ae . el B Rt
RE, el i T BRI BRI, 34 BE 1 5 2% 1 ] 5
P, IRz b X EOE AR E R NS LR, SE K
RS ISR HERT 1] o AR T = LB P I e AL
HRIME, SHEMET BIFENLEE &M EE k55 8 1)
FHEAE 4 R Gt iy ok 18 Bk AR5 T AL I AT
5597 B,
5.2 ME[EE FEEIMERIRISH BN LKL T

FE TG NS RE 8 B — iR 2 b, N5 374
R3S, AL B AR TE AHLHILOS
IS4 T ERPARGE T, BRI
5 BN T AN B AT IR AT DA — & R b e
TV RS, AH A ATS RO 58 A H [ 52 2508 i 5
B AR A IR B AR S0 e, KR B AL RR A
AP RO R T RSO i i, BN
AR R RE R . N T R BRI, £ETE AR
TER JR— A A I % v 0 2 THT [v) 52 2% A% R I A5 1) P B A
A BEK Il (Reconfigurable Intelligent Surface,
RIS) NN —FhEIRTHOR, il  fe £ AL 7R3
BER SR AL AN B EE, 38 K B To VR o 4 R
SFIRIRES, SRR A R SHE T A ANEE, AT
P IF S nr 2 H RGP AL RE A ST . RISHH B ) 5/
XisE— g5 O TR R e e, A2
WFTHRIS S T AN EHLEELE &, i — PR
Te AHUE RE @ — R X 2 Mg, T5aR 2 — ik
RHIE T8 BT AE JT 1] o
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WM Jo AL BE R IE

SRS — IR AL Y 5 AT 9 2k 871

5.3 HEE MBI HIRE SiHEIIK)

TETC ANHUE RE IR B — A I 28 v, B PR S
SRR R BTHR I T S R Pk . — 7T,
TE B RAT XI55 1 AT R X33k 11 45 52 7
Sz X, 7, B S B RGN A
SERE, 0TI M AR R v B4R BT RON T RE
DRI, 26 T B A JS (0 58 B 8 T H 3 1 7 72 R
FIT Ao BT, I FH 34E PRI M ANV g i ST
DS ETEAS T, 380 DU B2 X I8
RIS Ak, MR TE NS FH P 2 8] 5
RN,

b6 5 TG £ AE F G PR IR RE ) (A W B T
R R ARG AN R G RN “ K En”
HPTRL R @ G BN S B4,
i A R 45 A FL L S W) PR A BE 1K T 4k L b ] (Radlio
Map), 1ML FESE 1K@ XN % 07 B 1815
SR, mERUE SR, DhRIEE . [FiEY
WEEE . TRE R BRI IR 7R
FEI AR RSN RE 7, 8l L RE A% 30 e 00 8w P A T A
BEUSRE I B4R IR, I8N 5 2R M g AL 1
FESRME 7 I 3CHE o B far e b P A gt 445 SR S e 15
BT, SERTRENZME, RS AR
S HERYE, SR F H A S BRI 1 S B A
FLHg Iz —1,

5.4 EEMEL LR ERA

EVFZ SEPTA RS, W2 RE
B, T ANHLAE E AR S — A A o 2% R T Nl o 16 2K
AT R, e K — A R il 7 B S OB it 1)
BURAE E, EARI R T RS B & ORGP . FIA
4 B R SR (Low Probability of Intercept,
LPI)il A5 B AR AT LA R0H 2 X — K, AU 4
ESONRE MG RREMER R, %L, LPIZ
RIS A AL /I ) Bk ER B AT VA S, FRE K E
PRI TR] A AR B U o SR, DI R — A 1 £ R
E, BAMNITE R EGEE TN RIX B,
DL B A A P R AE DY . TG AWLISACR & BT #8
P 2 R A& RGAEFROE S SUR A B 78 4 T
MrEe, RenlfEfo 2 P 3L S BRI
BT, AEAERRER . B AN TR B PE S
2 REBAR I 7 ) V25 Bl 15 S By R pLE, =
X6 T8 ) o A LA i 0 388 3k — A A0 X 2 344745 250 1)
Bl (s vt 1 5 Rk
6 45t

s A, TE AL LA R — P AL 45
B SRR, O R . R A
AU B T ORISR S IISACH

A T NHUACAT AR R fE 77 5 B 38 £ 1)
2, - BRITHERERGERE. FE T FE RS
S5, TE NHURENE LA 7] W4 2% Ao B SCE A 85 JaK
R BdEREE. LG EMEAEDRE, FN, E
SR T S vl T U B AHIAT E 2 B RS . R
B DU REROR 5 TR FE B A AR I R B 4
ARBAF TARKZERE, (HIC AL RE R IE I AL K
AT I RE RS2 IR 2R TP R Je A5 T 1F b
A, BEZ TR BT X AR 5 TE AN LI I AL R 45
&5 & BB LT ETT 17 o
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Abstract:

Significance  Unmanned Aerial Vehicles (UAVs) have attracted significant attention due to their flexibility,
high mobility, and potential for widespread applications across various industries. The integration of UAVs
with Integrated Sensing and Communication (ISAC) technology enables the combination of sensing and
communication capabilities on a single platform, facilitating high-quality data collection, processing, and real-
time communication, particularly in complex environments. This integration offers substantial benefits in both
communication and environmental sensing, addressing key challenges in emerging fields, particularly in low-
altitude economic scenarios such as smart cities, geomatics, and emergency rescue.

Progress  This paper provides a systematic survey of UAV-enabled ISAC networks, offering a comprehensive
discussion on their underlying principles and the integration of communication and sensing tasks. The first
section introduces the foundational principles and characteristics of ISAC technology, including a review of
waveform sensing-communication integration and multi-modal sensing-communication technologies. The paper
also examines recent efforts toward standardizing ISAC technology and emphasizes the importance of sharing
and co-scheduling hardware and spectrum resources to improve overall system efficiency. Subsequently, the
paper explores two main network architectures for deploying ISAC devices on UAVs and ground stations. First,
it investigates sensing-assisted communication tasks, where the deployment of ISAC devices within UAV
communication networks ensures efficient resource allocation, improved coverage, and enhanced communication
performance, particularly in challenging environments. Second, it discusses sensing-communication fusion tasks,
where UAV-enabled ISAC networks integrate functions such as positioning, edge computing, and data caching.
UAVs play a pivotal role in combining these functionalities to optimize overall system performance. Through
UAV-enabled ISAC technology, the system’s capacity to collect environmental data, perform real-time
communication, and support intelligent decision-making in complex, dynamic conditions is significantly
enhanced. Additionally, the paper surveys the current state of key UAV-enabled ISAC technologies, focusing on
two main aspects: sensing-enabled techniques and resource allocation strategies. From the perspective of

sensing-enabled technologies, advanced techniques such as massive MIMO, collaborative sensing, near-field
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communication, and multi-modal sensing notably improve UAVs’ sensing precision and coverage in dynamic
environments, thereby facilitating the successful execution of various tasks. Furthermore, the paper examines
resource allocation techniques, addressing the challenges of distributing energy, spectrum, and processing power
within energy-constrained UAV systems. It also covers the integration of wireless energy harvesting,
Reconfigurable Intelligent Surfaces (RIS), and advanced communication techniques, such as covert
communication, which enable UAVs to operate more efficiently in challenging environments with limited energy
resources.

Conclusions UAV-enabled ISAC technology is progressing rapidly and holds significant potential to transform
the integration of communication and sensing tasks within UAV networks. By capitalizing on UAV mobility
and versatility, ISAC networks facilitate the seamless integration of communication and environmental sensing
on a single platform. This integration enhances UAV performance and adaptability in complex environments
while improving resource utilization, ensuring the efficient operation of UAV networks in applications such as
smart cities, geographic surveying, and emergency response.

Prospects  Although significant progress has been made in developing UAV-enabled ISAC networks, several
challenges persist. Energy limitations, complex transmission environments, and network security are critical
issues that must be addressed for UAVs to operate effectively in dynamic and diverse environments. Future
research will need to focus on overcoming these challenges by integrating emerging technologies such as wireless
energy harvesting and RIS, which can enhance energy efficiency and network performance. Furthermore,
geographic information-enabled technologies, such as radio maps, will increasingly play a crucial role in
optimizing UAV deployment and navigation, particularly in complex environments. In addition, integrating
covert communication techniques into UAV networks offers a promising avenue for improving the security and
privacy of UAV-based communication systems, especially in sensitive applications such as defense and
surveillance. The future of UAV-enabled ISAC networks will depend on addressing challenges related to energy
constraints, environmental complexity, and security concerns, while enhancing the efficiency and effectiveness of
communication and sensing tasks. As these technologies mature, UAVs will become even more integral to
emerging low-altitude economies, fostering the development of smart cities, efficient disaster response systems,
and intelligent traffic management.

Key words: Integrated Sensing and Communication (ISAC); UAV networking; Wireless resource allocation
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