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Abstract: Integrated sensing and communication (ISAC) is one of the key technologies in 6G networks, wherein satellite integrated sens-
ing and communication is an important part. This paper discusses the satellite ISAC network and its key technologies. Firstly, the satel-
lite ISAC network architecture is introduced in detail, including the space—based, air—based and ground—based networks that cooperate
with each other. Then, the key technologies of satellite ISAC are discussed, including ISAC beamforming, ISAC waveform design, inter—
satellite link technology, on—satellite processing technology, and satellite antenna technology. Finally, several future research directions
are explored, including ISAC with massive multiple input multiple output (MIMO), space—air—ground ISAC network security, and new an-
tenna structure, in order to promote the progress of 6G satellite ISAC technology.

Keywords: integrated sensing and communication; satellite communication; 6G network

S| : BINE, K2, PAR. BE 66 DEBERA—IREMES AR A U] DrOEREAR, 2024, 30(5): 16-23. DOI: 10.12142/
ZTETJ.202405004

Citation: YANG S B, ZHANG Y, LU W D. Satellite integrated sensing and communication network for 6G and its key technologies [J]. ZTE
technology journal, 2024, 30(5): 16—23. DOI: 10.12142/ZTETJ.202405004

Iyﬁ%%Sﬁ(m)%ﬁﬁ%M%%ﬁw%%,%6& B(ITU) T 1 2030 FO AR H AR RSB BFFH A 1, 12
W (6) 1k iE RS WA 6CII%E Ml (ISAC) HATEH BT — R S S iy 8
TESHFEARAYIER | SR B MR, LIRE SR sty R 7 12—, 66 i3 B — A AT
Fr#&sin (UT), ISR SIOBI, ARVEEBT . O30 g e, 3 EEREATRIN . & R0AIRG, TR f R
2 TSR, 6GAE i — U BERU T (5 B ALAT IR . B14T 6G 4473 [ Wy Rt B 580t L E A
B, R SRHOE . ATHE (AD SHORE AR RS o

Ghey, STHLEAS . BRI R R KA A, R (S P —

T EHEE R XREEEN. DEEINERSY S L2
EENE: BXERNSESINE (62171412, 62271447); WTLESARE N N R IR
ESTI8 (LD21F010001) AL, AURSEGUREIAR , FEHLTH RS 238 (5 R G0 S

16 Pro@ERRA
2024108 30588 Oct. 2024 Vol. 30 No. 5



\\\\\\\\

EORH P RIERES I L VSRR SR SS , A I AR
GEMELLA R OLH ., —Jrm, DR BAT Z R E R
Ml B e 5 B e AR s P RE Ty, H # M RS
ZHAEABARE G, T B PER AR 45 T —
Jrr, TR AR A4 R R B A IR A ELLUA R AL
foh T, RPRRBONIEE . BRItz b, TRLERNIT R
AEEAEA, R TR AT AR A A ot s A s
RAFAE, PR LR BRI E L B[R] )2
iz 5551,

B 4R TR0 5 P 26 B B, AR T2 0 3 1 % 5
A B TR RS, TR 3 R — R R GO 2 3 S
T S R AR A i A 1 R BB S Tt AR U
(52 FANBE 1 i s gL =2, SRl ol 45 5 RO S E Y o4
G EAMBOEAIEAL T R A BRI OC K
BEPFSEIRBORIN , 82T TRRIR R GERCR . DR EIR—1K
T 6G FIZEARAL 13T (038 15 )2 RS, BERE ST 66
o0 2% 38 {5 Jo o A B SR ORS 20 12 5 TR ™, O 6G R 45 S 1t
Jhiz . el . PhREE R AR IR B S Ik g5 St
ROELHE

1 6G I E R {E BRI — L M 4% 2244

TE6G M2, T1RRE 5 B — (A A 100 264 58 23 1] T 8L
PUFEBR, SEHREE, SRR 2K R R & . B
WIE AR REROARR — A, MR — D =R Bk
SR, LIRS ORAS M . 28 Kt — R AR AR M
RS Z—.

SCHR[THRVT T AR IR 268 I 5G [0 6G AT, s 1 3F
HBTET 28 75 5G 46 i T PR L) R B A 6G AR S R GRS
MISCEEME ], AR R 2% A D35 (E T RERBAR (I xR 55, oK
BUELE . AL ATER R A 4 . SCRR[S] P R 1 2 Kl
— ALK I RS TR S I RO 2%, ST 4
BRICEEBE 5 M SR TG BB M5 o AR A T HARES 7T
SIS 2% B R AE (R B, sl PR,
IR EE , 6 AL AR I 55 5K o SCRR[OTAP 2 4 10 2 Kl
—ARAL 2K B T 1L 25 G AURUR(E 8RSl T
GRS RCE BAAL . AR LA T R IR G TR
AL DT, REREIE I A5 KM — AL R 2% (4 Bl 2P AL S A
P, A EAN R R 22 AR F A A A Rl &, SEPURGE
A0 o) TV 6 O 1 3 I 5 T N T Y U MER S B e et
R P 288 20 T B 5 s SR 2% | R R 285 LA K s 6
% XSRS ETCAR I R Bk, 1T HLIE REAE AL

B[R 6G R EBERBA— IS B R R EERAR HRINIE &

SeE AR AR TN TR, (A5 28 AN B 15 4
WA, W E AT bR IR A BRI RE ) 25
Gk

1) RKEEMZE . RIEEMZERITR M, TARSERIELE
BER A ERT, FE R 3FNAAL. HuBkERIEFLE (GEO) T
B LOPHERFGE (MEO) TAEMEHERFLE (LEO) TLA.
R B I 246 3 1ok 37 2 e M ERAIR LIS | v T R b R e L
LA, BT HERFR R A E S, LBk PR
BRI S5 o R DR hakal, — 77 R A M %
B4 Ay b [AT B 4R RS 4% R 55, MmN SG M4 1
LB A E, R SRR 4 6G iS5, Wik AL ol v
H (eMBB) . KUY (mMTC) AR ] SR AER 8 (5
(URLLC); 5—Jy T, K3 MW 4430 3 1) F T AL 45 4 1 1% I

 TRIRAEHFA T, SCEIRTIREE . A K EER M,
Ity st FH P SR BORS HE AR BE . 7E 6G ISACHEM T, K
FEM AL F IR S5, A f6 0% 30 2 SRR R il B (5
W0 25 14 P AL RIS B, a3 ok B 58 SRS O Ak 0k TR R
G, BOR BN P o A B T I 2% U Y
BRERE

2) MY PR, MEANL, WES, #

2
H
2
H

GEO: HIBKERLLHE
LEO: fEHIBRENE

AB 6CIDEBEERA—RLMLEEH

MEO: HiEkENE

PrG@EIRRA 17
2024108 E30%&E 588 Oct. 2024 Vol.30 No. 5



EE 6G D EBERBA—IAEMB R R FERA

\\\\\\\\

i SCHE A AV B, ARG . SR R R s
BRI RGE K LV 15 78 1 4 R FE M b R () 245 4 42
HZECHEZEMIER . AT DRSS PR SR , PRidt e 3]
S DX, O 2 AR 3t B 0 30 FRRI AR 55 sk e PR
Wi N7 RE A B DL N IC L, W AR RE R AR, A
e o) 246 ] LA TR o A2 R 0 DX, R 3t O B A £ S AR A
KARUCEE R S5 o 23 I 28 1 B ) B 3 5 BB RS AT RV
APRBE N | A2 A, AR SC BRI I S A 45 b
Tt B P o R S I Sl A WAk AR A, X T AR T IR
J TC MV 5 N7 2 R B ) B B R S s S R A 5y —
AN B RUR S T R4 TR RO 45 A4 P [R) A RE
i i 2 4 R R NS BRI, S SRS RERS K 4R
e R R 2% AR IR RE )

3) MBIERIZE . 108 6G 2R R Ry LA (F XA, EE
feftmAE | RERM AR A RS, "R AP
I 78 BRI A o 2K, [ I 5 IR 190 248 R 25 ik o 24 5 B
TREERRS ,  LASR B TC BT AN 16 09 300 15 R i 5 50 R 55
MR M S REAE IR I Z M R AR, 45 6G B2 3 M |
Wi-Fi, B4R, S AN RIS 1 A ) JO4E HE 42 A0 T
Peo e Ah, HbRE 4 R T DURE SO i BT A
WA 1 R HE AN 25 5 0 2% (R SR, R EA T A BN
BETT A AT 55 DSR4k A B 4% 2 Bl 55 B A 505
A5 TR S BE R 28 P ) AT, AT LR At SRS v bR 14
SRR 55, 96 AL g R 5 IR I E
R TS %52 HEA 5 il
F R OR , JOF SRR BT
Tolk Al m AR B RESS

S PATE S S TR 100
IR Tll P38 €35 PRS0 50

2 DEBB—RURERXE
52N

2.1 BRK R

T8 B U AR R 66 18 5
SR — A AL 2 Gt Y — G B
A, B TR RN 2T Rk
FRLE {5 PR )RR 55 e il
HOE RE AR T 1815 AU )
Al RVl ] — B e PR A T

TR &

.

P 2 71 1 3 531 e SR 0 RIS Bl 28 S8 78 Tk PR R 2 — i i
EPORIE SRR WA A St A (5 5 b B
SRR RER, Tl R R TR L AR, TR
SRR T7 ) (LA FARALE (5 P e X)) LA BE
AR TR B, ARTHE S AUEIPERE . 7R M5

S

""""" " YoWeY BB T

AB? BRERREEART=E

T
9
b
=
BE/ (°)
(a) RMIXIIIF-40°, 0°. 40°/5@OBKEERHOE
5.008
5000 T
9
4992 §F
4984 B

BE/ (©
(b) BRI F-30°, 0°. 30°HO8ERAOE

LSS, $em T RGER R R AB3 T IMERKREETEE

18 RGERERA
2024 F108 305558 Oct. 2024 Vol. 30 No. 5



\\\\\\\\

D7, PEHOE R TT B AR R G e, w T, S
Bt R ME S, RN SR PR T
T, WA BT H ARG s A g M, B A 43 B
R, SHO HARRORE O . BURAEREE . FIZE LRt
HAr, SCHRII04E I T —Fh 20 T3 (5 R 40 F A ISAC B3R
WRIE R 2604k 7, @b A R A B 1 N AT (55 A L
A AR, UK AT R %, s/MER %
SERIEAE IR 5 R, SRR T —F T
ISAC RGEHY) ORI R BB B vk, AU e 3k i [7] i
VE R Z 4 A Z i E s iR B, 5 24 2 KRG s i
FURAE, WA SR SRR BUE T, ST AR R
IRPERE Y[R P Rl 5 R . SBR[ 1288 10 T —Fh 2 R4k W
2K ISAC RGP i e R UMEAL S R OB B i, X8
PN BRARE S I bR & BV 5 TR s b, ik Ar
RERUEFORIE , Dhie K AAE R E AR X S5/ G 2R
Ivi) s P UE S {5 FH P 19 /M T B (SINR) 293, 55— 7
i, mFBREERSMEE (CSD AYIRETE Sh 355 H ]
e EAT PR, 8 R OB BB R BT DUR FH 48 11 CST R 52
USRS E AP A B, iR e

TRIRA WAL R — R HE R RS R, BT
AL AE AU — R R G RS B OCEEAER. G
WA ARG G T RS A 2, DASEI AR
fvERE. 7E TR RS, TR 4O 1 2 BRI T R
DS, AR5 3 03 5 A s R i SRR . T e
s 3 e A T R AR S S BRAY L D B 1) AR
(1, 3 FH TR AR 7 35 X T D AR I U A
AR R E a3 e AR R W A A 57 K Bl A IR e R Y T
i), SCEPR T A Uk RH 1] PR SCHR[IS]38UE T A 2 K Ik
ISAC &G, @i S R RS ZIR A MR T, 7T LR
JEAR 1) E AR 1) (4 0 R TR 2 R A TR IR B A AT
DARRAE FH o 5 SRR 4 254, shas i ipl ol i) 78 25 v FEL R
R, Pfbfs SRR G A,

é RERE,
5|

AB4 BNRIESEERAEASRITHESR

B[R 6G R EBERBA— IS B R R EERAR HRINIE &

2.2 BRUE ST

FEE S 5B TDRERL A RELL T, IBE S Fli (55
AEfgIE T — AL BB G I, S R X
FI T AV RGAE KR FENUE T, R 715 S A A i
R, KRS T AR A RE R B8R A i FH AR . (il
FRSERIG(ES R RS, rTRAROREE AR (55
(o ResE HERTERA I, NS5 Z R T4, B4 —Fh
B IE IR T R ELL, Bl R E RS S
TR S R

TR T R T L AR B T A R DL R R
Probo SRS BTG H AR A RS TR T SRR AR
ERE, BN KA TR IS T MR L . /MR 1 25 Bl 0
N T B R SR iR 25 5 o SCHRI1 715 X 2% 0 21 85 v
M BE TR A (S R e, Sl ARG EIE , PREE
PR IR 55 B 0y Rl B, 4 B AR R RE T, SR KAk S
SINR. SCHR[18IWF5E T FEAR A AE MR T, X R ik
WAF RGN E BB BT ), 4R T — TR R
RALFN S Ty ) e T AR, MR RGEES NS
BLRZEREIN T 298, GERAS IS P IR Ss Bt, [l
R RAE IS SINR . 38 A5 [T H AR 7 2 B br
RIS PERE (M8 Q5 KAk FH P 22 8015 18 L sl dme KAk
UL RAE) . SCHER1918F7E T —F 2 1 2 H AR WL g
WK AE BB rd, $E T 362 HUR R B 43 1)
Bk R E 2R BE D 3T, FERIE TR A EREL AT,
e RACH P A R, SCHR[2013% 1 — B 8 19 ISAC ik
Tk, AT I TR ok R M 2 T AR
T, FIEHRRE S RIS AR 1 T R I
B FRAERE , YT st — B LA AU ki3t B s
SCHRI2 1058 T — B XL BE 2 i A 2 4 1 3 5l (5 R 4L,
TEIN AR T il AU AL ISAC B i, Sfeas i T i 52
(B TR A . SCHR[22142 T — B ] 250 A Z 5 E
W B B ISAC RGBT, RAGER
(MD) VERGE— R PERE BE e br, 30 18 759 38 15 MI AU
MIZ [A] (A TR, S BT 76 3801 R0 M g =2 1] BRUAS A
e Bl R — AL OB BT, — 7 I AR 8 I SRR 5 Ll
HEIE5 Z ARG TH0, BEART I8R5 DUR S R g K
DI¥E, — 5, I8 5 B T M 4 A R s e A3 R 1
FIHRCE.

2.3 BESEBEA
BB VA B R AHT A5 TR 22 R RS A% 28 ~7 o A0 15 B8 I

PrG@EIRRA 19
2024108 E30%&E 588 Oct. 2024 Vol.30 No. 5



EE 6GH R SBERBA—IMMEME R AR

\\\\\\\\

jiefiEal

B¢zl

GEO: HIBKERLLHNE
ABES5 ZEHEEMLE

LEO: {EiiEkenE

RIVEE Rt T AR RE B A S I 2% P B — AN i, 5 Al T AL
AT EARRBn S, DY ARSI SR TR A L SRR
SCHRI23 WA T 1T 1] 6G FOEE IR TR - o T 245 284, 9 1
J ()G BB AR A S B T 2 e R o 6 O 4 1 3
AT SE AR5 T A OB o R A B B R G o AR TR 22 (1)
BB AE RN, DD T T AR, AR T AL R
MR, IR TR SRR AR E M. STHR24-25 148 TR
M BRI TLAE R R 0 45 v R [RGB AN S I, B A
T R A 2 A DAY 1 i R e I B AR
TELEO B B 25 1 7 2 (M) B B, B 17 TL A2 ) ) 3
%, $Em TR EEIEA A EE, W T RRA
FEMRAER | $RTF R AR BAEEAE . 185 0 2 6] 5 %
P2 7R IR, SRR A R 2 AR T T 38 15 S S RS E
P, T ELE S R e ) RO SR SR TR RS M
AT GE Sy o oo 2 e B A SR, LRSS R4
R AT DL B RRE . TR IE SRS . [T,
S () R R AR ) A2 A A T T 4% RE R A T SEORS A 9 B A M
I bR R A AT 55

JE [ BE FEH AR T R A R 5 Ao G (5 A 30
TS A PR T B4 I FH R X st B8 B AR Tl oy = 07 12
e, U AL s R A SR T AT RE S Z BN 5E . NP AUEA
S5 PR BRI 1 A2 B R o JOGIE 5 BRI Ji B 2 Y
P, EERBERY AT BE 1 AT LA 3 4R i TR RS slm 5 0 7
e, [N R AR A A,
WOCHE 5 R BEOS S B b A9 R B BBk e 2, R

20 | RGERIAR
2024 F10 8 & 30#%5 58] Oct. 2024 Vol.30 No. 5

AR 5

Dol /DA 5 A A B, 3% T ST A SR v B ORI 55 2
PS8

2.4 2 R IEHEA

MHTHY TR RGN IHIG & (5 5 M AE iR | % i A
FER R GE A5 AT B A [, 3 2 [n) ™ I 2 T R 1
fE. AT ISR, DR RS T EHAA KA FERE
1, XA EAE 55 T 155 U048 RS 3 1 R s AL
WA R, W T IR AT 55 o B O TR B AL B | AR
R BESRIBCRIME B RS HERL & o ORI R BACSRER ), 2
PRTHE (5 RN B S W OCkE . STRR26 AT T &2 LA AR A
TAEEERAR A, B EA AR TR R AR
Z—, A AE TR FH TR R, PR T R R
PERROR, B A AR TR ARSI T E 241 5 Ak
PUESS, BIANERBOY . SR E M, IR T {55
B AR PR ARG A PR R T A b B R AL, B
WA WO 5 S A R R I IR, AR THE S 10 1%
i e U G VR e TR U o et AV ST AN Y R A
SR, ARV RAGSNGEAER, A IERGWRT
A F B AT A P R R v A T U A R R AT
F AT

HEDEBFERAMAS S, B EAHBERFEAFKE
SEFR 5 AE | 8 A W R R A A B Ae e 2 3 R A
AR BRI TR B ST B, AT Rk A T 55
Sk EM Y, Bk UL, B Ah PR B R G 65 R
FHEE, B ORI {5 AR 55 1) S Aol BRI 55 () D B SC
BRI27 R T B R B0E TR R Ge el (s SO kg, s
TR AP ARGEEM . B AP ARG T REN
SR A A . BRI AS E E, F S RS AYE(E
fieJr. HbAh, B AR A B T T TR L R
PERIBIASYE, (0 L AE A% T 4y b3 IV AS A2 £k 11 38 £ 75 SR R
IBEAAE o AR A B AR T LAl 2 b T 3t ) 5040 Ak
A, PR b BR324 S SRRV e 1 i
R, PR AE R A S AU IR 55, Sh AR B AT,
P E RGRCR

2.5 TERZEHKA

PR DR IEGERGEET T — MR RN B, 1E
K B B TARZ L AR, FErp A PR R
X T ILREE RO R REE . SCHRI29T 1 23 [ AR MK
AL VO TR, SR T HAE TR R GE A C A



\\\\\\\\

Mo MFEFFRERA RN, wiar . e . Pk
AN Z P AT AU, WL T BT X E &
REIAR R . SCHR[BOMRIS 1A M R HAR A T ALl 5
RN, AR RZ AT LIJE RIS R SR, 2 )
DI, 30X O T 30 A A 8 RE A6 7 i it 3t DXl
KA,

I RE b, R P R e B AR %o T s J— A A 1Y S Al
HAFEEEN, XEZERTLUNER: 1) ZUOREUE,
P R RESAE— DRI N B, T AN 6] T 1wl
AR S AN s 2) DORIE | T ) B AR 2 f 51 v
HBITHIE TR S AL, AT AU R 7 0] 1 B R
K 3) PrTIrERER, MG RLREBS S b 2R HoT
ARESE, K RE LAY 65 46 R B E T 1], AT R R HE SR 47
THRES); 4) RGErAEtEm, TR RS ER 2
SV PEIF IR, BRI LR, R GEAh T LAGREE
BT,

FRE R RACR B A 7 B R AR 18], A2 e
T ST UG Rk ek . AHERERZ TR
FIBLRRIBIE BT AR R AR & BRI 3 Fh7 5.
Horp, BRI AR E R, ATSeBipoR /b, Joikst
R SO AR S R A TT 35 B R R 2% R
SR Z, AP e AR . TIAER . AR B
S TRA BRI A5 A LI AR A7 R e 14
OLE, RERIEUUER AR, SCHMERE . B . BRI
FERF N R IR AL

3 REHARFE

3.1 KA MIMO & B — 14k
PEGEFRAAME RS, BEE R F 5 LIS
LB EDIRE. SR, FESCPRE T, TR (R
H— b R G AR SR AR S5 e ] B 258 37 2 Y R A BR ), 3
FE—ERREE Fagm 7 AR R I P b 2 | R kg5 e
71, TR HBTHREE AT RR, 25 52 BN 1)+
Yoo N T RYEX SR, WANG 55| A T KHURE MIMO 4
AP, I ATRE TAIE TR, TR KL 451,
TR SR AR5 ORI AR T, RIS AR IR SE T ix 2 1L
B AR IR R 55
PRGN — IR R G b, R RHUR R 2 441
PEGE 5 FURAVE 5, 0 LA S8 > 2 128500 M5 5
Wk, RORHR TR AE AR AR . R R BRIl A K

B[R 6G R EBERBA— IS B R R EERAR HRINIE &

RELEFRERIEERRDAR, T RURTHELS | BRI A
P, WX ZER TR U, A B TR R R SRR
&ﬁ%o

32 FRMMBENELE

166G M %, 23 KM ISAC B G0 7843 Bl 4 238 15 Al
SRR T AT R GEAE AU H, SRR AR AN T T
KT AR SRR S5 i, 2R A Ok TR A R
RO RS . SRTNT, B RGN R, 44
(A R AR5 B Jin g R P2 B an 28 R b — Ak o £ i i
M A T E = RS R, RS S R R R PR —
FEFRRE BRI T A 2 B A EA B AN o X A R R A
A T L1 2 G, RN T Bt 348 7 4 il sl A 3k
FEH T R A . AR, AR ORI (R T RR ) L O
KHE BT RE S AL BRI R AL B E bR, Mnis i T
T MR 1 XU

R TR IX e Pk R, 38 VI B R R R G
AP TR A A AR R Y . X AR ERBR T &
T At bR . SR B T R A B I 4 e A
DL R 1 B o2 4 0 A5 JEORTSE A5 L2 ML), DADSAD OGRS
SRR RS, IR AR AL s R, T B X
IRR) £ 2 4 g Jpth 1) M U RN T, i v X 25 AR T T 4L RE ) R

Wi BE T, i DR IR 205 A T XS 52 2% o 45 Tl i RE RS AR 15 A
1817
3.3 FBRLLREM

R HUAE MIMO 2 AR AE 6G W45 v (1 8220 H 250 5
EAF N RUE TR ISAC RS R E 2l ik . X AR 8 i
JAEH MR E MRS B R, REAS 0 25 5 S A0 AN RE ) )
RO, AT S B EE oy 14 K030 i i 3R B )92 A 4 VS
SR, RER KR At 205 1y B0 2 () RVREE 4 AT R PR
LR RS R BUE KR G A BTt

N TR X SERk, AR EREARL (HMA) VER—Fh
FOHREAUS, S fit TARA PR S . HMA F A
BOCE, BERSAEMEH I RS PR HEAT R o0, I SEEL
FE IR R LR B 1) S B2 A Sy o XA SRy AN RERS D A K2k
FEF RIS, I REAE SR o KR M9 ) S PR AT AT R

4 ERIE

Wi F% oh il (5 HoR IOV & R, ARG — IR b AR E
LR 6G M 1) s R Z — . LA R h TS
JEFER ., BHERAEE, O 66 SR A I EE I,

PrG@EIRRA 21
2024108 E30%&E 588 Oct. 2024 Vol.30 No. 5



RRER EE 6G D EBERBA—IAEMB R R FERA

R E SRR R LR R GE, al LASE L A
AR AL i A )2 A B SV TRl o SRR I SR I (R o
TAERERAR, R T MR ABE ST, AT 4 RERS S A
MBI DA R AR PR EE RIS i . TR £ R — AL R B9
KeJ, WS T —ZRIUTAL BB RS AR . B
SEHORIRFEL QRN TR AR A — LB A AR
K 438 £ AR 55 B (3t S I ai R A SEf o ERE A 15 4
MEINERE . RIGFIATEE, REASHE EARAL X TR
2 B REE F R IRSR

SEIE

(1] IMT-2030(6G)#EH4E . 6G HEUZSFXEERES) [R]. 2022

[2] IMT-2030(6G) #EiH4H . 6G MBI R SKERAREBE D
[RI. 2022

[3] IMT-2030(6G)#EHAE . BERA—IMEEAATIRS [R]. 2021

[4]LIU F, CUI'Y H, MASOUROS C, et al. Integrated sensing and
communications: toward dual—functional wireless networks for
6G and beyond [J]. IEEE journal on selected areas in
communications, 2022, 40(6): 1728-1767. DOI: 10.1109/
JSAC.2022.3156632

[6] ZHOU D, SHENG M, LI J D, et al. Aerospace integrated
networks innovation for empowering 6G: a survey and future
challenges [J]. IEEE communications surveys & tutorials, 2023,
25(2): 975-1019. DOI: 10.1109/COMST.2023.3245614

[6] CHEN S, SUN S, MIAQO D, et al. The trends, challenges, and key
technologies of beam-space multiplexing in the integrated
terristrial—satellite communication for B5G and 6G [J]. IEEE
wireless communications, 2023, 30(6): 77-86. DOI: 10.1109/
MWC.004.2200085

[71 AZARI M M, SOLANKI S, CHATZINOTAS S, et al. Evolution of
non-terrestrial networks from 5G to 6G: a survey [J]. |IEEE
communications surveys & tutorials, 2022, 24(4): 2633-2672.
DOI: 10.1109/COMST.2022.3199901

[8] SHANG B D, YIVY, LIU L J. Computing over space—air—ground
integrated networks: challenges and opportunities [J]. |EEE
network, 2021, 35(4): 302-309. DOl: 10.1109/
MNET.011.2000567

[9] ZHANG P Y, CHEN N, SHEN S G, et al. Al-enabled space-air—
ground integrated networks: management and optimization [J].
|[EEE network, 2024, 38(2): 186-192. DOIl: 10.1109/
MNET.131.2200477

[TOJHE Z Y, XU W, SHEN H, et al. Full-duplex communication for
ISAC: joint beamforming and power optimization [J]. |IEEE
journal on selected areas in communications, 2023, 41(9):
2920-2936. DOI: 10.1109/JSAC.2023.3287540

[11] CHEN L, WANG Z Q, DU Y, et al. Generalized transceiver
beamforming for DFRC with MIMO radar and MU-MIMO
communication [J]I. |IEEE journal on selected areas in
communications, 2022, 40(6): 1795-1808. DOI: 10.1109/
JSAC.2022.3155515

[121CHENG G Y, FANG Y, XU J, et al. Optimal coordinated
transmit beamforming for networked integrated sensing and
communications  [J]. IEEE transactions on  wireless
communications, 2024, 23(8): 8200-8214. DOI: 10.1109/
TWC.2023.3346457

29 | RGERERA
2024 F108 305558 Oct. 2024 Vol. 30 No. 5

AR 5

[13]1ZHAO Z Y, ZHANG L, JIANG R, et al. Joint beamforming
scheme for ISAC systems via robust cramér - rao bound
optimization [J]. IEEE wireless communications letters, 2024,
13(3): 889-893. DOI: 10.1109/LWC.2024.3349488

[14] LIU F, MASOURQOS C. Hybrid beamforming with sub-arrayed
MIMO radar: enabling joint sensing and communication at
mmWave band [C]//Proceedings of ICASSP 2019 - 2019 IEEE
International Conference on Acoustics, Speech and Signal
Processing (ICASSP). IEEE, 2019: 7770-7774. DOI: 10.1109/
ICASSP.2019.8683591

[151QlI C H, CI W, ZHANG J M, et al. Hybrid beamforming for
millimeter  wave MIMO integrated sensing and
communications [J]. IEEE communications letters, 2022, 26
(5): 1136-1140. DOI: 10.1109/LCOMM.2022.3157751

[16] DEHKORDI S K, GAUDIO L, KOBAYASHI M, et al. Beam—
space MIMO radar with OTFS modulation for integrated
sensing and communications [Cl//Proceedings of IEEE
International Conference on Communications Workshops (ICC
Workshops).  IEEE, 2022: 509-514. DOI: 10.1109/
ICCWorkshops53468.2022.9814573

[171ZHU J K, LI W, WONG K K, et al. Waveform design of DFRC
system for target detection in clutter environment [J]. IEEE
signal processing letters, 2023, 30: 1517-1521. DOI: 10.1109/
LSP.2023.3324298

[18] WU W J, TANG B, WANG X Y. Constant—modulus waveform
design for dual-function radar-communication systems in the
presence of clutter [J]. IEEE transactions on aerospace and
electronic systems, 2023, 59(4). 4005-4017. DOI: 10.1109/
TAES.2023.3234927

[191DU Y, LIUY, HAN K F, et al. Multi—user and multi—target dual—
function radar—-communication waveform design: multi—fold
performance tradeoffs [J]. |EEE transactions on green
communications and networking, 2023, 7(1): 483-496. DOI:
10.1109/TGCN.2023.3234275

[20] BAZZI A, CHAFII M. On integrated sensing and
communication waveforms with tunable PAPR [J]. IEEE
transactions on wireless communications, 2023, 22(11): 7345-
7360. DOI: 10.1109/TWC.2023.3250263

[21]1LIU F, ZHOU L F, MASOUROS C, et al. Toward dual-
functional radar—communication systems: optimal waveform
design [J]. IEEE transactions on signal processing, 2018, 66
(16): 4264-4279. DOI: 10.1109/TSP.2018.2847648

[22] WEI Z Q, PIAO J H, YUAN X, et al. Waveform design for
MIMO-OFDM integrated sensing and communication
system: an information theoretical approach [J]. IEEE
transactions on communications, 2024, 72(1): 496—-509. DOI:
10.1109/TCOMM.2023.3317258

[23] ZHU X M, JIANG C X. Integrated satellite—terrestrial networks
toward 6G: architectures, applications, and challenges [J].
IEEE Internet of Things journal, 2022, 9(1): 437-461. DOI:
10.1109/J10T.2021.3126825

[24] CHEN Q, GIAMBENE G, YANG L, et al. Analysis of inter—
satellite link paths for LEO mega—constellation networks [J].
|EEE transactions on vehicular technology, 2021, 70(3): 2743-
2755. DOI: 10.1109/TVT.2021.3058126

[25] LEYVA-MAYORGA |, SORET B, POPOVSKI P. Inter—plane
inter—satellite connectivity in dense LEO constellations [J].
IEEE transactions on wireless communications, 2021, 20(6):
3430-3443. DOI: 10.1109/TWC.2021.3050335

[26] KODHELI O, LAGUNAS E, MATURO N, et al. Satellite
communications in the new space era: a survey and future
challenges [J]. |IEEE communications surveys & tutorials,
2021, 23(1): 70-109. DOI: 10.1109/COMST.2020.3028247

[27] AL—HRAISHAWI H, CHOUGRANI H, KISSELEFF S, et al. A



RRER

survey  on  nongeostationary  satellite  systems:  the
communication perspective [J]. IEEE communications surveys &
tutorials, 2023, 25(1): 101-132. DOI: 10.1109/
COMST.2022.3197695

[28] ABDU T S, KISSELEFF S, LAGUNAS E, et al. Flexible resource
optimization for GEO multibeam satellite communication
system [J]. IEEE transactions on wireless communications,
2021, 20(12): 7888—7902. DOI:10.1109/TWC.2021.3088609

[29] WANG C S, WANG Y, LIAN P Y, et al. Space phased array
antenna developments: a perspective on structural design [J].
IEEE aerospace and electronic systems magazine, 2020, 35
(7): 44-63. DOI: 10.1109/MAES.2020.2984300

[B0]CHEN Z N, QING X M, TANG X Y, et al. Phased array
metantennas for satellite communications [J]. |EEE
communications magazine, 2022, 60(1): 46—50. DOI: 10.1109/
MCOM.001.2100538

[3TTWANG Z, ZHANG J Y, DU H Y, et al. A tutorial on extremely
large—scale MIMO for 6G: fundamentals, signal processing,
and applications [J]. IEEE communications surveys & tutorials,
2024, 26(3): 1560-1605. DOI: 10.1109/COMST.2023.3349276

[321GUOH Z, LIJY, LIUJJ, etal. Asurvey on space—air—ground—
sea integrated network security in 6G [J]l. |EEE
communications surveys & tutorials, 2022, 24(1): 563-87. DOI:
10.1109/COMST.2021.3131332

[331 XU J, YOU L, ALEXANDROPOULOS G C, et al. Near—field
wideband extremely large—scale MIMO transmissions with
holographic metasurface—based antenna arrays [J]. |EEE
transactions on wireless communications, 2024, 23(9): 12054—
12067. DOI: 10.1109/TWC.2024.3387709

B[R 6G R EBERBA— IS B R R EERAR HRINIE &

£ & @& N

BiE. PEBENSS.

IR, T TSP TR ; 260
ROONBERAN—AL. SELFE. A

K2, ILTWAFEEER; EBHRDOANT
LAEG. BERAN—AKL. ZEAN. XL\
B BRI\, TERRELSS: EREZRSN
NFEESBHLINE. EFEENE, PERLSE
REZET, WIoBRNZETSNE, REN

AW TR SRS AR =r DEREDS

PR 3IN; RFIE 50RR.

PGB
2024 FE10 3 5530 %5558 Oct. 2024 Vol. 30 No.5

FR%E, WLTWASZER., BLESID,
TieFkRalbi, laBEMEANBIRE
RIMWEEE; EBHROONEEBE. TA
MBS, ZEBENRIAGITE; IFARRA
TRHEZFEANZEFHEHNENEFERR
IME5IN. EPWRNE 5, BRIATNEREE

| ooRE SRR, AROT 0%,

-
BR

| 23



