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Abstract: Leveraging the large—scale constellations of low earth orbit (LEO) satellites to develop a multi-satellite cooperation system has be-
come a research focus. This paper proposes an on—orbit compressive sensing method to address the high transmission load of traditional
centralized inter—satellite communication and the impact of central node failures on spectrum monitoring. The proposed algorithm first re-
duces hardware cost and transmission overhead for onboard wideband signal acquisition through on—orbit wideband compressive sensing.
Then, using the sub—Nyquist sampling data from each satellite node and following a walk incremental strategy, the satellite nodes are se-
quentially activated for collaborative iterative updates. By exploiting the complementary advantages of multi—cover observation within the
LEO constellation, multi—satellite cooperation on—orbit optimization enhances spectrum sensing performance under low signal-to—noise ra-
tios. Simulation results demonstrate that, compared to traditional centralized cooperative optimization algorithms, the proposed method re-
duces computational complexity while improving spectral sensing efficiency.

Keywords: low earth orbit satellite; multi-satellite cooperation; wideband compressive sensing; walk—incremental strategy

SIAI: RER BIR KiTh . EFIESBERBNZSEM AR EBERATTE U PPOETEAR, 2024, 30(5): 41-47. DOI: 10.12142/
ZTETJ.202405007

Citation: HOU Y P, MA' Y, ZHANG X J. Multi—satellite collaborative compressive sensing method based on walk—incremental strategy [J].
ZTE technology journal, 2024, 30(5): 41-47. DOI: 10.12142/ZTETJ.202405007

1HARE=R TET HEL R A0 B M DO P R AT R A M DS TR, S TR0 (LEO) T2
S AERZ R, (FEMRS M4 I . vEt . EAIIER RETE WI R G TR i LT LR
DA R A DRk, MRV DR s K (IR E T 2 B PRt i3 2. SR 32 BR T LEO
Y —RAG SR A5 R e R A L ZE AR . AHLE T TR S rkae sy, B met e 3
SEBCIEN L, Joii ) S BN R R B A 55 .
EE&WB: EXSARNFESNE (62101295); PERNDSEATLETIZN of B P R X 2803 B AT S 2R B s i by, RARBEAR

B (20200NRC001, 20230NRC001) ; R I /M & £ it £ &2 B) 1N B . s NI -
(ZDSYS20220527171402005) AR T AR s A g, SRS ge, (HAE

- TiEZN | 41
2024 FE10 3 5530 %5558 Oct. 2024 Vol. 30 No.5



EFEEBRERBNZEANAEEERBADE

\\\\\\\\

(1) #9328 B 25 2 i 2 SRR a5 4 . R, A LEO
TREEREMRS, WRIETZ B IMERIE EAE A W
Y HTAF SRR

AR, REHBETE I RS2 3 T RERE E ) 2
KRR, CYET, AR EE RS I R G AL AR R
B “Kleos Space” W, B AY “UnseenLabs” V5 IE[FEM) “J
IR (HawkEye) 360" ', Hr IR 360 &4 BRE >l KA
PR W R e, A AR T Bl AT b OGS DX S A
PRI, AE4Edr 2Bk A 22 4 SIS RT 5 i BA B R ).
TER BRI AN R0, R AR RS T R — R T
LHUETIRNARS” BRI E H S AT i H AR L
E N b e b o ) NS R A R E e T
“EHMR—TT TR KRR, HETER AT A
108491, BAy 42 BR A R IR IV K 90 o b ek T L e, (2
AT e L R R W 5k [ PR s 4 g

TR 2 R (R T T R AR AR A R S U L AR 2RI
R R AR, AR 1 RSSO e Hh, 003 s
FVEITE L il 4 A ity F AR S IR R 5K
S5 IR AT B P A SR 2 %o K i r A it W 2 G
B, SRR DA HERE AT R RG], S s (5 5 RE S
ALEE L AR SR TR S, AR, HRARENE AR K
DA T AT F RIS I I B 1R A0 A D RO TR R
J IR AT Y R, R B KA e . R AS ]
AR . AR BOIE R N, R AT REAEAE 2 AR
EARDOTEASII 25 R) T 55, 3ok S0 SR 1 e ALH: 5 A 1Y
B A BRI, PRI, B i) i 55 el 2 5l R 2
IR R L0 R A, O R AR BB B I B A T R
fitho SR, A% S0 0 F 40 B8 A3 7 ) BEAE b wfl DA 52
PR, G T REATLI SRR R AR SR BERLIN S S L R i
PRI —[A], Z2 AR RAE | AL SR A AR VRI T ] Sy
AR S A P S I T TR A SRR ROR B R B4 Y . X
FPRE A T S B T R4 KA SRR, USRS RE 152 2 B2 AN
SRAEHR ARSI T XS E 5 BRI, A8 s TR
TGN 0 AP RE

ZPRT LEO TLE R LM 540 Be 1 iy BRI, AR sk
HIRESIAN L, MELASEIRT ) 15 2 o A PR3 104 e A B S )
M, Z#HTHBBEENLEO AR, ANEH0E AT
PR AR B EMH SR TR AR . & 1 s, Rl — X
FAYTAE 5 v ] s i 22 0 TR B e, 8 43 DXl ) s w8 T3 A
IR 24P A TR B EMENARY X, £
BB O PR, P2 R LEO T8 AL B JEE A #1
B, R Z B0 25 (8] 53 B2 15 T LA — 204 o R

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

REM F

FEL BRI 1) W 1

MR IME TR B G AR 72, 28 UMERTE
TS 2R o DR GRS FVE S R G R
I I8 A AR, H T2 3048 TR kS R RRE T B B
i, SRR RE AR T A A B ;A5 5 GmlA R R A
et s TURUEA TRl A AR, PRI T AR A5 5 s A SRk
B, AT S G . A, 5 SR A i R
FHEE P EMEMZE A, i —A A el SR i rhl
TPREATHERA I RS, R RE MRS
IO /314 e el Wty 21 o Qi P 7 1 SR |1 0 e L AV
TR S PSR s B T AT, b UM 4% S
oI EWARIEE S P 8- 8

ASCH W LEO TR, &1 7 —Fh 2 EENAKE
ARV . £ TR SR T TR SRR, AR
TAEBHUCRAE AR B R B B AT A . Ao R, P
SR R MU 2 s TR A, A IRARE e a0 AW
WIAES T2 TR AL, DLk X reME %
IR B, M TR E P UMEILE D, PritE
DAL T R R DB FE R R, IR 2 RAEME

(a) HEBEEXE (N35~N45, E75~E110)

30

25 1—I9E

20

TURENS

O . 0 O 0 D O 0 DD
N N SO N S N SN S

izl
) HEXE—XNERNINRENE

AB  Starlink GEN2 2O M D EHSHEDT



\\\\\\\\

P TR L G PR RE

2 RETHEEY

ST S BT VR, SEA I S O RIACR S
REPRZE ST, KT, (BB 2 IR AR 2=t
(MRS, BRI T HCR IR SE5TFRY, T TR
BITHERE TR, HAE TR LIS, A, ACR
FHANIR 2 R () S B PR R R, ik 223 i AT (ke
BSOS (ADC) SREESHSEBL T SIS S0 R R
B, AT T WG LT85 5 R AR AR PR, Wb T
KA SR,

T LR AR, 505 TR WA 27T %
RN
y,=A(Hx+n,), le{l,2,--L}

— , (1)
o, Ae O FoR TR M 7E B S0 JE 40 4 1
H, & diag(h,) 33 7% M 18T 20 35 5465 1990 102 10 10 538
we O FoR M A P S, N RS K,
n,~C'/\/(O,a’,2)%§/%%l%ﬁﬂﬁzﬂg?ﬁq&uﬁ%?g, x A Hx +nET
BRI RAERT 5

AP 3R, 4% TR 56 2 1A S L B 5 5 AR U 2
FAE, A RERIE SRR AT TR, HIETEHF
H T AR B A TR SR IR, DRI — SR T R A 2
257 [ A T ) A o 2 6 RSO R 565 L
TR L, R RIH GBI TS %
oo S SR RIS 5 5, = [yl gt gl] e ©0,
AR N
z,=Gx+W,, (2)
o, G, =[(AH,)",(AH,)" -+ (AH,)"]" e OV 33
R, W, = [(An,)"(Any)" e (An, )" ] FERH) ek

FERE . FEMCEERN L, Rl O TURE I ] R MU R R
HI PR IEANE S 2, BRI

o1 2
minimize EHAx - V,z ” + "1, (3)

Horr, Vv, e O RIRX LR SRR B 4L AR
B, FT XA R TR e AT A & . ik e e
P M RNTERE, A SRS A R TR RS oA il dl
BHFEV,, LA 2D i K R G0 W PR RE o

TEAE RN TE 4 s i iU TR A5 20 v, % il 2
TR AAEPURAE ARG, KRR R A e {53H

ETEEERBINS2NAEEEERERDE REWS F

REFEEH AP OTAE. EXPOTE EMBEESN:

s; & Viz,, (4)
7,=c,Ts ADC,:F/L —— y,[m]
7,=¢,Ts ADC,:F/L —— y,[m]
x(i) —>
7=cTs ADC :F/L —> y[m]
sy Pl P

ADC: 1BHUEHRES
AB?2 ZREEETERELND

—a— EEHES

DEMmA <+ — » [REEHER

e [
SEaEERE

AB3 ZEANAEMFRARERE.

@ DLDPETR — SIS

@B DETR

AB4 EPRIMED EMLE

PGB | 43
2024 FE10 3 5530 %5558 Oct. 2024 Vol. 30 No.5



EFEEBRERBNZEANAEEERBADE

\\\\\\\\

Horp, Rl 58 . A1 X 2 AR i
LR M %, HT RN TrRZE (LMMSE) N,
AT B R S S R VO

V= ARICZ‘R;1 , (5)

Hrr, Ry 2 Elz,2)']= G,R,G]' + KERLUE 519 A
Wik, K= diag(o?l,,02l,, 011,). #HAEE B H 2
BARAEN H, = b0, b, HFET A2 RBFERNEE RE R
R, MR, ZEMLER, AKX (5) Al#—LFRN:

Vi =Fj(R, - K)R;", (6)

H
;H\:rl'l, FL=|:(h|IM)H,(h21M)Ha""(hLIM)Hi| ECMXMO FP/L\E

BRGNS, ETAX ) #HTERES
FRg . IR, e EMER S TG R R 2E . B BT
GEURSZ BRUL K PO R SOEAF R ke, fE R —T, A
SCERH T —h e FHE R L SR 1 2 AR LA PRI %

SETHEERERBN S EEHNAREEREBMEE

BEXF A rp MR B A (A . T SO X R
FLREAT RS W 5], AR B0 T — L2 B R 4 RN B
B EERIUFEOE A TR 5 LA 0 07 A T M %
R HT . HT LMMSE {3 A9 1E 38t R B, A3 ok AR B Y
TPE SRS A SO A R — 1 SR LG S IR 2
B, St TE AN SE SR, M B R T 2R G Ak
HURGEE . KIS /R T D E#Y (1,5,2,3,6,9,8,7,4) 14 B F i
o TR BSOS — 0 TR A — Ak R I, Aokt
B T A TP R BB T S B E ) R

Bk, 75— LR TR B B, 15
M BE LRI EA RS, FIizees TR SRS
SHRRN

SE?) = B(zf)yh,’ ly= Seq(l)’ (7)

Hor, BY e O Ron ik fh TR A /Y £ W H & 5 [
Seq € Z" ' FRn BRTHNTEE, Seq(1)FmZEATIIE
—AER. BE, BRLEAX (7) HRREE S A
YIIr iR SRR R G e 2k DR AL, k= 1.2, Jadk
TR LA E BT RLE, BARRS S5 R TR
INH

sgf) = C([:f)s([f:j“” + B([:f)yw l, = Seq(modL(k) + 1)’ (8)

oo, G A B R AT 10 L 5 7

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

REM F

RCEHER, kRN EHFRE . ARE)THENE AKX (4)
e

it = Vil'Z, (9)
Hr,
[covi-nBP], k>0
V([};) — L lu -y 2 ’
“ B, k=0,

,
Z, = [ZO,Z” e, Zk:| ,

n=y,. (10)

FETOk, RATUARTH UG 001, 25 1A AR FE G A
B i BARTE A, JRI A £k e (0,12, ) —RIEA .
Bk = 0T, TLE [, A FIAS s WL 155 FAR TE RS AF
B, BEET LMMSE AEN A5 0

SE?) = RSQV/,,R;z‘l,yln’ lo = Seq(l), (11)

Hev, R, & E[xy" | HBEHLI ik oy 10 A ODCHERE , s =
Axo HIBLETRL, ACEFEFEC) =0, BY =h, PIUR)!, Hoh,
P = AR A" = (R, - ofL, )/h7. BTG 5082
O, HAR A A AR

1 T LMMSE B4t i15 22 i) 255 000 2500 308 2 1R 28 Y
TP — MR AT ST TR 1, BB A SR
It — AR B T 1, WA HUA A C Rl B, i

® IEEIR
S5

AR5 EFESBERBNOMIIMEREME



\\\\\\\\

B oA
1) TEZE y, MTEIL T3] y, i) LMMSE ffiiHA
¥, = Rnly,‘,R;,f,y/u = ht.Rsy,‘,R;,,l,yt“ = h,léﬁi”o (12)

2) WSy, EAMEIHR %y, =y, - 5, 55 A0 )
LMMSE fli {8 :

s =
s,

_ o\ pen| 52 _ o \pen [pF | 2 =
hl,(IM Tz(, hl[,)Pl,l Uz,IM + hzl (IM T/n hlﬁ,)PI,‘ hl, Y, =
S Y A S A

P P

A o
—_—

R,

i,

R;"
2 W\ .
hl,Pl“(O-l,lM + hl,P[”hl,) Yio
(13)

JEoi, T = B = b, PLURG! R TR 1, AL BT £ R
PO JE TR 1 A iy /N 5 iR 25 (MSE) Bk, 4 T =

-1
h PO(o7 1, + b POR) = b PORG, o, Ry TR L
fhitHiR 2 iy, 19 AAHSCHERE . TR 1 Abp RS 5 5 ml 3R
INH
5(1:) = 5500) + Tg,l)( Y, ~ hz,sg))) = (IM - hz,T(z,l))SE(?) + Tgll))’l,

|

L
~(1) (1)
¢ B!

. (14)

M (14) ATRVERH, DA 1 HTE S RG>
R B (5 A P AR T A A R B 15
B, BRI RERE CP A B AT IR R N

C(lf) =1, - hlﬂTE:)’
Bgf) = TEA“, l, = Seq(modL(k) + 1), (15)
Hrr,

-1
T(zf) = hlkP(l(’:,_,,”(O-leIM + hlkPE('Zj””hZ) = hlkng:)l)R;li s (16)
Py = (L = hy TET PN, PV = ARAT, (17)

Hi, KA (15) AR (8) r, FTRIMSRIZ &
YCHEHTIN I TR 1, S5 5

() — S(k-1) k k-1)
S, = Sg + TgA )(9’1,‘ - hlASE )O (18)

JIT AR B O AR AR5 1R 7R o FEER A ORI 2 I
SUn, TR B TAMBL GRS o) M7EPL T R0 e
FEFE A, M e i R S ) SR S B i vl AP I g
bro ZREAMUSH G, BT Z L% MSE i

ETEEERBINS2NAEEEERERDE REWS F

e Pl ik s, IRk a iR 1N T R AR RS T
SrFURTRT— A TR SRR A5 5 FIMSE JE RS, 220 8
BRSSP IEABPRTIE DTS B S o A A il

BOE A L TIREE ARG 00 2 AP R He AR IO

LA P;) = (R, - o3l )m
2®H fork =0,1,2, -, do

3 A, = Seq(mod,(k) + 1), do
4 HHTY FHAK(16);

5 5 PP RAAK7);

6 s FHAK(18);

7 REPP RSP EIAL,

8

end

4 ESITHE
AT R ), TR L BT IR ROk A M
T re R SR IR 5 AT s -

x(1) = h,(t)stinc(B(t 1)) 4 (1)

Hdrsine(x) = sin(x)/x, E,. 1, f5 5N FRAE L & &
AT T MRE I . I SE A BB, n, (o) S s i 1
M

BTk, RO EME SR Irie2 (MSE) 1E
HEE T PEREE bR . 18] 6 R TS A LR RAEIUE
W LG 20 dB IRF, AN [) 3305 1 BRI RE BE T Him A2 R Y G
Fo nTLLWERE], P B EA R TR R PR T

(19)

T S S S
—a— RNV PTREE

! —o— D LMMSE |
—6— B2 LMMSE

S‘MHH'H*—W”_M*",

MSE (B9

0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
DENE

LMMSE: S/)\&RIHYIRE  MSE: BD5RE
AB6 HEEBEIREFH TR ERAIES RANMERENIXRA

PGB | 45
2024 FE10 3 5530 %5558 Oct. 2024 Vol. 30 No.5



EFEEBRERBNZEANAEEERBADE

\\\\\\\\

LMMSE fEN i 07 %8, JUHIRAE TR G BARLBL AL/
S AR RN Jr A LY, BB A I T R 28 Y A P
e Bl TR AECR N, A rh U0k 5 ARSI
PERESAE T8, A, WEEENE, ER%ETEN
Zerh, AR UEEER T RE S5 THIG i O 2 B S 30 B I B
PHZEMIEL, BLsh, HETH WAL DR R, 140 Starlink,
PR T R 3 A 4 R R S A, d /D AT
FEI Y TR, S0 — 2D BRI A P UM A B A 52
Freb i

M TRRGE L = 250, RIFTA TR S EA M
PG LG, AR SCORE S AR vh 25 2 IR E R S U
SAEME LAY I R ANE T TR, ] LR AR SR B AR S
e L 25 T HAT B0 AR SRS

PSRRI E 227, bR T A Gl b5 A
FE S ML TR AR R 22 5, DRI TRA TR (i B P ik
FE AR TR PR A M5 R FLER O ~ 15 dB Z (A AY B HLIE . 7
EA7 D AGBNAEERE -, i B2 LA, kY KA
AL, 8 7R, Zeid 2RI B, AR IPTH
SV AEAS TRIA5 e bE 25 1 T 0 B 1 i o A 1 4 b S A
UES

G EP B LD, PP OTEFICRLB DA
Bl AT INEGIA , FTAT AR (6) HhYEE L x M
A BIUR 5 A RS PR A TR, A 2 24000 o(L° M),
o MR DR DR . T s TR
B LRI S K, PR T2y T A R 1L
BB S IR . AHEEZ T, ARSOIr R 3 =R R
oA b FREERY , BUGERALTE XA (16) Hh4EEE s
Mx MR A MCH TR, BILERENN

80 T — —
—A— AN ATREA
70 —a— EPTUMERA 1

MSE/S7)|

100 11 12 13 14 15 16 17 18 19 20

5 6 7 8§ 9

SIE/dB
MSE: 19751R%&
AB7 DEZWESSEIRESREAMEEAIXA.

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

REM F

—h— ANEHREE
—u— £0F LMMSE

MSE/B/ |

N
100 11 12 13 14 15 16 17 18 19 20

DPEYE

5 6 7 8 9

LMMSE: S/)\EIHII5RE MSE: YRE
AB8 AREEIREFEH TR E2MUNAE S RRAEEERIXA

O(M?*), B3I A BEAR T 2 R UME T R 2

R

5 &g

W IR TR R R AR K, 22 B MR B RE A
SCHR v R L RIS W I SR R . AR SR I 2 R
PRGBSl SETE R AR, IR
SR AVERTTRY ;25 A 8 R SR I 4% TR Y
A, DL 7y S T MR, Ao T BT
A PMEH BT AR A T AT O A e IR, TR
U S 2 TR S LM P MBS, e TR AE M L B
TEBVERE . D7 MR, PR T SRR TS M
B, R S 2 B TR I o T A RS

SEE

[M1CHU J H, CHEN X M, ZHONG C J, et al. Robust design for
NOMA-based multibeam LEO satellite Internet of Things [J].
|IEEE Internet of Things journal, 2021, 8(3): 1959-1970. DOI:
10.1109/J10T.2020.3015995

[2IHUANG Y, CUI H Y, HOU Y Q, et al Space-based
electromagnetic spectrum sensing and situation awareness [J].
Space: science and technology, 2024, 4: 109. DOI: 10.34133/
space.0109

[31YOU L, LI KX, WANG J H, et al. Massive MIMO transmission for
LEO satellite communications [J]. IEEE journal on selected areas
in communications, 2020, 38(8): 1851-1865. DOIl: 10.1109/
JSAC.2020.3000803

[4] KLIMENKO N N, ZANIN K A. A new generation of spacecraft for
maritime surveillance [J]. Air and space sphere, 2019(2): 72-82.
DOI: 10.30981/2587-7992-2019-100-3-82-93

[5] Unseenlabs. Unseenlabs announces next—generation satellite
constellation for 2026 to monitor sea, land, and space
environments from space [EB/OL]. [2024-08-15]. https:/
unseenlabs. space/wp—content/uploads/2024/04/Press—Release—



RRER

UNSEENLABS-_—-Next—Gen-Constellation_compressed.pdf

[6] Via Satellite. HawkEye 360 plans to have 60 satellites on orbit by
2025 [EB/OL]. [2024-08-15]. https://www. satellitetoday. com/
imagery—and—sensing/2022/10/05/hawkeye—360—plans—to—
have—60-satellites—on—orbit—by—2025

71 &8, TR TR, F. MNREILEDERERHEEEE—A
R AR U X — AL iE ML, 2024, 5(1): 60-75. DOL:
10.11959/j.issn.2096—-8930.2024007

B FXE T—1B, EAR. DEERS 6G @E2R—IAML U], SBiER
22, 2023, 39(4): 60-70. DOI: 10.11959/j.issn.1000—0801.2023089

9] E¥n, TEUB, NETF, F . TN BUHNESANBIER S KR ALR
R UL TRRRZ%I8, 2023, 45(5): 807-818. DOI: 10.13374/.
issn2095-9389.2022.03.23.001

[10] CANDES E J, ROMBERG J, TAO T. Robust uncertainty
principles: exact signal reconstruction from highly incomplete
frequency information [J]. IEEE transactions on information
theory, 2006, 52(2): 489-509. DOI: 10.1109/TIT.2005.862083

[T11FANG J, WANG B, LI H B, et al. Recent advances on sub—
nyquist sampling—based wideband spectrum sensing [J]. IEEE
wireless communications, 2021, 28(3): 115-121. DOI: 10.1109/
MWC.001.2000353

[12] SHEN F, WANG Z, DING G R, et al. 3D compressed spectrum
mapping with sampling locations optimization in spectrum-—
heterogeneous environment [J]. |IEEE transactions on wireless
communications, 2022, 21(1): 326-338. DOI: 10.1109/
TWC.2021.3095342

[13] ISAAC-CHASSANDE V, EVANS A, DURAND Y, et al. Dedicated
hardware accelerators for processing of sparse matrices and
vectors: a survey [J]. ACM transactions on architecture and code
optimization, 2024, 21(2): 1-26. DOI: 10.1145/3640542

[14]MA Y, GAO Y, LIANG Y C, et al. Reliable and efficient sub—
nyquist wideband spectrum sensing in cooperative cognitive
radio networks [J]. |EEE journal on selected areas in
communications, 2016, 34(10): 2750-2762. DOI: 10.1109/
JSAC.2016.2605998

[156] TROPP J A, LASKA J N, DUARTE M F, et al. Beyond nyquist:
efficient sampling of sparse bandlimited signals [J]. |EEE
transactions on information theory, 2010, 56(1): 520-544. DOI:
10.1109/TIT.2009.2034811

[16] MISHALI M, ELDAR Y C. From theory to practice: sub—nyquist
sampling of sparse wideband analog signals [J]. IEEE journal of
selected topics in signal processing, 2010, 4(2): 375-391. DOI:
10.1109/JSTSP.2010.2042414

1171 Tzl . BOEY BESDEMER NS HZRAHAR D). ER:
EARMBEB A, 2022. DOI: 10.27251/d.cnki.gnjdc.2022.001798

[18] SHAIK Z H, BJORNSON E, LARSSON E G. MMSE-optimal
sequential processing for cell-free massive MIMO with radio
stripes [J]. IEEE transactions on communications, 2021, 69(11):
7775-7789. DOI: 10.1109/TCOMM.2021.3100619

[19] ABDELSADEK M Y, KURT G K, YANIKOMEROGLU H.

ETEEERBINS2NAEEEERERDE REWS F

Distributed massive MIMO for LEO satellite networks [J]. IEEE
open journal of the communications society, 2022, 3: 2162-
2177.DOI: 10.1109/0JCOMS.2022.3219419

[20l DENG R Q, DI B'Y, SONG L Y. Ultra—dense LEO satellite—based
formation flying [J]. IEEE transactions on communications, 2021,
69(5): 3091-3105. DOI: 10.1109/TCOMM.2021.3058370

[21] SCHWARZ R T, KNOPP A, LANKL B, et al. Optimum~-capacity
MIMO satellite broadcast system: conceptual design for LOS
channels [C]//Proceedings of 4th Advanced Satellite Mobile
Systems. IEEE, 2008: 66—71. DOI: 10.1109/ASMS.2008.19

221 BJORNSON E, SANGUINETTI L. Making cell-free massive
MIMO competitive with  MMSE processing and centralized

implementation [JI. IEEE  transactions on  wireless
communications, 2020, 19(1): 77-90. DOI: 10.1109/
TWC.2019.2941478
£ & @& N
RER, RAZBTSERTEFRMITMT

HRE; EBARTAANXEBHNERA. D
MIUEA. RERESANES,

SR GBEIES), NIRZBFSERLIEFR
BIEE. | ﬁii@ﬂi FEHRIEATRIE—
IKMEEREE RN . BESMERA. BRESW
B85,

HKiTHE, [BVETIWAS CRIID B83SERT

EZREEE. BTESID; TRHARNAEE
?%1D%§E‘3Hb,uﬂ BHESIRA . DERBHR
5.

PRGERA | 47
2024108 E30%&E 588 Oct. 2024 Vol.30 No. 5



