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Abstract: Given the highly dynamic, long—distance, time—varying, and resource—constrained transmission conditions in 6G satellite—terrestrial
coverage scenarios, the efficient extraction of information, reliable information recovery, and effective network coverage extension based on
semantic communication offer viable solutions. The link structure of satellite communication systems based on semantic communication is
discussed. The efficient information extraction and reliable information recovery schemes for satellite—terrestrial transmission based on se-
mantic communication are expanded to enhance transmission capabilities. The transmission performance of satellite relay schemes based
on semantic communication is also investigated. We believe that future efforts should actively focus on studying the fundamental theories
and key technologies of semantic communication, deeply exploring its supporting role in 6G satellite communications to empower more ap-
plication scenarios for 6G satellite communication systems based on semantic communication.
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Abstract: To further support the synergistic evolution of multi—dimensional collaborative communications, precise remote sensing, and effi-
cient ubiguitous computing for integrated space—air—ground networks, it is imperative to advance the theory and key technologies of inte-
grated sensing, communication, and computing (ISCC) in low earth orbit (LEO) satellite constellation networks. This paper first provides an
overview of the research background and status of ISCC in LEO satellite constellation networks. Subsequently, it delves into the architecture
and key technologies empowered by ISCC, which facilitates LEO satellite constellation networks. Finally, it explores the future challenges
and development prospects of ISCC—empowered LEO satellite constellation networks. This research is expected to lay the foundations for
multi—dimensional collaborative communications, precise remote sensing, and efficient ubiquitous computing in integrated space—air—

ground networks.
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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.
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Abstract: Cohesive clustered satellites” cooperative transmission technology leverages the resources of satellite clusters across different or-
bits to achieve efficient data transmission and information sharing. Addressing the issues of high complexity in multi-satellite interference
signal processing and poor transmission reliability in power—domain multi—satellite cooperative transmission, this paper introduces a code—
domain multi-satellite cooperative transmission scheme. This includes a codebook design that supports parallel transmission across mul-
tiple satellites in the time, frequency, power, and code domains, as well as a parallel signal joint decoding algorithm based on large—scale
MIMO. Simulations demonstrate that compared to the power—domain transmission scheme, the code—domain cooperative scheme can sup-
port larger—scale satellite clusters in achieving reliable multi—satellite parallel transmission under low signal—-to—noise ratio conditions. Fi-
nally, this paper discusses and summarizes several open issues and future research directions for distributed satellite code—domain intelli-
gent cooperative transmission technology.

Keywords: cohesive clustered satellites; multi—satellite cooperation; code—domain transmission; intelligent cooperation

SIFBIN: RR, R KIRF. DIl BEBSMEERERAR . fro@EHER, 2024, 30(6): 24-29. DOI: 10.12142/ZTETJ.202405005
Citation: XU L, JIAO J, ZHANG Q Y. Code—domain cooperative transmission technology for cohesive clustered satellites [J]. ZTE technology

journal, 2024, 30(5): 24-29. DOI: 10.12142/ZTETJ.202405005

1 S HERDEMEE S SR B IOERE XL % TR TR F 2 K 4 1

p\ R TR R Ak — R 2 5 B 5 e S ks STSRAERMIIAEE, Jesh, ZIrIbIbss, epkii—
Mo, AEAE . JEEE. SAURBREEN GG gt PRI RS R IR SR TR LR R A AU

AR, SRR A S R g AR RIRRRETOSEEMEAL LR T LA

L (s T [ oL Ty SPOUBOET) SR CI i KRR S B

W TR R TR R, S e ‘ )

s FRLEHIIE S . AT, WO A H AR R R A I RIS Sl LB IS 20 LA B

TEREARKKRE, “FARFF T SRR 20U T2 PR T
FtoRIHET, BUTLR RGAFAEPUSEE | ALBRRE ) A ORI, 24 R IE T

YELASE U G 24 55 . flan, SEEMEATRA (NASA)
Y Earth Observing-1 (EO-1) TEEN AN A TRERS
R, Wil Terra TEDME, ST 2 T2 AMIATS .
EEWE: DFRSARNZETING (62071141, 62027802); FIFHROIZEIN PEA 2120, B TR A 1 25 5 T 1 I 9 3

B (USGG20220831110801003, GXWD20231127123203001); (6 T AEREIA]
SBFRESIAE (HIT.OCEF.2024046) Rl {75 S8 It A VAR A e, A T IR 4% 1) o FH L PR i

24 | PGB IR
2024 FE10 3 5530 %5555 Oct. 2024 Vol. 30 No.5



\\\\\\\\

B K, ARk, BiE CREE” (Starlink) SFRB TR
JEIT H BHESE, A 20 R N4 B A B T2 A
Al ZAEZEAHLX 22y e s B e H , SRRl A
2T R 26 S A R o 1Y) e U [ P 45 BRI M4k
20207 THIBE Bk S WIS SR TR 4% (ONION) HiH ,
PRI 43 A1 2T A e 1oy T bsfoulinty ,  IF#b s RF
Je 75 ] FE Al 5 7 2020 41 2 2030 45 X6 4 b X 3 iy W
5 [ [ By B = 75 120" (DARPA) 1K1 2021 445 2B A
SO H /N DR K S EMR RIS, HF AR B jA A
[R5 FE A, Ry RIS FE ST ZE BRI 28 it o3 A =0 T2
B RG22 (A1 I B BEfil T [ A SR R Ml — A0 7R RE Y
MERS RN QTN o5 SRRSTERT VYY1 8 s N T F W EV
W2 T HLA& LR 34 s g

1) oA A F 20K

15y TR R G0 12 DL el /b i TR L, 155
. MAEAIR, H—BRiaEE, Ry e
ORI, Bl S TS5 SR AR R I A SR I 2R, R
— DR RGAETIRE . 5530 I 1 A 55 0 PR 55 5 T A SRy B
HaE ., ol LR Rl 20 DREMYNE TAE, S
T AR S5 RS L R B 6 3 R A R G T
o B, i TR Mgl A A8 HAR L
Fe by B R A R M S shA R, PR AT
HRAE AR AR BILE | 55 Bk TREPUEME] . ¥
SRR, A ZhUI SR F R R 0T,
FBUE TR SR NS R . SO TR AR, TR
TR LEWSAMERRE, RTIE. 2K, NSRS
NG Z RS R LA AL T vk, AT ASE B0 R 0 M v
PRt A o AN TR N SN, SR BRIz MR a5
SKIGWRE, Szsrh . M, EVESEREE KA 255, 1Rt
BLEH SR AT | TS5 IR — IR 7 B AR B R SS

2) 559K shim B

Wi 75 A 2 TR P 2 RS () 9 R AT 55 02 24 B 1 4 T
TG REAE AT 53 2 A ZERE B ZME LA I AR 4Bk
WAF IR PRI, Bl RS 5 5 RS 3
BSOS R RS B RS Tk Biln, DRSS
PATE SR IEAT 55 AR AR B B R R L e, i
BT BRI IR T R R A PR, S PR IR
B = Ak BRI OA% i e O AN P R B P T H 5 1
B Ak, MXEREVE LI RE T 55 750K, ] St &
WAE . TR BOR IR AL AT 55 B BATRCR,, Ch
A3 A 3 TR 2% R R DR ) DGR 2 ) B, AT 55 90K 5 )
B AR . BRI A LSS, T T A5%m

SR D ELADEERRA -

DhReribRkl oy, 15 A
FEAH AL

s BIRIAL s AL, A TR AT IR 55
RO | BRI, R RO MR,

o BRARAEIR = Ml 55 Bdis A9 A s Ak BRI G+ A ki b
THAE IR TR, JFRERAT S5 AT RAE IR

o B3 RAGME: A5 IRS AL TS TR REAE AR I 4 iy
TR TR AR, A PR R, 5 T R G
EREE

o B AL B Tl AT 55 A R RS R AR B 5
FARBE, Wb T AR AR R, 4R TR AL B A
Rk

3) ISR A ERE

UTSES [ ERSFRE S E A AT TR RS — AR
HER, oA TRERSET, W IETELEDFEMTE
5 WAL A PP 0T 2% b AN T TSI ) PR S5 AR A FIAT: 55 R
an, A E A FAR I . P TR | 8 A G B S A 4
R S BTHROL AL S8 AR ] RERG 2L SE I AY DL AE
RN, T2 1) Lo AR B T A A SR A A E i
SR A ERE S, MELARIOXSERR . A AT S
b I PR A S B T oA SRS | AR5 0 S A
ATIKEE B9~ ) S5 ER3E  G 8 BETHE 5 Ab B A S BEEOR
HE

REAS SN 6 H MR R A 55 .

2 X D EIMERBE AR RIVIK

B RO GE SRR P L e, BT R RO
13 1 3 R A v 1T 5K 100 Gbit/s, T % 55 B % b il 13 i
FAGHHE AL 10 Ghits, FEUR LRI Il 55 24 I8
Pt AL, S P RS IRYG . PRI S AR AT
S5 ISR 23 AT 55 Bt R G ok, TR B AR
200 TR SRR TR LA S s s B AR A B A, 2
B UME R AN A

22 SEPMEAL R E A 1 1 T 205 B A% ] B U000 - Foa ) 22
W TS AT OB RS, 454 2 B 2k 25 o0 T
LS, AR LR SPER, EERERK . R
RGFTERE S, TERRINR S D3R TE A Hi e T A dEhE
i = A AU Ar AR S 3 a5 R AL BRI S 4R
Fh A1 2 T 0 45 A B asd TOi st ) P LA B AR sscoR . T4
PR THERE T o AR BIEHARAE 2 RUMEIE i rh R 1% &
HRVERT. —J7 i, SR ] TR KRR L S R
FRG 7 1) A O T A e ok, W] AR (55 2R T )
5008 FYEE ;s S5 — 7 R T S ORI R O R

PGB | 25
2024 FE10 3 5530 %5558 Oct. 2024 Vol. 30 No.5



DB 2SRRI A

\\\\\\\\

TRERE AT AR R TLAL A I o ) A ] — 0 A 221Dk o ]
filt A0 52 F ke 2 KA Bt i s R ok . DA Lkt
T B A O [P R ™ 1 22 R R T X 28 4
FIRFAE BB TR S BSOS RS PEME LA
A, SCER[61R JH UME 2 ik G AR, $2 5T
WEI {5 (5 200 2 RIS T Am s, LAl A2 il i ]
FAES TP, k(718 £ 2 TR PMER(F R T TR
S PTAEE | IR SR . ARIMTE L TR A5 £
BEZWHRIMET, 24 PENBIRERFREZHNIE, F5
PUFE . R KRBT, DIaRIE G A 4 O 1) %2
BRSOk TEARBR . M, HISEHE TAER &
TR DR R R WAk nZa (ZF) . /N h
w2 (MMSE) Mar{Ea## (SVD) 4%, HAEZM:mignis
Akl A S (DPC) . M AR-JR 8 (TH) S5RE
3 (VP) ZWF5T, IR0 DL R gt ke LR (F i 5
TRIPERE AT S A . R SRR, SCERIS IR T A
FUREE 2 2 {2 A SR IN AR /NS iR 2% (WMMSE) 1Y
ERGE RS TR . JRAE AR T gR S 5% DPC AE
iyt B p R TP B AR 7 FUA B AT LA S (AR 9 1
HEAE, (HJEDPCTEZH P MEZRLERG LR 4=
ey, HAREAR R TR RS T TR iSAbE, XH 8
PREEE (CSD FTHAE B ARSI B R S . 5240
2, WA REECR S PG, St mgmidA g ARk
P T Gt A5 502 1T LA LSRR A T 02 2% S B A R 1 1
fig, Pz T 2R T ASE S R4

SR, — 7 TR BUA WF9E RN TAE & T HbR
PFE S BB Z HI P E S 0, e S s T
bl G R NI IR o3 € PRI Re S U =Te] (IO 7 B A
TATFE AT, T B P KRB R 2 MR A A A A AR A [ R B {5 T AR
KRR, HIUA DR A TO Ik SE R A A D 3 i,
M FEOREMERE R B E A, 5 — T, SRR
S AR RS R T MMSE 5 ZF T4 15 5 8200 s e
O3 PR R R GE 0T SE S SN, 2
TR R 1 v BEAE 5 WU AZ B Y /INAE T R T i v | A
I EXRNZIRE, SCER[91HE Bk 21U ST (TPE) Jr
2, ATHEALE S SR AN PR T 2R IT, ki
RGBT EMERRAE, T USSR IR WAk ZF BE Y
PEIVERE . SRINTIZ v BE AR T T 1o — AR A e 310
W, FE SRR A 20 TR KRR R L W 5 315 A5 1F T Je i 58
Mo BRI 2 A 25 (MIMO) 8 {5 F i Hideis 5
=S Al ) A, j(@([l()]}%”'uT**"I’Kaezmarz?ﬂ%‘@ﬁif%ﬁ
B, FEARTT BRI I 2R IR T, i RS

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

P
ol
dt

E B E M T PRI R (5 S Al . 7RBGEERT B, S
BR[ 1113 T BEWL Kaczmarz 1531388, M H AL S8 Kaczmarz 55
VAT USRI B0 SR, A ROV REE S 1P 5L
NI AT R I S RS TR, 1 TS SR BT

3 iE & B IMERHITT =

JUE YIRS Z RO A R = T RS R
ek AR JF —E BE E &M T ZRES T, R
WERSIAS . KRIE . SR TI0E G A TR,
TR 5t R MR A 51 ) B Sy 4 AR A 2 I o JE A2 A
ZRNER, T Z2RZERE TR, B
JEHuIM ] T 22 BOMEAE R AT S B R . SR
PRIMEE BB Z P (F S A AR, T
R 2 B OMEA T SaE e 2 TR Sl AR RIS AR, ORE
i A i T AR B A S RS A 5, R AE ] —
W, AR A, SCB A TR A 2 R
o IR AT S PR ) — B b L PR AR LASM
HAb TGS PN TS 5B/ TF, MR A RS
SRy, SEAR AT 2 TR A [ B A T R K
Ko BT IRME MIMO J3A13 2T W SR DM A% 7 S8 955
ALFRE AR AN 1R o R R B TR A B AR AR
SRR LAT A

3.1 DEAFEBRIEIT

FET RIS AR VR RS MM 5 NS, BITReig X
S TATDEEE B & TEA A, REABE T4 T A
IS FEAD AR FR B PR RIS 72 X6 4% E FE LA S A4S B m, E
AT, DA SR R EAT AN 5 VA G i 15 ) R EEA L 1Y)
5 X, B T P At I v MR B iR 2k, HARIOk B K
A TRMEIME S T AR N .
y=§ mm%¢&+{ 0
Hrpr, PO BREKSYIA, PL O DA i 5400 = [
RIEARIRAE, GNP E ifF SR RENE, h, e CV ' W TIAE
i 55 b T W =2 R Y B S 3R B R 55 05 G B 55 ) i
ze C"'~CN (0,071 ) N E i H {55 .

32 ESHAFNHEE

MRS B el BUA B ATk R R 45 E R
SR EHEFEH = [y hy by ], SRIGIRG LR AURRD 33
MMSE SRt sp AT HIHER AL, IR R TR MFT 515



AREHR DN B2 ERRRA m=EH
E BMED REEIBIES
m
! {,ﬁ]...’,;,k} —
o) L %iRER
Dy Y LDPC(P3) _ S
e [ - i
BCH(YMNB) u Cini
% A=
..... X, \{I/ il T v
R C, v I
F‘_‘ : - —
m’( ...... BEB jZin YAms 9%5%&6%
B 2 4 5 -
;ﬁ%\\\ L LDPC(PYHE) gé?i—b (SEEn/ + MMSE £2U/1 '£|]:' RBH Kaczmarz
C K S —
2=y gh) e z CRSRFHT TR
BCH(9MB b=
" i ? i i MIMO ? { ﬁﬁg i § ?ﬁg
D& @ I " HOERIR IR

LDPC: [KBEFERIS MIMO: JEAZEL MMSE: RINISIRE

AB EFARAUEMMO VS E NIRRT =NESMIERE

B TS LUCGRAT TR BRI R b, Holom s 5 i A5 TR L
LA -

PJ(IV1)'h,|

YT Tk

z;ifuqvk)m|+am[vy)|’ )

Hrp, Vv=(H"H+ o?/PI)"'H" Jy MMSE f:il %5, 7] LLis i
Rt AL Kaczmarz 557220 17 46 0 (1) 1052 A7 5-00 A o it £k v O
4 Aw = b EAfFw", A RERIE - WEIRERRE S
Ry TG S I TR IR E R, S8 MMSE #i8
PEREAYIE T . AR ERAT TR AT R T, 4k
5T IS T AR TR T BR A A A JE R T i . (B i
TG AT S L+ 1 UCERAT TR R R I, 7E 2 T BEAL
Kaczmarz (9 S AT TP BR S 2 2 8 43 T A A% 15 2

L —
SR, A AT Y, 8

. L
K%=y—2;}ﬂlﬂ%MX% 3)

HE— XS B Y, AT A TERD, S35 SOk 12]%)
FeAAE 5 AT DI AT AR 2L — AJE XA S i 715 5
1N

¥ =[fuwe + T]mod 2, )

L = [2 1Jﬁ,m,(}ﬁ%ﬁ‘ﬂ%?ﬁﬁ%ﬁ%éﬁﬁ%)ﬁ%%bu

W5, DA TR SRS . LLBCH VR SN #1720
kiRl — 08 m ARy GF (2N TR o, 192
WixCRE, WK IE Berlekamp—Massey 2558353 X0 B 1)
REENMZIN 2, IHE R AT RC R
a XNTHE, DIRE MFIRK - L < THTENFER.

AL 2R H BCH-LDPC Gty LA K 3 F Bl Kacz -
marz FE ISR, SR SRl 22 B DM EAR 4 I 38
(DT EEESR, E 2R, SEOE R AR =2, TR
HEKE 10 bit, %R R=0.1, THEEFK =[24], Himr#E
Wi RERELM =110,50,100 ], Bii#l Kaczmarz QIR %L = = 50,
PrEE TR, AP 7 SR L A ) 3Rl iy S8 A
fEMELL (SNR) /INF— BIE 258 T AT LUSE I B e ) A5 4 mT
SEPE,  H SNR B {E Bl 95 RO R B Mg VRN T2 S KO
pNE N E Ay (RSP E S IR S (2 iy
FREMS AR BIFESE AT, R 20 TR I 7T §E
TRt , FERIHL, YA TS 2R R T RS RS R AR
T MEG i R RT R G g .

4 RFEMREE
4.1 EF OTFSHI& ERFEMREFEHIF A
R TR &S0 . KRR ESFES e, &

PrG@EIRRA 27
2024108 E30%&E 588 Oct. 2024 Vol.30 No. 5



PRER OB 2B EERIRA
1.0p— + T T T
i —— BEDEER(M=10)
0.9¢ \ —— IBEMEER(M=50)
PN R —o— BEMESRI(M=100)

—a— [OEHEERI(M=150)
—b— DEEMEERI(M=10) ||
\ —n— DNREMMEEREI(M=50)
\ —o— DEREWMEERI(M=100) ||
| —o— DDEEUMEER(M=150) |

IHEIMAIUEER

03
02"
0.1
075 0 5 10 15
SNR/dB
(a)k =2

R=F
1.0 b Y T T
—— BEHEER(M=10)
09 ¢ —— FIE IR M=50)
08\ —o—BESEI(M=100)

—e—[OELDEEREI (M=150)

—b— DEGHMEERI(M=10)
—u— DNEREIMEERI(M=50)
0.6 & —o— DNEBHMEERI(M=100)

| —o— DEEIMEER(M=150) |

PIESRRIUEER
o
o1

03
0.2
0.1 X
0 - >
-5 0 5 10 15
SNR/dB
(b)K =4

SNR: St

AE?2 EEZ2UMEERERDESR

TIEZHE R (OFDM) BRI Z BB FEIL I 5E, X
N [V U RS ][5 77 ) 22 S A 2 5 8 2 B Ay
ABURE , (R 5 RGETERE I 25 T e IESS WA =S
(OTFS) HAM: B 30 15 A8 B 22 3R SRR, 7
Z B UMER R B BRI . BEE AT K
HUBLHY R EZR IR R, OTFS il it -F- 34k T
Iz G AR EE A, SR R RE
HORAE R E L. Ah, FET A T EERE S 2 2
I 3 -2 O A i, AT LA AR T AL sl
MRGEfEE N R, s RAERmIOE PRI, A
111k 3 A 3T R G D R A 4 (L m S DB SR A e
B el bkd ot . IRAEmS | el sE a0 o g {5 55

4.2 ZESHA B REEEERA

WA Z B IMEEREOROTTT, KERR IR Rz
il PRI SR 7 15 SR G IR A B A £
THEuA . SR, oA TR P28 AR AR A S AL BRI 5 s A
YIS, e An e A BT B M Sk U E AL A RE 7
AUEE EE Rk . Ml T HOARAE R S R R G 5 B rp
BT ERES . BT RS ] RIS~ > 2R AL 2
B EOMELRRLE], n] 8 B TR BRI AT BRI
SRR, TR AT 2T BRI 5 PR
AOVEFIHLEE, S0 A 2R (R TR AS M (U A SR, MR 1o
WA AN O TLA (R 5 A PR L e BRI mT P

4.3 ES R & BEERR A
GG Z RUMEL M BAARR, 159K sh 1 2 2 UM

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

P BASRIE 55 K9 ook, AREA AL 55 B9 5B 4L
IR nIEErE . REFEIEEZYRRFES R, LA SR YT
URAEEE, B REPRRIEN . PSR S ROSHL 0 A L B AL
S AREmE AT SN o3 A 2 TR I 1 v B T AR 55 .
IR, X PR EA SR RGP E G, B3 E R
KK 2 28 B 23 AR BT 55 755K o

5 &RiE

Oy AR TR LGN A 1 S R BGE N . ST THL
PETUR . RE B TR R S R, BB
Aer= I R . AR SCIRIGE o A 2 TR I 246 1) 22 J2 DMV A i O e
FRBEAT THEHISE BRI, 1 T RS SR 2 I e
AR THESR AT SRR MG 2 TR AR PMEE S TR, WHE
RS IS oA 20 DR RE MBS 5T B | 8 258
Bl

SENE

[TIDENG 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

[2] MARRERO L M, MERLANO-DUNCAN J C, QUEROL J, et al.
Architectures and synchronization techniques for distributed
satellite systems: a survey [J]. IEEE access, 2022, 10: 45375—
45409. DOI: 10.1109/ACCESS.2022.3169499

[31JUNG D H, IM G, RYU J G, et al. Satellite clustering for non-—
terrestrial networks: concept, architectures, and applications [J].
IEEE vehicular technology magazine, 2023, 18(3): 29-37. DOI:
10.1109/MVT.2023.3262360



RRER

4] &5, sKBl, THTH, 5. DA TBASHATIAESN BN V1.
TEARGA, 2020, 3(5): 9-16

[B] XU L, JIAO J, JIANG S Y, et al. Semantic—aware coordinated
transmission in cohesive clustered satellites: utility of information
perspective [J]. Science China information sciences, 2024, 67(9):
199301. DOI: 10.1007/s11432-024-4106-5

16] stHT, XBEE, A, 5. AOERE2RNBNZELFRIMEERTD
& U1 Bh@E, 2023, 47(7): 42-48. DOI: 10.3969/j.issn. 1006—
1010.20230609-0002

[7IMA T, QIAN B, QIN X H, et al. Satellite—terrestrial integrated 6G:
an ultra—dense LEO networking management architecture [J].
|EEE wireless communications, 2024, 31(1): 62-69. DOI: 10.1109/
MWC.011.2200198

[8]SHI J C, LU A N, ZHONG W, et al. Robust WMMSE precoder
with deep learning design for massive MIMO [J]. IEEE
transactions on communications, 2023, 71(7): 3963-3976. DOI:
10.1109/TCOMM.2023.3269849

191 KAMMOUN A, MULLER A, BJORNSON E, et al. Linear precoding
based on polynomial expansion: large—scale multi—cell MIMO
systems [J]. IEEE journal of selected topics in signal processing,
2014, 8(5): 861-875. DOI: 10.1109/JSTSP.2014.2322582

[10] BOROUJERDI M N, HAGHIGHATSHOAR S, CAIRE G. Low-
complexity statistically robust precoder/detector computation for
massive MIMO systems [J]. |IEEE transactions on wireless
communications, 2018, 17(10): 6516-6530. DOI: 10.1109/
TWC.2018.2860951

[11] STROHMER T, VERSHYNIN R. A randomized solver for linear
systems with exponential convergence [M]//Lecture Notes in
Computer Science. Berlin, Heidelberg: Springer Berlin
Heidelberg, 2006: 499-507. DOI: 10.1007/11830924_45

[121RAO Z G, JIAO J, WANG Y, et al. Code—domain collision
resolution grant—free random access for massive access in loT
[J]. IEEE transactions on wireless communications, 2023, 22(7):
4611-4624. DOI: 10.1109/TWC.2022.3227569

N

St

DI 2LEUMEERISAR

£ & @& N

& AEBEAE; RRIEYN4RE.

1005RE,

HESRA T, TRHRBERSANZ

ot

=, BETIWAS CRIID BERRFESEAR
FhASBTHRE; TRARNIANZDENE

2, BRRIWAR CRIID BEREZESEAR
FRERK. 218, T2RRIBAZTKEBE.
f&idls; TEERFEFIMB20 RN KRIEX

9’&%%$, BERETIWAZ CRYD BIfRK. #
, PEBFFEEL, PEBEREE
MBZ*B BCRANERAEREER, | %é?
EOMBRAERIKNEEE; KEMS
’mﬁ‘é%%@ =. THERFNEHRESHIEN

2%

BRINB. EXFIRITI. BRREERNE.
QJII%IB;EEK%L’BJWQ%%?IE, BOWAR

WREBREATEPEINA; REEFALEFNFZES. B
FKRANTITRIFRED, #ﬁ?%,%il\ﬁﬁﬂﬁ%m,m.‘jj)\ﬁﬁ\ [RErRmE

MBHNERE,

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

| 29



HRZBENESFREE

H R £ EE

FRRmIFEER

K F

REZFEERRFHHRA

Low—Complexity and Universal Channel Encoding/Decoding
Technology for Satellite—to—Ground Communications

#AT/ZHANG Ke, #R3Z#B/LIN Wenchao, E2/WANG Ye

(BSsrsiz, ohE R 518055)
(Pengcheng Laboratory, Shenzhen 518055, China)

DOI:10.12142/ZTETJ.202405006
WS BRRAIIE: http://kns.cnki.net/kems/detail/34.1228.TN.20241017.1350.006.html
LB BhREEE: 2024-10-17

IWFSEBER: 2024-08-15

BE: BOet. AREZUHIENENNES, BEARAMUBENINREFRS (RO BSERISDENREZMIVHSHERIBERER
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Abstract: In the context of low—orbit satellite—ground communication,

p=Sinleas2

where both dynamic and large—scale changes are prevalent, the de-
ployment of a rate compatible (RC) channel coding scheme with robust error correction capabilities is of paramount importance for the
timely delivery of services. In this paper, an idea of flipping weight—aided ordered statistics decoding (FWB—-OSD) for arbitrary short linear
block codes is proposed, which can achieve superior error performance compared to traditional decoding algorithms. On this basis, a novel
decoding algorithm is proposed for RC 3GPP LDPC coding schemes, which cascades belief propagation (BP) and FWB-0OSD, called multi—
belief combination decoder (MBCD). In comparison to the existing BP decoder and cascade decoder, the proposed MBCD performs better
decoding performances in terms of block error rate (BLER). Finally, based on the land mobile satellite channel simulator and signal process-
ing algorithms, a hardware—in—the—loop verification system for the proposed encoding/decoding schemes under the satellite—ground link is
developed on the desktop.

Keywords: low—orbit satellite—ground link; rate—compatible channel coding; flipping weight—aided ordered statistics decoding; multi—belief;
decoding performances
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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
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Abstract: The multi—angle large—field—depth high—precision 3D visual sensing technology is proposed, which uses the high—definition digital
light processing (DLP) structure light projection technology and high—speed high—resolution industrial camera to conduct in—depth research
on board-level integrated circuit design, control drive software R&D, and 3D point cloud reconstruction and processing algorithms, and inde-
pendently develops sub—micron—level/low-cost high—precision 3D visual measurement technology. High—resolution and high—frame-rate
industrial cameras are used to achieve high—precision 3D reconstruction. The multi—wavelength phase spread method is used to implement
high—precision phase calculation. Multi—industrial cameras are used to hide the field of view, expanding the three—dimensional reconstruc-
tion of the field of view, and finally achieving the repetition accuracy of the 0.48 um Z axis.
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Abstract: By studying the problems existing in the existing malicious network traffic detection technology, a hierarchical autoencoder (HAE)
ensemble model is proposed, which gets rid of the dependence of traditional detection methods on sample labels and attack samples by un-
supervised learning, learns various distribution characteristics of normal traffic by hierarchical integration, and improves the detection effect
of single autoencoder. Different from the existing ensemble learning methods, HAE learns the samples that the previous self-encoder does
not learn well in a serial way, which reduces the training and testing time. Simulation results show that HAE has a higher detection rate than
traditional anomaly detection methods.
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VR4 AEEIBE CHAE 5 AEABAEAIXILE LRI SR
PR/ CICIDS2017 UNSWNB15 USTCTFC
1BIR Pre Rec F1 Pre Rec F1 Pre Rec F1
AE 69.01 83.67 75.64 90.30 93.28 91.77 95.77 97.07 96.41
ABAE 67.27 91.06 77.38 96.76 90.97 93.78 97.75 95.21 96.46
LSTM-AE 66.20 99.66 7/9)/615 90.18 84.81 91 153 97.62 81.62 88.90
HAE 68.42 96.25 79.99 97.25 89.47 93.20 96.44 99.27 97.84
ABAE: AdaBoostBUSSANIRZEL  AE: BfEi3ss HAE: DESMRISE
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