2 2 Vol.2 No.2
2021 6 Space-Integrated-Ground Information Networks June 2021

1 230027
2. , 230027

Bt I/ T B P 2 bRt Jee, St P ok T A B2 B BTS2 O AVRAphL T B D 2 5 52 ) 4 BRAE s O PN B IR 55
A R (S R A AR R, AN 2 AR AR SRR, TR AE SR Bt A IR S5 IO RN s A T
I TT. B, SPAARBVN TR MEX, Sl — R T b A I P R A A L LA SC I s8I N A0 K o i SR 4ikr )
Gigety Ji5e, PILAMER IR P A SR N A8, [RIOR B 2 MRV Ay I 4ahs s, SCDl IR G T 84
MRS ZATRCRINEET . (HEASRERN], FERE R Fafrim, rILARER39% A BRI R T gt se s et
TIEN, BEETRR RSB RN, TP RAR9% ~ 42% AL T o
RBVINT R WS gitteedys TAfEH; AT K
TN927
A
doi: 10.11959/j.issn.2096-8930.2021016

Research on Coded Caching-Enabled Cooperative Transmission
Mechanism in LEO Small Satellite Network

LI Jian', XUE Kaiping', LU Hancheng’
1.School of Cyber Security, University of Science and Technology of China, Hefei 230027, China
2.Department of Electronic Engineering and Information Science, University of Science and Technology of China, Hefei 230027, China

Abstract: Along with the rapid development of low earth orbit (LEO) small satellite network, users can access content retrieval
service through dense-deployed LEO satellite networks in the future. Due to the long propagation delay of satellite-to-terrestrial link,
and also the constraint of limited communication resource and energy resource, it is difficult for satellites to provide efficient content
transmission service when facing the pressure of onboard overhead. A coded caching-based cooperative transmission mechanism was
proposed in dense-deployed LEO small satellite network to achieve efficient content distribution. By adopting fine-grained coded
caching scheme, users could simultaneously receive cached packets from multiple LEO satellites to mitigated the cost of satellite
backhaul link and improved the caching efficiency. The simulation results showed that, after deploying onboard caching, the cost of
content transmission could be reduced at least 39%. When coded caching-based transmission scheme was adopted, the cost of content
transmission could be further reduced by 9%-42% with the increase of satellites providing cooperative transmission.
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1 M1 e s haE TR, R T2 B SR i

T TR % BT 2 FRIE 25 . To4siE AFITCFUL R I BRI S R AN D I 2 R EA R AR
VRS, TR A . R X . N A BT, PASpaceXAMERMBENIMA RN 2T
. BRI T B T A S RS, PR L& S BT E T PO T F TR e Bk i Bdli e Nk
17 MU 2 24 iy TR S 13 P 21— A b2 55 AT, AEASRIOBCHER, i — ks 12

2021-01-18; 2021-03-10
HEITF, kpxue@uste.edu.cn
5 FARFIEGT FIH (No.61972371) 5 FRRHSE S QIRHEE 207 2 SR H (No. ¥202093)
Foundation Items: National Natural Science Foundation of China(No. 61972371), Youth Innovation Promotion Association of the Chinese Academy of Sciences(No. Y202093)



B LR ) — R SR C RN R R, HAT 2k
J&w 1.

PR TAR R A 45, 1 B 2 OB N T i
AT TRk . — 7T, Tl R R
ERAIR S, DR MR BRIk SR A
Bereroting, Wi o AR S5 TR A P A A E R
Wij; n—J5ian, W E BRI, AR
Bl fmeaoRin, TEAE RERE AN BRI T 2 KR R
RIEE 7, T ERRA 1 T35 ek et I TR Al 55 i et v
Tt BRI - H s B Bd i 575K,
S R RS A% i A RARIL N T B P 25 it s
FE B Rz —

TR T W28 N 03 A iR Pk, 4o
T IER M B _E A Rorwb TR AL RN A7 AR
Fite B, SN ER RO Mg, W2
N B 1R MR 2 R AT 380080/ 10 B0 [l e e e 11 44
i (B4 ok €71 I K N S o T o o R e E
BERK LR B IR A R A, PT DA S T R AR e
FERI 5 BT IR A T, A T B R A 55 1 TR R )
Ffmo AE—SERTFE N, T IR FEAE TR M 5N
ey, BIAnRANE S g i N 27 A, i
18R EATRE T P R ORI N A, SRR 4:
Frm, RIS DEAARS S P ifehmtiat. s—2
o, Oy TERTMEAFRCR, ILFERA—LETIUITAE R
FHARRLEE AR AT 5 5, FFaiis A0 B TSR A7 DR SRE
SHAE T 2R S =B N 00 A

B AR T B2 D 2 Pl sk A Jie, AR T B A 25 PR S
FHERCR I EREY, TR, K]
VATRIIN 252 21 2 0 Ry i i s PRI, St )
VA TR O 25 i P R] (2 R S I ABL it T o 2% i
s SN T L K B S 232 ka1
B AR AGEAL, FTLATUL, QURAEME LA |
A5 PR 2 BRI A S, KRR BT
REFETT . wtlfsE, H AT AR AR SRR T A K
2 A TA S

ASOREZE FEET X B AR T 46, etk — ik
TSR AT IO P S 5 58 o I3 R PN A SO ik )
91, R T S LB Bk 2 RN R AR O
SO H T 1 AT DAFE 2 DT B R, 1SR SR
W REEASCR R s, AT A B D R G
RN ST K o

ZINSEN=ive 80 E S (67 R N R G E S AN 2 R S G

VARG S A7 10 SC B R A 22 e S S AU AR,
fe R B R, T AR T B W R T R 2R A1)
RAFORAIREL

2.1

TE5GRAMARMEM T T E P, LT EEND
AR T 20 H s B N\ 5 X BT T 0 0 40 A% ) Y
(enhanced Mobile Broadband, eMBB) 5v. [N,
AR R BT A IR Y i BB R T B LN A R
Ko B R 4 BT LRI SO N A I R 2 5
HD RTINS SRR R s Ol . I, 7%
HRIORT A SO 2, AR IRAT IS 3 A ST R
(zipf) S ATt s, HmaT A LU
EEESC R

1/

Zi\;l /n? M
Hrp, oA SR TEERES . NRERESC
T, oERZipE B S S 7Eit, T A
WEASIER, ASUYBBILEE R TS SHRRA T

pbi=

2.2

TEVF AR LA, E2RIESE T AR &
ARG A7 1] AT B S S v B A S TR0 24
o FEMBVNTE L, BV TR B S A i
oendtizsl (SLRAR s s AT 1k7.9 km/s)
PRI, T R A B B N ASTR] T i = 2 B M
550 MR, WURAE PR A FELREA TR, S
FNAE R HI,  BEARKIH AT DA IR B T £
Pttt FRARMIZTT AR IE , (H200 1 (Efgtm
FP AT ARG Bl bt =2 52 B S A s TPt RO IR 55, 0
FERTA RN R LR RN A S, XXk
RKBEARGAT R

SERGATTT M, AR AT T PSR
—PEss AT %, R R s, R
SN ERGE N, PRI SRS, R
TR 2 R/ NAMLA R, RS- A AR
KN, BRI KGR i Bl e, A 8d)s
BR/NNL e A AT TR KBS Bk, TP
W FRE gL T A BT R 2 O ma B, R
FFERI TR S

i EAR SR VA K i, T
FEFBIA P T TR RN, D9 TR A SR
RIS, i PR A A TR ikt



AL R EE (K=4) -

| |
| [ C C, C C. |
| /PE/ERER/EHER -
Iv\— ——————————————————————— P —/—/J
AN -
N _-
o e

A ). -
S Qe .
\H\QAQ\‘./// F%\ e *.‘\....

a, brtabytaybyta e
yy b1+azzbz+az,3b3+az,4b4:cz

:__E?ﬂ = :__E?ﬂ
72 NIETTEEN |
I _ b by I _aa)

B DK ERIETO sk, JFE A AR A
B R IR LIRS N ZS . AR, TR — SN
2, WURABEORUE TR T AT A g By &
etz Mz Jooe, MBS CRUEHIA ] ER T LAMK G
TR PP ST RIESCE N R o SEBRRLTIF, AR TR
MERPEMZR 4 ( Random Linear Network Coding, RLNC )
B I AR ] 4 ( Maximum—Distance Separable, MDS )
fi> 1S ARG R S XIS AR E, BET]
DA IS N AR ARRLEE )y, BEINZE ARSI 1) R
s XOTUARBRAR R P 2 ARG, AT
B R A AT S b A

P FEIWIN R, R R — Mgk AL
AT T 5, PO AR B ST DDA AR T
YRAIRATE, W ST AL HAHDCHER RS, Bilan, Hbim ]
PR RS, TH I ANAS TR iR SR T S
i b N ORI B A BRI IS . — HAREUN 1
BIRPA RS, WXk B A TR R A7
Wetso B, aXMPTT S i T MR8 AR A L E
iz, N HASEEIERN E NS SAE

2.3

P ARV N TR B 2B RS A, M ]
FAER I IRIFEEALAE 2 RN TR A e, PRk
FTVASR 2T B R AL ) 5 SR SIBL = 380 M TS
Bdhioy ko AR IEE T 4ahd gt 7 i bR F2 s 5 an
ER2FR, Rz T A IRV T AR R 4R
PBERATHNE o HERRIB A AR AT A O PANB e, il
fRHES B BRI m Bl B fean o

(1) WEEFBE: AR ] P ENAREL T 45
AT, B R 2 T A R TR LA R H Y

& -
o e
%\.\w - \ﬁs
e T2 r:\.\%& e
N\ s BT\ g

AT T b b |G|
R RETTERE |
J@ L_%A | _aal
i blj(cl'al,zb2+aljb3+al,4b4)/al,l

b=yt bitayshitayby)ay,

JEIIE T R (E S o — B P 2 Bl 80 ok B AR 1 1Y
JHEES, omksdt—2m DR AR IEREE
MEANTR e MINUESEROR , TR I E8 MR ARk 24 i T
B R DU SN S O, D Tt F P o O AR L i
GO, QAR NMEIE . P, RN R ERAME
PVHEIT P M rdhtn .

(2) BtEAmbnBe: SHIm ] A B N A S T
RN, BRBOERIESC,, P2k f s iR
Ptes A TREESEREN AT A IRV AR R E
TR B B0 2SR, R b, BRI
SOSAF IO T AR B P 2o, o A
FHEGRAE— M R PRSI E S B T ORI T
T AIRIIN L e e fMles. 0 PRGN, P 2R
ISR, IS BN A SR N R AR Z L, ,by,bs b, o
WERGEAF A A, ueRoRE IR, 28 kAL A/
FE BRI A S, IR SO,

2.4

R BRI R IR, AR R TE 148
AR BRIV N T E PSR PR 48T 4 o A TR AL B
TN A ST R IRSS PEII, RURTRE DT B2 TR/ B
BRI, TR E R P PO A RIS HE . [N
Mo, ARSCR R — Ml B L G A R SRR R I e/
T B GRS RPN AR E A8 T

BRI I P O P B SRR AT AP DL T
o SR HH 1Bk TR]/ BB e R IR], ARt
T PR 2 AT A RBUREL LY Ao ASCR im0
B XTSRS R A R . ARIE 2 BT O T P R A%
PURIA , O T iR/ ME D HRER TH AN 5% i St
USSR AT DA R M



minU = Z pilaHL(K —min{Rm;,K})
m; i

(P1)
+ P Ht(1-sgn(Rm; — K))]
s.t.
Y mL<ML (€
Xp=1 (C2)
m.e[0,K], meN" (C3)

Hor, Z2EaRpsy B3 B M sk i T AL i R A &
FOAE I A7 35T el Eh PO D, o B )/ B b
— BRI AL . PR minx y) FRIBGe . yrPfse/ NI 5
PR s gn () RITERAEL, Mx=0, M1, BNH0, X
TFRE SRR AE, T 2 Y BN B4 e gy
&, A ATARCN N R R Ih Bk A, Rk, SR
R R BOR 20 i ZE R . 2R ()RR PR 5
IERAE RN, 29 (C2REREMRATEE Z M, 25
(C3)FRGATAT o /R B B AL

FH T PR minpe y)| Mlsgn)A7AE,  TTLAE IR RIS P1)
Je— I I LR R TR R, XEDL Bt A T oK AR
It , NHEE e X — ST RA TR, ik
T2 W TR N R SR LR AT H B R A S

3.1

N TR R P ) FEATRAR, oA R U A
H—2EPE T, AL T SO Tk LA SRk

SR T RS, Ym <K/RI, R (P1)
PR BB R R S B 5 m, PR G DT R 2B 050 o

W Sa<b<K/RHa,beN . AR LEALHIE
RNEbr g, nig

U(m=a)=pH(oaLK+pt)—p.H(oLmin{Ra,K}+ftsgn(Ra—K))

)
K
Ulm=b)=pH(aLK+pt)~pH(aLmin{Rb K} +sgn(Rb—K))
(©)

UEREEES IO, mTLAG 2]

U(m=a)—U(m=b)=p,H(aLmin{Rb,K} +ptsgn(Rb—K))—
pH(eLmin{Ra K} +ptsgn(Ra—K)) )

FHJmin{Rb,K}—min{Ra,K}=R(b—a)>0sgn(Rb—
K)-sgn(Ra—K)=0, IR @ELa<b<K/RIFHHAK
T, WAk

SIE2. GRS, e =p;, B2,
M= x N TEA Ux) = U 0T o

UEIR s AR R SCUE R AT UE N o AR s AN SCAES,
Rif,, HRATE Ip,=p,, Fif4a<bllabeN', i

m*={m,=a,m,=b} N NLZA7HME, I2LAARI, FTA

P52 5 — A PARG A A m' = {m,=b,m,=a} . FHE IR

W, RIS N EAR 50h, T EAoY BT 2
Um*)=[(p,+p,)H(eLK~+pt)—p,H(aLmin{Ra,K } +

Bisgn(Ra~K))~p,H(oLmin{Rb.K} +Bisgn(Rb—K))] 5)
DA
Um"=[(p,+p,)H(oLK~+pt)—p,H(aLmin{Rb,K} +
Pisgn(Rb—K))~p,H(aLmin{Ra.K} +Bisgn(Ra—K))] (©)

WURLLERMIEEI IS, AT 2
Um*)=U(m")=[-p,H(aLmin{Ra,K}+ftsgn(Ra—K))—
p-H(oLmin{Rb,K}+ftsgn(Rb—K))+p,H(aLmin{Rb,K } +
ptsgn(Rb—K))+p,H(aLmin{Ra,K}+ptsgn(Ra—K))] (7)
BEI U(m*) = U(m YA Safb BB A 5, B K5
PO TIE
(1) Y¥a=K/Ri}, HFa<bh, min{Ra,K}=K, FTH
sen(Ra—K)=1, FItH
U(m*)=U(m")=0 ®)
UL, m* Mm% A7 T
(2) Yb<K/R, HTa<b, p,=p,, mn{RaK}=Ra,
I Hsgn(Ra—K)=0, FIA
U(m*)—=U(m")=aHL[~p,(Ra)—p,(Rb)+p \(Rb)+p,(Ra)]=
oHLR(a—b)(p,—p,)=>0 9)
Iy, m* T IRAN R S A7 S o
(3) Yb=K/RHa<K/RW, thTa<h, p,=p,,
min(Ra,K)=Ra, min(Rb,K)=K, sgn(Ra—K)=0, FH.
sen(Rb—-K)=1, [HitAy
U(m™*)=U(m"y=aHL[~p,(Ra)~pK)+p,(K)+p,(Ra) ]+
Bt(p\—p)=aHLR[p,(K—Ra)+p(Ra—K)]+pt(p,—p,)=aHLR
(K=Ra)(p,—p,)+pt(p\—p) =0 (10)
WIS, m* IR RS2 A 7SR
A, Um*)-U(m")=0, Z475%im A LAY % /D
S m A ER AR . X 2 ATk, Blm sl
AT RIS . IWAFIE.

3.2

W3 AN FTUEIH A RN S TER AR, AR (P 1) Y
AR A RIS IA T RE A, B TR ) S
PR AR E R AT T IRAT BRI S R . A,
ATDRIE X —VERT, PSR RA T N s BB v—Fh
RNEKIN AR AT, BRI mE R R, Jik
T SO TR AN A S R b THE 7 #AE
AR A TR B ST IR, RS B2 A —
MBI RG2S . RIS IIARRN FOZE A7k, EL3IH
Wi/ NTAF D — AT R sz Ak R Ik



AT, UGS ERI R O 2 s Rk
O S A SRS, BB B4
. SRR ATk
BN SCHEECRN, BdEbEoRK
By ZAEKNEm,, ie[1,N]
LA PRI TN SCH A T P HE T 5

2. while true

3 ifi=N|| sum(m)=M
4 break;

5. end

6 it UmA+1)<U(m;,+1)
7 iftmA1<K/R & m+1<m,,
8 m=m;+1;

9. else

10. =it1;

11. end

12. else

13. it m,<m,,

14. Mo =M;

15. end

16. i=i+1;

17. end

18. it m=K;

19. i=i+1;

20. end

21. end

ARGEE I TR 2 - By A SCAHE AR A7 4
AR, RS EECN, FRIRA T RN S T
HEFFIN, BARENOWNIogN); AEZfFit e, K
ZENEL N NN SR AN K Gaps bk, 5252
JEHOWNK) o PRI R ZEAOMog(N)+NK).

4
4.1

N T BUEA S TR A T b 22 A7 1 Ph Rl & i 5 56
PR, AN RS BB T 5 06 5 S et
T UE . N T XL S5 SR 22 e, A
R T3R5, 25008

(1) AT ERETRITEREAEK
W AR R T 2, T R IRATE R A A TS
A, HEREAE ST, B EdEsk, HbiiT]
FURE SR A — N R AFar FP I T2 TGS 5

(2) BENLERISEEAT . ST FEHLGm A 2% A7 SR T ]
7T, T BN RN A S T2 A7, i

FTVATRI B AR T AR | BG4l s

(3) JCZEfr: ARG NIRRT, M-
R PN 25017 SRRl B 5 b T s T 3R EATIRY N  C
[A3¢/ I8

LE 5 B RO 0 1 B IE B AR A O 22 77 K/ e O
T AESSH e A e T2 et FE T B S5 I S TR R s
XA R B o IR VA— 1 288, Bla=1/(HKL)H
B=1/(H1), EIR]/ A RN AR PR 5 i
bl BT SR &R L

1
TDEYEEE 550 km
S IR/ Bk i 1.8 ms
IR S 1
SR 10°

4.2

PR iy 7 SRAE AN R A7 25 AR /N T R EL 4n
E3fr. FIDVER], ERME F&AFE, B2 A
el , ATLAE R0 D N A0 K B B IR R O B T
FORREFSY, (AFRER A GRS A7 g o XT3 T
AT IME SR A7 KNG, A S A7 2s R, Af
PASTIN39% ~ 66% A TR AR . TR I BEN LR 22 A1 T
%, MR PAFE IR i — 2B Do e A T T4, 380k
ToEF. FN, MEEASEEEN, B Ak
MR E R, O TS F N A TREAIFREC T I
R T SELPRSUT IS . I, TEShRieE T,
BRI R AL A S A o

ST

04
1% 2% 3% 4% 5% 6% 7% 8%
G771
k. G —e— R TR S A BN

—v— EHT

3 0=1 K=8 R=2



PHIFME RS SAEAN R Zip 37 T I HERERT LL AN 47
o MHEZipOI e, O8N, RESNERAT
JERFTFER, BTN E ST INE Z AR TEZER:
BN TESEOBOC, RIS R RO T = R
H, AN E SR INE Z AR T8O B, A
E4HFIAESR], BEESEOMHEN, FEES 725 RN
TEOUT, ZETRA T G 7 SR M B PRI LB
SRS TR R A B M, FRELIRIS 22 1]
FOPEREZERERIAR/IN, MRITRART7.5% I B K2, 7%

ZiptEio
. —— i fy —— AT AT —he— [T AL A T
V- AT
4 Zipf M=4% K=8 R=2

PR E T SEAE AR BN T 20 M ROTEREXRS L 4n
EIsFrre fEIL, O 1A 5 2 BN R R 1 KA
RROHE S, KRR D) R 2K S SR VRN SR IR
—E AR, T R R T Bk P )
MFERIAROCHE, 2 VP N DR SR, A
A B TR AR TS AT AZ A 5D B ) G
A, RN U5 IH SR A — NI B P T A P IR 55 1
TR B, ASCIrEE PRI 5 5 T ARE A BN 1Y AL
B sg N, Zedy RN A S, 2R B D&
T8 o AR SRR T IAT R L e g A7 MIER A ek T
5, AP RE TG A7 1 P IR A 5 5€ mT DAk —
LR 420 NI SRR, RA ROt B
TR RN BENI G A7 SR, B PN R R e,
PERE W T LA I AR e T SR R 0 5

IJE, ASCRIRDIC T amsMT e ol.
TR ER IR LNCAE 5 SO I B T2 i
1, PR R S O C KB gk A, DA
T Eeloimdt TR SN R . AESBsh, AT
PRUEGRAS BRI EIA UL, TEERTE M Gal ot BB LZEINER

2 4 6 8 10 12 14 16 18 20
BNTREA

VAT —— i —e—inid TS ey —A— BAIARRNEEA T
I v

5 M=4% 0=1 K=R

HIIIGHS AL, Galoid B ATHIA, B4R
AR TR EICOCHIMERBOR, (BRI bt 22 250 IR
B Eaes Stk NI £ CONIDEIE A i

FloffoR T AEA R AUR AT O RO,
BB IEs TSR B IMIERAN RS R EO ), bt
AT 2O g R B EER SR RN 7]
LAER], BEEROSEARYER RO, FabdIT ek R -
Tty FERAESE H SR NEY NSO T o AESIBREOL,
P BN DR EGR RS, RS Mo iRk
it Ot W6 R, FEAmAEdREi K <8Py, AT
B NG NT0.5%0 AR, FBCTHAN ~ KIS RoR
PR SE, ITARIEGRA B R R BN T

6.5%
6.0% /’

5.5%
5.0% /]
45% /.

/

5w 4.0% /

ES3.5% 1

=

E3.0% / /.
2.5%

2.0% i

1.5% / /
I.OOA) . N .
32

g 4

0.5%
0,

1 2 4 3 16
K/

Eit: == fFR/h=64 kB, Galoisif=2"

—0— UfFA/N=32kB, Galoishifi=2*

—e— T} A/N=64 kB, Galoisl#=2"°

== X A/N=32kB, Galoishf=2"

64 128

6 K



B AT S AU A5

N1 BRI R A SR SRS B R
IR M2, 7R 1 e gty Rk kS
IR CZAFIEREREE . PIVLEH, A/ IGO0 (SCr-2ckt
N=10) F, Frigfiditiat S itme 800, R,
K7 R LR T AR IR A5 5 (ZRA7 =SR]
SENLAGAT— A5 BESC ) AE 5 IR BE T Rre 2l
it ME7R, M SRE R VFER AR AR=2,
i, MZEAE2S MM=>4%0, G (7 )5 (R
Wy se) FrisRlrtEReE rf LA T e dr o 58 (BRI AL
ERTEE ), XEUE T 2 AR ERS .

09 T T ¥ T T T ¥ T X T T ¥ T

03 1 " /) " 1 " 1 1 1 " 1

0 1% 2% 3% 4% 5% 6% 7% 8%
Gtz
ik — G —e— IR — e (AR

N=10 6=1 K=8 R=2

(1] R0 Rib— U B R TR ERAR [T R — ez B M4,
2020, 1(1): 1-16.

WU W. Survey on the development of space-ground integration
information network[J]. Space-Integrated-Ground Information
Networks, 2020, 1(1): 1-16.

[2] ZHU X, JIANG C, YIN L, et al. Cooperative multigroup multicast
transmission in integrated terrestrial-satellite networks[J]. IEEE
Journal on Selected Areas in Communications, 2018, 36(5): 981-992.

[31 JIAX,LV T, HE F, et al. Collaborative data downloading by using
inter-satellite links in LEO satellite networks[J]. IEEE Transactions
on Wireless Communications, 2017, 16(3): 1523-1532.

[4] LIJ, LU H, XUE K, et al. Temporal netgrid model-based
dynamic routing in large-scale small satellite networks[J]. IEEE

Transactions on Vehicular Technology, 2019, 68(6): 6009-6021.

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

LIJ, XUE K, WEI D S, et al. Energy efficiency and traffic
offloading optimization in integrated satellite/terrestrial
radio access networks[J]. IEEE Transactions on Wireless
Communications, 2020, 19(4): 2367-2381.

D'ORO S, GALLUCCIO L, MORABITO G, et al. SatCache: A
profile-aware caching strategy for information-centric satellite
networks[J]. Transactions on Emerging Telecommunications
Technologies, 2014, 25(4): 436-444.

LIU S, HU X, WANG Y, et al. Distributed caching based on
matching game in LEO satellite constellation networks[J]. IEEE
Communications Letters, 2017, 22(2): 300-303.

WU H, LI J, LU H, et al. A two-layer caching model for content
delivery services in satellite-terrestrial networks[C]//2016 IEEE
global communications conference (GLOBECOM). Piscataway:
1IEEE Press, 2016: 1-6.

GALLUCCIO L, MORABITO G, PALAZZO S. Caching in information-
centric satellite networks[C]//2012 IEEE International Conference on
Communications (ICC). Piscataway: IEEE Press, 2012: 3306-3310.

LIJ, XUE K, LIU J, et al. An ICN/SDN-based network architecture
and efficient content retrieval for future satellite-terrestrial integrated
networks[J]. IEEE Network, 2019, 34(1): 188-195.

XU X, TAO M. Modeling, analysis, and optimization of coded
caching in small-cell networks[J]. IEEE Transactions on
Communications, 2017, 65(8): 3415-3428.

LIU L, GARCIA V, TIAN L, et al. Joint clustering and inter-
cell resource allocation for CoMP in ultra dense cellular
networks[C]//2015 IEEE International Conference on
Communications (ICC). Piscataway: IEEE Press, 2015: 2560-2564.
ZHAO G, CHEN S, ZHAO L, et al. Joint energy-spectral-
efficiency optimization of CoMP and BS deployment in dense
large-scale cellular networks[J]. IEEE Transactions on Wireless
Communications, 2017, 16(7): 4832-4847.

LIU L, ZHANG S, ZHANG R. CoMP in the sky: UAV placement
and movement optimization for multi-user communications[J].
IEEE Transactions on Communications, 2019, 67(8): 5645-5658.
TANG J, SHOJAEIFARD A, SO D K C, et al. Energy efficiency
optimization for COMP-SWIPT heterogeneous networks[J]. IEEE
Transactions on Communications, 2018, 66(12): 6368-6383.
BIOGLIO V, GABRY F, LAND I. Optimizing MDS codes for
caching at the edge[C]//2015 IEEE Global Communications
Conference (GLOBECOM). Piscataway: IEEE Press, 2015: 1-6.
TRULLOLS C O, BARCELO O J M, FIORE M. Exact decoding
probability under random linear network coding[J]. IEEE

Communications Letters, 2010, 15(1): 67-69.



[18] SU R, SUN Q T, ZHANG Z. Delay-complexity trade-off of
random linear network coding in wireless broadcast[J]. IEEE

Transactions on Communications, 2020, 68(9): 5606-5618.

(1992—) , HFERSERR I W 2425 0] 224
SRS, RIS R A B
TN P LA

(1980—) , HFEIREABORIEA W 2% 23 ] %
DB, PRI, R 1A AR
DL Pk R A FTDA L5 22 4 o

(1977-) , HERPEERRA R TS
FERARRAR, LENTTT R 2 G
5L TR T RIS



