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A Balanced Scheduling Cache Scheme in
Software-defined Small Cell Network
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(School of Communication and Information Engineering, Chongqing University of Posts and
Telecommunications , Chongqing 400065, China)

Abstract:In the software-defined small cell network (SDCN ), there exists the problem of interference
between small cells, the existing caching resource management schemes based on coding and cooperation
neither combine with network topology, nor consider the receiving caching of user equipment ( UE).
Thereby , the resource allocation still faces severe challenges of imbalance. In response to these problems,
based on the topology management function of the SDCN, the greedy algorithm is used to divide the small
base station( SBS) according to whether there is overlapping interference as the judgment condition. In
addition, to balance the UEs receiving code caching as the goal, a balanced scheduling cache model is
established to adjust the distribution time of SBS in different regions, and its optimal solution is found
through a binary search algorithm. Finally, an adaptive coding cache strategy is designed to cope with
changes in network load. The simulation results show that the proposed scheme has obvious performance
advantages in balancing resource allocation and self-adaptation, and it saves network resources and
increases network throughput.

Key words: software-defined small cell network ( SDCN ) ; balanced scheduling; topology-management ;
resource caching

* WS B HE:2021-12-02; &= B #8:2022-01-24
EETH: AR ARXHAFAEH A (61971080)
BIEEE B2

- 669 -



www. teleonline. cn

R

2023 4F

0 35

Wt 25 K 20 38 A et 1) 0 K e T 1 Y
AL AR T BN, LA Sl it 00
R /NS 45 T R BRI BERE /N R
AR T 0 SRR RN A S il D ) A RO
Bz T35, P28 28 2R 0 Bt I 2% It
B 18 n i A AR AR Ak B R S 2% ( Software-
defined Network , SDN) ") FTT% T 1% 5t W 4% v 45 i 4
— R T AR 3 e e SR A T - T I 2 2
V- Te P R IR0 23 8 9 B v I R Y L A A
it/ SR J2 000 B v R RE Y R T 4 o 81 B (] g
K a1 T L A% B AR th I b | 4R Hh B R0 25 40
F RS R 55 ZER AN P A6 55 | T8k 4ULAL B Y
L bt e O TR, FEA R R A T
J55 AT S A 0 SR AR v A S R

Hy /N85 (Small Cell, SC) [a] 9 T3, A 7E %%
PP AN AR ), 25 R GEE BB THA R 17 ™ IR 1Y
Pl BB, ZAF PR —E R F o BRI I
St T RAFBOMRIRTT S8, SCHR[ 5 ] 18 i He Al g
NGRS G AT T3 58 FH P AR BOCSC A 1% I 1) A, 6
I T AR IR A 22 A7, T IR 1 A5 Bl 0 2% 4 it 42
R AT P T NS o R RCRIHERE . BT, SCHR
[6 ]IS 1 1 [l F 52 R 1% TC 4 /N 0 53 I 285 v %) de 1
SRS DA ) R, ARG IR IR R 455 D L oKk S
PR N BRI A, BHCE , SCHR [ 7 ]l S 4 e
B3 2% e R AT SR 0 TC SR Y S R BN A
T R] 1% 52 2 AH EL A FH 38 3 %0 o 8% el LTI RN 22 A7 T8
PRI fifp e 1y 9 £ 28 185 R PN 5 ) P 22 1) 1 B
HERUIT G R . TR AR [, SCBR[ 8 1Bk A 1L fE
R Zh T 1Y /N L (Small Base Station, SBS) H N 25 2%
FEFHERRBLT . 5 1 R, BIMVE 2 A7 £ B T e 53 1Y
2R AT it S TR A P 34, TE TR 2 I 46 PR T B R
WM. SCHR[ 9] Dli/MERERE N H s, it T —
PR DL EAF AN, 52 B0 b 4k 47 55 R 2 iR 46 B 1R 9%
FENES . SCHR[ 10 ] Al S A6y 68 63 I 465 O 75 I 0] 5
23 (ARSI IR AR 1 3K 5 A7 5 Bl ST
SR, DT e/ M A A B[] 90 N O B AR EAR . TS
oK, SCRRL 11 ] T Sy e 65 /N X SBS 11 i 28 7 i
[R]85 [E G2 A7 F1 SBS IRIR M AH B ARG, S-4R 8 T
RS 2% BE BRI G2 AP IR R U 7 58 . TELL TSR 1Y
St b, SCHRL 12 G087 PR M B & 4 i 22 A7 A ME 22
fE A T — MM ERBS AT 7 58, N4 & 1 54
U 3 T 2% v A 25 S8 AN R 0 iR 2 i FH P AR Bt

- 670 -

[l

18 (Quality of Experience, QoE) , F&F I, SCHk[ 13 ]
AR T MR REREIRIRE, MBT ORI A 42 T — 5 fig
FARGATIT SRS S R/ N B I 25 O TR RE . Sk
[14] LT IS AR ZAT AT RBETR A EHL
i, Beit il T —F R RE R 2 AE BT IR BOAL ], Sl
AL

SR, EIR AT SEAN TR I B T i it 300 2 DM
SRS R ZAEHLE], YR Z5 G SDN M5 o 2% v Y
NG A HEAT TRABE ST, B R T P 4% ((User
Equipment , UE ) #EURGEAE () FA B2t . TRV BT
AR 28 AN [R5 FE 5] SDN BN T #hhE AN
AR BN BRI, AR SO TR S G M 2R R MBS
IMEAISZAEHLE, i DL SBS Z [A] /) & TP 7]
A, LIAAE 28 SR B o T . e, A SR T —Fb
T I N B0 R R A 0E N R A T &
( Balance-scheduling Adaptive Caching Based on
Topology-management Scheme , BACT) , &7 T #i$M&
PPHE R R IS N A AR T 5 Bl SDN 42 i 4%
WA BB R 25 Fh A A, 5 3t 81 Ak T A ] XA
f4 SBS 4 4% fa I ], TSP A7 UE 422080 21 B9 i 5
AT

1 REGEBPUR o) B iR

TERRAF 2 SCNEEs 25 vh | 2 /INIX (Macro cell,
MC) BRI 73 224> SC, 44> SC AR SBS Fil, 2 5k
¥} ( Macro-cell Base Station, MBS) il SBS ¥4 7] DA 2% 7
HAE W EIN UE s a8 NS, A, %
JEiZ M 4 A —> MBS, s > SBS, #{#£ /R KN B=
by by, =, by, b s H b A UE, KRN U=

{ul,uz,---,ui,---,uh} 5P /l\}ﬁﬁ@,%ﬁ%%ﬂi\‘ﬂﬂ P=
{Pl,PQ,"',P,',"',Pp% o ,fpjﬁ UE %l] SBS Eméﬁ'lz:iﬂjz

HEHL S A0, SRVFIE R AR, T SBS BB 55 3 [
FEEE S Y UE B3 B A B SBS & & 4 i
TLHI, S eG4, BN T SBS 28 X7 15 IX
B UE Tk o ST 460, UE B 5E s
1) FLT a8 s /N X AR Y SBS k3R, HETTT ) MBS
TR T FATHE ISR B IR SS # RS AR AR oK
SERNES . ABZH TARE R T MRS SR,
B fE G ma b fe & £K, ULE UE ki
W Tl R 2, B R E EAL B AR A, i T
JEHE S XA UE #2 R B A0S 2 1 TT AR5
P, PR A 7] X 38 UE #0277 1 AN 167, TR
RGN,



%63 %

W AT, SRAR | 25  BPFRE SN 3 10 246 r YAl 1 J8E 2 A7 5 58

55

1.1 FEHEAEEFER

M SBS A7 K NE M &, A ft SBS Z
A EAR T, IF A5 A T TP A EE 40 X 3
() UE 5] B2l 8] k AN dntth 251740, IR, 2 e i
AL [R] X 3, UE #2180 31 4 5 % A7 A0 i B, BTG
FE T X I UE $U G740, BT Xl UE 4215
AT, VIR P fE 5

FAF SBS b, 7 y BHBREHIBER R R ¢ (1, €
[0,11),24 b, 7¢ y BEBRAGHT ¢ = 1; 80,2, =0,
YT u, (u, e U) KUE, B 5G u, W9 SBS G RN N
C(u;) 0w, 76 y WHBAN b, FP 2 4 it 4 35 1 1T
AR N

R, =t (t, - Ly 1
yx .ty( xy I?AVE(II(}(a'U)[()\bl:’ ;\))0 < )

(1) B R, =0, ATFIRN TR, 5250, =
O, =1, max 1, =1,RFb, KAy IS

BAKe , AT T T 2 S B A, 7
IEJE/‘J%#F—F,RL-”=1,%HH?%=I M max ¢, =

b e lClupb} ™7

0,18 u, 7EAR TP, M A

BT Bk b, o T AL T AR X ) UE
N EI A G i A7, B T30 X3 UE 320805 £t
ZEAFH B ARAE T X S UE B B A7 50, %5 1%
HE AT EATAE B AEOL , u, 75 y NBTHM b, 3%
W 381 2 5 A7 ) L b eR B

C(“i) S Riw‘xpx
maxmin 2, >, —
ue U b

o 2
L =1 l-¢g (2)

XR,, F b, P REAF ISR E R, € 10,115
p. N b, TE y BHBRGR & B iis ZEA7F4K; & ik % A
S R ST BRE xS SBS IR G HE ;y HETBRER S
{H;i 0 UE BYRSHE,
1.2 HiENRHEFRE

7 B 0 5 R0 45 b AN 6] TP iR I N A
[] , ELAEAS ] i o [B] 30 Flit det 2 AR R I 28 5%, 1
AR A7 53 S 3zt A vl 118 i 381 s 42 6 95 L1 0 P
REAE A Sl 1 00 2 17 2810 28 1k, A1) HT B HIL e e 0 2%
% f% ( Random Linear Network Coding, RLNC )" #f
SCAE 3t 22 B8 B, DR A8 R AR 00888 P B L
PEPES S R T Gt , 7 SBS v Az BRI it e 1Y
i, 105 B 5305 1) I TR S A7 118 G B £, 20 25
I, B> UE AXFR B4 3 R 98 2 2kl 37 1 3 41
T AN AE AR RE 19 434 BV n) o s SR U B A, G

g
K:1;51Plo (3)

. g T BGRB8, e KNy
28 RIS TP BB A BEAL R L, A T A UE R
A 3R BN A A 2R B o o G A 40 3K RS
I ffFH RLNC 240G Rl s AL E an &l 1 s,

5:1®p
> —| U3k 6, | &
5,8p,
[
migaK
Bl #BEefEsrEE

FEBEE

TEREATS B R FE T 2 7% 19 TR 2% 25
19,2555 A SDN $2 0 28 Py J 0 26 4 E M K, R4
FRENES R TAR DU G TR G SBS 454, 3
T S ) 40 B 1 28 A7 5 I ) B A 9 10 24
A A T T 2 D 2 A7 o 5 U 4 T L,
T e O P 4 67 R 78 A, M T2 P26 74 Ak
GEAFAY A TR T SR ESR L, GFBAEHRT L,
WA N

r=%, (4)
P

K R(OSR<1) WEISE;p NFIHEIE LR,
BRI ERR N g,

- > B
—> R
T RRERER .
e Hh RSDNFE 8
., N
> sc el WSs
A s AN NN
§ sBs S0 0 R
: ARV 1 '
5 UE ,.—,L_l\ !'f 7 ] g\s %‘&\
- e Jt’\\g MC \ e
. ’J ( 4 SC}fl\ 1: ;’%J: N A
UE ) K I \ E S
VB 5‘/ I g J—0
2T @ Ny OSBS; i .
’'sc - ~~UEN_ _ 7~ . [ZES ZE:S
1 -1 sBs \ /-~ 7 [ —~MBS
\ /1.’ —_——aag 1 ™

3 - w7~ 8BS, ! &
\\UEl /UE 3 7wl ig,\s Sep Ll \
<1/ YBEs UE

T \ E\ 4/
\ 5 v ¥/ SC, _~
\ UE,¥ SBS, > _ "2~
~ P

e RN e

B2 MR

2 ARigH
2.1 HHEBRFETREFTERE
HREAAET PG AR TR SBS SEATHI 47,
i EAR M A A ME B T 2 BT AE SDN
o AL LA BT RS I A BEAE D) i
RS, AL, I A5 4hMER7E SDN il 25 v A 0
. 671 -



www. teleonline. cn

R

2023 4F

SC Hf¥) SBS i i OpenFlow P 5 SDN 7 il %5 7t
ATIEAE K A OB 5 10 A5 A5 R 38 2o 2 1 It A%
45 SDN #2Hi #5% , i 1M Az M 28 #i b, 76 SDN 45 il
arrh s T DU A1 f S o XU 3
SEAAE, FHTHE B =B, | MHET I NIB =
[B,| AR IT .

¥IAV(G) ,NIB,m,B,

it . NIB, IB

WtH L :m=1,NIB e

1 while V(G) #( then

2 V(G)=0;

3 for v, e V(G) do

4 B, =

5 ifv, eV(G)&&v, ¢ B, &&v, =0 then
6 if o, Ml B, NFAETE S X then
7 B,=B,U{v.|;

g V(6)=V(6),;

9 else

10 v,=1;

11 else

12 v,=0;

13 NIB=NIBU { B, } ;

14 m=m+1;

15 end for

16 end while

17 IB=V(G)-NIB
2.2 FEHEAEEZEGFERE

A SBS JRAT &, TR IX #Y UEs Joik
BB A AT A A A AE THEIX Y SBS JfAT
e, WAL F TR X UE #2008 1 bt 92 47 550
SRFOATAETIXA UE, X PFIE 582 (4
B4 UE i U BN gt B A7 N 255 B 5 dm i A
BORDC G Ok A, 3 W SE 2 A% 504,
T BRSPS [ X SBS 1 A% i [E]
it s N AT A UE 2] LIBCRI B 9 2 9% 2
TG, DT85 X 2 T 1 53T o

h TSRS UE HEW i i S A7 N 25 10 ~F- £, 3
TN R X SBS F-AT 47 o3 A It [A], BPAFAE
T ALETE THEAY SBS 18 [7] — IF Bt (% A [] sk ]
BENHE T4 A, (A5 B 5 IX B UE Y RT3 B
o (0 G i G2 A7 14 ] P B AR W B W R A N B 2
=X (5) iR .

NI [ ) MBI CCu) DBy
max 2 X z
m=1 0 b l-e

max ‘EB o Mg(”[) o “‘(“%{]Bn‘ pr o

m=1 u; b, 1-¢

- 672 -

(5)

A [NIB |24 SBS WaETHL4E A5G, MAETHL4E
B,, BLEETR 4340, 0<t, <1;I" I TH4E B, WfEH

C u; ﬂB”‘y {c u; ﬂBml
Hﬁl‘ﬂé}%ﬂz,osrsl,tﬁrsl; ( )2 ( )2 iijy
u; b, -

TR A UE 76 ¢, "hEaI ) i it 2 AE 0 1 5
[C(u)NB, | AEERE v, ETIETIE B, T
{C(u) NB,,C(u) NB, | {C(u,) NB,}

SBS B % D R 1

UE 7& I" B M gt G2 AE 80, | C(u,) NB,,
C(u,) NB, | WEE u, /) SBS A& T T4 fik
THREE B, Ml B, (W8 ;0 A THRERNRTE;m A
ETMENETIAE,

F T HEANFE X IR E SBS AYZE A7 o K i), 15
SeiEdE T B, WAL IS TA] 7348 ¢, TR S T
AL B, HfEHt 34 I,

BT (2), MM LA & I, UE i b,
TE y I B RS0 i Eidta 0 B8t 1 H s R 80N

maxmin | %I‘,B g o (6)
wel  m=1 b, 1-¢

M T 2840 FME SDN 2 i a4 vh A2 i, Rk, 7
SDN F il 5 rh i o1 ] B2 55005 1 S B — o 4
LG E] o, RIE IR (5) 15 3) T, N2 2
15 VR BE A ) e e . SR O AR AT .

WA :UNIB,{r.},{p. |, left=0,right=0,MAX=0,sum=0
Bt < left
1forie |U| do

{C(u)NB_|
| NIB | i m'L.p,

2 rli]= X X

m=1 b, l-e
3 sum+=r[i];
4 if r[i]>MAX then
5 MAX=r[i];

6 end for
7 left=MAX, right=sum;
8 while left<right do

left+righ
9 mid=et rlgt;

2
10 ent=1;
11 sum=0;
12 forie | U] do
13 sum+=r[i];
14 if sum>mid do
15 sum=r[i];
16 cnt++;
17 end for
18 if ent<< | NIB | then
19 right=mid-1;



%63 %

W AT, SRAR | 25  BPFRE SN 3 10 246 r YAl 1 J8E 2 A7 5 58

55

20 else
21 left=mid+1;
22 end while

2.3 EERBEBENRBEFRE

Z ISR Mg T I BEE UE FIE [ A 5
WS 0 22 5, B T 35 B S i SR AP A Y il kA i
THZ A7 T B G i 58 18 2138 7 I 2% 171 28 A8 A oK
M E bR, 75 SDN /N R 25 v | SDN 5 il 85 1] LA S5
s i 21 I 28 A 0, I 1 LA Y R, BRI, > 8%
D) e D) 4% v g i AR AR, SBS ] RLNC A= 1
FIFEAE IS 22 A7 P 25 117 3 258 25 A 07 H 72 Ak, AT B
I et o RO AE . X TR RS AN S, H
SR HLAE 180 i 22 BORA e 45 3 i 43 21, s G B
] 5 N AR TR 7 BOME B £ 3k 38 5 it 4340
R bl Kk 25, 2T RLNC 4 AL UE
ANEBREE S, — BRI 5 1 26
P 7 Gt A R AT 37 R0 LR R AR B . R
3 1 2 B A A D AR T T

WIAGR,|Pl,g //RWWEE, |PIEHHIGEEE, ¢
YA AL Y B

fih R
8
Pl
2 forleg do
3 A B HL R ) 4 6, 5
4 while 8, E57 do
5 A BRI 1) B 5,5
6

1R=

end while
7 K= §15/Pz ;
8 TF gk
9 R il ;
10 end for

11 BEmids % R,

3 HEEREST

EEXTRAT NS B 4 K ol B, AT X T $ BACT
J5 5 =AWy B rp AR X R A 5 s T R 2R B AT 4y
M. TERGMVIGILB B, T SDN #=hil#s b &
e B e, mT LS At AR B 4% A P S5 R (L
& SBS \UE AR R4 Ik, F2% 805 2 Bk
St AR A TR, BRI MNE A B A
SBS .k > UE, p BRGNS, HAR AT R

(1) MEBREE TR Ak R s

IR W PR AR TP S AR S i e s 2% vh

FAET RS AEAE TR SBS #EATRI 43, o [A) 42
FHEEH 0(s7)

(2) VA1l el A7 SR

TR T i S SR B A — o A R A
FARAR TR A 2 S e 8], 7 7R 5 TP A 1%
N [F | 5 2101687 8] B A A5 Y F) S (I ik, ek 1] 52
JEA O(h+hxlg(sum—MAX) ) .

(3) A 1 G H 2 A7 SR

PR R YRR 3 2 G A
PTG G A7 T AR LLIK B3 7 o 2% 11 48728 Ak 1Y)
H g, e AR 0(g) .

SDN % il #% H- A ¥ #b % 2 2h g, H Ik |
OpenFlow PFSGHE i 42 6l 2 4L A HIE T ka4, il
P3i R 2 BB B PAT I AU 4, BRI, AR SCAP R
THRSRIE I /E SDN 42 il &% rP ST, £ b RS0
P )5 %8 BACT J5 R FIEIZAEN O(s*+h+
hxlg(sum—-MAX) +g)

4 (HEZH

5 B R84 T 5 2% ] 2 i/ Y SDIN 4 75 [90 24%
Zupy  HA AR 70 m 1Y SC B REHLERE e AR R
350 m [ MC 7 36 35 [ e 7 5 67 57 S LY P 1
UE #2445 %5, [F)iF MBS F11 SBS 7E4H 7] A4 T 4F 45 B
A IR TR AR S ROR TAE

D5 BB 5 UE A9 38 2R B0 LA B 313k B[]
PR IARS 43 B A SBS HHINRAE K/ N
FHIE], ELSCH8E 3 B B BER /Ny 32 M4 d, ok
FH RLNC 78K /Ny 28 B BE ML b BE AL 5% B 4 S R
B, 24 UE 432008 JE 0% 22 L8R b 7 60 2 B R 174
RIAT iR 09 R an Be A, % I8 BIME i mT RE 2> 32 4k
% T A ), LA R A i B AR T 95%
M TASCE % I8 GAF J7 R - b Rt 222U
UE $2050380 (% 4 5 22 A7 500h 75 s K4, [ B 45 65 e
FERN S B i AL f I 2 HEAT 25 5 VP4 T A RN £
URSEBG A5 H A2 1

Kl 3 F7R UE P95 X 2 050 4 5 28 A7 B0t 1Y) 5
i, 24 e=0.1, M4 A 15 4 SBS i}, B UE %
ARG, FESR A T O R AR TR T UE L
PN SIS AT OE P T 32, X i T Hh A T4
AR TP SBS WAL it ], 15 R 4eh UE
PEMCEN A i % A7 L AT e T 2 F A i 75 oK (R B —
R R SN 32) , Kk UE 2408 32 4~
LR AR ST A A 0 ] A AR AR R AR B L . (FJRAE

- 673 -



www. teleonline. cn

R

2023 4F

AV 94 K2 2 A7 J7 S8, B4 UE SRR 1 S A7 4K
wNGEIE 2 T 32, 5 TR Z IO R i, FEAR T
g5 PERE , AR HT P AT BE 25 T B B 2 1%
R B G A T DT T A 1 LR B AL, S B 2 Y
FAL IR TSI, B A T A
FCF AR R B PR RE SR = T 30. 9% , i g 247 /Y
FIE RS UE P S ZeA 7 BOE B/

110 ' L
| =
100 e ——
90 —=— BACT
# g0 —— EHENEETFESE |
iy —— NP S
& 70 - BEmEEE
=
E 60
50
40
EN] e s ’74@
40 60 80 100 120 140 160 180 200

UEM &
3 BWZEEHS UE#

K 4 FoR SBS HIEURXT UE 4200 4 it 2% A7 5
M, X e=0. 1, & HA 50 4~ UE B, B &
SBS ¥t 3 £ | UE #2004 5 % A7 505 T b, J5
BTELE, X2 Y SBS Bt £ i, SBS 2 [
(I PIME AT 23 45 SNk K A D RE , (175 X 45 Hh 5%
b ) | R B N1 s il o | B R A ]
i, 24 SBS Hit B hn | — @ e, B A0k
FABAE S AL T UE AT DL A5 00 B /0N 2 B 28 A7
B, AN, R TARSCITIR 7 R4S 6 M Hih G B
R FEAE TR AEAE T ARG SBS,, 76 - i 8 i 2%
FETT 5T ML T R TC AR B AR T UME SRS 22 47 7 &
DLSCARP A BE N B2 A7 7 58, TE— e R A4k
TSGR AL

110 = - s & 2 o 7
100
90 —=— BACT
& —o— EHER R I FHERF
W 80 —=— 3k 5 & B R T .
by v— P E L R
= 70 -
# 4
60
’\E\ﬂ\n L\\A\
50 | H\e;\ﬁ,\E \,—A\A
40
10 12 14 16 18 20
UEK # &

4 BWEFHS SBS #

P 5 27 254 A0 B 2] i IR B PRV RZ IR >4 1 4%

. 674 -

i EA 15 4 SBS 150 4~ UE i}, B & HOBE N,
Ui 3] vt A2 BT 4 | rh A ST B 2 14 i 1) i
FEAS TR 3 [ 38 N5 AR R BT A i 3] s
SIE 33X S T I 28 P Y DR AR B ) AN B X A
R N s, Y e MoK S2 o R &
ROVEAR A Z | 5] k2 AL 2 5 4
i — 205 M P 4% ) AT SR TH R 9T, 1 R K AR
W SEIR SR, 7 H & W S F T2, i T4t
GEA7 R Bl A I 45 17 2801 B A8 AR A, TN 523 Hh 4 fic
A28 GEUR, R, A3 TR A I8 N Y 7 58, He i 31 i
Fef SETATG , PERE AL

0.9

T
—=—BACT

0.8 Lo kBB PH L
—— HIEM IS
» 07 L BT
B
H 0.6
=
Eos
s — L —— T
u—‘—""‘I
0.2
0 1 2 3 4 5
EBE/%
Bs5 mamMESEaR
5 & 8

ARSI ZWFFTIR A5 LI 53 o 45 v 14 A %
IRAE BRIRD R, e 5 45 45 ) 2% M BB 5 B DM
IS GEAT AR T — Pk ME B R BE 1 3 N 2%
7%, H N THIME R, SBS X738 T4
GEREE T  FE LAl b 3l 5 TR AR T
PR F It ] a1 B AT IR et
VA B AT oy A AR A AR T — Rl A 1
JOL AT RERARAN A AT I e 3o Tt P 114 s 38) i 1
D ELAARN], P I SEARAE WP 1T 9 IR A7 1Y
SYEC, R R R O

S Xk

[ 1] YANG Y. Topology management for 5G small-cell
communications [ C ]//Proceedings of 2020 IEEE
International ~ Conference  on  Signal  Processing,
Communications and Computing. Macau:IEEE ;2020.1-5.

[ 2] CHAUDHRY A U,JACOB N,GEORGE D, et al. On the
interference range of small cells in the wireless backhaul
of 5G ultra-dense networks [ C ]//Proceedings of 2020

Wireless Telecommunications Symposium. Washington



%63 %

W AT, SRAR | 25  BPFRE SN 3 10 246 r YAl 1 J8E 2 A7 5 58

55

(3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

DC.IEEE,2020.1-6.

YANG W, ZHANG J, ZHANG J. On performance of
ultra-dense neighborhood small cell networks in urban
scenarios [ J |. IEEE Communications Letters, 2020, 25
(4).1378-1382.

CHO S, LEE S H, PANICHPATTANAKU W, et al.
SDN-independent gateway [ C ]//
of 2019 23rd International
Science and Engineering Conference. Phuket: IEEE,
2019.76-81.

ALTMAN E,AVRACHENKOV K, GOSELING J. Coding
for caches in the plane[ EB/OL]. (2013-09-03) [ 2022
—-01-20]. http://arxiv. org/abs/1309. 0604.

BLASCO P,GUNDUZ D. Learning-based optimization of

cache content in a small cell base station [ C]//

Architecture  for

Proceedings Computer

Proceedings of 2014 IEEE International Conference on
Communications. Sydney : IEEE ;2014 :1897-1903.
NAVEEN K P,MASSOULIE L,BACCELLI E et al. On the
interaction between content caching and request assignment
in cellular cache networks [ C]//Proceedings of the 5th
Workshop on All Things Cellular; Operations, Applications
and Challenges. New York :ACM,2015.37-42.

GONG J,ZHOU S,ZHOU Z, et al. Joint optimization of
content caching and push in renewable energy powered
[ C ]//Proceedings of 2016 IEEE
International Conference on Communications. Kuala
Lumpur: [EEE,2016.1-6.

YANG C,CHEN Z,YAO Y, et al. Energy efficiency in
wireless cooperative caching networks[ C]//Proceedings
of 2014 IEEE
Communications. Sydney : IEEE ;2014 :4975-4980.
POULARAKIS K, IOSIFIDIS G, TASSIULAS L. Joint

caching

small cells

International ~ Conference  on

and base station activation for green

heterogeneous cellular networks [ C ]//Proceedings of
2015 [EEE
Communications. London ; IEEE ,2015 :3364-3369.

LI R, WANG W, HUANG A, et al. Content caching at
sleeping-enabled base stations in heterogeneous networks
[ C]//Proceedings of 2016 8th International Conference
on Wireless Communications and Signal Processing.
Yangzhou:IEEE,2016.1-5.

JIA Q, XIE R, HUANG T, et al. Energy-efficient

cooperative coded caching for heterogeneous small cell

International Conference on

networks [ C]//Proceedings of 2017 IEEE Conference on
Computer Communications Workshops. Atlanta: IEEE,
2017 .468-473.

KHAN B S,JANGSHER S,QURESHI H K, et al. Energy
efficient caching in cooperative small cell network[ C]//
Proceedings of 2019 16th IEEE Annual Consumer
Communications and Networking Conference. Las Vegas:
IEEE,2019; 1-6.

YIN F,ZENG M, ZHANG Z, et al. Coded caching for

smart grid enabled HetNets with resource allocation and

[13]

[14]

energy cooperation| J ]. IEEE Transactions on Vehicular
Technology,2020,69(10) :12058-12071.
BRAHIMI M A,MERAZKA F. On reducing the encoding

complexity of random linear network coding [ C ]//

[15]
Proceedings of 2020 International Conference on

Electrical Engineering. Istanbul ; IEEE,2020.1-5.

WU R Y,MA J M, TANG Z X, et al. A generic secure

transmission scheme based on random linear network

coding [ J ]. IEEE/ACM Transactions on Networking,

2022,30(2) :855-866.

FOROUZAN N, RABIEI A M, VEHKAPERAM et al. A

distributed

backhauled full-duplex small cell networks [ J]. IEEE

Transactions on Vehicular Technology, 2021, 70 (2) :

1461-1473.

CUI Q,YU X,WANG Y, et al. The SIR meta distribution

in Poisson cellular networks with base station cooperation

[16]

[17]

resource  allocation scheme for self-

[18]

[J]. IEEE Transactions on Communications, 2017, 66
(3) :1234-1249.

fEE BT

BREM 4, 1964 44 F K, 1990 4F 3RA 124, B
HHRE , EERFTT )N MG B N | 4% S

WA 2, 1996 4T ILVE B 52,2019 43K 2= 42
LAY S 1 e A -2 o M T e 2
i,

RAE 55,1997 4R FEBOSE, 2019 AER A
P, BUARR IR IT A, FEEAFSE 10 KA T A AR R L,

B % 59,1997 4FA4 T HK,2019 3K 2= L2400, 3
RS A, RS T W R KR L AUETE MAC BMAL,

M = B,1995 4E A4 F I 43 BH, 2019 4F- 3k 24 12
A7, BUNBR LA A, SR 55 0 1] AR T RE A8 B 99 4% 1% o
P,

- 675 -





