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RESEARCH ON D2D COMMUNICATION POWER
OPTIMIZATION AND RESOURCE INTELLIGENT
ALLOCATION ALGORITHM FOR 5G NETWORKS

ABSTRACT

With the rapid development of wireless communication technology,
the number of mobile terminal devices worldwide has surged, leading to a
scarcity of spectrum resources. In order to improve the utilization
efficiency of existing spectrum resources, researchers in the
communication field have proposed Device to Device (D2D) technology
to alleviate this problem. In traditional cellular systems, the introduction of
D2D technology can enable two adjacent D2D terminals to effectively
improve the utilization efficiency of system spectrum resources, reduce the
load on base stations, and improve communication efficiency by reusing
cellular user link resources. However, this communication method of
reusing cellular users will generate a large amount of co frequency
interference between communication users, leading to a decrease in system
performance. Therefore, how to reasonably and effectively solve the
interference problem between users has become a research focus of
communication scholars.

This article mainly focuses on the co-frequency interference problem
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caused by D2D users reusing cellular user uplink resources in hybrid
communication systems. The system throughput and user fairness are used
as evaluation indicators, and reasonable and effective resource allocation
optimization algorithms are studied separately. This not only reduces inter
system interference, but also improves resource utilization and system
performance. The main research content of this article is divided into the
following two parts:

(1) A D2D communication power control scheme based on a novel
whale optimization algorithm is proposed, with system throughput as the
evaluation indicator. This scheme first establishes a single cell hybrid
communication system model. Under the premise of meeting the quality of
user communication, a constraint optimization problem is established with
user transmission power and Signal to Noise Ratio (SINR) as constraints,
aiming to solve the maximum system throughput. To address the problems
of slow convergence speed and low optimization accuracy of the Whale
Optimization Algorithm, the linear convergence factor is improved and an
adaptive inertia weight coefficient is added. A new Whale Optimization
Algorithm is proposed to dynamically adjust the transmission power of
D2D users, effectively control the interference between systems through
power control, and thus improve the system spectrum utilization. The
simulation results show that the proposed scheme not only improves

system throughput but also improves system performance.
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(2) A D2D communication resource allocation scheme based on an
improved proportional fairness algorithm is proposed, with user fairness as
the evaluation indicator. This scheme considers the edge D2D user
resource scheduling problem on the basis of maximizing system
throughput. On the basis of the basic proportional fairness algorithm,
different users' signal-to-noise ratio weights are added, and an improved
proportional fairness algorithm is proposed to sort the scheduling priorities
of users from high to low. The higher the priority of users, the higher their
transmission rate. Users with lower priority will also have scheduling
opportunities, which not only ensures the maximization of system
throughput but also ensures that edge users or users with poor channel
quality can effectively obtain spectrum resources. The simulation results
verify that compared with the basic proportional fairness algorithm, the
proposed algorithm effectively improves the fairness of scheduling
between D2D users while maximizing system throughput.

KEY WORDS: D2D communication, resource allocation, power

control, whale algorithm, throughput, fairness
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ok CMMATIIEAR YR X () M E RS ARG R R X ()
R BB R R D, TR N AMA LB 5 23 AL B
Z MBS ARIC NRBAR, FoREm AR, BT
Gips

A=2a-r-a (3-18)
C=2r (3-19)
a=2-2t/T_, (3-20)

Horfre roR[0 1] R BENLE: a RWSAR ¥, BEE t BN, 7E[2,0] A4k
Bk, TR E AR CEARIREG T NECKIIEARIREL
(2) S BLLB B
S 0 A S i B A P A IS AL USc 0 AL A R R e SR A B LA
B (3-18) A, WS a il REAE AR/, B (3-200 FTAL,
afE[2,0]Z [MZR PRI, SOt AS7E[-a,a] ZIAIHUE . M |A| <L1if, fiifa ANk
Wi B BRI, AT, B SR R
D, =|X"(t) - X (1) (3-21)

X (t+1)=D,-e” -cos(2zl) + X" (t) (3-22)
Horb DN EL H TG EEE T AL R R
2R Sk AR A M I R A, 2[R SR HX e 4 B ) RN R e B R AL L AT
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N, BB A R R By e Oy 1 B IR RS (0 47 £ SR, B0 R Sk A
RN (EIS% 50%MMER ) kst AT st Bl a2 e i & . HAEs
LSV

X*(t)-A-D, p<0.5

D, -e” -cos(2zl) + X*(t) >0.5 G2
) p>0.

X(t+1)={

Hrb: p 20,112 R BEHLEL
(3) FEHLIE KRB B
FEAEYIE R B, B AR AR | A (B RN REEATRENLIE R, 2 |A 21
I, SRE RSy KRN, TR, HHRREERTE, 25
FHRERIZAENE, B DR AR HERITE . (0B B BB
D, =|C - X 4y — X ()] (3-24)

rand

X(t+1)=X,_, —A-D, (3-25)

rand

Horpre X g RRE AR P BN LS BAMA AL E & Dy FoR BN A4 hr
B 5L E 2 F P
332 Bl E %

WIT iR WOA JREEAA0] %1, WOA BALEM . ¥ R SEUEAR A,
B 5 BN BT WCSIORE FEAR . W SIOE FEAS A5k 5 o A/INTT = B0 G iy it
ARACFVEEAT 2 0 ok, $RH T — R R g e AR B (NWOAD, it
PCAVLR LA : — 2R T —FAER R 7, B R SRR, M
S a BB, AR TREEERSR IR, e RANRR, EEEE
B, A a BRI, AR T REEEERRREER. RS TR
RACTE, IMAN—F BIEREEAE R4, H IR RIER B RIEH, 25
2R R RSO B

(D) SRR SR 7

A G i #1040 RIS SR 7 a i 3R A B 1Y N E [2,0]:2 1) 2 326 ik
a MERZ ) AR, T A XEEGIEERFRT R, M|A > L, BVERIT AR
FM, |A<IE, BEBEAT RS, SIS T o AR B JE U S
KRS . BN, Bk, AR&EESRERARBE RS, =R
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AR RAE IS T, RIS ORI a AR AR, AT ERER, £F
AR, aZsEE, ARTRER, EESEIEMLME. ST a i
HEApR oy

T

= 3-26
XZJ (3-26)

max

a:2—23m( t

AR A7 1 B AR A 3-3:

o

WS A T

0 50 100 150 200 250 300 350 400 450 500
IEAREL

3-3 AR RIS 1 a ARt i 2k K

HI P& 3-3 0 dr el 2, RIS 7 a RN [2,0] ARSI, XK %L
N 500K, FEIERIRE 250 2T, #hZ FREEAER, aZ sk, AA
TEILEI M & RAER, G0 7R RV, SRS 250 25, i
LN aE, aZ R, AR TEEE KRS R, AmE TR
AR A -

(2) FINHEMAPER E 5

S fit it A1 D0 A R0 b f e 57 B B R IS AR B AL O BE B G e, IX 8K
FEFNEJE 2 N R FARI S5 R . BRI SIN T — A R Ha HCR AL i B & AR
WE AL, WEM o BFEIEACRBE IR LN, SR, o 80K,
SCHUR R I 2 R RPERE, ORIE T AR 2 REPE, B, ROL&IER, o
EIREOEN, SBUEGRI R AR LR, e TR . SIAR BaE AR
NS EEAR

()
m=e ™ (3-27)
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SN B EMNAREACE K TG, Wt . 8 e 5 A B A R M B i R A
R

X(t+D) = @ X"(t)-A-D, P<05 58)
@-X*(t)+D,-e" -cos(2xl) P>05
X(t+l)=@- X4 (t)—A-D, (3-29)

T DL EEOE SRS S, NWOA EEmEE K 3-4 Fis:
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T

BLEPREAAL, 4E
B Fha et

BB ft 0 AT N (L
IR EAA RN AL E

>//1;£;\\\

i

e

m%ﬁ<&%>ﬁﬁWﬁH¥mit@-
20 IFENEW, FHSHA, C, |

A EE ML Ep

i

P

MG (3-28) HHT4 RAER (3-29) B REC (3-28) HHT Y
AT MAII L B R ML E R MR RIALE

BEAT IO SR, THEE R
IR RLMAALE, =+l

i Hh R LA

K 3-4 NWOA B FE &

3.3.3 BEDHHh
T B SCH Y NWOA 7 A, B NWOA. WOA 1 GA

26



TR R 2 A e

SREEIATR R SEEG, REL T R R R R, =R M R B IR R R (Fp
Foo B RSN £, FOVZEESREEN R ED, 077 sSLi-F
£ MATLAB, s 88 203k 3-1 Fios

% 3-1 WA %

PRI 1 HRIEH YrE
: [-100,100] 30
F () =2
0 [-1.28,1.28] 30
F,(x) =) ix’ +random[0,1)
i=1
[-5.12,5.12] 30

F,(x) = i[xﬁ ~10cos(27)+10]

i=1

AKX LENWOA S 4 5 LAtk I WOARIGASE %, 3 ik PPty A S50 i A
TG BER AT BRI S . B BRSO P B R v, U B LS A
SRR =AM B A B AR 0, RIRIERIRECH 500 Ik, WK% CF .
F, ARy ) BRSSO 4 Bt T 1] 3-5 21 3-7 B

107 [

bR M

7p

—~H%

200 |

1 | 1
50 100 150 200 250 300 350 400 450 500
AR AL

Fel 3-5 F, it 2
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——WOA
——GA
0 ——NWOA
10° ]
i
=
o
l‘é
m
1 | 1 1 1 1 1 | ‘ 1

50 100 150 200 250 300 350 400 450 500
B

4 3-6 F, st 2k

10 1
@ -

ﬁmd 7
g | ——— WOA

m ——GA

1010 ——NWOA| |

L 1 1 1 1 | 1 Il 1 1
50 100 150 200 250 300 350 400 450 500
AR EL

K 3-7 5 sl £ 5]

i UL =R e B St 2R 1 (B 3-5~181 3-7) AL RIS AE B
AR B, A SCHE T NWOATE RS FE A 8 E#8 = T WOARIGA,
Wi T A S H INWOARI T AT

N TR B IAEASCRE S AR BRI S5, PRI R /NBEE N 50,

R RIEARETY 5000 [FII Jy 1 o DR S 06 45 R B0 P SE PR AN AL 1%, b — A

WEIERHEGEAT T 30 KIMSLIZAT. T IOME Rehs I EVE I AL EE 77, T bRE

Z M Bets BV /R R B i AR E I, BRIk, Gl I B & BRAE 30 p

SLIBAT T BRSO B DO SN MBI ARUE 22, SR VPG & AR S RO PR BE R TN
=R RIS E AR ZE ISR 3-2 FR .

<
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* 3-2 NRSEIESAFTERAE

WOA GA NWOA

PREL e i e e e PRt
F, 1.41e-30  4.91e-30  2.53e-16  9.67e-17  1.56e-22  5.07e-23
F, 0.072581  0.39747 7.35487  1.741452  0.016361  0.00236
F, 1.06e-21 23921 0.055655  0.194074  1.75e-28  2.58e-30

iRis 3-2 Fiow, A LS AINWOATEIEMFFHEXE FHPIE T Hott JLR 3%,
1 B NWOA BRI SACKS B A0 B0 R PE AR T J0A 0k, 4RI RE S AT
3.3.4 BT AR & LB AR D2D BISTIRIEH|

2% S T A ) R TR DDA W A LA A I B, i s
R S

B 1. REBRSHAIA . REBM b T L SHEE, A4D2D
FAPOSE . SR . BAEBHRESHL DX RN BOKIEARH.

L2 FEEHIGAIL . BT E N (3-12), (3-13) HICURIDUBR S A —AMix
MK, RN IRES .

WU 3. IEERIE . B (3-9) (EREM R, SRR E R
FEAE, 30 R A 55/ FE AR 9 24 S A R AT S i B

W 4 CCEEH . MHHT UGRR, EHEAIES R, M AW, &
Al<1, MRS (3-28) BEATRIEREH, HN, ZER (3-29) HHATALE FH.

DYRS: TR RIERN . TR E SR A BRI IMA RS N AE
52 LR T
DY 6: FIRZ LR PRSI B BIE GRS, A, N
BIR AL, DR iimg, S0, REDEE 3.
CA_E AR B PEAN A 4 R it PRAL BVEAE SRS (3-9) S AL IRt 1 H
DR, MEFBATERN, FrORE T REMRRIY BE SEIL R R R G0 i & 1
K I EAH
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34 HESRKE T

341 HESH
AERGESFNENX T2 D2D M/ EH A EEH, @il

MATLAB T H RN A S EE AT B0, RIEEEMA . BRAR

it & F P BENL A AR TE XS h, BS FE/NX AL E . R G A S H

R 3-3 FioR.

* 33 IHSH

ZH ZHUH
FufiEAe 500m
D2D Fi 7 i KBRS 50m
W 53 FH 50
D2D X4k 20
D2D M KRS D% 24dBm
W B3 P I A A Tl 2 23 dBm
Ik 5 T 2 -174dBm/ Hz
Rt 180 kHz
AR 0.08
AT AR 2L 4
w4 55 H A i) s SINR 10dB
D2D H i/ SINR 10dB

342 BHREDH

BVE B AR FE R VPN — DN BRI AR bR, A SCHIEIE R AT 3 BARIILE
B fi A PR A SRR B AR SR s, LD AR 4 K R AR BE R RN . (]
Bt RPN P IERIRECA T | THEOE R R (R B 24 FE N O(N) 5
TS 2 i Rt £ A A B IR B B) 52 % BE O O(P T xN) o AHEL T £ Gi [FTWOA,
NWOANIN T JEL Y Sk R 7 R0 S FR AR, S A 2 2% P 2 W AR v 38
HARGHEL RS S TAH LR, HHEEERBR TR E, Fit,
HET I I IR 2R, JE R AR
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343 (HEGR D
T A A £ AL SR VN WO A K e 2445 211 52 1 20 AND2D A 7 1 e It & 5

DNZRAE WK 3-4 FiR.
# 3-4 20 ND2DH 7 I B AL R 5 Dy Z A8
D2DH i 5 MRS V)% AH/dBm
1 7.9855
2 1.0112
3 24
4 3.7235
5 2.3654
6 1.5589
7 24
8 24
9 24
10 5.2330
11 24
12 24
13 24
14 24
15 24
16 24
17 6.0628
18 1.7262
19 24
20 24

EViESHEA AR BRI R T, MEERHE, fREEmtEm Rt
AR (CDF) X =ANERE, AR I FINWOA S WOA . GARZEAT X b sE
56, BeiE Sy B AR B SRR AR

A E ) D2D H P RN 20, 1B 3-8 ROREIAE 3 Rl IR B AR A S 1A
R AR 2, BT, B D2D FH P BN, Ra s E R A
RoBWT N, X T RS TSR, TS A AL
R MRS KM, ACIRH NWOA fEEEF A% FEMR T WOA
MGA, S5REW], AEFVEEAAIEE TN T REEFRH SRR A
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D2D X %k

3-8 D2DX] 5 12 I 1T 26 5 2 o 2k

K 3-9 FoR 1 =R IR FC AR AL VA P ek S AR 2k, BE#E D2D H
PO, REMCFRRIE LSRG, 4 D2D H P HOE nE— w2 2
RGEMMFRBTHm, W2ARREg N, scinas RERRY, AR
H ) NWOA {E~F ¥ et & B IGO0 T HAR P A B2 0 e B P 5 &, e
T ARSI R IR .

AT BIAEAR S TR T D2D F T HE(E TERE, SR Bk A R B R
&7k NWOA Hl WOA 7E R Gi A &7 H 7 Ak L, Bl 3-10 R /2 NWOA
1 WOA [ Rt A st 26 &1, ATLAE H, fEARIRIR) CDF BUE T, ASCH %
FTSc L) Rau ik R TR g i mAc Bk, WITEA ST R T Rar

REFS LASE i o

0
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3.5 RNENG

AT R AE AL Bk 5 RSG5 AD2DH AN, £ AND2DH f e 4 i 53
FH P _E AT B B GRS ORI R T4 IR B, B T i 3 8 it AR B0 1
D2DIN RN TR . ST R E N T LSRRG T B KEAH R 2
FH P R 555 T 28 R0 W L 10 8 50 24 SR 2% A B AR A ) R, o s 8 i e 0 A0 SR VE B0
AU P RS Th A, TEGRIE A P QoSIURTHE R, SRAR I D2D A /M 1 B
KWThE, Nk RGAt 2R &AM, FRIKRSRETH0, 372 emn s A
o RE, PiEGsRIRE T A SO B Tt AL SRR T ST WOA
MGARE, FEIRTHEHEM RS RE T TR I H 52 .
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£ 45 ATt 2 FBIER D2D FiRTE T &

H_E— SRR A, 155 R4 5l AD2DEAR AT LA LT R G At
w, BIKRGRT, S 7S SHIRE = 0 . SR %A % &1 2 D2DH
PR R R IR, n]BE TR A TR I X I e (F T AR E RS,
VST BCAIE GEUR . PR e HEAT A A BRI 2 T ORI 7T R

REERAUARGEL R L, AP NN, SRIFA T2
B (G TE R R E NIDURFE AT PER A FE o S H T —Fhlcidk Lol A 5
D2DRIE /AL T %, %07 EARYE SO L9 A PSR EE BRI, ¥ D2D A P (11
FER B R BN MK RS, RS m P ARE R, e A Pl
TEENLZY, AT S B KA 2R G0 A i B ) 2t b ORAIE FH P B A~
4.1 RGiRE

AR E MG RGE /N XIRAEE RS+ D2D F 76 2 g s
CU FATHEMR TR, RGBAIME 4-1 FiR. DX APEE AP0k, 25t
D2D I F xR s L P CU, e —/> D2D H P AR — A Du-t &5 fl— A4
Du-r #i3i, CU M DU FEHLA T8 8 R4 4. ik D2D H T &R & 2
() FRY R @ S T B AL e e, Bkl T DU B D2D A - S TE RS (R BP0,
TEHAR AL YRR AT DR JR0E & LAY B (Resource Block, i#% RB)
FERFR, B4 RB A& 12 MESEN, WPy 180KHz. L8 AL it
FEA, AR A5URE 32 2B b 9 S FH P T 00 47 2 B 3 B R DA B B R R R
ifi CU FH P I8 AE SRR 2 0000 (B2 730, IXAIEASHEEE T T P A E
Ztedl. EAXA, A CUHP S RB BHE——Xt5, [ D2D H P #—
Xf—Hb i CU P HI{ETE B4

BiERFEFHEN S CUMMA DU, CUHFHCNC, ={C,,C,,-,C }}H
Fn={,2--,N}, DU /' ¥Ch D, ={D,,D,,--,D,},» HFm={12--M}, {&
EHSEE P BEMF R CU KT DU 3, BIN>M o JB{EHES A5 a0
fi 15
T2 MARARFERN s s vE s, HaRIA = g = 9y 0P8,

35



TR R 2 A e

RIEES THfES

[ 4-1 16 59 /N [X AR Gt 5 0
TEIRAS RGP, 24 D2D B/ CU _HATHEMIE BURIN , RSl
R RPEAE TR, AR H#RE BS 5 Du-s 2 (AT LK CU 5 Du-r Z AT
P, BEES, Du-t #1 BS Z [A]f¥) SINR £ 2= 45580y

DU
Pm gms,mr

K, +Po

axgn,mr

SINR?Y = (4-1)

Hrp: PYYRIRE mADURIKR IR, Po RRCURIBR KA N, g m &

A% mADu-t5Du-rZ [ EEE 2, g, &8 n DNCULEDu-rz [8] KI5 TE 1
i, KyRamiEmEE (K =AB, Hh A NREEIDREEE, B ARG
Do

CUSDu-r [f]ff] SINR %455 Ay
cu

P
SINRSY = maxnae (42)
KO + 77” m Pm g

Hrr, g, ®EnA CU L BS ZAIRMEEEE, 9, %8 mA Du-t 5 BS
Z I REES S, »,, EREHET, BUERNOE L, Mg, =18, FREmA
DU /EE ¥ n A~ CU WSS 58, n,, =00, Rk DUANEEH CU MR %
/8
Kk (4-1) A1 (4-2) 435N Shannon A3H, % mA DU M n 4> CU
A I A AR AL A3 Sl T T
RPY = Blog, (1+ SINR™Y) (4-3)
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R =Blog, (1+SINR®") (4-4)

B (4-3) 15 (4-4) 1GH ARG S BT EERARTN.

N M
R = XR® + LR 4-5)

4.2 ETFoUHte I A FE AR D2D BIERESE AR

TR VP EAE TR M H RS, H BS fEA A S BURRT, ARAGE SR
HEENEAMN. ERGEERSGT, AP EEREER. & BS{UL AT =
AW A B, AR ERET e TEE R ERENH . TR
FHILGH P KR TZMOIRA, Teik RIS B (5 5. X P BT B 77
RBARGRZ AP, TEMORTA H AR 3RS RIFEE AR . Fitk, 7E5
WA, BS REGEHERLEMA AP, FR-AEISEans
BT %
4.2.1 T4 AEN

FERLTIE LR, AP — A EEM GRS, HOURRET
iR A P RERE IS S I A ICAE 95U, B AT Max-min 2 T4, QoE AP
A Jain APPSR W AP E AR e, AFLL Jain A FHEAE R A TIER
HotEREN, 1 (4-6) Fis.

S )’

E(, fy, oy 1) = —2— (4-6)

S- Z,Uiz
i1

Horpe IR I H AR RS, ENAFIERT, SRR, AP
422 EEBIAFREEX

EFRIEME S, WA FIRERE (PP fEREIRAERE L —, 32
IR . BRI A& TR W EE (RR) HHERET A (Maximum
C/D WIS, BRORIE T BRI A, MR T RGN ELE. PFEET
PRI B e NN PR MUE RIS, BEJE R T XAk e
FORMI G, XA RIRFR TR, I AR I I 5 A0S 38
B ARG O P BE S IR A3 S0 2 (W B, TS TERIUECZE I H - e sk
L ER TR, ML 7 BIERRA . PRI e Fmh
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Ry === (4-7)

Hr: i=,2,3-13, | NHPE, CRERZ, R () RaHFE R ZI
BRI LR 2, R (t) 2R 2 0 RS54 ¢ I %05 BN ) 9 6 P 2 B . 24—k
VRN 2GRS, R (t) SBATER, SRR

a—bﬁﬁ—n+%am, FH P i i
( —%)ﬁi(t—l), Fi PR R

C

R (1) = (4-8)

Forpre t, FRORAE 2T BN 2 LLAT 225 I B

FEPFELVE T, F P R P20 5l 5 2 3 1 I 200 80 40 A% i 13 2 01 b P 20 2 I )
IR RO E Y, AR BT, {508 R R T DR e T e S A
BEE AT, T RF A BB Rit, R EAE W R, e,
JEAAETE R S I B AT L2, B R 7B RLGEE RS IR
R AT I B 5 23

ECA 221 5 B i AR B A ] 4-2 s, BB IR

Stepl: HEITAG, EHIFHE A BB NL s =

Step2: THEH 7 EE 2] A BT S Rk

Step3: K& RS GVIARRTEIR, WA WHEATSteps, 75 M B 45

Step4: %3\ (4-7) THEAAH P HRE LK.

Step5: i Step4 TR ULSGHM AR B IMEKIKHES .

Step6: LG KNI P Bo B, SR AR i SR U .

Step7: R & A FH 2 B ARG BT, AT 2 A RS TR, 75 JU)3R [
Step4 44 £L AT BT 4B -

EBVA ) PEJTEGRI T RGN A& BRI A1, (A A2,
WFHH P RS R T, RaGrrERIMEREA K. BT EESSRsIAN
MATENE, M REERSH SR AR, X ARER —{F1E LX) 5T
PRI TR RARAFE . X FA —EAPRRIER K TR RM . EHARSE T, &
BT EAE P TAHAR G TE 26 2T, PRELVE IR BEIA 3] — M AH X1 5
HAFRSRE AR B2, ExbafFoit, mTHEENZERE, M7

38



TR R 2 A e

(R SEIRIR DU AN R SR A& 2 AR 1, XAt T80 7 BV A i BRI 1B 00 T, B LPRAIE

BEUR 7> HC R Tk
THG R

BIFF SRS F P [l e A g

}

THE LI 20 A 1 AR

HAfr R A TR R ?

# G-1 RS

v

ey R RS AT HE

v

25 P 2 BE I SRR AR SRR AR

v

BB P A i

UM 2 15 AR 3R AT 5L 2

SR

& 4-2 Bu il 2 P AR AR IR
4.2.3 BUFHHIEL B A RE R A
TEA GG S KRG, T SAH P Z A AT, HA] 28 S S AR 1 B
WU B JE AN 55 FH P IR BEAR B 2. SR, TED2D-5 i 55 A7 1) id A5 &
i, DUFSERMEHARMEGEER, E£2HAEKT, DUSEHCUMEER ¥
VR, KPR T BRI R, R, R R R R 2R A
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WA —AEERH P, AR BN 2RI 25 RS RO I CUMDU. £ % - R,
D2D ] 7 M & F P 2 (AR Bk ST, 8 B2 I R 5 =% B D2D ] 7 A 6 2
PFSLAE IR R L SE 2t A5 18 1 AN, 8 5 8 A 24 P (1R
fLoEdh, BTk, Sl T — Ak TRE R LB AT LSS, DU R H]
RN, RN T R e S s KX SR A D A BAR AT U5, AR
fREUR, PRREREA] LUEH] . e IRIEAN

_Ry(®+¢n.R.(0)

=R 0 +9 R,

(4-9)

Her: R (t). R FREMNZIE m A DU R n A CU B L#IEE, R (t)
R, (t) #/R 58 m A DU A% n A CU BUIA t % 2 jT P B &, o, RonE
T, BUAX 0 8 1, 24 DU EEEAEKT, e, , =1, EEFHAKKT,
P =0

EIEFIH I QoS, FEMALIRATR, &I M R IS8 BRI RS 5% AT,
e SEILTEUR Y AP0, QoS MEkkaF, SAMEIREADRE T, AP ZEmfE
TEBERPIRAS S ZE BRI, QoS MilkzE, WIRM A AT, A (4-8)
AT HAZLME R CSI, 58 SINRYE CSI AERVIFIER, SINR S,
CSI w4y, FAF QoS iy, fERERGHEHEMHN T, A PHEBERIER.
i, AR (4-8) WSRO RCE, BB, PR o
M, SO AT EE (PE) e Rk R T R
_ R, (MSINR, (1) + ¢, ,R, ())SINR, (t)

R, (1) + ¢, R, (1)

I:)m,n (t) (4'10)

Hr: SINR (t). SINR,(t) 427 D2D H /7 m A1 CU AP n AE t i ZI ({5 1 bb
=

424 FREIT

KREJRRBEM RS 100 4~ D2D P05 400 A5 FH P A2 R4,

Horp, D2D P A TR AMMEERER, EEHBET, D2D L E i
P RATRER B, HREEIZ X D2D AR A A CU &I R4 T4 L&
RO R, ERMEER—A CU A B Reedi—A D2D HAEH, fEL A
N, D2D FH P E R TIRG . N T HRIER S H QoS, D2D H K
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S DI BE I [Py - Pa 10 Pon ~ P 274 D2D H P B ERANRRR S T, I
H. BS BEWS I B HE B O EEIRSE B

AREHTCHI AL AL QoS HIHIEE T, fEf Kb RGBS A E 1%
M5 (4-100 HE D2D HI P IPLSESE, PRIEAI 2T, BRI, i im @in] B
NI CARI R GT ThE L ABWE L LU LU A 7 RBOR R AFAE N AR, LR &
giAr it B R OKME Y H AR 2R R, 2% ) R A A AR
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% %% %% %%%%%%%% %% %o NWOA 1% Lo %%%%% %% %% %% %% %% %
function
[Leader_score,Leader_pos,Convergence_curve]=IWOA(SearchAgents_no,Max _iter,|
b,ub,dim,fobj)
Leader_pos=zeros(1,dim); %4 451L 40 5 47 B
Leader_score=inf;
Positions=initialization(SearchAgents_no,dim,ub,Ib); %¥J4& L AN A7 B
Convergence_curve=zeros(1,Max_iter);
t=0;
% TG
while t<Max _iter
for i=1:size(Positions,1)
O K4 H A8 FR A 8] A AR (][] R
Flag4ub=Positions(i,:)>ub;
Flag4lb=Positions(i,:)<Ib;
Positions(i,:)=(Positions(i,:).*(~(Flag4ub+Flag4lb)))+ub.*Flag4ub+lb.*Flag4lb;
fitness=fobj(Positions(i,:)); % & & MM 1) B A5 ek Bl
if fitness<Leader_score
Leader_score=fitness;
Leader_pos=Positions(i,:);
end
end
a2=-1+t*((-1)/Max_iter);
a=2-2*sin(pi/2*t/Max_iter); %xf N AL (3-26)
% SEFTMARIAL E
for i=1:size(Positions,1)
ri=rand(); % rl ;& 0-1 2 ] (K BEHLEL
r2=rand(); % r2 & 0-1 2 [&] B AL %L
A=2*a*rl-a; %X N AL (3-18)
C=2*r2; %X MASL (3-19)
b=1;
I=(a2-1)*rand+1;
p = rand();
for j=1:size(Positions,2)

if p<0.5
if abs(A)>=1
rand_leader_index = floor(SearchAgents_no*rand()+1);
X _rand = Positions(rand_leader_index, :);
D_X_rand=abs(C*X_rand(j)-Positions(i,j));
Positions(i,j)=X_rand(j)-A*D_X_ rand,
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elseif abs(A)<1
D_Leader=abs(C*Leader_pos(j)-Positions(i,j));
wl=exp(-(5*t/Max_iter)."2);  %Xf N AL (3-27)
Positions(i,j)=wl*Leader_pos(j)-A*D_Leader;
end
elseif p>=0.5
distance2Leader=abs(Leader_pos(j)-Positions(i,j));
w2=exp(-(5*t/Max_iter)."2); %X N A (3-27)
Positions(i,j)=distance2Leader*exp(b.*I).*cos(l.*2*pi)+w2*Leader_pos(j);
end
end
end
t=t+1;
Convergence_curve(t)=Leader_score;
end

%%%%%%%%%%% %% %% %% 117 H I 5 2 £ 15 B %% %% %% %% %% % %% %o
BS=500;% {5 1%
MaxD=50;% D2D H ' s KB & &4 #20k
Cn=50;% 1% & Fl ) Hi =
Mn=20;% D2D %} 4%
PvDmM=24;% D2D f K &5 I)% dbm
PvCU=23;% I & K 41 % dom
ParaE=[0.014 1.2 1.1578];%ParaE=[0.014 1.2 1.1578];
% BRACHRFEE A IATTRAETR S 2R TR
ParaB=-174:;% M7 )% dbm/Hz
ParaSc=10;% #4& A J* 15 /) SINR/dB
ParaSm=10;% D2D FH /' 1 5 /> SINR/dB
B=180;% % %t %/ Khz
Coorcenter=[0 0];
CoorC=zeros(Cn,2);% 1 & FH J (5 &
fori=1:Cn

R=BS*rand;

A=pi*rand*2;

CoorC(i,1)=R*cos( A);

CoorC(i,2)=R*sin( A);
end
CoorM=zeros(Mn,5);% D2D )%=
for i=1:Mn

R=(BS-MaxD)*rand;

A=pi*rand*2;

CoorM(i,1)=R*cos( A);

CoorM(i,2)=R*sin( A);

R=MaxD*rand;
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A=pi*rand*2;
CoorM(i,3)= CoorM(i,1)+R*cos( A);
CoorM(i,4)=CoorM(i,2)+R*sin( A);
CoorM(i,5)=sqrt(sum((CoorM(i,1:2)-CoorM(i,3:4)).”2))/1000;
end
Distcb=pdist2(CoorC,Coorcenter);% 1 & [ 7 FI|3A 3 3k (1 #E 5
Distmb=pdist2(CoorM(:,1:2),Coorcenter);% 7 5 s 51]32 J i ) H 25
Distcd=pdist2(CoorC,CoorM(:,3:4));% % 55 F F 2l|ak e ysco 1) 2R 25
%% 15 & VLT
F=max(max(Distcd));
E=F-Distcd;
[Matching,Cost] = Hungarian(E);% 15 1& 43 it
for i=1:Mn
Slec(i)=find(Matching(:,i)==1);
end
%%
expRcb=exprnd(1,Cn,1);
expRmb=exprnd(1,Mn,1);
expRed=exprnd(1,Cn,Mn);% FERL =4 2125

normRcb=normrnd(0,8,Cn,1);
normRmb=normrnd(0,8,Mn,1);
normRcd=normrnd(0,8,Cn,Mn);% BENL 4= [ 5355 7%
normRcb(normRcbh<0)=1;

normRmb(normRmb<0)=1;

normRcd(normRcd<0)=1;
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