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Resource allocation for D2D based on pigeon-inspired optimization
algorithm in heterogeneous networks

ZHANG Da-min®, ZHANG Hui-juan, YAN Wei, CHEN Zhong-yun, XIN Zi-yun

(College of Big Data and Information Engineering, Guizhou University, Guiyang 550025, China)

Abstract: In order to solve the problem of spectrum optimization caused by D2D (device-to-device) communication
multiplexing uplink channel of heterogeneous cellular networks, this paper proposes a resource allocation scheme based
on improved discrete pigeon-inspired optimization (PIO). In this mechanism, the user’s quality of service (QoS) can be
guaranteed by setting the signal-to-interference plus noise ratio (SINR) threshold. First, resources are allocated for D2D
users with the binary discrete pigeon-inspired optimization based on improved map-compass operators and cognitive
factors IMCBPIO). Then, adjusting the transmission power of the users with the closed-loop power control algorithm
based on the receiving SINR to reduce the interference among users, base stations and users. The simulation results
show that, the proposed scheme can effectively suppress interference caused by the introduction of D2D users in the
heterogeneous network, and reduce the outage probability of communication users, as well as improve the spectrum
utilization and the system throughput.

Keywords: heterogeneous networks; device-to-device communication; pigeon-inspired algorithm; resource allocation;

power control; throughput
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W0 4 20 85 A by, T3 D2D F R85 B A By, #E T
Tl 73 B R RS I 4 B DAl R Hrt SR R FEAE, 1]
KRB AL E pbt = {pbly, pbly, ..., pbt, T, 2R
WAL ply = {phys play oo Pl 3T LEFF I R 28 2
PERE H Ax Uxﬁﬂiifﬁjjﬁfu PRI, 12X (28) AR, 3

By = {b, _.E:;ﬁ b}

step4: 1%} EE Eﬁl&%ﬁﬁln@ﬁiﬁ%m%% KA
(21)+(23) F1 (24) FEHTRS T HIE . N T RAIEFEE 2
FEVE, 43k NHOAR B #R AR, FREEEL H IREFAZR. 7
A G B RO P SR, SR A 2K (25) A (26) ¥
SRS T S B U, LA (10) 1 Dy id B 52 oR £, 08T
Brm Mt BN R E, HFER T
step 3, 1EAXFAL.

step 5: FIBT I 75128 1) i KB A IER, #5022
1R85V, 2 BT AT step 3.

step 6: FLVALE W B i A S TE 2 R HE FE IR 7 p*.
2.3 ETHULSINR B9 AR Z TSI H

BEXT Z G0 AELE BT Il 8, S FH 21 Ty 2 428 1l
5.3 (open-loop power control, OLPC) ¥]#f1¢. D2D H
FH R 5 B3R SR P PR B R 35 1) B 74 (closed-loop
power control, CLPC) X F F* 1) /& it Th R 47 2h 25 1A
B3 S vl I R R P SO T IR B 1) 2
il am 45 P, P 8 B Dh 3 s 48 4 e, d il
BB R AP RE B D F I H 0, 58 00 S st
TG f(A;). W55 P A D2D FH 7 (51 3 T e 42 1) 1 A
ENTIES L T B Svy I

P, (i) = min{ Ppax, Po(i) + 10log, M (i)+
oy - PL + Anes(4)}, (31)
P = min{Pyax, Py + 10log,, M+
ag - PL+ Apes + f(4)} (32)
HoH: P NECRRIETNZR, 1 Py i = 25 2w E
(1) D2 B HEAE A, 32 B 4, Py = BUE Py +
FP Po, BUE Po 9/ IXRFE 1) 251, 375 2| SINR
BT K1 T R, e U o 4k B U 4
(radio resource control, RRC) ¥ JZ il &1 &1~ F 7,
F P Py 9 % i 5 5E B9 2 5, MR8 2% v 1) A0 B 1 €,
ik RRCAE 2725 H 7, Py 19 3h 2 BUH E [
[—126 dBm, 23 dBm]2*, J iz 52 56 Ik, A% 52 Py BUAE
N —78 dBm It} B 1A Bl £ TP AR RUR M NS L 4s
N P BRI BR AN B, AR SCHUE A 1 a0 Fl o 1A
AR AMELR -, 43 BN 0.7 #10.8; PL NS A2 45 E, HH
(D) M (2) KAl Aves 5 F G E BV il 2 i 77 X
AR, R P DR R &, I f(A;) IR4E A,
BEAT DA I B IAAN R, & UE & H ).

Tt

BED2D ). R s R
H A MBEFES
v
| WL RS RES £, BN A5 R

4

AR (21) . (23)~(26)
TR RS I BRI
I (10) THEE N EH,

AN R A BN A SR A o

A1~ B 5 B R e T

I (31) Wik D2D Fl A & 1 7 1k
b, R () EEH O EBRAUE R
v
HE(32) « (33) Bhas 5 B £ it
FH P RS oh %R

SINR, < SINR,,.? SINR,> SINR,,,?
SINR, < SINR,,?

SINR, > SINR,,,?

4

K, T,
BB BN TR

| |
v_v

| i P g BRI T, BRI RS A i |

5 ETBHANHSEHELSANETHIELRIE
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LTE 5& SL T 1 i A B4 Ty e 42 ) 52 A XA 448 %)

3 AR B S BRI T I,
f(A) = f(Aim1) + Ak, A €{-1,0,1,3}. (33)

AR SR FH T PR PR T 2 4 ) B ol B A e
bb R S U5 00 [ o, 1 e bR R P 24 i AR A T e
EE (SINR;) 515 T M LL T FRE SINR 0w+ SINRpigh
KN g, B s b ek TR K, T B &
VA B P I R O D 2L R AR 258, {5 T M LG R BRME
SINR), A —20dB.

BT A SO B RS B LR S P A T S A
D2D ZE YR FATL I F R FE S s,
3 (TELR R AT
31 REMEEN

N BGAIE T SR I M RE, SR S RIS Tk
BERBEALA B 2 000 473 A1 3% 56, ARG SG H A AR HE AN
SCHR [16,25-26] H BT 5 S H UL R &R HUE, (i K S
AR B K 4 FTR.

x4 RGHESH

24 il
NX AR /m 500
FuE B A 50
Trlode o3 FH P 40/ A 15
D2D FH J st #/ xt 25
D2D A i KEE S /m 50
5% F P K R% T % 1 dBm 24
D2D i i KR I% D)% / dBm 21
FANE S Th 3 [ (dBm/ Hz) —174

32 ERERMEEST
321 BRELS

Dh 2 428 ) S BT IR IR 52 2% BB, o A B
522 B 52 AN K, R ot 3 B Ll e o0 i et R R ARV
X HEANTT SR FE B s2 . RO RS R RN Q, He
=48 B A A S5 R IEARIREOR T, bR R R 1
HIR IR B T, 38 B EETH S ] B 2 FE R O (),
e PIO R BRI TR B2 FE A O(Q x Th x t) +
O(QxTyxt) . A FIEIA H - 45 pa £ 55 1 Al AR
HAPANRAERE T, I 5 R 3 SRR A L 7R 2 A Ak
HIH S A B BE AL 5 2 it 5% (random resource
allocation algorithm, RA) & 4% & i 5 &3 FH P 20 H 1)
W R, B8 O(T), e J R0 s P 2
H, 85 A 28K, 5& 5L SR SRR T
FEREAR L, T3 o I SR S 2 B e, (E 2 RS
REAS 2 7 O0A, DL 28 B2 AR R4 B R G 1k RE AR
AR EAF .

322 HEGRKMERT

Bl 6 2 4 Ff s i 0% Y5 45 e B2 T R G W 48 ALk
BB AR B AR . B e AT I, R
Gt I % A% A B R A BB 3G n T 58 i AR K, A
Bl — 58 EAR IR BT, 52 40 WX 265 2 o ik 3 e KAB AR ¢
AAg . B % IMCBPIO) 78 55 60 4812 B 88, 1k
S FE AR T BPIO. BPSO A1 GA = R & v, X N f) 194
LBAURAE 4 I HE R T 18.01 kbps. 28.84 kbps F1124.78
kbps.

................

— . =BPIO
—— IMCBPIO

100 200 300 400 500
t

E 6 ARERMHERMER BT rhL

RTINS %R B D2D A e A AR IE
AR, K 24047 2R 2K (cumulative distribution
function, CDF) ## 1A fifi 127 & SINR HJHE % 7 1. 24
SINR /) FBRAE 9 —20dB I}, 4 P P 7 = T
D2D H 7 ) SINR 5 1173 A bk £ & 1 A8 4 i 35 1)
7R, AR GRG0 0 AR SRR H B
SO S RS A ARV 5 PR A T 2 4 i) 1) B2 U 43 i 7 &R
(IMCBPIO-CLPC). BXA& BN 5T I8 7 L 55 P 3R T 22 42
HH B IR 43 L )5 % (RA-CLPC). Bk B ok 7 5
55 P PR T 28 4% il 11 B2 YR 73 B 5 %€ (BPSO-CLPC).
I5C A s A 5 RS A BRV25 55 A B T 3 4 o) 11 %
Bt 77 %€ (BPIO-CLPC). i il £ 4> 4 n] 1, D2D H 7 (1)
SINR 4 KT I TFRAE —20 dB, 3 B1i% J5 & fE {#4F D2D
F P B IE & S84 [ A] 0, 24 YR — CDFAE R, A
FITHE H 1 W5 Y5 B 5 58 6 B2 1) SINR {4 EE 7 46 3
Tt 7 22 6 R FF SINRAE K, 38 B 38 {5 i 72 v = A 11

WA b, TS 1 D2D I A5 B
1.0

+RA-CLPC

0.8 I+BPSO-CLPC
+BPIO-CLPC
0.6 [+ 1MCBPIO-CLPC

0.4}
02t
N A
~40 -20 0 20 40
SINR /dB
7 D2DF A SINR Eit kT Liah
K8 N AR IR B 7 R ke D2D H F 4t H
I 2 RGP HE &AL G, HigEH ]

CDF
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5 Xk R

%35 %

W, Z 40135 Fr ik S i D2D F - $0H (134 2 1fi 1
K, IF BAE R —D2D 7 e H R, R A T e B A
#J7 % IMCBPIO-CLPC) 3k 753 ) 1 # 5 E B 2 K T
A3 R B BT G BT A

2 750

O

= 700}

I

Jj 650}

e

& 600 5 RA-CLPC

B ~ BPSO-CLPC

8 550F — BPIO-CLPC

2 ~ IMCBPIO-CLPC

W& 500 . . .

5 10 15 20 25

D2D M #H / Xt

E8 D2DAF#HEMNARSGTHELENI

K19 Jy 4 F 38 Y5 A BE 7 & R B %5 D2D 1 id
5 BE B 1938 K, R G013 ik S W T B A2 4
&, Bt 4 i e W, BE A& D2D X 2 (A BE
BRI BEOR, [F] — A5 BB T, B B B UR A BT R
(IMCBPIO-CLPC) | R4 P&t &I m T 5403
PR TR A& HFHALHRTHARS
P i i T R R

700 p————— .

SOOW

400

ARGV / Kbps

10 20 30 40 50
D2D i FIBEEE / m

- RA-CLPC  —— BPIO-CLPC

—— BPSO-CLPC —+ IMCBPIO-CLPC

B9 D2DEfREEXRFFIIEHENFN

N T Ay Hrii % D2D A () AE i &, £ CDF =
5% B, LA 4 MBELRER T E N Rawn & Rt
34T BR A AR AL A, U7 J A R W& 10 fros. i
M2 e A W, iR W T R T REFEHEREL N
150 kbps, 51 2K T~ H Al 3 i % 5 i B 7 S5 B 1) 7 ik
2AE. YA — CDFE R, g H IR T E T
i) % it & # = T BPIO-CLPC.  BPSO-CLPC #11 RA-

1.0 =
0.8 e
- o

w 0.6} 7
8 7

0.4r /;/ — RA-CLPC

< X150 —— BPSO-CLPC
02t/ 7" Y005 ~ BPIO-CLPC
2 — IMCBPIO-CLPC

% 510 15 20 25

it/ 10°kbps
E 10 REGEFMHEHERITDHEILTLiEE

CLPC 77 % F % i ) F ik 5, %6 W1 R G0k Ak H bR it
BB TR
4 & ®

% S A R % v ) D2D 8 Y5 40 T 1 S, A SC AR
H T I A A T RV A TR Th e s 1
D2D ¥ V5 B, R T s b PRl R R 4 A T
R R 0 A e S0, T DA S AR Ve % 0 5 s
N EAR M. A T b R G AR AR T4 1A
O, ST P PR T 58 42 ) 20 20 2 R S 4 PR P £ R
DO, 5 A ot RO BE S 5 PR Th R s AR A
HEAT D2D R AT 17 L4 SRR, Bk I A T i
(ST SO A 3 7 4, IR RS0t W Ve B AL S
TR F R0, RIS T R Gt AR LE 1T 1 i, 5
AL T RGN
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