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D2D Utility Maximization in the Cellular System: Distributed Algorithm

Changyoon Oh*

Abstract

We consider the D2D sum utility maximization in the cellular system. D2D links reuse the uplink

resource of cellular system. This reuse may cause severe interference to cellular users. To protect

the cellular users, interference limit from the D2D links is required. In this setting, D2D sum utility

maximization problem is investigated. Each D2D link has limited transmit power budget. Because

optimum solution may require global information between links and computational complexity, we

propose the distributed algorithm which only require the local information from each D2D link and

simple broadcasting. Simulation results are provided to verify the performance of the proposed

algorithm.

» Keyword: D2D Communication,

[. Introduction

V\E“"ﬂ*ﬂ T LS AEA0R gt ok
]»,_/] AﬂE'ﬂ_ }\]/\Eﬂ 7]3]—0]]}\1 ﬁl—xl—o].oq =R x_]l7‘<:|

],

Oll

?i
A (Dev1ce to Device (D2D) Communication)= =%
1T ol E S0, olH] LTE(Long Term
Evolution) 71& EF [1-2]dA= 71X 3 o] AMSsh= e
3 FoE S D2D HArt AHSHES ke EEhdA
o] AFE At dEtt A5 T4 8k D2D H 3o A
v o] VA Fe tolElE AEshe I B F
T 2H 9] ARgo] §17] Wil T3k A9EE SHA &
S|t} sHAIRE, D2D BA7t At Al2ge] FaEE A

= J,].XJOE dl 5&],0],]_

F3b7] wh] ol |E ATeh AzEelE L FA e,
AP A BIE Fog Aol FANES AT A2
§oll H&5hs Dol Folxlth, meb, D2D BAE &8
she Sl Bk B AT et Ik B AT
oA D2D BAF 88 weh AT YA FE HHS
Agalea, D2D TeEel Uty 245 Berg Az
s,

Interference, Utility, Distributed Algorithm, Transmit Power

[I. Preliminaries

1. Related works

T3} AAHS- (Frequency Reuse) & dH4% 314 249
S AEA0E AMESIES sk &3 ottt s, Fo}
T AR 7180 FHE AREShE Al2E A IS I
o717 "tk IEAlE T A SEAFNN FE T
oA = FAlolth 0113 5o, Aget A|&go] ALgehes FIk
o] ek z1¢91S D2D }\]/\Eﬂo] AAEBEE Bl A7)

[1-41014 Q@ [1] A= 22 dgAels Fho
HEE=), Aﬂ%ﬂ_/\]/\zﬂ E ] LTE A|2&H®le] A3k Ao
NS SN WS HRAE AHA ] SHA

aldstast sigick 2D whS 571 TEA T A S
AAA ==, [2]1914E LTE 714 53], Device discovery
ol A D2D "HAe] Fa AARE-S tHFaL k. Fig. 1
e Aset 39 D2D FA7t T3 AdS sk 34
oA Al&(Signa)9t 7H(Interference)S TA8kL Utk 4l
T Adem, e dadow wAESIT

* First Author: Changyoon Oh, Corresponding Author:

Changyoon Oh

*Changyoon Oh (changyoonoh@inhatc.ac.kr), Dept. of Information & Communications Engineering, Inha Technical

College.

* Received: 2019. 01. 24, Revised: 2019. 03. 14, Accepted: 2019. 03. 14.
* This work was published in part in the Proceedings of the Korean Society of Computer Information Conference,

January 2019.



58 Journal of The Korea Society of Computer and Information

—Pp  Signal

®---p Interference

(W)

Base Staticm
»

D2D Link 1

Fig. 1. System Model

2 Ao 71e gxdeR X*‘j%ﬂxﬂoi, RF "Jiﬂa, i
e (Beamformmg) Ly g
FARE S afHoz 243}

R ok gl FEolgr7t Z)A=ro] HEE| A dlo]
HE d4d = A4S s 2A1E% (scheduling)
(e}

T
]
=
i)
ol
o
9
r—{o
oo
ol
rir
)
e,
=
o
_n

. BRI
VIS sElek sl

A }\]/\Eﬂoﬂ F= 7]./\4

RF Measurements &3l A28 F
JelAE Q%] FAE &
% R SR A9e sl (Bl BeetE
283 WLY 1T A5 QR b
t}. Cognitive Rad1o°ﬂ*1
aldo] Fa o]reld],
F= 7k Ak S T
ATtk 101914+ %OPHME 2 06}04 T
L83k AR A7 WFeE D2D gArth 2
S mom (1112004 95105, 531,
o] A& de] AIF 5o thste] X}
ke Aerion, Wi [12]eAM= B
D2D ®Ag A= 7FA fA]ske] A
TS T S LT SAlel 7IA =l 1A
D2D ¥l Incentived
53], HA 5} Were] it wiel] it
ko)

o}m rﬂ\(—'

rulm

:.Nz

>~

>,

Obo

[o
Fﬁﬂ!
rsLSL
o K
- N
=3 Ei"“
o,
X2 @

%

>

Ar

=2
>
[ENATA -
= i wo rfr w
o & 1 %
)}
I oE rlr
Nl
ol
=R e 2 oM
: x o nlo

o
o0t

o

q
3
N
feon
oﬁ
T
=2
_‘&
j,‘i

o o
rO
tlo

1 do Ko
&,
ol
32
_E
olt

3k ok Xﬂl\]o} ok [11-12] 35342 #2435 &
Xﬂ% o= Aol A Pricing #HA3HE E9)aHalom, o] & <l
]5#** HAsE A AA oz Fefstar ek Hel

o] o2 Q18] D2D A A A5 Aste] 2o
7]# O}X]‘?}, 7)Ao % Incentive %3} Asto] daslA
i, ZAFo Al Feolth E =RolM e [11-12]00A4 1

ol

el 717050 Aat Al 2
o). Bae EEEEE
A D2D 4A9] A9l B A5 FAZ 7] 5|,
@ D2D B} A% B2 s AL e A%
Uae] FE g ARS ABehs 4w e g

s

et _llNl

[1l. Sum Utility Maximization with
Distributed Algorithm

3.1 System Model and Utility Function
D2D = Ageh @] Al FFHA ok A9
& ARFEE] dolHE A&t D2D F/‘ﬂ«] R ER
I AL AZg} AFsF g AT 7 7 S
FA wa, e} v Au s 45 %‘%i?% o FoE
At7] $leiAE= D2D SRR (MES dAE oletE
o] &l 71A=ro] D2D $Al TR e 1k 3

A3, = (A
Fe o o] Algkeich
Eplng — max (1)

pigips 27 A D2D @A Al o] dsad, i
A D2D B FAhE 7125 Ao o] Ado|Seltt
71A=0] D2D SHEEAE §87Fse H 1] ol
u} D2D #a+= D2D $41 @@ D2D 4l vdE 44
ol A2, idA D2D A1 @ p o] SAAH oz AEE
ok A D2D FAOA F4 @iz A gigke] Ajdels
< gz oI, a4 D2D A e A D2D F

H pg,; o ANEA7E FAG SEARE A D2D $41
T2 A D2D WA} 7|A Tl 1S+ jHAl D2D
YA A ke il A D2D 41 eh R HhE Di9;j o] MM

H
Aleic), s 7]%] L A D2D 4l ThE R R

A71M, pg; WA D2D B9 Al whidto] jWAl D2D
g0 F4l %‘é‘ HE e Mgtk N2 SRS XF
Sk 1A 3ot} 7] D2D BAdMA Al o] dE

dakow 454 WEE Tt go] Helw



D2D Utility Maximization in the Cellular System: Distributed Algorithm 59

P= [Pppg’----vp;(] (3)
iHA) D2D ¥=1.9] Utility Function& th&-3} o] A},

2 Asld 150 WEolth,

(4)°llA Utility Function p, 9} p, °l eItk Utllity Function

(2

2 Zy7te] whdo] A o] 2lg) {HHI(SIRE o]&3te] dEdt
4 A AE-E&H(Throughpu) o2 |43 4= Qi)
U,-,(p,-,]zi)E p, = et U, (p,) 2= A3 |12 st &
Uy (p-p,) = Ui (p;) (5)
3.2 Problem Formulation
Z47ke] D2D WA E Age} §AY Jee A T 2
A& Zgato] MEHIANA L U (p,) & oA AE5dE p,

]
i3
oX,
s

st WER A WA U (p) & A skd Hd
ARk Aol uigA sttt shA|RE o] = Q1% D2D
ofyel, 7IAF AR B S A HBRE ¥
AA ] Utility] & ZaA717 "ok £ =EolAe
T wEe] Utility Function®] 3= Distributed algorithms
3l HAsteta s, olF FAgehE v .

o
[
i)
tlo

1o o
w H
M2
=

¢

max E U(p;) for all i€1,..K] 6)
0<p <P (7)
Dip9in = Lo ®)

i=1

21 ()X iHA D2D HANA Y Utlitys @ iHA
D2D #3 $4 whde] dAEdgint of} o D2D HA
A daso] AedES wer el vk 4 (1)e
D2D #3 ikl dedE WelE v, Hd A5
H p, . Olth A (8) 71 D2D HA 41 wie] $ald
o] AEe} 7|A 7o F= (Migo R A} ] Au|
FAE A7 At Ao (HEES 1, = Agsith

oty

A ()2 ALEE Astel, 4 (7). A 242 ojw@
Rito] 4 (©)F AHFAIA + geA A2o] Bashk

Proposition 1. 4] (6) H#3}st= %
oﬂ}\i EngzB lmaxg_ U]——J_}\ ]E]—

A% WEE 4 (©)

olN

1) 2(Contradiction) & AME-sle] ZHeleE gt}

& mgolt. 4 (117} HES 4
g 4 (149} 2ol

P =[p}, pyyeeeees Dy )
Yogis=1lL, = WEHA devn e F,
i=1
SNoigip <L, . AFRENE P =[p), pyrcspy] ol T
i=1
M Utility®] 3 oh&3 2th
T=200" (10)
olfdl= Y ipgis=1 2 nEs= A2 AEAY

i=1

WS Alatat Z, P =p), pyseweens Dyl

P = [ypy Wy oo 0] (12)
2] (2) oA E SREe] AEHAEGL p, Al p -t &
sk 4] (12)e] sidah= Asd) ANl SIR, #e T+

BRI =y
D 'Gii
Yw 'g; tN

jF=i

SIR, =

p]gll

Ep 95T

JjFE

aheb A,
U, (y;) > Ui (p;) (13)

o D2D HAA e AR Utility® Ui(p;) > Ui(p;).
i h=R=4

T= EU o) <EU1-(WZT). (14)

e, 4 ©9] 454 WETL A 6)2 AA s 1

& e W (122 48

L |

ME Utilitye] & o 24 & 5 Atk

olN

Iz
Y E.



60

Journal of The Korea Society of Computer and Information

Proposition 2. 2] (6)2 2 3lsl= A

= shte] v (o, T oA Ho A
=y

ZH) E<(Contradiction)S AF&sle] SHEIES st}

A ®S A= A5AY e 2
P =pypypd B B3, A AYHMEZ TG
A wel AEAY FoA P 2@l p (A7,
P; < Pra) BFIL 7HRELAL

weh, 7= Y U(p")

N2e A5AE W

P = [ypys s ) (15)

2 Aol of7)14, 4548 g P & P oo

W =D (16)

]

21 (2) oM 7 FEEe] AF A= p, Bl y(y>1)

FE p, B UYS A SIRT 7S TelEE Uew) 2
SBZ— VPi9ii
g+ N
Jj#Fi
_ pi,gm
Epjgji,+
j#i
Pi9ii am
Y g+ N
JFi
%, SIR, > SIR,
w2tA, U (p") > U(p;). (18)

o} D2D B4 9] Utility= Ui(p;") > U(p;).
IHER,

=Y Up) <2 Up). (19)

whEbA, AL e P = [p,pyenpi] 7H A ()& HA

shelths 7P molth A (16)7F HEad 2 H47E
HE (155 A&shd 2] (199 2ol Utility?] & o A
tﬂ— 11;]_

=4 £

) 43517] ¢+ Proposition 1
oA A

2 (6)e] HAsE wAE
5= Proposition 28 W53l 3H& gholof g,
(0,(8)¢] AAzAd HAol AFHY W7 EAlet=
boundary value problem [13]9] dj@3gtt}. o] & |23s}7] <]
A= Utilityd] 2 (59)& P48k 4 (2)dlA2] D2D F 9]
AEA Rl gj]-(z =1,.Kj=1,..K) & golof s}, uf
2hr], 712 = D2D #39] AEAHRE D2D TR HE

FAlRkolobl shm, o= ALk o] Emitak ofuel, dnk
A9l D2D @A) A 3747 9] 7)o, £ =i A= A
agke] AgHH Q] Fruks gg3to] 4 (6)9 HAst TAE A
<3 == Distributed Algorithms AeHs}l7|2 3t}

=
5

O =
= Ee

3.3 Proposed Distributed Algorithm
Distributed Algorithme +&3}7] ¢13F Algorithm A4 7}

ol= Rl e} .
7NA =L F ke RIS 4%,
2. 7I1A=EE 2%k HRuke A4
WA A7 7tol= 2}01& w2 Distributed Algorithm<
T&3al7) Yste], 71 D2D ©zel feeE S71eS AuE
=5 g,
80’]( 7') i
ALdas gi >0 (20)
op; Pigi+ 209, + N
JjFE
2*U;(p,)
ST @1
8pi

2 (200& g,; >0,N>0 o]BRE, AEHE p, =0,p, =0

o tiskel Utility7} 34 Z718ke2 oujdit}, 4] (21
p, o F7hl Utilitye] F7H&o] zHashs 3498 omgi,

=, 2 (20), @DEYE @ WA D2D B39 Utllity?! U (p;)
B A5AY pol tiste] F7kehs 9B & vk

ol 2] (20)< Distributed Algorithmeol] &-&-3}
713 N & AMgste]l Bds|= g

Utility 9] S7H
7] Slate] thgat ol

gl]
Didii +Ep7971 +N

jF=i

(22)

A=



D2D Utility Maximization in the Cellular System: Distributed Algorithm 61

No interference

+  max interference

Utility

L L : : L .
0 10 20 30 40 50 60 70 80 90 100
transmit power

Fig. 2. Utility with different interference levels

2] (22)9] BRE § WA D2D Al vido] FAlEE AE
(Signal) ¥} 7Hd(Interference) @ x0]29] ho]H, Pilot A
< B84 D2D @i 21E ARG RS Esie] 2+
9 FEE dopd 4= 9}, 4] (22)9] EAb= ¢ WA
iy A T A9 Afjdo]5og o
Z3lo] Ate] 7bsstih

21 (22)0 4 A5 A= kel F7tel e A
gshd th33 2

- T

D p, (A5) o 7K A, B gaA,
2) p, (M) o F7h= A, B AT,

D, 2) o= Aoz AFHE SV )\, & A

1) Fig. 2004 A& 7Hde] gle #7389 Y pg; =0 %

EERACRE IeE B =Y
Y ipjg; =0 4 v, e WeEL p,of met gt o,

JF1

Yii
AEAES p, =0 4 ), N =N (23)
AEAAG p, =pppe D W, A = —
pmaxgi,i,+N
A gw (24)

2) Fig. 2014 + A& zhdol el a4 Ypg,

=E_pmaxgj,; o o] Ul(p;) & T=olt,

JjFE

Yipg; =0 & ul, AEEe) ASEL p, ol e} e} Lok

jF

Yii

AEAEg p =04 W, = ——— (25
' ] Epmaxgji, +N
JFi
AEAHE b =p € W,
A = Jii (26)
Prax¥ii T g_pmaxgji +N
j=i

Fig. 2014 U(p;,) ¢ adZe F5Htwo extremes)ol
sfFahs Adat + A AteledlM Ui(p,) o 27t EA5H
=

Aok, mEbA, AEEe) Wakge) 7 2 A9 Mol sl
#7490 Aye Tzl A%AUR p=0 4
Yii

= — O
A= ok

Ao A%E WBES et o] 4olait

Yii
max — %
A=Y @7)

_ Gii
Prnaxdii T E_pmaxgji, +N

JF1

>
|
o

)\minl _ Yii
Prnax9ii T E_pmaxgji, +N
j=i

ulgbx, WA D2D HAA Utility Bsk& A, & th2
TN EAR

ARID < ) < \max

Wz, SRR e R A58 Wekes 9,
we A% Aok 4% AUk 7T F Aok



62 Journal of The Korea Society of Computer and Information

[ START }
l

‘ Initial A Reporting (D2D) ‘
l

‘p(n) calculation based on eq. (11) and ?\}‘7

l

‘ P(n) reporting ‘

!

n+1

n=

200 <lna @A Py < Py

END [—
No

}_

‘ A broadcasting

Fig. 3. Proposed Distributed Algorithm

pi = N L(Epjgji, +N) (29)

-

e
o,
N
N
olr
ol
ol
N

O,

[

a0

1=)

1=}

i

frl

-z

)

n

rlr

.

12

ol

rlo

=] NIO Fﬂ

- i1=)
2

ko

)
)
L
o
ireA
ol
HJ
)
f.
%9,
o S
)
o

o
1o,

ki
e
e £
R AU of ox me &

o

A
.9
o] Utility
, Utility 7}

=
1o
N

s

n
=
Ak
B

wo
ofx
o
1o
E o
ot

Yo Mo
o

©
1>
@

[o
W
X

o
4
-
_E

il o

1o rE

PolA 78 D2 }

9]
2har sk Fig. 2004 9F

Folzl AEAH

U
ay
mlﬂ

m

o

B PolA Utility

& S , 2 )
wshgo] & koA U] B2 A% d‘“ﬂ%l% S/ ATE Ao
2] (6) ¢ Utility®] 32 A ah=d] =go] drk

A|9Fsl= Distributed Algorithm-e Fig. 3 ¢} 2Tt

) e y min; Reporting, i=1,2,....K

18 D2D W weke Z1A5] A (11,29 AT
we Hag

n=0 o& %73}

A =E Hage
amax - 7pg zpo. 7o

=
2=

)\mm

max;, mm
A

oM 7 2
S.2 Hogitt)

s

An) = —Amin)

Amax _

ﬂ()\max
m

2) p;(n) Reporting, i=1,2,...K
ME D2D ¥3 e 71AF p,(n) #S Hagh.
@ op,(0)=0i=1,2,...K

1
)=y D9

3.1)0< p,-(n) < Do

32) Yp(n

i=1

n)gp <1 Check

max

3.3) F /hY AgE 24 (6),(7) BEFE BE5A79,

An) & € D2D ¥ vl A Broadcasting 3}

il

= \max _ n ()\max
m

)\(TL) 7)\min)

3.4)%F e A T Aok shuehe RESAI7|A] Kt

o

4 n=n+1, FRYFE WO WHEF,

IV. Numerical Results

P

SA7Is $417] Afelel A el5e —

ojr, o7|A r&

variance 8dB & 7}4+= log normal fadmg oln, d&= £Al7]

o} 2a17] Abole] Aglelt). 73k N=10""* o|t}. Figure
4 = D2D HAZ A2 " o] glef, D2D HAZE 7]
GerS T oA D2D HA9 4 F7hol WE sum utility

[e]

=
o] W3S Ho]FETh Proposed Algorithm, Max Power
Algorithm, Global Optimum Algorithm< H]xl ¥4338}3ic}
359 upper boundg EF7] st BE FAgk Ad A

= I Q27 31+ Global optimum algorithm®] Al 5= ¥3ta}t

itk D2D Bk M2 23dsHAl f1xske 49, D2D Pzt
Ve AA Wt webA, Power control o] HodEe
*]"9“3}74] S, 712 =Rk ol 2}, 91 D2D WAl 19

& F3 o= Ut1hty% FagS g *]*— 2lo] Hr} 53], D2D

A
B9 ¢t ALFE =2 vlEste] AXA Ql’ A= 7|
A7 e Ho ARAE 2 He SHEE
Utility9] k-2 0¢] 't} W, proposed OL"E]ZOH A& D2D
Yage] Qdsro] & D2D HAAN A% 7|3E F,
Ad FAo] A &2 D2D Baw AFshA et A,
D2D ®=9] 71 ol = 149& M8 =S o
23] 7] W&ol sum utility7} A= =)

Figure 5 = D2D #4712 A& 7A2lE Fa Akl 9l
= D2D Azt 3Hel G3Fol fl= felA D2D A9
4 S7oll WE sum utility?] ¥3E HojFt), Max Power
algorithm¥& AH&at= 79, D2D B39 47} S7hes

E‘1 m-o _5\__/\



D2D Utility Maximization in the Cellular System: Distributed Algorithm 63

Dense Case

+  Proposed
Max Power
+
5t +  Global Optimum . + T * ks
+
* +
+
4 T
+*
Z + \
54 o \
C —
3 | \
e
2f \
1 ‘\
N N U
1 2 3 4 5 6 7 8 9 10

Number of D2D Pairs

Fig. 4. Performance Comparison—Dense case

sum utility B3t F7FsARE, A FF o] D2D
AL dAFES HolAAl =W, A4S iR e}
o] o]4e] | ¢o] Br}ait}, whA, Proposed algorithm®] 74-$-
D2D #A9| 7t S/FESE NEH 02 sum utility?] #h
AAE & 4= 9tk o= opportunistic scheduling [14,15]9]
gtz B ¢ e, 5, D2D 3319 A7t Bopd4E D2D
ge] Ado] EL thto] WA SHFo] PolxA HE=

sum utility®= S7}8HA ©dt

[V. Conclusions

o

2 AT Age A2"dA T HiEs At
4] Distributed Algorithms #]-&3t] D2D @2Ee] Utility
9] & HAdislshe Hks A Bttt WA 59 Upper
boundE #Q15}7] $J8le] 2E D2D Link o AEARE He
2 3= Global Optimum Algorithms A3 B 9tt} D2D F41
o] HEIAAE 1 u, AGHJA ARTS 8=
Distributed Algorithmo] &A= olt}, wehr], dE5HeE HH
7he 243 Distributed algorithme #1SFIAL}. Al okal
Distributed Algorithmol| 4= D2D ¥t 7)ol 3 712 =
o] MFEo] WMelEE Report g} o]F, HAEHAY HRTES
update gtk 71X 52 A4S AoFer] ¢ls)
LA &% HHBE Broadcasting 34, /i D2D ©E-2
A =0 2 HE] A8 Broadcast FHO A& WIES
FA9e AAshed Jesitt AFAFAE T, Aldst
Distributed ~ Algorithmo] ©@& HRE Global
Optimum Algorithm®] Al%5ol <743S gelsi3ich. w3k ¢k
8] HAAEAE S A&she R $e des BYs
ghelatgith. ohuh, Aljbsh= W o] #A1H-2 Ad o] -
D2D wo] 29S8 543}= unfairness A7} TSR

g5 o= FairnessE #sh= Wete] Hasjt)

ofr i
o Lo

W

o

Sparse Case
15 T
+  Proposed ES
Max Power * *
+  Global Optimum *
*
10 £
2
3
£
=
7}
5L
0 : : : : : : :
1 2 3 4 5 6 7 8 9 10

Number of D2D Pairs

Fig. 5. Performance Comparison—Sparse case

REFERENCES

[1] E. Sree Harsha, “LTE-Advanced Cellular Networks for
D2D Communications,” International Journal of Scientific
Engineering and Technology Research," August 2014.

[2] S. Yasukawa, “D2D Communications in LTE Advanced
Release 12,” NTT DOCOMO Technical Journal Vol. 17,
No. 2, 2015.

[3] N. Lee, X. Lin, J. Andrews, and RW. Heath, “Power Control
for D2D Underlaid Cellular Networks: Modeling,
Algorithms and Analysis,” IEEE Journal on Selected Areas
in Communications, vol. 33, no. 1, pp 1-13, Jan. 2015.

[4] G. Fodor, E. Dahlman, G. Mildh, S. Parkvall, N. Reider,
G. Mikand Z. Turnyi, “Design aspects of network assisted
device-to—device communications,” IEEE Communicatio
ns Magazine, vol. 50, no. 3, pp. 170-177, March 2012.

[5] D. Singh, “Radio Resource Scheduling in 3GPP LTE: A
Review,” International Journal of Engineering Trends and
Technology (JETT), Vol. 4, Issue 6, June 2013.

[6] Keysight Technologies, “Performing LTE and
LTE-Advanced RF Measurements with the E7515A
UXM Wireless Test Set,” Application Note, Keysight
Technologies, March 2015.

[7] N. Mahmud, “Vulnerabilities of LTEand LTE-Advanced

Communication,” White Paper, Rohde Schwarz, July 2014.

[8] B. Schulz, “LTE Transmission Modes and Beamforming,”
White Paper, Rohde Schwarz, July 2015.

[9]1 Y. Ma, D. I. Kim, Z. Wu, "Optimization of OFDMA-based
cellular cognitive radio networks", IEEE Trans. Commun.,
vol. 58, no. 8, pp. 2265-2276, Aug. 2010.

[10] S.-J. Kim, G. B. Giannakis, "Optimal resource allocation

for MIMO ad hoc cognitive radio networks", IEEE Trans.
Inf. Theory, vol. 57, no. 5, pp. 3117-3131, May 2011.



64  Journal of The Korea Society of Computer and Information

[11] X. Kang, R. Zhang, M. Motani, "Price-based resource
allocation for spectrum-sharing femtocell networks: A
Stackelberg game approach", IEEE J. Sel. Areas
Commun., vol. 30, no. 3, pp. 538-549, Apr. 2012.

[12] Y. Liu, R. Wang, “Interference Constraint Pricing for
D2D Networks,” I[EEE Transactions on Wireless
Communications, Vol. 16, No. 1, pp. 475-486, January
2017.

[13] E. Chong, “An Introduction to Optimization,” 4th Edition,
Wiley, Jan. 2013.

[14] M. Han, “Opportunistic resource scheduling for D2D
communication in OFDMA networks,” Computer
Networks, Elsevier, Vol. 73, pp. 319-334, November
2014.

[15] M. Han, “Opportunistic scheduling and incentive
mechanism for OFDMA networks with D2D relaying,”
Computer Networks, Elsevier, Vol. 91, pp. 772-787,
November 2015.

Authors

Changyoon Oh received the B.S. degree in
Electrical  Engineering from  Yonsei
University, Korea in 1999 and M.S. and
Ph.D. degrees in Electrical Engineering

from Pennsylvania State University, U.S.A
] in 2001, 2005, respectively. Dr. Oh joined

the faculty of the Department of Information &
Communications Engineering at Inha Technical College,
Incheon, Korea in 2011. He is currently an associate
Professor in the Department of Information &
Communications Engineering at Inha Technical College.
He is interested in Physical Layer Issue and wireless
standard.



