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ABSTRACT

For D2D communications underlaying cellular networks, it is essential to consider the mutual interference
between the existing cellular communications and D2D communications as well as the spectral efficiency, as they
need to share the same frequency. Accordingly, a resource allocation scheme should be designed in such a way
that minimizes the mutual interference and maximizes the spectrum utilization efficiency at the same time. In this
paper, we propose a resource allocation scheme based on cooperation of the base station and D2D terminals.
Specifically, a D2D terminal senses the cellular spectrum to recognize the interference condition, chooses the best
cellular resource, and reports the information to the base station. The base station allocates D2D resource such
that the corresponding D2D link and cellular link share the same resource. The performance of the proposed

resource allocation scheme is ated through compu under 3GPP LTE-Advanced scenarios.

#*E S 20139 % A eHz%az}a}TH AP FHrdFAeke] 2|18 whol $=8)El 937U(No. 2013R1A2A2A01011222).
¢ First Author : At theh] A8, znznzn37 @ssu.ac.kr, SHAY3]<]
° Corresponding Author : FA el A B EAIHAF-EE, osshin@ssu.ac.kr, £413]<]

T E KICS2013-09-408, AUz} 120139 99 16%, #HEFEE=1% ’“°'X}:2013Ld 109 7¢

898



.M E
AT BEE 23U 7169 T4 W2
E

of ofmlx], 29, er]e ¥ H]EL?— dlole 53
Ageke Aeritlo] AHEA Ao WasL )
o e Al AR AR S ol
T Aol d@AE] 9l olv] E3Pteel| o]2aL
o] oI5 AR Al Fol WE W T
T o]§ & IS SIE T o] #ldlel
AT Ak olAT T AW FE WYL
S A olEEA AT A A W
o i el AT e 1% T b
7} D2D (Device-to-Device) =Xl 7]<&o]tl. D2D

dolsd Ao Ae 2 whdse] 7A=
o e Qzele AN g AgHes gus
1:1]6]—1:].[1]

D2D F4l 7]EE Z7)edl= olv] 83} o] F
o1% Wi-Fi Direct, Bluetooth®} #ro] FZ H]|wis]
gellx] 7] ApE 2 FESPL o] FolA ghent
Azelt ws vele AHeshs AFel Al
D2D A& Ads] g 7= AP 25t
A8 Foll St A ow olggal %Est A
¢l 3GPP (3rd Generation Partnership Project)<ll4]
= LTE (Long Term Evolution) release 12°1 %3}
H A2 71E2] 3htE ProSe (Proximity-based
Services)z} &2l D2D EXl 7|& EF3 S
20114 e k3] ek olouq[z“l AR
oz FH 7% ko] gk A8 Fo ¢

Fale 714 o

Aze] Azglellx ZAE 2] E‘r“ s 1 D2D

A s 74T RakE 24 A7 4 glem,
Ao SRS ﬂwuw shde] Ay 4
e Y 7 93, AFAd(Latency) Z=3F EU
T 9= AAe] git) z{;q] A|2~® FH = 7]E
o] Az %ﬂahql D2D thie] Eolgh Fuls
f3tol TR TR ANEFOEH Fos
o14 EEET PPATIE AT Y wak oh)

2} whd 7k dyolo]] 83 5 o)y, mulel AR
Ale] 9HE Ao QAT Agle Y= AP L
Bl LS S Al 4T 2
ARG A=) AlE 7Fe] 2 S, vlEY= A
o, SIA7ME Bar F3) o] Alat 244 7E A
Hlog BEel Eap) Al

== —_ — > Cellular-to-D2D Interference

.................. » D2D-to-Cellular Interference
— — — — —  D2D-to-D2D Interference

Fig. 1. Interference scenarios for the case when a
cellular link and D2D links share uplink resource

D2D v} A= 83l AME i) o
Fo Haldow 7] FA7} wAET o] A4
3] Aloiskx] Esbd D2D EAlo] o]l Wul oh
2} ulgﬂi ALgALe] AEhA] AEA] T =
23 4 ok (28 11S wd A BA A
=7} xﬂig.] Argke)m 218le TeEls AL 7}
A AU eE Yepd Zlo® AEe] thido]
thitel] = ZHA, D2D who] 7)Aol =
4, D2D Pz AE 7] Mol HrpHew w
3= 7S RoFEc) ueld] AE8] 7|HF D2D &
AL s mpAl M Alor) we a8t
3 o= e Eg o] Fo]Al 4 gl

A% 7 D2D B4l Sl ARl 714
o] AEw gz D2D Ha 25l gk x4

38 35 915153 (Centralized) D2D A&
2, 71A=] Y sle]l D2D §AlS ke wEE
o] xS sdsl= HAM(Distributed) D2D AR

gpow HF3 4 QP FelbdFd wpale
HIEe] AGAR == AYARE 73
sled o]E EUE D2D ARS sl WA=
A5 s} A28 onjslsrt =3 A)
W AR Zro] |ASe] Al 7lee 3] Fehe
AellM= AL3b] ofeR o] ik AR
D2D®| 7§ D2D7} 1 7S X[zl ~m2
AL ddele we e Bhane Uxnt A
2] ARgAle] ARlEte] FAORE W] wiie]
D2D who] o] & Alejshzt] ofiol 9l

899



ot
4
ofm
2
1%
jo_«
Hn
B3
=
a
«
-
L»J
5
g
w
[e )
>
Z
o

=
[«

2 el FHAlE8y 24 D2D ARisk
s} o= £33 (Hybrid) D2D
AHdES 7S Algkei) Algksle ARdsked 74

D2D AHdes adich WA D2D s 29
Ed AE o83t AEY ARle] 7
SlAst] D2D =g} wfrshrlel 7 A3k A
2] 2S ZAAgh DD wEE o] ARE 7|
Almo® Husial 7A=2 o] ARE npEoR
s sy e Feldich oF S Y
AgE v DD whdelA] g AelE e

& Fo=al e <GS dzeiet
D2D b AdpHoR AdE RekEE vk
Al 71l ARide] FAle 7)A=elA et A}
A3gs 7 ] AR D2D wEelre] 2~
Ef] Aol osf A" o]zt HHE T8

Ao Wl AEe AU D2D #H=rh FH
o7 3 5 ok

B =l A ot Ak WA TRl =
D2D EAIS A3 AEw A2 mdlS A4
gtk MAeAE ~dER"] XS 0]83F D2D A}
A 7S Akl VAl Algket 7149
436 LTE-Advanced 37dellx] mo|dyEs 3l
gk wiR|Rte 2 VAlolA A28 d=rt

I. AJARI Dl
el A 3ol AE2] wHH(CUE: Cellular
User Equipment)¥} D2D %HZ(D2D UE: D2D
User Equiprnent)O] Age] A= 2R1S I3t
= x]\/].a] 7]. 5k o]_‘C_ Qlukx Jfﬂg Alekel =g
A %LITKF 71e] ?_]'UELP/] FA1 RE AlQl AjA-8-
2 ZH] SHellA ZA]l AeR A 97| uf
Folc}*Pl p2D UEES £41 UEMD2D Tx)¢} &
Al UEMD2D Rx)7} #H(Pair)S o]F3 ¢J3 D2D
Txe} D2D Rx= 44 A7 el EAlgcta 714
‘31-1:} ¢];Hs]_ *]‘Jr‘j/]—?—q]/ﬂ“ oLH Ak u].g} 7t
o] [28] 1]18] Al 7FA /4] 7ol HAslaL o]
E ZAoE Alofsh= 7401 g g3}t
Ae Az 2R Nie] AIEERB:
Resource Block) 2.2 FAIE|e] ¢lw Z+ CUE+ &}
1}e] RBE 3t} wlolx] Alskglm A4S 3= A
©° =2 7143k} D2D (Tx/Rx) UEE CUE®]| &wxl
RBE -fsh=dl ¢4 D2D HFH=E sh}e]
RBE 33k o= 73k

900

CUEY] $AI-#-L 7]%|HeNB: enhanced Node
B)el|x1e] 4l Al i3RI (SNR: Signal -to-Noise
Ratio)7} 5322 SNR 7} H=% AA=cta 7}
Agkc}. &, M4 CUES] *JXdE% Plipe

SNR cyp= P, é‘UE|HZ'UE|2/ o’ (D)
2y
i 1 2
Plyp= 02 npSNR cuf | He) 2

g} o] AxkRLL 7|4, |H,,[0 & CUE is}
eNB #lole] s Adel5S v, o e
eNBol|4 8] 452 A& vepdich D2D Tx9| %
AR Pl = AR whHe R Al D2D Rxell
A2l SNRel H32 SNR),,7} H=% A (3)3
Zro] AdAJ¥Ic].

Pl =03 SNR /[ H, 3)
7\ |Hj,, = jMA D2D Yz HFE A

Qo5 vehllw, ol D2D Rxelde] 348
A= ek

. ABER Mo 7|# D2D RRIEE 78

2#E3]  AlAl(Spectrum Sensing)>  Q1A]F-A
(Cognitive Radio) A|2~glol|A] FARSAPZ} A8}
o] ~HEH AL FF Fdsr] S8t 7jER o
Uz Az, Als B4 AE 5ol vzl whgelct
U4 Algkshe 2198w 71¥elx= D2D Rx7f
CUEERTE Sx= 7MY & <Asp] Sls) =9
EZ AAILS o]&3lt)l D2D Rx+= A=2] RBE=
sl AlAlS- —,—Ega—].o:] 7o) 714 A& RBE Al
gt ol 25719 A AEE A gl
7P 2 RB7} olell st [2¥ 2= SA
D2D o] k= 7HAS mARloZ HoFe Zlo
% CUE=°] 4% AHom sty Azel o}
B AEEAR aEsk= 4§ D2D Rxeld] 7H
He] "ozl CUE,°| 3% RBelA 7 A2 7
Aol ZA=E Flolok EE AlA| 3H7ellx= CUEwH
t} A Ho] 23 A E-9(Shadow) &3 2
o|(Fading)®] <Jdko= A RBel|l ald==
CUE7} =8| 71 717k CUEZL oFd %= 3l
& Zlolch ob-E A Atge] WA d=rhH &



) AEe ENZ A DD FAL $18 29 Ee] A4 S A9 g 7

RBs

Sleg] A4 el bl Fh Avka e
RBZ D2D #H37} Ff3k= Zo| vlrad Zolch
A%k CUE®! ehet XHELDL% 2AEE F71=
45}7] wjel D2D UE7} 2~ol=sd Al gl
}> RBE AME3PH &l RBE‘— AH-8= CUE7}
Mo niy] witel] ~dHER AlY AR T
Au|FR| = EAA o] A} o7t ZAIS 3
Asl7] Sla) 2 =Reld Alksls whHS D2D
UE7} ##¢] RB7} obd 3 RBE ik
CUEE 7|5o& zRiddo] ﬂ EE 3h= Aolrh
[18 3] ol2ldt WiyMES 23 AlRBlke
AT AAE vehd 7/i°]E]'- kA Adwgh mle}
o] WA D2D EA1S sluAl = D2D Rx=
Heg] AAE F8 el 7 A2 RBE
gk o} o] HHE eNBel| B3P FAlol| A3t
F& ARl 29 ER Al 8= A7k
eNBol| R 3l=d Az]l= J=4] Delay+ 7]HH
© 2 CUE®| CQI (Channel Quality Indicator) 3%
2 v]=9 Delayol sd3tcta 7 4 gick o
24 CQl 752 AFgEE ze Aol 7ls3iv
=8 Delayel| o|gF AHd W= viofsiria &
% 9Jrk 3GPP LTE A4 w=m® cQr =)=
Delay+ 4719] subframe 1%}, & 4msolt} o|&=
o] 100km/hre] X2 olFsh= % 2F llem
o AglE #Alol= *lﬂii v]l=w) Delayel w
iHLg Hji}l,:— ulu|sk 7 oﬂx]—ﬂr/} eNB+= D2D
Rx7} ~#EZ AAs= A dlwd RB7F o9
CUE®]| 5“9‘5]"%] galghtl o]& 913 eNB=
2AEE ARE A A7HEE BIE g 7o)
ZQ3sjr}. ©]F eNBE CUE #H 2AIEE3} 4

ool_nxttﬁ

FF

-

l)

i}

il

D2D Tx D2D Rx eNB

Spectrum sensing
|

l¢— —  Request for resource allocation ~———]

Identification of the
corresponding CUE
1
Resource all

|— Data transmission -]

ACK

Resource all

NACK

[— Data transmission —

Spectrum sensing

Resource allocation as in the above procedure

Termination of
D2D link

Fig. 3. Proposed D2D resource allocation procedure
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Table 1. Parameters used in simulations

Parameter Value

Total number of UE's 100

Number of CUE's 2/3 or 1/3 UE’s
Number of D2D UE 1/3 or 2/3 UE’s
Number of RB's 100

SNR Target for CUE's 20dB

Radius of a Macro Cell 167m (500m ISD)
Radius of a Small Cell 40m

Maximum D2D Distance | 40m
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when the number of CUEs is larger than that of D2D UEs
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