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ABSTRACT
We  consider the  device-to-device (D2D)
communication underlaying multi-cell interference
system, in which the cellular downlink (DL) resource
is reused by A cells and two D2D transmission
links within each cell. In this paper, it has been
shown that the downlink intra-cell and inter-cell
interference can  be  effectively handled by
interference alignment (IA) technique, as long as
the simultaneous D2D links are properly selected or
power-controlled so that they may not incur
interference to the base stations in the same and
neighbor cells. In particular, we provides the IA
technique that can achieve the theoretically maximum
possible degree of freedom (DOF), demonstrating that
a total of (K+1)M degrees of freedom (DOFs) can
be achieved for A-cell interference system with two
underlaying D2D links, where base stations, cellular
UE’s, and D2D UE’s all have A/ transmit and

receive antennas.
.M 2

Zdd]%(inband) D2D FA1-2 AE2] W EYF 3
o4 underlay =+ overlay He|2 739 4= glvk
U Y9 underlaying Elli= D2D I 5] A
2] "3} T3 T AE A TRE
whalolc}, wl2bA, underlaying HWHAlellA& D2D
9] AAes A R AIFIEA, AEY H=
S AARE olste] Agke 7He] PIA =S o}
ol B =Roxs slgkelm A RS
underlaying ]2 F-f3h= D2D EA1 7|9l Hs)
A B AL gk 7|25 D2D wHEel] vlE] oA
o7 52 A AYE AR wiiel D2D sl
A 2 7S vIE 4 9las, D2D s 9]¢l mEt
AE ool A Alzbet 7S vIA = ik 712
o] Age] oA wX= 7
HAlol & =2 zeish, o8] 7}

o 2 ot e

% This research was supported by the KCC (Korea Communications Commission), Korea, under the R&D program supervised by
the KCA (Korea Communications Agency) (KCA-2012-08-911-05-001).

* First Author : E]tietn A7 AAATZst A WA 2~E38 A4, quxin@korea.ac kr, 3]

°  Corresponding Author : I72Je}tul 7|2 sb-8ta) A4 HA|~Bl-g8 A4, cegkang @Korea.ac kr, F-413]¢
F=rHE D KICS2013-12-546, Received December 22, 2013; Reviewed January 8, 2014; Accepted March 3, 2014

161



The Journal of Korea Information and Communications Society *14-03 Vol.39A No.03

2] eje] AHAo] whrje] gt spA|nt, dE
=7} D2D s vlH= TS Ald = Sl
w2 ksl o
B Z=ox]= D2D gase] £HEY] 9= o=
A 7]./&-1 /\]/\E‘Joﬂk] :[7—3:] 717‘3} 1A 7]ﬂL<L xﬂ ]—8‘_1:]-
[2114 K7 ARgAEe] SISO 7] Adell e’k 1A 7H
W& Ae aigler, o5 F3l K/29] DOF (5,
AH8keE 1/2.8 DORE AlfE 4 Sleks 71 1]
o, g8, MIMO Ade] gl Fr4-alstella] 7
Z+ MW QFeUE- A-8-5= symmetric-square =71
oM K7Ne] Al o] 27 d9] DOFE 873t
o 7S o, M= d(K+1)/2 o]H 1A9] &7}
EAlshs Aol A=A o] Ao whEm,
symmetric-square 2714 2 20K/ (K+1) <
DOFE & 4 vk whdel, 2 =ellrl= F 742
D2D 51‘\1 5’5 = 1 —squ Al u_1 o] z]j AIO]] 7]./{4_% u];‘q
A AR e AeEAt 9 28] Hicky
7VgS o, 2702] D2D =l wisliA] 7H Aol
Al o]gAow 7hedt HY AHrEE AYE 5 ol
s AAEIeE m’h o] o 1 AHress
(K+1)/ M7} == S S93irk

I. Alag o

7} Ae] Al shte] g whde] EAF uf
= ARS AR AAREEHA Fehe KON Ae]
ZH VEYFE vsiAk tm‘s]- Z} Aoll= AEe]
& 39} A4S R8s b 7ie] D2D "=t
ety 7Pkt ol e 7|A)=, s 2,
2|3 D2D "hEE 2 M7Re] QlEuE ARSIk
A Aol Age] v CUE,, kA Ao 1A
D2D e DUEY ela #718kAL B ol
K=3< uj, D2D ®=9] H4 AHS Alolezs
A2 ghibel] vix= 7He] Aaial dARNS HA
WEE S e AR el 7o) vIAA] o
= D2D Y=E Aughela ZR B el
27§¢] D2D H3E AlEehe Alue]olnt S3ksi,
the] D2D H2E o3| Bto] rhssitt s
Y37 $AAF SR BF vk Ado]| g o]E A g
™ 71A1=e] D2D ®=ell Al S vAE A
3o Hr} wpepA], £ ol M= 71A]=e] D2D ¥
Fof| v|H= 7ol A4S 2k =g ZF A el
A Ae= 2702] D2D #= @}17& e e E e
of gtk watA], olelqt F 7] Hele] A o TS

W e e

162

cjEek F1oz 4 Ao 7147 9 DD PaE
¥ WA Ale] A W 2 D2D F=Aw A7) 5
Al A 2ke] = elElolol gk

M. Mosk= IA 71

31 4 U 7Hd Al2l2

A el Aol Al vje] 7k Alve] & AR
W, BS& CUE 2, DUE'-& DUE! o=,
DUE" & pUE!" 2 27} A 55 A5k =),
27} D2D AL CUE, 02 A4 2H1E w1214 o
= ghtEE Ay Ay == A
3] AT QA olske] 1M
o} e, A we] 71 270 D 37‘} FARI
71A=¢] D2D ﬂaoﬂ UML "Si 24z R
k. BS,, DUE", DUE/M o] A%3lar gl #212]
G2 A7 d o= MY3, dY = M3, dlt) = 201/3 o
2o 7Rk BS?F CUE,,  BS%%
(DB}, | 28 e A Mx AR 3
Gy, ot HY' 2 velict. a3, F))e pus 3}
viehdc}. megl

DUE! 2¥] Mx M A $4&

Mxd, 38 V3 mxd 98 W= 22 B,
=} {DUE}I[”}] s 2] 44l pre-coding FH-S 2]
gl

RZo] AgA R s SlsAE AlE +7h+
7 Z7r i}.%l_q] z‘g—o] z¥ 1:}\:1_,] A1 oLt 7H
ME =33 4 gk wel, Dug! oﬂﬂ
d') = M3 W) A% SAZle] eAls] A% 9
A 714 7] A8le] 2M/3 & HelAl oF Hek,
olsh rhIAR, DUE! =3k 2k FAke] Apede]

M/3 & 2343 & Qick. o] A3E wiow, 4l &

wel pUEMN 3} DUEY o)A 93017)= 1A Al 7}
ZF o3t Ak

span(HE]V]) C span(Fg]W;g]]) (D)

span(H41 Vl) C span(F[l]W[l]) )

@) AlelA 2} $ue] 241 dim(H 'V, )=

dim (F1I'W, )= 01/3 o1m2, QAR



g A e s

v ES =9} S35 DD £A41S 13 avpdel 7 AY 7

Wil =(F)}) "BV, o v 2 4 le oA
M-A] 37He 203 5 sl M7Re] =9 71
El7} olekar 7Bk wkek Al = M3 0] 71A
e S AHESle] V) = [eg ey ey | & AT
W, Wile v, e2xe) g9 73 5 ek

chgo Wil el= rank(Wi)=201/3 o
2 FolAud, ole Wil = [W[” Wiy | 3 2]
T pRo s v gl ol Wi n Wi = o o]
al, mnk(WéP)Zmnk(Wm):M/3 < ovlgch
aelEz, Wil EHeld ()¢ welsa
span(Hz[l]V) 9pan(F2[3]W ) olgfar & 4= gl

= (FY) HV, o2 Sl
£ Wils Seelea siovs
Wil o] Aot gl 21912] Wl Alelgho
Wi = 72 5 ook Aeder v, Wi, wi!
& ()7 @218 B T 5 Ao, 2 A% 2E A
Hhel 2ol esle] Wshes Al ARe Ao
2 A4=% 5 s gck

1

3.2 AIZF ZHd A2
K=32] 735l A7 74 2dS
Ao gk N Aellr] FAle A3k =
W otE BE Al Sl
A4 A8 7153 DOFE % g}ﬂ] gk 317
q

&
-
o7
c»[)l'-ﬁ
4
lrﬂ:
- =

r\‘ -
Y
(o3
3
o>~
o,
I
43

=

W
B3
(o3
=
o
X
ity

Adeislebd F714<1 J‘-’L%k %—ﬂlﬂ 7¥estel =, Ak
7 mellelM= o) Azke] AEe W= iRk
aefdt 5= slek Gy = BSSF CUE; 7] Mx M 3
g RS vehlin} (4,5=1,2,3) . A W 2 A
2olx dF AAY BSE d, = M/3 709 A&
H7)& CUE, <Al 4413k, pre-coding 3 V&
ol IS F3l ol AAE Sl= Adwelth =,

3
2 Y4, = 2] 7 e 5415 ek

i=1
webr], 27| CUE = 41 <t o 5dgh
o] HAZLE Al Hlum, APile] A% szl e
o] 9] Hlo] A& & olvk Ao K=3<ﬂ
$olli= & DOF= (M+ M/3) »
stk o] A= K7Ne] A mkw duksks 4= gl
7zt BS= % d, = M/ K &) A% AAS CUE,
degcta st (k=1,2,..K) . kA A

CUE; WA=

ol

£

)
N

el 2711¢] D2D &zel dial (1) 2 @)A1} 2
SO R 1A AE Alpema F M) AlE
Z1& SAlol AF 7hssich olu|, pre-coding 3
vV, 2 W ()7 @41 B8l T 4 ek A
Aoz, ol K Al Asele F
(M+M/K) K= (K+1)M 2] DOFZ < = 9lch

v. 2 B

i =ellsds D2D =2t AEe Jast A
o Q= A7§ Az 744 melle) oA Alksh= 1A
7S ARgsled (K+1)M 2] DOFE & 4 9t}
= A& 2Yrk D2D =7} §le MIMO 3H4 el
) 2MK/(K+1) ¢ DOFE ¢S 5 rhs 712
Azte] whu]ate], Aljkgh WA (K+1)%/(2K) v
T, NEHe® (A+1)/2 99 DOF ol5% <
G odek =g Alkshe 1A WAl 2] A e 2k
& Alefshz ol AMgEER AL Zhel] A Ael A

% pre-coding e A3} ARWE MR Wikt
ot glo] eHs=s 2 5 ik

ym

References

[1] Y. J. Hwang, K. W. Sung, S.-L. Kim,
“Feasibility of Massive Device-to-Device
Communications in Cellular Networks,” J.
KICS, vol. 37B, no. 12, pp. 1091-1101, Dec.
2012.

[2] V. Cadambe and S. Jafar, “Interference
alignment and the degrees of freedom of the
K wuser interference channel,” IEEE Trans.
Inform. Theory, vol. 54, no. 8, pp. 3425-3441,
Aug. 2008.

[31 G. Bresler, D. Cartwright, and D. Tse,
“Settling the feasibility of interference
alignment for the MIMO interference channel:
the symmetric square case,”  preprint,
http://arxiv.org/fabs/ 1104.0888, Apr. 2011.

163



