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ABSTRACT

This review paper introduces recent results on interference management for full-duplex cellular systems.
Interference management techniques for uplink-downlink cellular networks are frist introduced, which are closely
related to those for full-duplex cellular systems. Self-interference suppression method for full-duplex radios and
the corresponding modeling of full-duplex cellular systems are then explained. Even if self-interference is
perfectly suppressed, there exists a new source of interference between full-duplex users for full-duplex cellular
systems. Therefore, management of such user-to-user interference is of crucially importance to improve the
capacity of full-duplex cellular systems. Recently, new interference management techniques for achieving the
optimal sum degrees of freedom of full-duplex cellular systems have been proposed. In this review paper, these

optimal interference management techniques are mainly introduced.

.M B s 717 A% \ﬂr°h‘f Hhoto] o374 w2 glck A
0] (Full-Duplex) 541 A|~8le A1 =7 $A419
T A FAARRE Esle] FEE ] FAeS A FAlel F3E = Qle], B AR 4l S

% o] =R 2013 A(mlREIEL 2] AP o R g TARke] x| 9E whol $aE 7)1 ZATALY] A7) (NRF-2013R1A1A10
64955)

+ First Author : Andong National University, Department of Information and Communication Engineering, swjeon@anu.ac.kr, -413]<1
=l E L KICS2015-06-201, Received April 7, 2015; Revised June 9, 2015; Accepted June 9, 2015

1266



o

Aojol) Wit 2 AT 57

T3l 719 Hle]ZF (Half-Duplex) &
l*%ﬂoﬂ Hla) adRele] mee Flsha 4 9
Aoz ole) FHZ A7) ks zl8E
R P R N
PP P S R R
] A1zkge] ekl ek Wb Hel%
B Asde o) FaAe] £4E Fojs)]
e oleldt A1z S Ak eR ojdstofol
Sk 22 RE skt 7|Aee] Delae] mgHel 2}
Aol Qe ol Ea zmﬂ

Aje) SuEe oA 3 4 ke o

AR TR,

A9l $41 RF @, Z7p441 4241 RF @, 1e)3iay

(Polarization)™*, 3-8 3] =20 -85} okt 2}
71741 A 7l€°] Al k= SAet

,d
do
N

= o
o =

FHZ A=l Fr|AQ 2|7 o—]xﬂ 7]<S vl
o2 B P S Aol ghHE] AlAE vk

3 s 27)7He] gl HolE BAl A9
ARG nelFe Rk ol 23] 29 2 Aol
] okulsr EAIS- & 4= Qi) o] AL z]‘7]7]-/<4<>] o]
om el gl FAAE T . APsste,
ufa] 7)o ulolg FAl Aldel vl A8k

& ) FHAR 4 ol o B el el

E
%]

/TD—T\

28 1. Aol EBAlo® Q1 A W
Fig. 1. Self-interference in full-duplex radios

H X\
1\
FD node 1 H

FID node 2

Z2

rorx
aF &

r
Ix |0

=

a2l 2. A okuker EAl AlAEo)Ae] Aol Eal
Fig. 2. Full-duplex operation in two-way communication
systems

A TPMeE aHstazt ke AEe) Alage A
H]LA Aeko g ol3 ot

ol AolF Al } 17} o8& 5= odek ol
3 7% a7 33} 3lo] AolF 7|A=e] A=
Wt SR g Sl Alshs mids e
& ook a”ellA] gl ¢ okRel, Aols 71
=] 2717k o] shys] Al =vlete ek = ot
oA steFea hkwe] Mol Ak ol 7|
o] wholg FAl AlzslollA= BAEHA] o= 7ol
o} mebA 277le] EAlsHA] GTiEkar Aols &
}\]_,] 1:010] 7]_,_0 /z-ﬂgg}_ /n]/\E‘g_,] 244&0% *
w2 S Al S glohar whes] Wk 4 glvk s
g} si/\}o] 8] 49} 7ro] 71X =y} ghdo] BYF Ho
% 540] 159 oA WA, F HolF %
NS B 7|A| 2} chutoe) /\Lal:alg_ WA %) 2} &}k
2= WA BAe] Ak mele, o] A% A
3

mlo
—&J

—

-

olF izl Zhe] WAlsh elejdh whizt 7
o7 Qlsjod, okl oo} nR AR Aol g FAle] ©
slo] A= F R Sl A1 5 vk w9
=12 o]

= 28 3, 40lx] 1=k aviEl Aol

HI) nser 2

HD user 1
Az AR A A

FD) base station

a3 3. AelF A HelF

2~H
Fig. 3. FD base station and HD user cellular systems

FD) user 2

FD user 1

FID base station

AolF 7IAs Aol AHgAkz 74 AEet Al

a3 4.
A
—m

Fig. 4. FD base station and FD user cellular systems

1267



The Journal of Korean Institute of Communications and Information Sciences ’15-07 Vol.40 No.07

T AE} AzAe) 24 RS S AR
Al 7S 4 H st} gyl ol2idt 7]He
Eajo] whit o whazh RS Zh4le] EAshiehe
o o] Sk 3] e A gel AfEE
7] gsHes A 4 glvk T A=A
#]- Reverse TDD, Dynamic Dupelx 2} 72 H-olol|
A s el Agsgea 2 A% B
o) dSHE sols Al O 28] 3, 4 oF
T S%0l, 71AI=e] Aol EAle] Thedt A A
9= AHeAe} Sl AHEAE A6 A1 b
Shod Faral (13151004 23t Alskslskel=
E3HelAe] Al 7S EEte] el SRS
27 WA 5 Siek B 3 R o] T mdl]
tHsH z%;d_i ALJ:]L/—(} sh:].

o

. Alskstatalg

- Oo oo

5

uga} Alag

HolF AEe} A2 2vhs]el kA, & Ao
4]= Reverse TDD, Dynamic Dupelx9} 72 —HrO]:OH
A &hls] A7Es dekslake a3 AEe 3
ol sl =A] Al 7)) et A9 Al
o fradgh Al 28 2 = Ak 5o el
 F2 a77h AR A% A B
[13-15]°l4] ohgstelv AEet o] 75 718 A&
gz 22 AR e sk 4
G, St PR A, & A A4S 4

A sabsla veix] AL sk AR s
F e & ST S odel g EsIck 1
59F zho] A WA AL el kS 7Rl 7R
} o] ARSARR FAE AL F A A2 S R
SHuE 7 71A=3) el ARgAtE AR AE
2} A 28-S w#siak o] A5 o Ae] A=, &
< sgas 2 A9 AR 12 AlekES
o olrk & = Al oin] o]Fe] giA =t 31

| n& o, o°1'

Uplink Downlmk

Uplmk Downlmk

=

38 5. ARz e Yol AfEE 27}
A7 5 ol Agel B o

Fig. . Cellular network example in which
uplink-downlink operation increases the degrees of freedom

1268

R L IR L E R R S E R
B A ARSI P 5 Agol e
A1 TR = 9l

2 AelA] 2vlshs kst a = AEet A
282 37lA avfstara) she Aol g} Al
el3} g edto] givk Ho|F AEe} Al 7
¢ 7AF] HolF FAE Faje] Y 4R
o} sfapel = ALgARE FAlol| Aa 4 gk ukehA]
o] 7% a3 6olllsh o] A astela B
W33 fAp Bl eelaa v Age) A
Soel] AR A A %%z} 4 alek

il
[rt

21 MglRimsleizla BE MEa) AlAHo| X

o o =
o ARE
T AR a-siEa 3 Aget Aae F

(<]

A 2ot P E et B Aok o] 2 712k
A AfEE D] Siak el 2

27)es Avstaal gk
I8 6o REE AT slekeg 22 AR
2} Al 2EE sk A WA Al N e ek
3 AREARRE MR8 At 7Rl 7R s
TAE, F oA Ae N,He) AekRl= Algakel
My70e) Al UE 712 7)R)ae 2 A ) o]

79 3 WM NAZe) pAAE g, (HERT e
ohes} 7o] EHHT.
N,
Yo ()= Do)z () + G, () () + 2, ()
i=1
(1)

wg A sEE Ak AAlE
ys,; (1) E Rz vhea) 7o) magich

Ny users BS with Ay antennas

o oV e (W W)
Won—=

—»l-i"m
Wty Wan, )—= :

BS with My antennas N users

38 6. Fa-spEa v AEt AxH
Fig. 6. Uplink-downlink cellular systems



=R Ao|E AZel Al~E A Alole] Ak HT ¢

3
-
ofk

N

+ Egdjz

yﬁj( t)= hdj

ANz (ER, z,(t)E R "z 2t
WA A A ARgARe] FAllEeL F HA 7))

o HaAs wEelw, h,(t)eRM,
G()ERUXAA hﬁj( )ERIXAIZ

94 (1) E Rz 72t iwis) ez AbgAlell ] A
WA 7)Ao ze] A Wel, F A 7)x)el4] A
A Z)AFeze] A W, F oA ATA
A s = AbgAlRe) A e, i iA) dgE=
ARgALllA s slgela AkgAkEe] Aol
2 (ER™, 2, (1) € RE 22 31 ) 717
o] yrlake W), (iA) s Akgale] B
2ot} gl¢} 2o ARtela-slgela 3= AE A
2wle] HA Agrt FuEd (3]0l Ha 7

o] Thgat ek

NNy + L, + L,

dz‘ = min max(NLNQ) ) (3)
M, + Ny, N, + M,,
max (MITMZ),maX (NLNQ)
714 Ly = min (M, N)) (N, — V)",
L, = min (M,, N, )(N,— N,)",

ovghel,

at =max(a,0)&

22 7|Ee| Mgl sfEa Aladnlel ulm
ECRLCERED SERES BB T
al M, = N, = M, M, = N, = N3l 3732 w2
3k o] A9 541 @)l eJsle] Abate)a sl
TE AER A2Ee) A AfEE et e,

wiﬂwg N

4)
N@eM—-N) .
i ifM>N

—5—2-User MIMO IC Upper Bound

% —o—dy,

N —s—Single-Cell Lower Bound

o 4 6 8 10 12 14
M

o7 7. N=59 A% M wE AgEaaua g
REe) Al A

Fig. 7. Degrees of freedom of uplink-downlink cellular
systems when N=

of Afe SRk WA EAskIEh ol el
G % glEel Mol ANGE YA alga T
Ak A2s] 37 AR} o] ) 9
G u) S AFsRE A ARk A2k 2 3
al & 4= glck Wt ole} F A = 3}

) A
&l g

3
A9 AfE SRS o] B AR &
slsre) a2 Exbet o) e

S} (2 8 A, weh] Aea, SRt ¢
EoEg AT} AsdE FAAT F)ee) A
3, 333 A xHe nld W] AGEES 37K o
= AR 5 ek

rlo

N naers N users N users

E M antennas
Downlink é :- é Uplink

M antenns w' M antennas ‘
i

Uplink YI;
e

=
Uplink D?
=%

L

=)
[E

- < @

. IJmmImk ‘ o) Downlink é
3 =

EW

w‘ -‘W -

; é 1 E
1
M users N antennas | N antennas VW nsers | N antennas A users
1 '

Sum DoF = min{M, N} Sum DoF = min{M, N}

m

Sum DaoF in (4)
38 8. YA SNYYA T BE ARE ol

Fig. 8. Degrees of freedom gain from uplink-downlink
operation

()

2.3 dE3-sieEa 3E AEE Ala"el 2+

R R R EREIEE
AEE BAshs Al 2 27 99 223

1269



The Journal of Korean Institute of Communications and Information Sciences ’15-07 Vol.40 No.07

N7 users M, antennas

Inter-cell I1A
Mo antennas

No users

a7l 9. ARz agEa B g Ao Al
Fig. 9. Interference management for uplink-downlink
cellular systems

Inter-cell IN

- ‘Intra-cell IN

el 7% axw AR WA Adekel= AbeAt
oAl st = ARAkRS] S Allefsl] f13E A
7F A E 71%e] AL gom 7o
A 71A=e] FAIRkEE E7 A Ale] kel A
S5k o] wWe] A2 - 7R v Sled
K B e S e B 2 g bl e R R A g o
I} spk = ARk Ak 2ol slek ARk 714
735 Ao g Ak st ARt 2k
HEA] AR Zlo] HA ] AHES ST 5
o] Fatdl (13164 T =dek 34ellA A48
AF3HAA A7 714 2] 7% Kol EAIX Ao
A= 59 AR el A wHsR= 2717 el] s
o} weba X Zellxfel 2o] HolF FAlA2gle] A}
71734 &3] AR g olld S EAst

A oA = A Al A 3 AR AlaH
o] ZHAAeE Wy A8 4 9k

r:i rf
30 FIO o x> 2

1?

. M0|= MEg} A|AHI

B xl‘oﬂx{‘— ;Ho]z AZa} A]%E‘ﬂoﬂ EH{;H 7]—31:2‘;]
_]_7H3]_J_]}_ ql-p]r \ZEB‘]— 0]216]— x{o]z xﬂga]. /K]/\Eﬂ
oA Y TP A RS Fa) 710 el
Age} Alzdlae] AEE oSl sl wlaskaat
3

3.1 7|x|=gto] Mo|E Etlo] 7ks5t =Y

WA 7R =ate] Mol Eale] 7153k AL §
#e 5 ek FEd Plelds 23 39 g o

shgh welel] oisl odg-sislon] A9 xlTEg
3kt

w

1270

3.1.1 HoIZ 7|x|2-gto|F AR} MEa} AlAg
a3 1002 F3Fe AE AlLg Aolg &
Ale] 7Fsdk 71A1=0] MyANe) % Je}sﬂ»}sﬂr My
o] SalgkebE Fal) FAlol 5418 sl 7
7+ N, 7Ne) wlol% sl Akgate} N, 7he] Hio]
T A3 AR Anlzshs mdlolch o] -
iR sterEla Abeate] Al ol (1) e R o

5

+ 3y (2™ () + 27 (¢) )
=1

w3 7)Ao AR E y[bs e r™ e g
<3 o] st
NQ

y[bS](” = Efj(ﬂwg-u](t)—i-z[b‘](t) (6)
=1

2 (t)e R 22
Hefsh i) e ALgAe] &

1><M1
9.t ER hi;(t)ER,

EEE TN
ARES N

W Wiy i

I BS Iy \
o —
1 e
DL user 1+, - o UL user 1
fiy, iy f
jrldl [u]
W ) ) wh
DL user Ny UL user Ny

b

W W

Ng

J% 10. AelF 7A=-ute|F AMgAL AEet A|2~H]
Fig. 10. FD BS-HD user cellular systems



/3]

ofi

Aget Azwe) A Aletel #d A2 A FF

[OERY™ e A2 AT i) Sz

Aparpze] A We, s Ak AHeAtelA
Wa skl AeAlze] A, s skl Ab
gl oS Ad Eoln,
My er™ ™, J@)e re A7 A=
Brke wlE, (A slaRa AkeAle] rbakgel
th 41 (5), (6)ellA oF = Qi=e] 71Ae] Ho|F
EAlolA op]ElE 27|17 ghds] oAl 7}
Asjole).

3.1.2 Ho|E 7|X|=-EH0|E ARSAL ME2t AlAHQ|

28 RRE

P 2E Aol FIA Tl F AFEA} A2
Azsge] #4 Afr) A el FEEeH
ches} o] EAHL,

dy | = min (M, + My, max (NLNQ)7

N, (Nl - M1)
N ’

N (NQ - Mz)
Ny

max| M, +
M, +
@)

710 mielF AEE Alawlyte] vlaE ¢l
M, =M,=M, N,=N,=No& Fo|z 74
S aEEh A (S Bl #He] AHEE ot
Zo] Foixltt,

dys, = min{2M, N} 8)

Sum DoF
>
T

—— FD-BS-HD-user

=== HD-BS-HD-user

0 I I I T T T
0 5 10 15 20 ] 30 35 40 45 50

Number of UL or DL users (¥)

T8 11 =52 A% Nel BE AelF Aol E
A8 g} Assle] A

Fig. 11. Degrees of freedom of FD BS-HD user cellular
systems when A/=5

vhd wlo]|x AE} A ~H AS HA 2G5
= min{M, N} 2 AdEe} 23 11L& M=59]
A N o whE H4 g mAskeh el
Fole 5 gl5e], AHgAL 5 No| ZFde% Alol3
AZ A|2~Ee] HA 2527} 7|&9] "ol AE
o} AzEle] e AfES Tl AR S glek
S A 2lA A7 5ol A3t gz ARARRE
o] EASIIREE Alol% AL Fal Ase} o
o) geFe TIAOR Tl YA 5 9o S

o)
XA

X

_{

32 7IXIZ, AlRR 25 HolE S| Fiss
2y

ooz 714, AR} B % 01%— £410] 71

& 7A9% 2% 4 ook BLEA el 23

42] o5 Adnkslgh melle] s 3 Talglon 2z e]

3.2.1 MOIE 7IX=-MOIS ALBAL dE2t AlAH

I8 122 F3EE AE) AAEE HolE= BAl
o] 7Fsat 1A M, ﬂu SAlRkEsh M, )]
AR B3] BA6] $RAE sl N
o) Alo|% AhgAtsh A==, shEa WAAE 5
Aol Fanis welolek o] A iwA AHgALe] S
AT ot o] malEit

)+ }] hi; Z(t) ©

j=1j=1

yi (t) =g, (1))

Wl i)

M tx antennas Wy rx antenmas

g/

AD J’.‘i\“

Tian

H 5

l ser L 1 ser J User

u, 1w '11';3 i

27 12 W1F AAF A1 AHeA Mg A2
Fig. 12. FD BS-FD user cellular systems

1211



The Journal of Korean Institute of Communications and Information Sciences ’15-07 Vol.40 No.07

o] ol% FAA oplEhs APIHALE S8 o
Aeka. A,

3.2.2 MOIE 7IX|=-T0IE ARSAL AE2} Al2H9|

5 XRE

A N AolF |AFANF A A
Azgel A Ak A2 (9l FEEe e
chgst o] AL

dy.o = min (M, + M,,N) an

Fle] WelF Aget Asde] waE 913
A~

M, = My =M 2= Fol5l 7%5 yelshal 54
1)< 3 #ze) A

dy., = min{2M, N} 2 FizIc}. waby Ho|3-
7] ;(]E'L_t‘ll—o} A]..Q_x]. /mﬁa}_ ]i\_zﬂ_ﬂ Eol—gpﬂ /\]_
$AP} 28] 2 A 71l delF A A
o] o] AfE el gle-S 1T 4 glek

V. HOIS HEat AlAHIAMS] ZHIH|04

B Aol 3Rl 4NEE HolF AEe) A 2w
9] HA A= 2AS flsl HaEd (91004 Ak

VA 7ol sl aongle). ek 28] 102 A
0|5 Z|A|F-Hte] 5 AEAF Bl yMbe 2 Aws)

Ak

[m]

4.1 {223 A8} siel 2ol 7“*7‘“0*
olslE F71 918 wA s = AR} gl

3% & N, =13 A5 1A aejsRk o] —°r
41 (Dol eJsle] HA A st o] walx
c}.
N, ifM, > N,
— — M,
dy 1 s 2T e <, (12)

1272

_é;;
e
)
lo
N
%
i
ok
Jlﬂ
];
X
ﬁ
A
3
0,

= S}Ukalzz ARgAPRRS:
Htﬂ*ﬂ W HA AHfEE DT giek o] A
AR A 3 UAE 7PHEE Ssle] HA AR
=5 A kst Aanid lelsde N, Al 3
e E3le] 21 139 22 WS Ajkskdek
HollA] el o glRe] A Ve S A

2 ]
g 2] WAEE Flel s ALgAelA
WAl 1S ARATlE el ol Eale] A

¢

Wy tx antermas

A Mz rx antennas

1Y

FD BS

DL user 1 T g . ULuserl

N, — My dim /
/:

- ) UL user Ny \f
_.\Ue dim % M, streams

Interference alignment
My streams

O 13, AelF 7IAF-ale)F ARAL Age} AlxHle] 7F
AAlel (v, =1)

Fig. 13. Interference management for FD BS-HD user
cellular systems (/V, =1)

2 debRel Zeo| ZHYR|o]
JuE Q] = 23] 1404 B5o] ZA] T
A 84 7]%o] A4 rh WA /\}—&x}ﬂ M
FZEHoR Alefap] 917 2 Ve € 5 9l
o} AR g 7eshd v Alekelm A]_Q-x}‘——i
e o] sl A ARSAECAI R AEE s 1A
< Alefslr] Slste] Ak e 3 Alegit 2
] 7]%(;] XJB.QOJD],[M-M] ];]_Q_BE 5}6;]:%] El }\}
ARk 2 Zﬂcﬂ g 318 74 SAlkkEbE B
WAE 7ol H8=9lek o Tﬂﬂ = 7)EE A
2310] Hho X}-rrE o AE88 AAE S gA|RE
A A= 2] Sl T AE e 5
al AMgAPEE 2 RS 2ERE o sherle
e grdsh] olfek s [9)elME



2] 7K Aol B AT AT 5%

M T streams to DL user 1

Nodo < Moy
T HTl(rllll‘*tO DL user N, for decoding at BS

{ !

M) tx antennas My v antennas

Ny A < My Interference
for IN nulling
FD BS
Interference
alignment
DL user 1 o Uluserl
AT streams
DL wser Ny UL user Ny
M+ A <1 AT streams
for decoding at DL users

[

T2 14, AelF A Hlels ARgAl Age} AlEe]
AAle] (bl A

Fig. 14. Interference management for FD BS-HD user
cellular systems (general case)

AL A E [0,1] 2 F=E= qleje) ~e7lg 7} 8}

2= Abgate}l Abskl g ALeAE 93 Skl the,
AR Ul SEGE BT HIEE P Gl F

AR B SR Bl

max{ VA, + N\, }
At =1
N = M,
Nody < M.

4 (13)% Fol H42) 253 5 3T 5 9
ovf o)F o) 44 (7) 0 FHE HAe] AfE
= \:E}-/\étg— oh;]_ x{o] /mig]. /K]/\Eﬂoﬂ ;(-1.9_51
2Ale] TP A IE AR 3
T gt AlzdellA] Ak Al 713k At
shcl (2™ 9, 14 Far). Aol 7x|5ke] 27|74 e]
e A 27 99 7 WA Aellx 3 A Az
A 7E 7Ade] defubA] = gl slRske 715

1

S A3 A o] ElskA] olw "ot web o
A2 o] FAlRHEYE T SE A &

& et 7} B

hsaie

(e] [ [} =
A o =2 2HHEE 85

o}

v.d &

B 2 wrellAls 2 Bhde] drEa ode A
olF AETt AlxHle] A7 TS avisiilth AE
2} A|2glell Holg FAlE E=slshAl wvd ARgAlzt

ZHelehs wiolF BAlelld RHAsHA| = A=
ZHdsdo] AR, SRR FT AT ELE o7
ZH el = ﬁﬁ}i A3k 7 S E3 A el
AREARL FERE 75 Aols TAlE Fete] ve] A}
e 5‘7V4—°i AR dsS ardsklck
FHZ A B4 Alz=wellA SRk FriHew
ZHA717] 13k TlekdE age] paEa o,
2 E=ellA AN AR ARl SAl Al
dlo] #4 ZeR zkviAelr] fsiMe vkt ol
T E il AN E FEshes Al 7]
Hol oot} v eR R =tellA] AvHgh
AT SAldtelA AT RS A5}s] dolof
sk o] gick ol R B FHakaL Tkt A
2 m]/\]/\zﬂoﬂ 24_9_—3]_7] _ﬂgﬂ/\ = i]]k;}zjyj]. 2
g3t A9 2o A ry) ¢S Ao 7HAle] 7]
ol it AT} siole} PP

References

[1] J. I. Choi, M. Jain, K. Srinivasan, P. Levis,
and S. Katti, “Achieving single channel, full
duplex wireless communication,” in Proc. 16th
Annu. Int. Conf. Mob. Comput., Netw., and
Commun. (MobiCom), pp. 1-12, New York,
NY, Aug. 2010.

[21 E. Aryafar, M. A. Khojastepour, K.
Sundaresan, S. Rangarajan, and M. Chiang,
“MIDU: Enabling MIMO full duplex,” in
Proc. 18th Annu. Int. Conf. Mob. Comput.,
Netw., and Commun. (MobiCom), pp.
257-268, Istanbul, Turkey, Aug. 2012.

[31 A. K. Khandani, “Two-way (true full-duplex)
wireless,” in Proc. 13th Canadian Workshop
in Inf. Theory (CWIT), pp. 33-38, Toronto,
Canada, Jun. 2013.

[4] M. Duarte and A. Sabharwal, “Full-duplex
wireless communications using off-the-shelf
radios: Feasibility and first results,” in Proc.
Asilomar Conf. Signals, Syst. and Comput.
(ASILOMAR), pp. 1558-1562, Pacific Grove,

1273



The Journal of Korean Institute of Communications and Information Sciences

’15-07 Vol.40 No.07

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

1274

CA, Nov. 2010.

M. Jain, J. I. Choi, T. M. Kim, D. Bharadia,
S. Seth, K. Srinivasan, P. Levis, S. Katti, and
P. Sinha, “Practical, real-time, full duplex
wireless,” in Proc. 17th Annu. Int. Conf. Mob.
Comput., Netw., and Commun. (MobiCom),
pp- 301-312, Las Vegas, NV, Sept. 2011.

D. Kim, H. Lee, and D. Hong, “A survey of
in-band full-duplex transmission: From the
perspective of PHY and MAC layers,” to
appear in IEEE Commun. Surveys & Tutorials,
2015.

M. Ching, M. S. Sim, J. Kim, D. K. Kim, and
C.-B. Chae, “Prototyping real-time full duplex
radios,”
2015.
K. Kim, S.-W. Jeon, and D. K. Kim, “The
feasibility —of
full-duplex MIMO cellular networks,” to
appear in I[EEE Commun. Lett., 2015.

S.-W. Jeon, S. H. Chae, and S. H. Lim,

freedom  of

to appear in IEEE Commun. Mag.,

interference alignment for

“Degrees  of full-duplex

multiantenna cellular networks,” submitted to
IEEE Trans. Inf. Theory, Jan. 2015. [Online].
Available at arXiv:cs.IT/1501.02889/

D. Astely, E. Dahlman, G. Fodor, S. Parkvall,
and J. Sachs, “LTE release 12 and beyond,”
IEEE Commun. Mag., vol. 51, no. 7, pp. 154-
160, Jul. 2013.

Cisco visual networking index: Global mobile
data traffic forecast update, 2013-2018, White
Paper, Cisco, Feb. 2014. [Online]. Available:
http://www.cisco.com/

3GPP TR 36.842, Study on small cell
enhancements for EUTRA and E-UTRAN,
3GPP, Dec. 2013. [Online]. Available:http://
www.3gpp.org/

S.-W. Jeon and C. Suh, “Degrees of freedom
of uplink-downlink multiantenna cellular
networks,” in revision for IEEE Trans. Inf.
Theory, Apr. 2014. [Online]. Available at
arXiv:cs.IT/1404.6012/

K. Kim, S.-W. Jeon, J. Yang, and D. K. Kim,
“The feasibility of interference alignment for
in MIMO cellular

reverse TDD systems

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

”

networks,” in revision for IEEE Trans. Signal
Process., Aug. 2014. [Online]. Available at
arXiv:cs.IT/1410.4624/

K. Kim, S.-W. Jeon, J. Yang, and D. K. Kim,
“Feasibility of
reverse duplex in MIMO cellular networks

interference alignment for

with one-side base cooperation,” J. KICS, vol.
40, no. 2, pp. 273-284, Feb. 2015.

V. R. Cadambe and S. A. Jafar, “Interference
alignment and degrees of freedom of the
K-user interference channel,” IEEE Trans. Inf.
Theory, vol. 54, no. 8, pp. 3425-3441, Aug.
2008.

C. Suh and D. Tse, “Interference alignment
for cellular networks,” in Proc. 46th Annu.
Allerton  Conf. Commun., Control, and
Comput., pp. 1037-1044, Urbana-Champaign,
IL, Sept. 2008.

S.-W. Jeon and S.-Y. Chung, “Capacity of a
class of linear binary field multisource relay
networks,” IEEE Trans. Inf. Theory, vol. 59,
no. 10, pp. 6405-6420, Oct. 2013.

S.-W. Jeon, C.-Y. Wang, and M. Gastpar,
“Approximate ergodic capacity of a class of
fading two-user two-hop networks,” IEEE
Trans. Inf. Theory, vol. 60, no. 2, pp. 866-880,
Feb. 2014.

T. Gou, S. A. Jafar, C. Wang, S.-W. Jeon, and
S.-Y. “Aligned
neutralization and the degrees of freedom of
the 2 x 2 x 2 interference channel,” IEEE
Trans. Inf. Theory, vol. 58, no. 7, pp. 4381-
4395, Jul. 2012.

S.-W. Jeon, S.-Y. Chung, and S. A. Jafar,
“Degrees of freedom region of a class of

Chung, interference

multisource Gaussian relay networks,” IEEE
Trans. Inf. Theory, vol. 57, no. 5, pp. 3032-
3044, May 2011.

T. Liu and C. Yang, “On the feasibility of
MIMO

interference broadcast channels with constant

linear interference alignment for
coefficients,” IEEE Trans. Signal Process.,
vol. 61, no. 9, pp. 2178-2191, May 2013.

S.-W. Jeon and M. Gastpar, “A survey on

interference networks: Interference alignment



T Aol At Alxwle] M Al W3 AT AT TF

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

and neutralization,” Entropy, vol. 14, no. 10,
pp. 1842-1863, Sept. 2012.

S. A. Ayoughi, M. Nasiri-Kenari, and B. H.
Khalaj,
cognitive

“On degrees of freedom of the
MIMO
access channels,” IEEE Trans. Wirel. Commun.,
vol. 5, pp. 2052-2068, Jun. 2013.
A. Ghosh, N. Mangalvedhe, R. Ratasuk, M. C.
B. Mondal, E. Visotsky, T. A. Thomas, J. G.
Andrews, P. Xia, H. S. Jo, H. S. Dhillon, and
T. D. Novlan,
networks: From theory to practice,” IEEE
Commun. Mag., vol. 50, pp. 54-64, Jun. 2012.
M. Kountouris and N. Pappas, “HetNets and

two-interfering multiple-

“Heterogeneous  cellular

massive MIMO: Modeling, potential gains,
and performance analysis,” in Proc. IEEE Ant.
and Propag. Wirel. Commun. (APWC), pp.
1319-1322, Torino, Italy, Sept. 2013.

S.-W. Jeon and B. C. Jung, “Interference
neutralization for small-Cell
networks,” J. KICS, vol. 38, no. 12, pp.
1117-1124, Dec. 2013.

J. Hoydis, K. Hosseini, S. ten Brink, and M.
Debbah, “Making
antennas: Massive MIMO, small cells, and
TDD,” Bell Labs Technical J., vol. 18, pp
5-21, Sept. 2013.

wireless

smart use of excess

S.-W. Jeon and W.-Y. Shin, “Dynamic
Opportunistic  Interference  Alignment for
Random-Access Small-Cell Networks,” J.

KICS, vol. 39, no. 11, pp. 675-681, Nov. 2014.
S. H. Chae, S. H. Lim, and S.-W. Jeon, “On
the Degrees of freedom of full-duplex
multiantenna cellular networks (o] A=
ko] ol 8F ¢39),” Information and
Communications Magazine (KICS), vol. 32,
no. 5, pp. 65-72, April 2015.

K. Hosseini, J. Hoydis, S. ten Brink, and M.
Debbah, “Massive MIMO and small cells:
How to densify heterogeneous networks,” in
Proc. IEEE Int. Conf. Commun. (ICC), pp.
5442-5447, Budapest, Hungary, Jun. 2013.
M. Yang, S.-W. Jeon, and D. K. Kim, “Linear
degrees of freedom of MIMO broadcast
channels with reconfigurable antennas in the

absence of CSIT,” submitted to IEEE Trans.
Inf. Theory, Sept. 2014. [Online]. Available at
arXiv:cs.IT/14 09.5532/

[33] M. A. Maddah-Ali and D. Tse, “Completely
stale transmitter channel state information is
still very useful,” IEEE Trans. Inf. Theory,
vol. 58, pp. 4418-4431, Jul. 2012.

[34] C. S. Vase and M. K. Varanasi, “The degrees
of freedom region and interference alignment
for the MIMO interference channel with
delayed CSIT,” IEEE Trans. Inf. Theory, vol.
58, pp. 4396-4417, Jul. 2012.

[35] T. Gou and S. A. Jafar, “Optimal use of
current and outdated channel state information:
Degrees of freedom of the MISO BC with
mixed CSIT,” IEEE Commun. Lett., vol. 16,
pp. 1084-1087, Jul. 2012.

& Ab 2 (Sang-Woon Jeon)
2003 8 : AAE . A7)
ZARgE gk

20061 24 :AAHEE 7]

-

A Fahadat
E 2011 8 - g=aly)s] A
> / FAiRbgstah Fapa)
\ { 2011 84~2013% 249 : EPFL
HRALgel e
2013+ 39~3A : FRieksdlstal ArEAlgst
F4

<AEoR AuolE, FAEA

) 1

1275



