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ABSTRACT

We propose a massive MIMO detection method based on alternating direction method of multipliers (ADMM).
The optimum multiple-input multiple-output (MIMO) detection problem has exponential complexity. ADMM forms
a decomposition-coordinate procedure. The proposed ADMM detector has better performance than other
conventional methods in terms of BER with low complexity when using more antennas. The proposed ADMM

detector can be a good candidate for low-complexity detector for massive MIMO systems.

LN B2 al-53 Belel AAE S ADMME E715)
3oel epdel AgET ek B el

MIMO 7% EAeA] HA = Fal= A ADMM 7]4k] massive MIMO 7% 7|H-2 A|gkgt
NP- hardolﬂ% AL BALT 75?4 d—’?— ol thsl 254 o} Aokt ZE 7]HS  semidefinite relaxation
Z7lghe)l 2 3% AF row—by—row (SDR-RBR) 7% 7|Pr} £ A%
%%}EE Zo|#+= 4%7} H_El"s] augoq Sy, ek &5l kel ) ZH2E 307 oAkl Ao
ADMM-2- #4F 7w~ A5 FAIE dZ2357] $ ofl= AY A7 AsollA] L3 5070 o)Akl -
g 7ieksbA] g o ﬁ’@]“/}m ADMM2 A o= BER AJgellA] ek
o = Fab7] fls wal o=

® R ATE RPISAREAT 2 AR HCTITAE §4 Adddlel Q7AsE aEse
(IITP-2018-2014-1-00729)

+ First Author : (ORCID:0000-0001-6571-1696) Department of Information and Communication, Inha University, jwlee267 @ gmail.
com, 3]

°  Corresponding Author : (ORCID:0000-0001-8573-3526) Department of Information and Communication, Inha University, dpark@
inha.ac.kr, 413
= E D KICS2018-04-078, Received April 10, 2018; Revised May 17, 2018; Accepted June 5, 2018

887

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-06 Vol.43 No.06

I. AlAR 2

MIMO Aj~H meld

y=Hs+w (@))

t
id
k3
i)

N,

X

N
S oglem yeote A Ale ug,
&=

AR

Y= MMO Ad A, s sxl%
]_

R =
Q

ﬁ:ﬂﬁﬂm m
N &
o

|
m
Q
=
l
Q
=
>
ql\?
=
fr
==
1
N
T
>
o

HE] §i= QPSKe} 16QAMT} 1S AlE
olck. A = Hi 541 el 2k 9]

& 7HAIQE EEE ©]ETE MIMO
dolli E EAE A e y 258 A=
HE] s & Hlshs Zlelck

o
o o

o oX £
oo
(o

rjg

B

it

> |
e | &

o

. ADMM 7|die] HE 7|
Al ®2Hl (1)elAe] MIMO #HE FA1=

. 2
ming ly—Hs II5

2
st. sES @

=

ki

) o] FAlZ ADMM 402 wakshu

min, , | y—Hs | 3+ 7{(z)
st. s=z

3

oln] Ifz) & 99 A|Al(indicator) &, & z€5Y
w I{z)=00°]2 z& S W= [(z)=co o]t} o
AE B4 5] Ifz) 7} convex 7t ohy
w]F-ol] non-convex A3} FAlolcl EA LS g
o} z ol diall Y= 5= ek o] EAl] 74 el

L

L.

|
|

Lp(s,z,v):

Il y—Hs |l §+15(z)+Re{vH(s—z)}+§ ls—zll2
4
o} Zowl vi= s=z o dF3= Adl(dual) HSo]

I p> 0 penalty T}e}r]E{o]c},
=7} 2}1=F4] (4)oll4] block coordinate descent
(BCD)E- o] 83} s of tigh 2 43)e} 7 of] dljah 24
312 W o] & wdE HEE g kWA 1k

888

oM olfiel e vl R e

s = arg ming Lp(s(k), 2, vW) 5)
gz k+D) =arg min, Lp(s(k+1),z(k>,v(k)) (6)
V(k+1) _V(k) +p(s(k+1)_ Z(k+1)) )

w
|
N
oo
tlo
i
e
o,
[
2]
[e)
=N
(¢
[=N
o
)
T,
).
il

Re{vﬁq}+§ Iql2
1 .
:§||¢(1/p)v\|§—2—p\|v||§ ®)

_p P :
=L laruli=2ul

. 1
&} zro] PR A F g9low u= ;v% scaled %

o wgelek, ol 57 ekl @el g

L,(s,z,u)

= lly—Hs §+15(z)+§ ls—zt+ull2—

14

Zlul}

®

= vheRd 4= glek o] A1& o] gale] ADMMS] k
A HHEe oh) 2

s(k+1)

P k k K| 2
L1805 +u I

= (HHH+ gI)il(HHH oz —u®))

=arg min, [l y—Hs |l 2+

10)
Zw+n
=arg min, Is(z(k))-f-% |1 — 50 g ] ;

B0y 2

=arg mianSH s' 9

— 115+ 1)
an

www.dbpia.co.kr



=i/ A vty Alzgelld ADMM 7Rk A

A= @ (S(k+1)_ Z(Ic+1)) (12)

e Soll EAkshs
71 717k2- A2 ol A1ed(projection) 3HE 7S 27|
g} opA] e, ozl Al 2@ Hxshe A
7} 2} Al (10)el4] HH+pl= p> 02l 274004
positive definitec]™ 7} jHo]c}.

ADMM 7§41 k= vkt 2tk 1) s -784lellA
=z 9 us AT Aol s ol el S ek
S5E Hashieh o FHE p=ote] A4l
MMSE 7% 713 fAkhd, k=04 d=
20 =u =gele), W Age] FaAERA sV E
£A1E W} ol 4= 9lEE Zx o] Byl wE]
W7} o)}, 2) z- Al 54 u &
offl AbEel wA Bz 3) udAlelAE
(00 5} 5471 9] AJo] % o] gafe] e W4 uE 7

ol IMy=arg min,c ¢l x—z Il

ol

r: “
=)
£ =

ADMM«I EH 9] 534 penalty FEF1E] patol
ZFaiA FEP. ) ke s Ad=lshd ADMM
A% 7S 9] W) ki Sauto 7 uj$- xElg)
= T 5 ok e p 3ol Alele] AxEd
tE|Ee] w31} wilg- ZolsA| Hok

k HA LA 2xpe) A 2= zbz

ez(,k): s®P—,® (13)

ef=—p(z®—7077) (14)
ole}?. 1] Abapsl e LAl 2ls) 4A) 1%

YU, < e, (15)

k) = N, ey, e 1max{ s | o | 2|l 2} (16)

6&];)31 = ]Vt €als +Erel p ” u(k) H 2 (17)

2 Ao ¢, > 03} ¢, >0 47 A 587

s} Aey 5)gA0l),

B Zol| M= 712 MIMO A% 71HET} #|qksk
71"d¢] BER A5 EAt= “‘o‘ é H]agkch QPSK
Z WpAlS ARgslgl om SAl ke Spol 241 o
U s 71%71] 6@4 A1 ol W 33to] 0oL
(e}

(SD)[ s semidefinite relaxation row-by-row
(SDR—RBR)B], Lenstra & Lenstra & Lovész2] lattice
reduction aided ZF (LLL-ZF)”® modified LLL
aided ZF (MLLL-ZF)"", 7|3k} ADMM 7]%2¢] SNR
o o= Frk A1 oty 10719}
T4 kel 10785 ARS8tk BER A% SD,
SDR-RBR, ADMM, LLL-ZF, MLLL-ZF, ZF s°.%
E =N

a3 2+= $41 kY 7070E ol gskar 2 Al
el 10705 A2 7709 whde] gl ohAREAL
3l o SNROﬂ w2 BERS vepich kWL
o AL SDE BALs) wf$ ] wie) sl
A] %%bv} a7 14 2], ADMMo] SDR-RBR ¥t}
BER Al%5o] ZT}.
% 38 10dB SNRellA] =41 atelL} S]] n}2
BERS WolFEe)h <HW 7} F71E ZF,
LLL-ZF, MLLL-ZF2] BER2 %£7}3}#]5, ADMM-2

\:I

10
s ——zF
e ADMM
5\ SDR-RBR
107 \a\ —&—LzF |1
® e WLLL-ZF
sD
\ Y
102 \ S
& B
id X \\‘
i Y 8.
[ \\ o
3 ; k! .
10 % =
X
10*
s ! ] | | I 1 |
0 5 10 15 20 25 30 35 40
SNR (dB)

32 1. 10x10 MIMO A|l~®Elel|4€] SNRell u}2 BER
Fig. 1. BER versus SNR in 10x10 MIMO system
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