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We propose a low complexity MMSE iterative
equalizer for MIMO systems. In the proposed
. . . =] =]c)

scheme, the transmitted symbols are classified into I AlAH 2

symbol groups, and the soft IC and MMSE detection

= 2 1)
are performed for each symbol group. Therefore, H mrelld SAlR 2 ARk ok 5 7t
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which contributes to the complexity reduction.

o] =FE 2019WE FEb | nEARe] Ao gl TAke] x9S Wo} 22a¥] 9T4](No. NRF-2019R1C1C1003202).
* First Author : Kyonggi University, Depanment of Electronic Engineering, dkfma4915@naver.com, AL, sHA1s|<d
Corresponding  Author : (ORCID:0000-0002-6684-9803)Kyonggi ~ University, =~ Department of  Electronic  Engineering,
sj.park@kgu.ac.kr, Zw, A3
* Kyonggi University, Department of Electronic Engineering, {fora22, rlwldus305}@naver.com, S}A}214

& 0 202103-056-A-LU, Received March 10, 2021; Revised March 22, 2021; Accepted March 22, 2021

937

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-06 Vol.46 No.06

T+
r= [TD'“?TNR] = 3 Zrk

r=Hs+n (D

A (ellA H= [hy -+ hy 3= Np <X Np A4 3
2 h,> H nWA dolct. w3t A (DA n
& Elnnt] = O'QINH*% wEsl= o] 0l

Ny X1 7F9-A8F (Gaussian) 312 3j-o|ck
. ®Mot 2F 7|8 MMSE e S317)

3.1 HMet 7|®e| S=F ok

Aot 7o E A8 1—‘} 9] 531 #A & 21
gh}. o] uf “]E-% HelA]

B0 vt B LR E‘CQ‘G}‘:}J— 7 ssict met
A A% g % G(= Ny/L)elw,
Iterationol| 4] ¢ (1 < g < G)HAZE 73 3% §% 7
2 AE aFel EEs AlE QlElne] Ajhoe R
|B,| = Lok o] wf v Iteration=hc} ®E F41 4l

BE0] 3 o] 7% IS AAY) 99 B, & o
5SS E Aol
BNB,= 3 fora#b @
@
UB,={1,2,--,N} 3)

g=1

ITN

o2&k Aol S wiekow Aok 7] Fake e
to] 7]l oA HAE: A AER

n(l <n < N)Wa £ A2 s o tgh dubdd

ARZ 5 07 o] tigh Ao 7H4]e] il Z4A
% 02 Aok 2 5, 2 o, 3w
Iteration®] A|2t=]7] o)A 247 0 2 12 Z27]3}5c)
o] wl ;WA Iteration®] g A AL ZFol &3 54
AEE0] HEE 93l At 76l = WA Soft IC

A chew o] syl

\A

@ |

= h,

né& B,

n

" )
EROLS 7' 9= A Iteration®] ¢WA A%

938

48 2]al Soft IC JJWC‘ AR Npx 1 4 A%
HEl 2, B o & A AEES Afg veA]
Al A 8B5S 2838 Soft IC o] #s= ek v}
A rlo) ol Bhal B, el 43F $41 AR5 1S 9
& G X Ny MMSE 2% @9 F9) = ojea} o]
ekl 4 gl

Pl = (H(g

(3

))H(Gi(g))71 5)

Al 5yl Npx G 344 H(Q)% B o] 44 Al
S Hdsls Hel A5 gk Rr ez o
EiB—{12}a}u4]{> ]

Npx Np 34 G+

G(g) = 2 /Unh’n,hf—’— Z h,th+U[]\'R (6)

n& B, nE B,

wehd B ol 43k $41 AL AEAE et 2
o 7% % ik

L JON) ™
51" % o1831e] B ol 43 £4 4125 2 A A
BES P nlESY] A ARE AAlsle]
B o et A& AL vzt Aok 7= o]

23 IHES 1 < g < G7HF] 983 3 3 e
IterationS 83} S}

S 713t 2] At 7 elA = 71 71 vl
AL v AR 2 E J|uhdE
Ao wjalsle] zlggic). 5, 71¥ MMSE HHs
37|l += vl Tterationhe} N, He] HE A8
Ashsh= ubE, Ak MMSE HHE S3lr]elAs
(< Np)He A% 34 28s Fa) ddalek »
Ewdk 4 gt o] uf 71 7l AES
‘F s AlE-S ALl VA BE FA AR
73430 Soft IC IS £l AASY, At 7]
{—; e 2% 1 43 AuEe) S A
o) [}

FA A2 M AE

1

1

R

ﬁ

oyt & i oF o

-}»H £ s Fane e 0 5

www.dbpia.co.kr



=2 /MIMO A]2~®S 98k 718 78t MMSE ¥HE S3}7)

AapA| Bk} wd G=1(L=Np)al 4% =
E £4 ABES0) 3 18l E3kEo] Soft IC #A0)
oo} o] wf At 7|H-2 43 MMSE A&
719} Sd3lr

N,
o2
)
>

o
=

3.2 oMzl 24

thre s 71E 71 g Al 71ellA] g e
Iterationol] 7%= dAkEFS Akl o]
7b QAite] eE= A (5) H (6)°lA 7P w2 ik
o] e7Ey BE p(l <n < Np)odl oS

hohllo] Al Alislle-s Ada, A (5) 2

6)2 Gi(g>p/’{ Al 4 g g FA

(#)" () 2 919 OV, + GN*) )
Axkeks e skt Aok 7HollA+= vl Iterationwhe}
GHe AES Adslnz, uEpi Ak 7

2hA A’k 7S 2 5 G7F ARkl wet A3y
2 g A dake] E Ak 71 71 o
= 4

wrp g2 kRS a8l o

o
o iy
=
N
|

aE ST 5 9

V. oAl

i

2t

woAgollM= Aok 2 71 MMSE HHE 53]
o} 37 A3 MMSE #%&7]°] 3 BER (Bit-Error
Rate) 52 v]alith B33} (uncoded) A|2~El
of4] QPSK (Quadrature Phase Shift Keying) 13
719 2 HdeE] Ads aesile, 71E 2 A”k
e S3)7) o4 5W9] IterationS G383ttt 7+
A8 252 A SINR (Signal-to-Interference-
plus-Noise Ratio)o] & A HZ $A4l A58 x5
3kl

o 1 9 20X A Np=N,=8 ¥
Ny= Np=163] 34lx 7zt 7|"1E2] 3+ BER
& v|aEta gok 21 1 2 28] AFE F3 Ak 7]
ol AE 1F & G7F 14l A% (258 AE 5
L= Np= ALslae 715 MMSE HHE- 5317] 4]

Ak Aed RAT & oSS HlE 5 givk

-O-Conventional
fl—Linear MMSE
—+Proposed, L=1 (G
L -O~Proposed, L=2 (G:
~0-Proposed, L=4 (G:
G
0

-A-Proposed, L=

2 4 6 8 10
SNR [dB]

a8l 1. 8x8 AlxwlelA ¢ BER A% H|aL
Fig. 1. Average BER comparisons for 8x8 systems

£[<O-Conventional
3 |[—Linear MMSE
10 fl4—Proposed, L=1 (G=16)
f|-3~Proposed, L=2 (G=8)
10 [-0-Proposed, L=4 (G=4)
£|-A-Proposed, L=8 (G=2)
+|=~Proposed, L=16 (G=1)
T n

6 4

0
SNR [dB]

2l 2. 16x16 A|2~Hlolx] 4 BER H]:L
Fig. 2. Average BER comparisons for 16x16 systems

E3] G= 2= ") Iteration & & IS 2697
o= Aol 8x8 H 16x16  AlxElollA  w)
Iteration % 27} 83 2 16H9] A& IS #l8)s}
= 71 71 o] g9 2 g Al Ak S8
2 15.63% 2 7.03% A= dibeiits ARgsle]
ArkEFRS FA Aakslsdeel®= A3 MMSE #%7]
tin] ZA §=pahe 71 7ol 2k &5 s
< DAFHE EelE 4 ok &, 7] MEE vl 2
o] G=1(L= N;)4 w= 413 MMSE 71Z7]9}
gt 459 7AW G=Ny(L=1)d w7
<& MMSE Hh5 537191 503k 4 BERS 24

gl

2 =ellAs MIMO AJ2~glS- 913F w2 24¢
©] MMSE 1bs 53p715 Alsksisiek Aot 71«4
= 7188 2 A AR s W SR il
AV AR 25 9l 53 RS Asislon, %
&3l 71 71 dip] 2 ke Ao Tell 24
she o5 Aee AT Sles E-lskalnk &
wErellAE 4 SINR 71 1 A A AR
stolor, 1 8 WAle] HAStel wigt s @

f

ofx

939

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-06 Vol.46 No.06

= F3E 4= gk
References

[1] M. Tichler, et al., “Minimum mean squared
error equalization using a priori information,”
IEEE Trans. Signal Process., vol. 50, no. 3,
pp- 673-683, Aug. 2002.

[21 S. Park and S. Choi, “An MMSE based
iterative soft decision interference cancellation
scheme for massive MIMO systems,” J. KICS,
vol. 39, no. 9, pp. 566-568, Sep. 2014.

[31 C. Li, et al, “A new turbo equalizer
conditioned on estimated channel for MIMO
MMSE receiver,” IEEE Commun. Lett., vol.
21, no. 4, pp. 957-960, Apr. 2017.

940

www.dbpia.co.kr



	MIMO 시스템을 위한 그룹 기반 MMSE 반복 등화기
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 제안 그룹 기반 MMSE 반복 등화기
	Ⅳ. 모의실험 결과
	Ⅴ. 결론
	References


