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ABSTRACT

In spatially multiplexed MIMO systems that enable high data rate transmission over wireless communication
channels, the spatial demultiplexing at the receiver is a challenging task, and various demultiplexing methods have
been developed recently by many researchers. Among the previous methods, maximum likelihood detection with QR
decomposition and M-algorithm (QRM-MLD), and sphere decoding (SD) schemes have been reported to achieve a
(near) maximum likelihood (ML) performance. In this paper, we propose a novel signal detection method that
achieves a near ML performance in a computationally efficient manner. The proposed method is demonstrated via a
set of computer simulations that the proposed method achieves a near ML performance while requiring a complexity
that is comparable to that of the conventional MMSE-OSIC. We also show that the log likelihood ratio (LLR) values
for all bits are obtained without additional calculation but as byproduct in the proposed detection method, while in
the previous QRM-MLD, SD, additional computation is necessary after the hard decision for LLR calculation.
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F 2. ekt A13AE /HEES dERE

Complexi
Operation Mulﬁplicatizn ti;ivision '
MMSE 496 8
MMSE-OSIC
(SINR based ordering) 1134 28
Lattice Reduction
Aided OSIC 2906 180
QRD-M (M =16) 2560 4
Ak vk (M =1) 822 6
Ak v (M =2) 1182 6
Ak kA (M =3) 1542 6
Alokel WA (M =4) 1902 6
ML 524,288 0

MMSE, MMSE-OSIC, QRM-MLD, A3t A&
7% 7o AARBAEE ¥ 1,202 A3

E lllAdE A" 7pgel dibEgies A
A 71E39, E 264 4x4 MIMO AJ2Elof
243 AL 7 AsAE 7Ee AbEARE Y]
@3kgdl & 28 E3] LRADI QRM-MLD
M=16) 7182l 7% ML 7l Bl3}ed g e
AEAEE 7 S FAY 4 glrk 22
MMSE, MMSE-OSIC ©f nl3le] o9 =& 34k
AxE 7k Al 7Y (M=2) MMSE-OSIC
o} mgk iEAlEE sEIch QAEAtEE
MMSE-OSIC#} H|s=31A|wr A5 ML A5 A
o] FUHE vhe AellM malch

VI. ZoJAlE A1}

E 3. 23 delulg

Parameter Value
no. of transmit antenna 4
(m)
no. of receive antenna 4
("M
FFT size 64
Data modulation 16QAM

10 OFDM symbols
Convolutional coding
(rate=1/2)

Viterbi decoding (hard/soft)
Ideal (Known CSI)

Frame length

Channel coding
/ decoding

Channe!l information

F 33 Al moAldge 2abld 7IAE MIMO
Aadl mds saksle] g =Zlel 10704
OFDM A2= o]Feizl 4504l ey} 2+ 4714
Ql 4x4 MIMO-OFDM Al~#lS 71HEC 2 16QAM
wzakale)  disled  AEHelA vk kA
OFDM AlE-% 218 MIMO AlAH|e] ql&3dAs
ol A3} o] 37 & 4 glck

ylk] =HIk]x[k] +nlk] 13)

o714 ylk] = [y, K] o [k -y, (K], nlk] =
[n, (K] ny (] ..o, [R]] 7, 22130 HIk)= b KE 7R
nxm A dBolck h K& kA AW FhellA
A A ke A Al gkl Ale]e] ok
ZFR2 Ade Fue $HE delich =3
MIMO-OFDM  A|2gl& 7+ - Apdrh AwAde]
A, sAlgellAe] F7]e s FAdca
a8 594 tlekgl 413715 719 Frame Error
Rate (FER)S RoiFEch, MMSE$L} MMSE-OSIC+=
ol & AedslE HolFrh LRA OSICE =2
ArrEREE Rz 1079 FER #¥ell4 MLl
vlsle)  SNRS 2dBS]  AEdskE: sKEch
QRM-MLD (M=16)7 Ak 714 (M=1)& ML}
79  E4d FER Aeg Heth  7|&¢]
QRM-MLD¢l H]3le] Ak 71HE wi¢ 2 »
#He =2 ML A5 A9 Y4 A5 7k A
P (w=1,2)9 ibEREE V]S
MMSE-OSICX T} Y} T8jng Axs) odasx
=2 2 AY 712 ASHE 7 ulalo

a=
2 e Ak

Power delay profile
e o o o o
n w A w0 »

[od
-

0 2 4 6 8
sample index

O3 4. 2A3el A" A4 Power delay profile
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Coded FER

) H :
—E— MMSE
—4— MMSE-0SIC
—=— LRA.OSIC :
—€— QRM-MLD(M= 15) T -
ML R A Y B R
—B— Proposed(M=1) ; ; H H H

4 6 8 10 12 4 16 B 20 2 24
Eb/NO(dB)

10

38 5. MMSE, MMSE-OSIC, LSA-OSIC, QRM-MLD
M=16), ML, gk #2l9] FER A%

a% 6, 7& M=1,2,34 A 75l diste] A=
A34% 71Ye] FER *gzg Holrh Id 62
LLR #& AM83FA] 93 hard viterbi decodings
g Zolx, ¥ 72 LLR 3 o83l soft
viterbi  decodingS & 7‘1015} hard  viterbi
decodingS AHE3 o 7B 2R Fwo) sl M
=130 A-fel® ML A3t 79 Sd§e &l &
F ik 2 ad 78 Bl o & slRe] ML
 Asrch F MzkE AR8Stedek soft viterbi
decoding®l*4] & SNR gaing 4-& 4 gk o]9}
7¥o] soft viterbi decodingA] & MEE ol-E-slof
e olfre wie W Fr wElE AHSle] LLR
g Axstedol A&t LLR Foll 24317 &
o]tk

Coded FER

—E—Pmpnsed(M— Y[

+Proposed M=2) }--

—r— Proposed(M=3)
—$‘— Proposed(M-—A) A

4 5 B 7 a 9 10 1" 12 13 14

Eb/NO(dB)

O3 6. AR WAl FR dE (M=1234) A BE
FER A% (Hard viterbi decoding)
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Coded FER

—6— Proposed(M=1,HARD)
—B— Proposed(M=1,SOFT) [--

Proposed(M=2,SOFT) [~ e
Proposed(M=3,SOFT) f---4------1- VERR R S
—¥— Proposed(M=4,SOFT) H | \ H

4 5 ] 7 8 9 10
EbMNO(dB)

2 7. Ak W Fu oAl M=1,2,34) el &
FER 4J5 (Soft viterbi decoding)

VL. 2 B

B =FdAe Az AEHE 7EE Agss
c} Aok AlF3AE 7|9H-E MMSE-OSICE 7uke
2 gk} ey 712 MMSE-OSICSH:= the uha
2% ML metric 32 o]&sle] Ty AE-S Al
sle] 1 welE ST FAlel LLR 3 A
s Hrt ol9} 2k Algke s sl A13A
Z 7S AR Ades dHskAl vlastksl
t}. o]& F4f sk 7" MMSE-OSICS} vl
3 BAEE sAwA] ML A9 Y% A5S
7HE #d 4 slok 71€2] QRM-MLD, list
sphere decoding, LRAD®} 72 Al371% 7|HlA
£ BE H|EQ LLR & Al olelde] &
AR Rl Algkd 7)1%-2 hard decision %A <llA]
=1zl ML metrics AMS3lel F7PE]l A4t
Mol BE w]EQ] LLR & AT 4 ich

4
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