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ABSTRACT

In this paper, we propose a compressed sensing-based signal recovery technique for an uplink multi-user
spatial modulation (MU-SM) system. In the MU-SM system, only one antenna among /V, antennas of each user

becomes active by nature. Thus, this characteristics is exploited for signal recovery at a base station. We modify
the conventional orthogonal matching pursuit (OMP) algorithm which has been widely used for sparse signal
recovery in literature for the MU-SM system, which is called MU-OMP. We also propose a parallel OMP
algorithm for the MU-SM system, which is called MU-POMP. Specifically, in the proposed algorithms, antenna
indices of a specific user who was selected in the previous iteration are excluded in the next iteration of the
OMP algorithm. Simulation results show that the proposed algorithms outperform the conventional OMP
algorithm in the MU-SM system.

2 e 20139 % A EEH ] AR gl aiete] s AR A Whol 3%l Z191(2013R1A1A2A10004905)
First Author : Department of Information and Communication Engineering, Gyeongsang National University,
jhpark.win@gnu.ac.kr, 33|

Corresponding Author : Department of Information and Communication Engineering & Institute of Marine Industry, Gyeongsang
National University, bcjung@gnu.ac.kr, 4131

Department of Information and Communication Engineering & Institute of Marine Industry, Gyeongsang National University,
twban35 @gnu.ac kr, 4131

=rHE  KICS2014-05-211, Received May 31, 2014; Revised July 9, 2014; Accepted July 9, 2014

424

www.dbpia.co.kr



s

N
>
ot
r:{_{
E
B
>
>
o
=
>
z2
Sy
23
o>
N
rn:
2
fol
I
e
N
kL

[.AM 2
| vlg)- &3 A]2E(Multiple input and output,
MIMO) el gkelvke] ZHs7t vl w2
Massive MIMOA|Z~&lo]| tg} o177} hils] z]s)x
2 Yl Massive MIMOA| AEIS 2191 §84], =
> AFE 59 S 7RIck vb g o] Al
Al vl B EVEE B ARSSE] el Q1A F
ZHENAZE ZHAAEA, CUA] Bl EEA A, Al
EAE A 59 = EARl) o] EAIS §
ZAslr] 98t digke 2 7k 2 (Spatial Modulation,
SMy7|He] Ar=E e, 7z 71H-e gk

7Rk REAIQle] EA|3= Massive MIMOA| 22 H]
¥} 2] gheuRe] 9= 7]5529] Massive MIMOS}
ZA]RE RFA|QIE 1747 SRl Alz~wle|o) wahad
F7PZE 7S QAM A8 22 WxE A8 S}
Ao gle} qldlre)] HH G Aloja] Hglc) o]
o F7bHz AJ2Ele REAQ 93 BAx, Al2E]
o] =7], 7S &Y 4 9k

t}AE A Multiuser, MU) 3304 37z

719E ALsks oEsAA F2hEE (MU-SM) A
28l 31738 wEsha, 71%2] Massive MIMOA| 228l
72| User= 170 oAe] A% el E 71 = 9l
©m] RF Al <telte] et sdsi Exisk=
Hh, b l/“‘“ 742l User= 170 ol A
% qeJE 7 )3l RF A|ele 1719t &gk}

S He] 489 EAEA AL A2
Tl FEAsRe] AP} 1 EAE A
S TP, 27 o] ALgAPE EAlsHE 4]
28 2748 713 7%l Maximum Likelihood
ML) 27148 Teisle] $A415.2 22sjodeh,
Tl ML A% 7199) 1% Babee <ls) A1)
& e Qs S Al 7Tl <
b -2 AR A" 3734 MLAE 719
o] As EA=r) vig- SRR mepa MU-SMN
26 5‘r7ﬂ°ﬂ/ﬂ - S B L o B g R B
F BAEE /A AE Aol st 71Hel
st

H 0131 3l AlS 4% 7]1:1-19/] izd—: UZ{]E— 'Eﬂi
7] 8l FEA1X)(Compressed Sensing, CS)7|H =
o]43t 2152 A% whHo] Alok=] ). MU-SM 4]
2ol A ohgAlgAE A8l Al Aol A
2] 71 A% Bl A9} vlg- fAkskcl MU-SM. A
2Hlof o] =l Als Blell kAl 71ss A8
& AA ARgAe] gt N7 AR A el A

Holgjokst oJA]Eq W] o)} Ealaly, AsE
] A d=AIAIFEA G4 00] ofd AlE
e )
oA H4E AFTE BYs= 7Y F A
Orthogonal matching Pursuit, OMP)7]%
Yo BT g u|aa 9453 A58
i gl OMP7 R vl L]»:LJerg o
Alsel i gate] Aert 58 <l
AX1 % 9] support(non-zero) JE~Z 1712 Al
A3lo] HEA o7 ST E Bdsl= 7o) &)
A% OMP7IH& AXALEE H0% ul, H49] 4%
S Mol ML7|Hel B3 B Ux|ut Ao
Aap) ol 2 kel ek B2 OMPe] 4%
& /W43 $15) Parallel OMP (POMP)~]o] #Iqk
HIel POMP7IEE vl WM 174]
Support"’]t*‘/\—e— Aesl= oMPS} He) M(> 2)
9] QlElAE Aulsle] B o Z OMPHAL 43
F A el v M09 B4A1E - APK(Residual)
7} P A BAFE HEHo R Ausls 7)Y
oItk POMP 7] OMP7]Hlel wls}e] kst
My Z71slARE Adgo] v 93 e oeA

_1

L r[r
(o
J{N'
r'_u
0_.

= o
oX!
&
Zi*

o
Rl
_|.\_4

t 2 e orlo Rl
>l E
2

o@ —‘)'

_l

< F7HE AzgledlA] 57 HEE o83t
o] ZAstEl gl EAE AEshe 7|He] Aljt
AP [8]ellA Algkel AlE HAE7 1AM ARSEl
GEANN YL 7 EA o7 OMP LazE]Eel] 7HksE
53], palilsel Adaeate] Ates o83}
o] $4141%9] support A HYAE S o /‘}'& = A
G 7 Ao A5 Aarslel HaE Fe
o) e ALgeh et (8l %ﬂ»%x} g
7do] arf=A] ook AR ARk E UES =
oA vk ARSARE HiolelE AAl $A17E ARSAE
A& dyelEo g A7 ES 83 o

.ﬂl

T A2 AN, Pl dFA el

F3h 7120 eFAkeAt AET e AR daelE

o] AAEUL FAANHeZE OMPL | E0]
[e]

aeE ek el [9]elA] AAE dae]EE E =
ol A 285l MU-SM. A|2dloll 22 28308
7d-5- MU-SM Al 2=le] SAd0] ae=|7] edol Ads<]
= i B S ARCR - FA S =
B =Rol|x]E 7]Ee] OMP7 %S MU-SMA] 2~

o] 283kl ML7|"jell vl3le] HAtEE Fo]ar B]
A Aso] 3 MU-OMP7|¥Z} POMP7|H
MU-SM A|~#lo)| % 551= MU-POMP 7]%-< A

r& o ]al n‘-L-

425

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-07 Vol.39A No.07

Jo=
1

2 i .
0| 27l 4= MU-SM
plACAs = T/]—

ala, AlEHeS Fal =
2 o 2o A EIc) # = Al
2uEle] BAIRES ANstaL Alsm S A ARl %
37 ell4 MU-OMP7|% 3 MU-POMP7|#-& A3kst
ok Al 47ellA Al”KE 71HESY] AsAs SlgE A
el AlEdlelAd A vella, Al 5= AR
< AAEL
I. A|AH ZE
£ ol 2 ARARY] Al <kl S 1A=
o gt} 5, AR 5 N, N, K= ZHF el

Wiet. Z2la 2h AR AR 1) ofAde] qkelvE 7
4= QAR RE A2 7B 74lvkar 7R stodet. of

2ha] B =Rl wEsks MU-SMA|2Ee] AFsfe)
3 AFES v #o] A

b= K(|log,(V,) | +1log,|S|) )]

714 |« | & wgeln, | S| wixsl AEe
Ao Slelae) meb Rl e 1S

ye CN,.>< 1‘_L;_ 83} o] wEECh
y=Hx+2z &Y
71 He OV Ve 2 areate) AaEe

7122 Eo] ®BHE PH2A] b 48] Fqfo] 00
H-2to] 12] Complex Gaussian SNHHFEZE A5 )
x

e NN 94 3

3
(<]
HE AlMS) e 2 SAo] Sick A elA K

Agare] Hals oWy o ge o™=
T -
o=z, 2,7 - g ] ok olw 71Ee) A%

719el ML o2 B8 A% ¢, & oot 2
o] gL

Bl

426

x,,;, =argmin ll y— Hz |l 3 3)
T

714 K¥el ARt | S| e AE s
Aege u vasierdt e & (15| N,) Heke
Zolct. weha] Abgate] Smel 7k Abgate] SAlgle]
w7l a4 ie7E Sk ML 71 A
% Biws} o) Sl

. Hekst MU-OMP % MU-POMP7|H

A,

FANE Yok y=H,z% olgs] a3
(Residual) 7=y — y< F3H}.

o MRl < Hr> & B T A A
w7t 2 Queng ol Adl| F71skar, 2w 3
WA S K— 19wk,

mREte 2 U go] HE 24 Als} Hrk

B =RoAE 7122 OMP7|HS MUA|~H 3}
o 24 3l A5S MAE S 9= MU-OMPY|
3} POMP7|H-& MUA 28l 370 21 8- 5}¢] A%
W43 4 9)i= MU-POMP7|H-S Alekglc). Ak
F MU-OMP7]%2] F=8 olo]t]ol= MU-SMA| 2]
AEA T 2 KN, 09 et Qe 2 kg
ApgAre] AlEE A <R} Qe
N, (k— 1)+ 138 Nk7x1e] 723l a3k
o] ZAleh= 543 HelS o] FErh=y] glrk oA

% flo of od

lo ¢

oy

www.dbpia.co.kr



| il ol2] el el A
o] FRIbIAE t] o] TRE Qe

N
N
r>~
=
i
e
o
tlo
i
OE
o oL
° 2
K
3
Lok
il
flo
N
I
> 4
30,
fu

ri

7149 s N ‘LP Parallel OMP(POMP)ﬂ‘”%
MU-SMA| 28] $Hel 28 3lo] A5 7HAdS sh=
71¥e]cl. MU-POMP 7|¥H-2 M9l MU-OMPIA
= WEAoR 9 3= v|HeRE M=1 A ¢
MU-POMP 7|¥-& MU-OMP7|#H22 E23t} 1
gEg B =FdkE MU-POMP7 2] Sa)zx]qt
< AAEIC

MU-POMP &u8|&

=

AR yEe ot

. iﬂ‘éﬁﬁaﬂ = CN X N.K
- AdeEe] A o h
AR K

-4y MU-OMPHA 7= : M

=2E
U= m(1 < m < M)HA MU-OMP ol
A t(l <t < K)As) dkEapge] Adus ofe

gldlmof sgshs ARSA}e] nE olgh) dAE
A
= m A MU-OMPFFA ol 4] ¢ A wkealsy
o] AHwrt A =8 gy QldAE A3
e s MU-OMPHA oA ¢ kel

o] 43} e
z

L2 ml<m< Mol sk 7‘6” =y,

A (meE1,2,...,M)2] A~z AAd} 524
2 ofele} 3tk

, KN, ,
At = argf?ji(‘ <y7hi/ Al ) |

, KN, ,
A =arg max b ||k,

t i:1,i#)\t]|<y () ” 1||2>|

KN,

/\t3 =arg max
i=1,1

‘<y7hi/ [y 2> |2

KN,

max

M _
A, =arg
i=1,i% AL

IR R STk

m(l < m < M)l ale] o2 e Seat

oo

o

1. Qe <lels 7 7b g ARaRje] b Qe

2 BEE UM ol WEsta, NS A" ol HEst
k.

k= [A'/N,]
L={N,(k—=1)+1,N(k—1)+2,..., Nk}

U"=U" U
A= A7 U

2. Pseudo -inverseE F3l A" 9] AT o]Foizl
St AddEe] d5s S y =
P" & ARs gt Axkl A1 olele)
Zt}
Py () )

57 =Py
3. F9E s ) T A ) ARl

updatedtcl.

y, =H,x/

ri' =y -y

slel 2715} S 5
HPE'—D‘rﬂ]i doiziet.

< Mol viste] o}

421

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-07 Vol.39A No.07

1 A=} sk Aapebe AdaE F UL ) Q9
& AISIgE 7 o] AtErt Zha 2 e qlels
= G4k oo olEs N 2 AR 5
e ofel zel,

KN, ,
N =arg max | (ris ok )|
i=1N\0",

2. Sk} Qe A7 b E3E ARgAbe] Qe ald)

s BEE U] Wk, AR A el e

£

k= [/, ]
L={N,(k—1)+1,N,(k—1)+2,..., Nk}
U"I %71 U _[k
A=A UA{AT )

3.7 m(l<m< M)A  oIsk]  Pseudo
-inverse S 3] A" YAaE o]FoiR HE A

dage] W5E S g NG P &

z/ =Py
4. FRE 4% y '3 AR r Allsle]
update3lt}
G = H !
"7 y y/;",

5. t< Kol t=1t+ 1% 38tz ukEstA 12
oz} t = Kolwl AdetA R Joizic}

My eby):
1. WHEgHAlelM wWy® 55 M0 el
re(me1,2,...,M)E
AT AEE A Bd4s p 2 AL
m=argmin || | )
m

z =Py

$19] daEjFelr] B A= 7] MU-POMP &
E]E M7Ne] MU-OMPIA & WEz o2 423
5 Mo R 445 F AKResidual) 7} 7

428

A MU-OMPHA9] HAls s #F Sdilse
Adigrozn o 58 Fole AT 28

el otmz|Zo|t)

= z&oﬂH—L— Alekgk  MU-OMP 7Z74>
MU-POMP 7&71He] A% A4S $Isle] #37E]
*lvEr‘ﬂﬂOl*dg Tﬁﬂs}"ﬂ# MU-OMP A=71%4+4
MU-POMP 71&71%e] A% vl=2E ¢l ME 4, 8,
leo2 77t %7}*17]‘{4*% Al EHolAS aslsick

I3 1, 2+ SNRo| "2 Symbol Error Ratio
(SER)< HeP|ar, ©7]4 SNR Al t}g3} 7lo] 5
o1Zlc}.

El| Hzl?]

SNR =
EllzP]

@

=32, K=8% 7Wslx
AlEzx o“‘_:‘i' QPSK7} ARSEITha 7P g o]
A|2=Hle] dlofe] ATES (1)S |83t Axkshd
b=320ltk I8 2= N, =8, N, =32, K=8%

7HA3la QPSK7E Al Wzl ARXIttar 71AJgiek
xolgl tﬂ—/ﬂ_i dlo|g] H4EES A]A]-;g].ui b= 40
oJth. C-OMP= 7]1E2] OMP HZE71HE viehiiH,
C-POMPE  7|&2] POMP 74’ 7S e
MU-OMP$} MU-POMP+= AR 7&E7 1S 7+
vehdict. M= 4,8, 16-& MU-POMPS] %7] 3l
2 A TS 4, 8, 1702 7S W] A=

TR

£ 2

Nt=4, Nr=32, User=8, nt=1, QPSK, Bitrate=32

[ ComP

7| +-sowp

- |-e-CPoMP (M=)
" |-e-s-POMP(M=4)
~E-C-POMP(N=)
_ |-E-sromrm=e)
- | B-CPoMP(u=16)
|->-srovpime1n)

] 2 4 6 8 10

33 1. N, =4, N, =32, K=8, QPSK ujl Ak MUOMP,
MU-POMP 71%7|92] SERA%

Fig. 1. Symbol error rate(SER) of MU-OMP and
MU-POMP detector for N, =4, N, =32 K =38, QPSK

www.dbpia.co.kr



Nt=8, Nr=32, User=8, nt=1, QPSK, Bitrate=40

~-C-OMP
=+-S-0MP

~©-C-POMP(M=4)
65 POMP(=4)
B C-POMP(M=8)
1|-8-sPomp(u=s)
=B~ C-POMP(M=18)
B S-POMP(M=16)

02 2. N, =8 N, =32, K=8,QPSKd
MU-OMP, MU-POMP 7&71%¢] SERA5
Fig.2. Symbol error rate(SER) of MU-OMP and
MU-POMP detector for NV, =8, N. =32 K=8, QPSK

A|ket

ehict

a3 13 27 204 7]E2] OMP7 el vls)] Al
g MU-OMP7|Ho] Hr} £ A3 5 A5s
e ohe AL & 5 gtk m=3 Mo FERE A
gt MU-POMP3} 7]%2] POMP Ad5°] 7NAl=&
= gl 4 olrk 5 AL M) =
|8Fsh= MU-POMP7 |43} 71E2] C-POMP 7]%2]
g52to)7t Atk Zo|t

_&N\l I"O

¢

-

s,

gl
pil
Rl

e

2
=

V. B

B =l A&= Multiuser $HF¢ll4 SM7 %S 44
g MU-SMA|z="lellA] 241 Al5.8] 7% s 714
T+ AUE GEA7IH 71 MU-OMP<}
MU-POMPZAZE 7"]-& Alksisich Algket 7HE2
7122 OMP7% 3} POMP7 |9 H]3le] AX o] 3=
< A Hebdth o] 24 #HAA5S vehll= ML
Z 71 71A=e] gl AR Sk
= BAlnr) sk o R SR uleia 2
F=rollA] Ak EAlAd ) MU-SM. A 2=Hle] 54
< Al 128g MU-OMP, MU-POMP-- &H4-514
ShuRE A B il ARgstar, aefshe At
kel 7k vl B 5G o] 58Al Alzwle] wg-
a3 Aeog dAghEr

3}
=

oY, [

7

)

References
[11 F. Rusek, D. Persson, B. K. Lau, E. G.
Larsson, T. L. Marzetta, O. Edfors, and F.
Tufvesson, “Scaling up MIMO: Opportunities

(2]

(3]

(4]

[5]

(6]

(7]

(8]

[

and challenges with very large arrays,” [EEE
Signal Process. Mag., vol. 30, no. 1, pp.
40-60, Jan. 2013.

R. Mesleh, H. Haas, S. Sinanovic, C. W. Ahn,
and S. Yun, “Spatial modulation,” [EEE
Veh. Technol, vol. 57, no. 4, pp.
2228-2241, Jul. 2008.

M. Di Renzo, H. Haas, A. Ghrayeb, S.
Sugiura, and L. Hanzo, “Spatial modulation
MIMO:
opportunities and implementation,” in Proc.
IEEE, vol. 102, no. 1, pp. 56-103, Jan. 2014.
N. Serafimovskil, S. Sinanovic, M. Di Renzo,
and H. Haas, “Multiple access
modulation,” EURASIP J. Wirel.

and Net., 2012:299, Sept. 2012.

D. Donoho,
Trans. Inf Theory,

1289-1306, Apr. 2006.
J. A. Tropp and A. C. Gilbert, “Signal
recovery from

Trans.

for generalized Challenges,

spatial
Commun.

IEEE
4, pp.

“Compressed sensing,”

vol. 52, no.

random measurements via
orthogonal matching pursuit,” /EEE Trans. Inf
Theory, vol. 53, no. 12, pp. 4655-4666, Dec.
2007.

S.-W. Park, J. Park, and B. C. Jung, “On the
sparse signal recovery with parallel orthogonal
matching pursuit,” JEICE Trans. Fundamentals,
vol. E96-A, no. 12, pp. 2728-2730, Dec. 2013.
C.-M. Yu, S.-H. Hsieh, H.-W. Liang, and
C.-S. Lu, “Compressed sensing detector design
for space shift keying in MIMO systems,”
IEEE Commun. Lett., vol. 16, no. 10, pp.
1556-1559, Oct. 2012.

B. Shim and B. Song “Multiuser detection via
compressive sensing,” [EEE Commun. Lett.,
vol. 16, no. 7, Jul. 2012.

429

www.dbpia.co.kr



The Journal of Korea Information and Communications Society *14-07 Vol.39A No.07

8t M = (Jeonghong Park)

2011 29 : =AY SRS
REEEREL

2011 3~EA At
AngAgehs Aupgg
Ee

<3¥ o> Compressed Sensing,
AAle) o154 A|2HAG,

Beyond 4G, and 5G), 7t ™, MIMO, 4t

bt Al

Ht Ej 2l (Tae-Won Ban)

199813 2 : ZHoysk
F&ta) At

20009 24 : A5 Az}
F&t AAL

20101 29 : KAIST #7131}
Z&t) ual

20004 29~20121 8% :KT
Y ES T3 7F

20121 9d~&A : At ARFA S} e

<FAil ol o5l AdHE], HiHE], ¥y 2
FAEA, AAEA, TG I AN ol5E
Al Al

ZIbd

k|

430

A gt A (Bang Chul Jung)
~ 20021 24 o5 Az}
T3 At

o 20043 84 : KAIST AxpPAAk

— 31 AL

2008 29 : KAIST AxpPAAE

331 whab

20084  39~20094 8Y:
KAIST IT 3114 o4

2009 94-~2010d 29 :KAIST IT -§3dt4i
ATl

20104 3%4~2014 2% : AN A REAFS}
I Zug

2014 39~A| : AN A H5AEs e

20104 44~3A) : KAIST IT §3<1714 AX 2

<FAFol FAFA, FAH AlEAe], AHHolE,
SFAA, AA o)5EAl Al=H, FAEAl 7H
A

g

www.dbpia.co.kr



	다중사용자 공간변조시스템에서 압축센싱기반 신호복원 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 제안한 MU-OMP 및 MU-POMP기법
	Ⅳ. 모의실험 결과 및 분석
	Ⅴ. 결론
	References


