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Abstract ; By exploiting the index of antenna as an additional dimension to convey part of the information

bits, Spatial Mudulation (SM) improves multiplexing gain and realizes a higher data rate. Motivated by

this observation, an SM—based physical-layer network coding scheme is investigated for cooperative multi-

ple access channel. After receiving the two source signals, the cooperation node maps them into traditional

modulation symbol and the index of antenna, respectively. At the destination node, both source messages

can be recoverred by detecting the symbol and the antenna index. The analysis reveals that the SM—based

multiple access scheme achieves a better capacity region than traditional scheme, because the source mes-

sages are conveyed on the independent dimension. The simulation results verify the validity of the propsed

scheme from the perspective of capacity and symbol error probability. Moreover, finite alphabet inputs are

considerred because Gaussian inputs can never be realized in a practical communication system.

Key words: physical —layer network coding; spatial modulation; finite alphabet; cooperative multiple ac-

cess channel
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Fig. 1 The cooperative multiple access channel model
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Table 1 Mapping data y into the antenna indices

Bt y REFT Bl y RLF5
000 1 100 5
001 2 101 6
010 3 110 7
011 4 111 8

- 207 -



www. teleonline. cn

HLIREAR

2014 4F

3 RESMW

R 22 [ 80 ] SRR A 0 )2 O 45 4 L ) 1o
AT LA I DA 3 — [ B G R A

¢:HxX—>R (1)
He H={h, by, b} N CH) D REERES ,R=
(hx, | ¥Ym,nl jﬂ H 'ﬁA TS 46 X ARG S C
2 o SR A A B JE A S5 A My /\75%%0
WYIFRE L EE S r=h, x, AR TOMR A (518 4%
TR C HY5E m MRL L% «, B D BIRRINES,
PRI, ZE SRR G 5C RAE R, % D i & ROk 1915
/J?ﬁ%ﬂ(x,,y,,,)xﬁiT b, o 25 T T

S5 m ARRER K% «, BRI S 2 R
z= /Pihmxnﬂj (2)
Hor g7 o IRNEIE 7220 o A i i,
P, Ry C 5 RS UR, A A A XS s
MBI Po=1, AR G SRR A B S
VR T o BAFTE 2 N T — A ESEREPLAE 5,
I (2) A, 78 3 R K2R & 26 AR A 5 A, 2 IR
WE E A, B R b, 7220 o, H S
p(z‘h:hm,x=xﬂ): lzcxp(— ‘Z_h";x"‘ j (3)

e g

HI T X A1 Y B ST 58 Kt p(h=h,,) =
I/M(Ym) ,p(x=x,)=1/N(Yn), |15 5MHER

FERRE p(z|h=h,) Fl p(z|x=x,) DL B3l FMER 2%
PREN p (2) 5390k

_ 1 1 ‘z —hmxuzj
p(z|h :hm) = N;ﬂ Tra_zexp(_ T (4)
15 |1 hx, |?
p(z\x_x)—ﬁz;‘ Uzexp(_azmxlj (5)
2
P = ( hznxbj (6)
n ln=1 TO g
A (3) FIak(4) TR A& E S B I(xsz|h) A

Iz | B) = Z pr(x_x,,,h h) -

m=1n=1

PGlh=h,,x=x,)

PGlh=hy v =x) by
] M [\ ‘z - hm,xn, zj
v 2 2 f e -2

1 |z = hyx, |’
2P -
yea ag

1< 1 lz = h,x, |
Nz Zexp(_oﬁz

np=1 e

b dz (7)

- 208 -

4 z—h,x, =v, M1F z=h,x, =h,(x,~x,)+v, ¥ B
RSy

N 2 _ 2
0 3 e 2 20 2 0P
ny =1 g

N 2 _ 2

1 + Zexp(_ ‘hm('xn —.76”2)24-’[)‘ ‘ ) ,T‘ioj
n,Z:l g

—O0(FRMEE) I, EXBEHRREIbN, X — 5

B KR RN
o8

Feli, haC(3).(5) & (3).(6) AlHESR:
I(hz|x) FNICh,x32) R
IChiz | ) = b -

AN { i ( | (hy =k, )3, +0 = Lo j]
TR I S (9)
MNmz:'l "Zf m;l b o’

I(x,h;z) = IbMN -

B8 Sala[ £ 5 f Jarb =)

my=lny=1

o AN — LB AR R LS i i

(10)

W € FERT IS BEBR N 20U 5 3 e R

Flw Mg 43 HIEE N s ~ CN(0,05) Kl t ~CN(0,03)

a5 € TP B B 34 SR FH e K b Bz A, R 3R 5 ik
AIERS 2k A B B R BLAR B ik

. ZE[le (||f||2<xn—x,2>+s2—sﬂ

(11)
Hyww) =T -1 ZE[le ( [ el o Hz_zﬂ
(12)

25 b, iAo/ NE E BT, = BB k4%
MAERIR A B PSR AR R, T R, 7575 2
DA 464

RAS%min(l(x;u) J(x3z|h))

Ry<gmin(I(y0) I(hizx)  (13)

RA+RB$%I(h,x;z)



% 54 & MRS AR T TR A BRATEE T SR 5 (R VR ) B 0 ER 2 N 2% S T R 52 W
4 WS Ply. —ry )= 2 Q( Chy, = o), j
4.1 BABIKET 2o (109
HTEEES HMABNEEGTE X AR o x Flx, E/J}i)?ﬁQEA Hax #x, (X]Ly [ H) 15
A, TR, B AT SR T AR, kaﬁwﬂ oy yﬁﬁﬂj By
TECEERAUSREE N 31T \h (x x )‘
(ﬁ,x)—arg/ min |z—h, x, |? (14) Py, = N(N 2 Z 2 Q(f = ]
€ Hox, € X ny=1 20
3 B2 2 [ B —— Xt R S 2, Rt B B
ATHRS . AR TR DA R A A o (20)
MN KBTS, e TIPS Q[“l—")j
A 2 R R B 53 P A A Lo
B TEBE S 2 R A m MR IR T, A (21)
S X PR — A T RERIAT S 2, B [RIH TPERTER € XF x Fy (0 3RA0 (1R 40 2 %
%" —argmm X, bz ,m=1,2 - M (15) o ,
n, , ﬁﬁo A1, - ,) |
B A AT X Sf R ek A 4 N(N P ho
FORLER KT I M T REE R A TR m, B R
- . (22)
m =arg min [z-h,, 2" |* (16) LE o (el -y
PR AT R R R i TO T MO = 1) 2 ZQ[ ho ]
VBT 2M | FIE A B IR S e ff 2 )
4.2 RESED g b AT R T 2 6 2
M [ HAFS R r,, = hx, B EIES A U S Iy 2 (R Ny
z=h x,+v, B (m,,n,) #(m,n),H(14) 0] %I, P.=P,+P, -P.P,, (24)
A, AR, =k v, BOHESE (RN 25 B P,=Py+Py,~P P, (25)
)N
P(r, =T )= Pr(|z=h,x, |*>|z- hmzxz‘ ) 5 (FE&R
(:Pr[Re(v (o) ") e 2h n } LIRS B X ALY $45% QPSK 7554, 1
M=N=4, H % 3% I N 1, R 8 % %
<;>Q(hvnxn-hvnzxnzj (17) RN SNR=1/07 . HIEEIAR SO AR
2a (2 P Pl ao R RO % BE AT  BR A B Y R %

Hdr BB (a) R T 2- ~h,, %, =h,x,~h, x, +v X
AR R AU 2B R (b)) R WO R F
Re(v (h,x,~h,, %, )" ) VE v W AR B ) etk 4 A AT
e AN B oo A, H M 9 0, O 2 8

o’ \hmoc”—hmzxn2 12/2,Q %N
0w =]/ Somd
R (17) , B2 BRI b i) P B 4555 F %ty
A e BRI, BB 5 D Xy B B9IRA S R
AT .
P(x, —>x,) = 2 Q(

b, (x, x,,)j
it T T
NoXos (1)

W LA AR ARSI, —HE 020 dB, D3 4b, R B
AEFBREH YN T=1, B 50 7 B8 — AT i
o<o<1, D ESEHNE—SE, A
HE58

2 s S 7 b ] 7 5OAS [ & 3 1 M8 b 2% 4
T, A B PIAE TR s r A a3, R 25 H 43 7 22 LA
VRIS (st 4y T S iR 2 R F R L 3% )
XFH W IR LU NS5 i 0, IR T AR
HEJEMRAIR] . A7 B R — B R E R
DU I X8, BRI, W P ][] B R AS A R R, L
FE R {5 W BT 3B AR R IF 5 TR DX, 349 AT 42 50 o e i
R, MTER 3 R UR — D = M8 X8, W

- 209 -



www. teleonline. cn

HLIREAR

2014 4F

FH P R S T A G R 32 R R T A B B
G — 8, BB, Hok, FE R & ¢ R k(s
W AR, B o0 A5 0 7 S 5 e UL T AR SO 8
DR A SCRT#E 5 R — R R k3% | ) 5y
TEPZRE KL% K15 B B S 2 (6] 4
il A ST 25 XHE e LA — e Bk, (B BEE S
M B R AR RHERER RIE T R, A
— 8 T ERE A RFE, TUAREFR L E
B, —IRTE R A AR A B AT AL B R K
¥ AIbM=1bN=2 b, K, K R, Fl R, i KIH
¥R 2/3 FoAs/ I B (T B A A R
i R LG SR B M AR R BR , 10 dBAI30 dB X 1)
R EE, FEE R REERFIARLL) .

o o e S — —
SNR=3(dB |
0.6 ___% __________ . :
\ AN |
05 S N SNRSTO A ]
Ty N\ ™ :
T 0.4 \gx;o,lo,so dBs :
~ H |
\"9 0.3 \ 1 !
> F- i i
P I N N\ l
*\SNR=0dB N !
o N N
: AR NN

[ ?\\Q
T 1 !

0.0 ' v

00 01 02 03 04 05
R,/ (b/sHz")

F2 WA A B AR, C Y S k%
{ZW 1 SNR 24 0,10,30 dB

Fig. 2 The capacity region versus the transmit

SNR at C, SNR=0, 10, and 30 dB

0.7

Bl 3 iz AR SCHITR J7 S8R AT PR RE (T B, 7]
U H T PR A B R AR B P AN TR B 2
WA AT, BT PR

10*

0 5 10 20 25 30

15
5% /a8
B3 B R A BB IIRT SRS
PF]Y L C R IEAEMR L FR
Fig. 3 Symbol error probability versus the transmit SNR at C

. 210 -

6 HHRIF

7k MIMO Ji7 i Ff— o 24 B B2 F AR | 23
8 PR B 2 3 B 23552 BC T, Bk RS
— KL TR LGS, PR G T R il T4
Fe [ A IR, R ply T3 00 T — AN (015 5 R 4 4
B HRE T RGNS FAEE . Sak AR L
RGBT, AT i 2 hh A ROR R — A A
A S SRR FE I, M) 23 1) R ) 22 e Rk A
BRI | AT T B T £ 4 S
R ZAEATT R, SR, B TE5 %, 5
T [ ] P R 2 hk 3 A 7 2R RE AR BCHE L i 45 1
S, 2SRRI O %R, 1 2 HA e S bR
T S RIFS IR0 3 i o, A% SO0 A 0 B U2 ) 445
RS RN FEASC T 02 22, A ok Wl 4 J 2 XL
gk PME)TRE A AT AR VY A e ke
2 TR, 23 [ R ) 5 950 4 B 6 D 1 I . £
BHF5E,

Sk

[1] Mesleh R, Haas H, Sinanovic S, et al. Spatial modulation
[J]. IEEE Transactions on Vehicular Technology, 2008,
57(4) :2228-2241.

[2] Jeganathan J, Ghrayeb A, Szczecinski L. Spatial modula-
tion; Optimal detection and performance analysis [ J].
IEEE Communication Letters,2008,12(8) :545-547.

[3] Alshamali A, Quza B. Performance of spatial modulation
in correlated and uncorrelated Nakagami fading channel
[J]. Journal on Communications,2009,4(3) :170-174.

[4] Renzo M D,Haas H, Grant P M. Spatial modulation for
multiple—antenna wireless systems—a survey [ J]. IEEE
Communication Magzine ,2011,49(12) .182-191.

[5] Yang Y,Jiao B. Information—guided channel-hopping for
high data rate wireless communication [ J]. IEEE Commu-
nication Letters,2008,12(4) :225-227.

[6] Lozano A,Tulino A M, Verdu S. Optimum power alloca-
tion for parallel Gaussian channels with arbitrary input
distributions [ J]. IEEE Transactions on Information The-
ory,2006,52(7) :3033-3051.

[7] Xiao C,Zheng Y R, Ding Z. Globally optimal linear pre-
coders for finite alphabet signals over complex vector
Gaussian channels [ J]. IEEE Transactions on Signal Pro-
cessing,2011,59(7) :3301-3314.

[8] Harshan J,Rajan B S. On two—user Gaussian multiple ac-
cess channels with finite input constellations [ J]. TEEE

Transactions on Information Theory,2011,57(5) ;1299 -



5 54

AR AR 0 AR AT BT A ST SR P 2 0 3 6 ) A B 0 2% 4 ) 7 56

2

1327.

[9] Mohammed S K, Viterbl E, Hong Y, et al. Precoding by
pairing subchannels to increase MIMO capacity with dis-
crete input alphabets [ J]. TEEE Transactions on Infor-
mation Theory,2011,57(7) :4156-4169.

[10] Zeng W,Xiao C,Wang M, et al. Linear precoding for fi-
nitealphabet inputs over MIMO fading channels with sta-
tistical CSI [ J]. IEEE Transactions on Signal Process-
ing,2012,60(7) :3134-3148.

EE '

WA (1981—) , Lo, fEE KR A, 2003
AT LT TR 2 e 3R 2 07, B A i
A TR ARE T AN T 5 5 B B
ARAF BRI, 35 Z0 5T 7 A S A
TR WA A

LIN Shao - jing was born in Yongtai, Fujian Province, in
1981. She received the B. S. degree from Institute of Electronic
Information Engineering in 2003. She is now a graduate student
and also an engineer and lecturer. Her research concerns elec-
tronic and communication engineering, Internet of Things.

Email ; ywygxr_@ aliyun. com

AU (1987—) , 55 T HE M A, 2009 43R f5 TR
Bl A2, BUOM AL 63886 A I HHL T AR ;

DU Er—-feng was born in Zhengzhou, Henan Province, in
1987. He received the B. S. degree in 2009. He is now an assis-
tant engineer.

BHR(1987—) , U5 TLPEF BN, 2009 44 7 T
B S VA1 15 B8 I BN o L R ) e o

GUAN Xin-rong was born in Yudu, Jiangxi Province, in
1987. He received the B. S. degree in 2009. He is currently
working toward the Ph. D. degree.

211 -





