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Abstract— Wireless networks have quickly becometpdreveryday life. Wireless LANs, cell phone neths
and personal area networks are just a few exampbdéswidely used wireless networks. However, wireless
devices are range and data rate limited. A generadl spatial modulation (SM) scheme with multipletize
transmit antennas, named as Multiple Active- Spdatislodulation (MA-SM), is alternative to the STBC
system. It allows several antennas to be activeutiameously to achieve high transmit rate. In the MSM
system, the transmitted symbols are mapped intogh ldimensional constellation space including thpatial
dimension. A general principle for designing the MBM code is to carefully designing over the antensets
and the rotation angle applied to symbols, moreatsity gains are available. Finally, these GSM tethues
are implemented in MATLAB and analyzed for performee according to their bit-error rates using BPSK,
QPSK, 8PSK, and 16-QAM modulation schemes. Simalatiesults shows that BPSK produce a reduced bit
error rate. A closed form bound for the bit errorg@bability (BEP) of the proposed detection schemsealso
derived in this paper. Numerical results with themparison among the existing multiple-input multipl

output (MIMO) systems such as space time block c@8&BC) and V-BLAST demonstrate the efficiency of
MA-SM.

Key Terms: - Generalized Spatial modulation; Spatimodulation; vertical-Bell lab layered space-time;
maximum likelihood detection; multiple-input multie-output (MIMO) system
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. INTRODUCTION

MIMO is a wireless communication scheme which eitplthe space dimension to improve wireless systems
capacity, range and reliability comparing with $tngntenna wireless systems. It offers signifiéaoteases in
data throughput and link range without additionahdwidth or increased transmit power. It achievés goal
by spreading the same total transmit power oveatiiennas to achieve an array gain that improvespbctral
efficiency (more bits per second per hertz of badtvy and/or to achieve a diversity gain that im@®the link
reliability (reduced fading). Advantages of MIMOssgms include [1], [2]:

» Beamforming - A transmitter receiver pair can parfdeamforming and direct their main beams at
each other, thereby increasing the receiver’s vedepower and consequently the SNR.

e Spatial diversity - A signal can be coded throulgé transmit antennas, creating redundancy, which
reduces the outage probability.

e Spatial multiplexing - A set of streams can be graitted in parallel, each using a different trarismi
antenna element. The receiver can then performagpopriate signal processing to separate the
signals.

The STBCs offer an excellent way to exploit thetighadiversity gain because of the implementation
simplicity as well as their low decoding complexj8}, [4]. As a special family of STBC, the orthagd STBC
(OSTBC) has attracted attention due to its maxinikelihood (ML) decoder with linear complexity [5].
However, it has been proven to be impossible tosicaot full-rate full-diversity code for more thawo
transmit antennas with linear complexity [6]. Thesnwidely used V-BLAST scheme can achieve a maximu
multiplexing gain by allowing simultaneous transsid® over all antennas. The high capacity is oktiby
joint ML decoding for the data streams at the remeibut the complexity grows exponentially witle thumber
of streams. Similar decoding rules that provide stfbrmation to be fed to the decoders of indidtidata
streams are active area of research. However vidiiéahle linear sub-optimal decoders for V-BLASTch as
linear decorrelator, successive cancellation ameali minimum mean square error (MMSE) [7] have show
degrade the error performance of the system sigmifiy. Besides, the Inter Channel Interferencd)(EDd
Inter Antenna Interference (IAl) make it extremelifficult to decode streams linearly with negligibystem
performance degradation.

Recently developed MIMO schemes reveal that capgeiin could be further achieved by introducingtispa
dimension which is coordinated by the antenna eslideganathan et al. have introduced a so-calbe® shift
keying (SSK) modulation scheme for MIMO channelsvinich amplitude/ phase modulation is eliminated an
only antenna indices are used to convey informatBnce only one antenna is permitted to be actiwing a
time slot, the ICI and IAl are totally avoided, whiresults in further simplification in system dgsiand the
reduction in decoding complexity. Also, a novel extte approaching even higher capacity by combirtieg t
amplitude/phase modulation techniques with anteéndax modulation, nhamed Spatial Modulation (SM), is
proposed to extend the constellation into a threeedsion one (both the complex plane and the dpatia
dimension are involved) [8]. Symbols are emittednfra selected antenna after being mapped through a
traditional modulator. Therefore, the informatias donveyed not only by the amplitude/ phase moidulat
techniques, but also by the antenna indices. Theahd IAl in SM system will also be avoided if onbne
antenna is active all over the transmission. Hethee low complexity decoder is capable of prominent
performance.

Both the SM and SSK modulation systems allow fa’ @ttive antenna to eliminate the ICI and IAl, @i
however, limits the exploitation of spatial dimemsiand design flexibility. Recently, an extensidnSi,
named as generalised SM (GSM), which allows sevenétnnas to be active simultaneously. In order to
achieve high transmit rate, GSM requires a largaber of transmit antennas that increases the cotibyplef
the system exponentially. Space Time Block Codipgtial Modulation (STBC-SM) scheme, in which SM is
combined with Space Time Block Code (STBC) to exgigh spectral efficiency from SM and enjoy caglin
gains from STBC. At the transmitter side, mappedlsyls are emitted from several chosen antennastadieg
coded with STBC encoder. At the receiver side, matiulator combining ML algorithm along with the diar
STBC decoder is shown to be optimal. Similar to STBTBC-SM suffers from either low multiplexing gair
high computational complexity when the block code £xtends to more than two. Since the ML decdaler
STBC-SM employs an exhaustive search of antenrsa thet decoder complexity increases exponentialitha
antenna subset expands. Both the low multiplexaig gnd the computational complexity limit the apgbility
of STBC-SM significantly.

Il. MULTIPLE ACTIVE SPATIAL MODULATION

A. Generalised Spatial Modulation
A Generalised spatial modulation scheme, where ritipg on the bits to be transmitted a certain data
symbol as well as a certain beamforming vectorhigsen. The receiver then has to estimate both dbd u
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beamforming vector and the transmitted data syrfdrobeing able to reconstruct the originally traitsed bit
sequence. M complex data symbols are simultanedrehgmitted using M different antenna elementas th
directly increasing the achievable data rates ligcéor of M in the ideal case. However, due to ithfeerent
inter-channel interference (ICI) of such systenasher complex receiver structures like maximumliiie@d
receivers are required for achieving a good peréorere. Here during the transmission the signalsraserial
form it will be converted to parallel now the buik signals are transmitted at a time .After tha $ignal is
modulated, encoded and it will be transmitted targtel. It will be an any Rayleigh fading channelRician
fading channel, or correlative fading channel. Threreception side the reverse operation will baedd-inally
will obtain the original signal without any loss.e@eralised spatial modulation (GSM) overcomes in a
novel fashion the constraint in SM that the numfiieiransmit antennas has to be a power of two. $MGa
block of information bits is mapped to a constéatsymbol and a spatial symbol. The spatial symba
combination of transmit antennas activated at ésfance. The actual combination of active transmiennas
depends on the random incoming data stream. Thismlike SM where only a single transmit antenna is
activated at each instance. GSM increases the lbspegtral efficiency by base-two logarithm of thember of
antenna combinations. This reduces the numbeao$§tnit antennas needed for the same spectralkesitigi

B. Proposed MA-SM Scheme

The general system model consists of a MIMO wireliisk with Nr transmit antennas and NR receive
antennas, which is illustrated in Figure 1. Therseunformation bits are transmitted from Nf the transmit
antennas after being mapped through an M order Qtiaé Amplitude Modulation (M-QAM). Through therN
x Ng wireless channel H and the NR-dim additive whiteu§sian noise (AWGN) w = [wilw2...wNR] the
received signal is given by (1) wherés the average signal to noise ratio (SNR) at eackive antenna, H and
w are independent and identically distributedd).entries according to CN(0, 1) (complex Gausgem mean
distribution with variance 1) and S is the constidin set of M-QAM. The transmitted symbol X is qaiised
with NP QAM symbols emitted from the antennas .aap , respectively. For denoting convenience, the

FEL):-AY
antenna group (a...a& ) will be written asgj = (0, 1, ...1, ...), E{1, .... l.l\.l'-\l"TfIle} where the N components
stand for the stated Ny transmit antennas and each 0 and 1 representfftlaed on of the corresponding
antenna, respectively. For example, in a systenrevhe = 4,N> = 2, the possible antenna groups could be
denoted agl = (1,1, 0,0)§2=(1,0,1,0)&3=(1,0,0, 1)¢4=(0, 1, 1, 05 = (0, 1, 0, 1) and6 = (O, O, 1,
1).
—
NP OHX +w

&
[0 s sy O @
T
a ap
where s s\wOS, a. ayO{1,...Np}
This could be further simplified as (2) whergdenotes thai-th column of the channel matrix.

[
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Serial \ / l
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Fig. 1. System model
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III'NT
As we chooséNp from Ny antennas[logz aNp)J bits could be conveyed on antenna indices. At BjiR,

¢ 1”_"_=”_|f’1 | _'TNR‘\_
the capacity of MA-SM is approximately,Shom+ [l"gz "..N?J)J Where Gom=  S&\ »= / denotes the
capacity of a single channel in the MIMO systemphactice, an MA-SM transmitter works as follow4)

Every appropriat®p antennas fronlN; are selected as an antenna group 2) Encode thenansets composed

N
of Npantennas into bits sequence with Ienl;;l'fﬁgg (NP)J 3) Information bits are divided intidp +1 streams
among whichNp streams are mapped into QAM symbols selected fleWtQAM symbol subsef and the
other one determines the selection of antenna dgronpthe sef. 4) Determine the rotation angldor eachxX,
where 6 denotes the rotation angle of signal vectors thdithe discussed later. 5) Transmit the mappé&d
symbol streams from the chosBi antennas. At the receiver side, the decoder esgnadth the indices of
active antennas and symbols conveyed by them fhemeceivedNR-dim signal vector with the knowledge of
channel state information (CSlI).

C. System Design And Optimization

In MA-SM system, the information bits are convey®dboth the complex symbols and the indices of the
active antennas from which those symbols are triatesin At the transmitter side,Nantennas are chosen to
carry different symbols during the transmissionjolitresults in the increase of multiplexing gaihe®retically,
there is no limitation on )\ which implies

the constellation set of MA-SM could be denotedhesCartesian product of the complex set includioth
the real and imaginary parts of the transmit symlaold the antenna groups with a discrete topolBggides,

the available antenna groups composed of tharitennas are always more tr?é[rlfjg;] which means that we
can carefully select the active antenna groupsitommze interference. Since the minimum distanceveen
codewords dominates the BEP, transmission scheméeaptimized by maximizing the minimum distance
involved. Unlike the traditional complex space wheEuclidean distance could be applied, the three
dimensional space here contains a discrete dimerkai confuses the definition of distance. Refigrio the
most widely used distance definition in discretdrinespace as in a similar definition could be ded.

Da=
8(a,b) = .
1,0 # bl )
Transmitter
Serial
Svymbol Spatial _ QAMN to
™ Modulation 7 mapping parrel
—®| Channel ARG
Receiver
Parrel to QAN M Spatial Error
cerial > demap B - den.nodu rate
ping ' lation

Fig.2. Block Diagram of MA-SM

Substituting a and b with the antenna gréyn equation (3), we define the hybrid distancasd(4a) in
which the Frobenius Norm equals to the Euclideatadice andéj ,si denotes the rotation angle applied to
QAM symbol siJ S emitted from antenna gro@p. 6 is defined as the number of different indices leetwtwo

antenna groups as given in (4b). For exanfedistance betweeil andé4 listed in subsection A is derived as
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8(E1, £4) = 2. This definition can be easily proven tasfgtthe criterion for metric space. When the minim

distance between two codewords X ghds maximized, the performance gain is achieved.

2+ :

=i By o5 E'fj"_si .

[
) |
dx. %) = min{\ 8

(4a)
(ﬂ,xar[f}; fj) =0
J 1r-"*'-":"7'[:f_j, e::_j‘) =1
6(¢;, &= \poxor(;, &) = (4b)

It can be seen from the definition (4a) and (43t e optimization could be executed in the selacbf
antenna groups and complex symbol, respectivelyst Fconsider the antenna group optimization
N !!Hrkl 1
denoting [l"gz (Np)J = g, the number of illegal sets is written &%=/ = |, which provides redundancy
LY

for antenna set selection. When there is no illeggl available, which mear‘*,s""f's,f'l = 2q, this selection
procedure could be skipped. Otherwise, the distaefiaition indicates that we should try to avoikdapping
antenna indices between different groups sincepgrgharing the same antenna indices will leadearttrease

of the linear dependence probability of channekep®y maximizing the first part id(X,X), antenna groups
are made to be far away from each other with lpassible overlapped indices.

(ant_1,ant_4] gges

o

.

n fant_S=nt_d] gy
= ; e
E (ant_2.ant_3) g
; -

fart_1 '5'”[—:1]'--,"' T hade )
LW 05 B

Fig 3 (a) original constellation before rotation
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Fig 3 (b) original constellation after rotation

As to the complex symbol optimization, it could dleserved from (4) that the minimum distance between
symbols could be maximized by properly choosingrtitation angles. The 3-dim constellation couldreated
as one constituted by different constellation ptargach of them is a standard QAM constellation plades
are distinguished by the antenna groups. Sincétiatidean distance between symbols locating onsétme
complex plane is maximized with the QAM modulatiootation angles for them on the same plane shioeld
exactly the same. For convenience, it denote tmaptex plane composed of constellations with ke
antenna group aBj , and the rotation angle applying to ités The three dimensional constellation could be

1o2-(%T)]

la
divided int 2 complex planes that could be rotated separatelg. mimimum distance foM-Phase
Shift Keying (PSK) system could be derived as

| I Sjom 8}'

I
| 2
— Sm Gl J 1+ IS & — 55 Gl }

mifd}= min

©)

NT

Thus the rotation angle fdvl-PSK could be easily derived as (6), wharequal to leog"i—”’}J. After
rotation, X is distributed adequately in the three dimensiar. M-QAM constellation (M > 4), the selection of
0] as in (6) would not work. The optimal angle for@Q¥AM (M >4) could be derived via extensive computer
search.

2ij-1m
0. "un (6)

Let us consider thex4 MA-SM system employing QPSK as an example. Asegriof 4 transmit antennas
are active during one time slot, from which we cdmain 2 bits capacity gain. The transmitted sym¥as
given as one of vectors in (7), whéliedenotes the rotation angle of signal vectors.

T . . )
. _ T
X, :[xLlJ,xz,lJ] elé:, X, =[0,%,,0 x,] e’f:z

. ro.
X, = [ﬂrxj_rﬂr T:]rﬁjﬁﬁ,x.; = [‘x’.Ll-l,‘x:, ﬂ] ol
Where x x, 0 S 7)

T
9120,92: EKB ,93: K‘q‘, 94:3}%}8
The 3-dim constellation of the example is showrFigure 3 in which the Figure (a) shows the original

constellations and Figure (b) is the constellatiemployed with rotation. Both figures employ QP SKhwour
legal antenna groups and constellations drawnfferdint layers denote the constellations in diffiérantenna
groups. The antenna group coordinate, includingnattlimited to the given examples in Figure 3sisted
with the proposed distance constraint in definitfdh). In practice, a target transmission rate d¢dd realized
with various kinds of antenna combinations whichlddbe optimized in several ways.
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D. Detection

In the MA-SM system, the receiver must solve L(e ) 2x M-hypothesis problem with the proper
algorithm. The optimal ML decoder, which detecte thntenna set together with the symbols, increases
exponennally in complexity for high order cons&ibn since the exhaustive search space increafies speed

of Ny M asNp grows. We will introduce a near-optimal detectioathod with low complexity for MA-SM
scheme Considering the signal transmission maded 1) and assuming that the indices of activteraras are
a, ...awp , We could rewrite it into (8) to simplify notation
N
y= EJ_:FI hElj s+ @ ®)

This illustrates the linear structure of the sigspdce that the received sigwyais the linear combination of
the channel vector corresponding to the activerana®. If the noise could be ignorgdjes in the subspace,G
spanned by ha, ...hyp. Supposing that the dimension of {S p,, we can judge whether the vector is in the
subspace or not via projectingonto the subspace Go derive the vertical distance between them. &inc
projection is a linear operation, we can represensing a p by Nr matrix Ty, the rows of which form an
orthogonal basis of (G The vector y — I, should be interpreted as the vertical distance ftoe vector y to
subspace ([ but expressed in terms of the coordinates defmethe basis of (5formed by the rows of \T
Based on Tse’s decorrelator described in (8), theodelator for the kth stream, Ts the k-th row of the

T
pseudoinversér:‘r"T of matrix H, defined by (9).

HT &2 (H¥ H) ' H® 9)
Hence the antenna group detection could be wréttefi0)
1
lrLul_-----. Qe ) = OFg max {TR}:} 0j1

The inter-group detection will be successful (tisatthe resulting projection @yis distinct) if the columns
in H are not a linear combination of the spatial sigregt of the other channel vectors. It is noted’|rtthat, we
should choose the number of active antennas toobmare thanNi to ensure the successful detection. For
notational convenience, we will consider only thansmit antennas that are used, by just making the
assumptiorNr < Ngrin the decoder discussion henceforth. We are naviracting the symbol detection with
the selected antenna group. Focusing orathth antenna, we

can get

y=hg Sm +EEJ'=Em 'Ich-S_i' + a 141

It can be seen that tma-th data stream faces an extra source of interferemhich is from the other active
antennas. One method that can be used to remavimthi stream interference is to project the rebsignaly

onto the subspace orthogonal to the one spannemdnwectorsh“'-' 'h“m—z'h“-‘tﬂ' "'h"h‘p(denoted

henceforth by,,). Suppose that the dimension\§f is d,,. Projection is a linear operation and we can 1&gne
it by ad, by Ng matrix Q.. The rows ofQ,, form an orthonormal basis &f, and they are all orthogonal to

h ,..h R - . _—
@y Em—s’ Cmys’ ZNr. The vectoQ.v should be interpreted as the projection of theoreconto

Vm, but expressed in terms of the coordinates defimgdhe basis o, formed by the rows of),. This
projection could be denoted as
j‘l"‘: er.y = er..hl...m Ko + a (12)
After the projection, the optimal demodulation béimth stream can be performed by match filtering the
vectorQnhy. Since the projection and matched filtering arthBimear operations, the decoder can be viewed as
a linear filter. The filtelc, is given by

— (nH
Cm = (qumj h’rz..,. (13)

Since the matched filter maximizes the output StiR,decoder can also be interpreted as the liflearthat

maximizes the output SNR subject to the constrduat the filter eliminates the interference comfrgm all

other data streams. Intuitively, we project thesreed signal in the direction withi, that is closest tgtﬂm in
the proposed detection method. Hence the coefficiedecoder filter for thenth stream is then-th column of
the pseudo inverdd,'.

E. Complexity

The complexity of both the transmitter and receigez taken into consideration. The complexity o th
decoder for MA-SM is compared to the complexitythe# ML decoder and some other optimal decoderSkor
and GSM. The number of operations needed is usestiimate the receiver complexity. The number arfigmit
antennas needed for a target transmission rateri@snous implications on the complexity of the sraitter.
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Since there are multiple antennas being active lsmeously conveying different symbols, the numbér
antennas needed decreases prominently for a gizenok constellation. For example, &R = 10 bits/s/Hz,
QPSK employed, at least 8 transmit antennas amdedei®@ a GSM scheme and 64 antennas are needéd in S
system while only 4 transmit antennas are esseimtiah MA-SM system. To estimate the computational
complexity of the proposed MA-SM decoder, we use tiamber of multiplications required in the detaati
process. The number of additions can be shown ¥e hasimilar view. Generally speaking, the optirivil
T 1 M7 N (N, + 2)

decoder applies exhaustive search employing asdsigi*s 1z S multiplication. As to the
proposed decoder, assuming Gaussian Eliminatioemployed in deriving the matrix inverse, the total
multiplications involved are (£ +3N%— 5Np )/6 + NgN% + NoNg +f(M), in which the first term denotes the
multiplication needed for matrix inverse operatiothhe second term corresponds to the matrix midédfbn,
the third one is for the projection needed anddkseone denotes the complexity of QAM demapperleyel.
Since there are various algorithms for QAM demottuléo demap constellations without any multiplioas
involved, f(M) could be omitted in the complexity derivation.uEhthe whole complexity does not increase
exponentially as the QAM constellation expands. €hmplexity derivation also shows that it is thetmxa
inverse that dominates the whole decoding compleXortunately, for most systems, the Matrix Ineers
Lemma is available to further simplify the comptgxior low order matrix since the iteration algbrit helps
decrease the multiplications significantly. In parar, only two multiplications are needed for mainverse
whenNp= 2. For instance, in a 4 4 MIMO system with N = 2 and 16QAM modulation, the optimal ML
needs 16384 multiplications while the proposed decmnly employs 43 multiplications in which onkyd
multiplications are introduced from matrix invergéhis result motivates the use of our detectiorestd in
practical systems. In order to be convincing, mooenplexity comparisons between existing schemes and
decoders are to be made. The number of essentiaplications of the optimal SM decoder given ireigual to
to NTM(3Ngr+1) and the GSM decoder introduced in empl®RNCMNr +2) multiplications where

T
Nc=L"els For fairness, all the comparison will be madearrttie same transmission rate. From the derivation
of system capacity, we have the equality that foearget rate MNC(GSM)= MN; (SM)= MNPNQMA-SM).
Thus we get (14) in whicly denotes the complexity ratio of optimal MA-SM rexee to optimal GSM decoder
under the same target raey, denotes the ratio of optimal MA-SM decoder to @i SM decoder introduced
in, y; denotes the ratio of proposed low complexity MA8&toder to optimal GSM decoder andlenotes the
ratio of proposed MA-SM decoder to optimal SM dezrod

_ NgNMNP(Np+2)
" N N-M(Np+ 2)
NgNcMNP(Np+2)  Ng(Np+2)

Y2 = NgNpM(3Np+ 1) 3Np+1 (14)
v, = (2N®p+3N?p-5Np )6 +2Ng N2 p+NpNg +f (M)
3 NgN-M(Np+ 2)
v, = (2N3p+3N%p—5Np )6 +2Ng N? p+Np Ng +f(M)
Y =

NRNTM{_ENP'F 1)

Since the complexity of the proposed decoder ielated to the size of QAM employed, we could readil
observe the degradation in complexity comparedhéoother schemes. As the rate of transmission growse
complexity margins are available with the propodedoder for MA-SM. The trends of receiver complgxs
the transmission rate increases are plotted inr€igud. Parameters for different rates of transimissire
chosen according to Table4.1. It could be readilyenved that the complexity margin achieved bypttoposed
decoder increases prominently as the transmisatengrows.
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[ 10 15
Rates bits/s/Hz bits/s/Hz bits/s/Hz
Nt 4 4 5
Np 2 2 3
Modulation QPSK 16-QAM 16-QAM
(1.3}, (1.3), (1,2.3).(1.2.4),
P (2.4), (2.4), (1.2.5),(1.3.4),
(1.4), (1.4). (1,3.5).(1,4.5),
(2.3). (2.3), (2,3.5).(2.4.6)
& =10, & =0, #1 =0,62 = F.a"']ﬁu
Rotation Angle fa = /8, s = /8, 0z = /8,02 = 3w/16,
03 =m/4, O3 = /4, 8z = /4,02 = 57 /186,
B4 =3n/8 | B4 =3 /B | 87 = 3w /8,08 = Tw/16

Tablel MA-SM Solution for Various Transmission Rate

0.045
4 —— I
0.04 —_——T,
0.035
0.03
0.9
0.025
=] .o
= 0.a8r 1 ®
0.02
0.7k
0.015
0.6
o5l 0.01
0.4 b 0.005
4 (W) "
B 10 15 B 10

R(bits/s/Hz) R(bits/s/Hz)
Fig 4.Comparison of Complexity among Schemes

Ill. THEORETICAL ANALYSIS

We now derive the bit error probability (BEP) fdret proposed detector in uncoded system to estiitzate
performance. To be brief, we will mainly focus grstem withNT transmit antennas andP active antennas
employing bit phase shift keying (BPSK). The anslyould easily be extended to other cases. Foreroence,
we assume that the power of the transmit symbolsoisnalized and the Gaussian noises added on all th
receive antennas are with the same varia@c@ hus the system model could be rewritten as

y=HX+ W (14)

An error that occurs in the demodulator could begarized into two scenarios due to the separatgss $n
demodulator. The first kind is the error occursthie active antenna detection (denoted by PAntErd) the
second one is that the error occurs in traditiatexhapping when antenna detection is correct (ddnioye
PModErr). The overall BEP could be bounded as

Perror = 1= (1 = Rnen) (1 — Ruoden) (15)

be denoted as (16) with the corresponding noisedigtkibuted according to CN(82|[T«|[2).

he= Ty
THX + & (16)
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The total BEP is bounded as (17) which implies peeformance degradation caused by the 1Al and ICI
between active antennas.

Ng—Np o
BEP 1 | N(Np —Ng) 1 (ENE -1 1 \MRTTETL
< ' (n ) Gs)
lag B 2 1 +5NRIHrn,,r
e

17)

IV. NUMERICAL RESULTS

In this section, we present some simulation redaoltshe MA-SM system for different modulation soies
and make comparisons with MIMO STBC system. Theeshitr rate (BER) performance of these systems was
evaluated by Monte Carlo simulations for variousctfal efficiencies as a function of the averageRSdér
receive antenna and in all cases the independédrdd®nnels is assumed unless otherwise specifieokder to
be convincing, comparisons are realized underadhgesransmission rate without restraint on the tetlations.
The GSM employs the detection algorithm in [9]. &mn parameters and antenna groups for different
transmission rates in MA-SM are selected accordindable | unless otherwise specified. The transwmhit
signals must traverse a potentially difficult elmviment with scattering reflection and so. In MIM@rismits
the multiple data at the same time so that the'slatie occurs aliasing, to avoid this aliasing signal are
mapped and the transmitted to the channel it's wmaful to find the distance between the data’s anud
interference. Comparison with some traditional MIMChemes are presented for 10bits/Hz of MASM with

NT:4,NR=2With 16-QAM modulation, Alamouti's STBC. Comparisof STBC & GSM for BPSK shows that
for GSM it produces a reduced bit error rate. Iseéen that for GSM with different modulation scheBRRSK
shows a better result. BER, SER & FER for differ@adulation scheme are plotted.

Comparisons with some traditional MIMO schemes presented here over different transmission rates.
Figure 5 gives comparison at 6 bits/s/Hz of MA-SMwWN; = 4,Ns = 2 and QPSK modulation, Alamouti's
STBC with Ny = 4 and 64QAM, STBC-SM with N= 8 and 16QAM, V-BLAST with N= 3 and QPSK
modulation. Four receive antennas are assumedlfitreaschemes. It could be observed that MA-SMvjates
1.5 dB SNR gains over Alamouti’s STBC at BER vatiiel0%. With higher diversity gain achieved from the
STBC, STBC-SM outperforms MA-SM at high SNRs whilelow SNRs, MA-SM performs better. The SNR
gap between V-BLAST and MA-SM is because of theedidn of employed, the performance advantages of
MA-SM degrade as it is the error occurring in anteset detection that dominates. In Figure 6, tBR Burves
of 10 bits transmission with 5 receive antennas @otted. MA-SM uses N= 4,N> = 2 with 16 QAM
modulation, Alamouti’'s STBC uses 1024 QAM modulati®TBC-SM employs 256 QAM modulation and 8
transmit antennas and V-BLAST uses N2 and 32 QAM modulation. It shows that MA-SM yides SNR
gains of 1.5dB, 5dB and 11dB over V-BLAST, STBC-SMd Alamouti's STBC at BER value of To
respectively. This verifies the analysis that MA-®gcomes more efficient at high transmission rAtether
conclusion that can be made from the figure is tm& can optimize the error performance withoutaexiing
the signal constellation but expanding the spat@istellation to improve spectral efficiency for MM
system. Based on these examples, it can be seeM#&&M provides a prominent alternative for higliter
transmission since the three dimension constetiatiaximize the minimum inter symbol distance.

BER

B — Alarmouti, N =2 540AM
_.E__STBD—SMJ#;EJSDAM.
— 3 — V-BLAST M =30PSK  [.._.__.._.....
— 8 —MA-SMHN_=4N_=20QPFSK[ "~ "~ """ """ ToTTrTTrm g >

o S 10 15 20
SNRMdB

Fig 5.Comparison among some existing schemes #s6/MB1z
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Fig 6.Comparison among some existing schemes B1t4&/Hz

comparison of stbc & gsm for BPSK
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Fig 10. SER for different modulation scheme for N&M

V. CONCLUSION

A novel high-rate, low complexity MIMO transmissiecheme, called MA-SM, as an alternative to exgstin
techniques, such as STBC, SM and VBLAST. The pregposlA-SM scheme employs both conventional
modulation techniques and antenna indices to coriméyrmation and exploit the transmit multiplexing
potential of MIMO channels. It will produce reduchki error rate compare to all other modulatiorhtéques
such as space shift keying, adaptive modulatiorgti&pModulation. Basically in MIMO two things are
important .1 .Diversity, 2.Spatial Multiplexing. Bothe diversity and Spatial Multiplexing are ackéd by this
modulation. It has been shown via computer simoetithat MA-SM offers significant improvements of
system performance compared with STBC systemseterglized spatial modulation 16-QAM, QPSK, 8PSK,
BPSK modulation. Compare to 16-QAM, the BPSK pradacreduced bit error rate. It can be concludet tha
the MA-SM scheme can be useful for high-rate wegleommunication systems.
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