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ABSTRACT interference from other connections. The work of Blum et al.

In this paper. we analvze the performance of different muI_[1, 2] shows that in scenarios with large interference,dath
paper, y P multiple antenna techniques could fail to achieve the ddsir

tiple antenna transmission techniques in wireless netsvork

with interference treated as noise. Our focus is on the impagerformance objectives. In addition, for some systemsa w

of simple orthogonal space time codes (STC) on the so-calle%,wwn that transmitting with only one antenna is optimal.

network-outage probability. Analytical results are givien In this paper, we analyze the impact of different multiple
some simple networks. These results show insufficiency ofntenna transmission strategies on the network-outage pro
many traditional space-time coding designs under interferability. Our main focus is on simple orthogonal space time
ence conditions. Simulations suggest that the main statisme codes (STC). Due to the complexity of the problem, analjtica
of this paper may also hold for general wireless networkstesults are presented only for some simple networks. These
provided that the interference is sufficiently strong. results show insufficiency of many traditional space-tioé-c

ing designs under interference conditions. Simulatiorgs su
gest that the main statements of this paper may also hold for
general wireless networks, provided that the interferéace

A wireless sensor network (WSN) consists of a number 0{sufficie_ntly strong. To the_best of our knowledge, the impact
sensor nodes spread across a geographical area to perfo?frfnumzle antenna telchmques on t|hr? netwotr)k-outage siroba
various sensing tasks and/or act on the environment. Some pfity under an optimal power control has not been considere

the most existing applications for WSNs require that sensdP€fore-
nodes are powered by batteries. Their capabilities aretlgtri The paper is organized as follows: In Section 2, we in-
limited so that they can only perform simple operations. Introduce the system model and some important definitions. In
particular, in many cases of practical interest, interfeeeis  that section, we also describe the main problem addressed in
treated as noise. this paper. Section 3 presents the probability density-func
To ensure some quality-of- service (Qo0S), we assume thaibns of signal and interference attenuation for line-ighs
each connection has to achieve a certain signal-to-inter-  and non-line-of-sight channels. In doing so, we consider se
ference-and-noise-ratio (SIR). Due to channel variateom$  eral widely studied transceiver strategies such as SIS@nbe
interference, it might be impossible to maintain the dekire forming with two transmit and two receive antennas as well
SIR on each link permanently. Given some established neas the Alamouti STC with one receive antenna, with two re-
work topology and channel statistics, one of the most imporeeive antennas and with antenna selection where the receive
tant objectives is then to guarantee certain outage priifyabi is equipped with two antennas. Section 4 shows an inherent
performance of the network. In this paper, the network id saidrawback of orthogonal STCs in networks with interference
to be in outage if there exists at least one link, for which thdf the SIR is used as a performance measure. In this case, gen-
SIR target cannot be satisfied. This event is called networkeral orthogonal STCs lead to different SIRs for the symbols
outage. The network-outage probabiliBy o is the proba- transmitted in one STC symbol. The conclusion is that in con-
bility for this event. An exact definition is given later ineh trast to the usual point-to-point communication, some oleén
paper. knowledge may improve the performance of STCs. Section 5
Most studies on multiple antenna techniques focuses eanalyzes the probability density function of the spectdius
ther on point-to-point communication or on multiuser com-for a simple network with only two users. We give analyti-
munication scenarios such as broadcast or multiple accesal results for the density function of the spectral rading a
channels. There is little literature on the performancdyana the network outage probability for all considered transeei
sis of multiple antenna systems that are exposed to (unkKnowstrategies. The conclusions are validated by simulationa f

1. INTRODUCTION AND MOTIVATION



larger network in Section 6. D and G depend on a transmission strategy. Now we say
that the network is in outage or that network oufagecurs
2 SYSTEM SETUP AND DEFINITIONS if there exists no power allocation such that the SIR target i
satisfied for all the users, or equivalentlyp{fD ' G) > 1/+.

We consider a power-controlled wireless network with> 1 Furthermore, we define the network-outage probability to be
transmitter-receiver pairs that, for simplicity, are reéel to as .
users. We assume that a stream of independent information- Pryo(y) = P(p(D™"G) =2 1/7). ®)

bearing symbols is generated at each transmitter and ttas daTh' bability d d hasti ies of thewi
stream is transmitted to the corresponding receiver ovérea w Is probability depends on stochastic properties of thewi

less channel. We have no special requirements on the placlg—Ss channel as well as on the transmission strate_zgy.' !n what
ment of the transmitters and receivers except that the egisel follows, the ch_annel between trgnsmltieand receIver 1S
channels between them are assumed to have certain stati&led the desired channelif = . All other channels are
cal properties. Each transmitter is equipped with one oremorcalled interference channels.
antennas, depending on the transceiver strategy. The users
are fully synchronized and use the same transceiver syrateg 3. THE STATISTICS OF SIGNAL AND
There is no scheduling in time and frequency domain so that INTERFERENCE
the signal of every user occupies the entire (available) fre
quency band at the same time. The interference is treated bsthis paper we consider several strategies for the trasismi
noise. sion. The observation of usgris given by

The main figure of merit is the minimum SIR over data
symbols transmitted simultaneously. To be more precise, as Yi=Hp, X+ Z Hj;;X;+ Ny.
sume for a moment that for each user, only one symbol is sent i#k

simultaneously at any particular time. Then, the SIR of user _ .
k is given by Here and hereaftel,,, X, and N are matrices, whose di-

mension depend on the transmission strategy. For instance,
SIR, — Dypi < k<K SISO systems, they become scalars, while in a beamforming
k= ,1<Ek< (1) :
E#k G.ipi + 02 scenario they are vectors whose length depend on the number
of transmit and receive antennas. In general, the dimension
wheres? denotes the noise variance per antenna, which isf the matrices is\/ x N for Hy,;, M xTfor X, NxT
fixed for all transmission strategie®), > 0 represents the for Y, X, and N, whereM (N) is the number of transmit
effective attenuation of the desired signal at ke receiver,  (receive) antennas arifl indicates how often the channel is
andGy,; > 0 is the effective attenuation of the interferenceysed for the transmission.
signal caused by th&" user. These quantities are collectedin  The channel matrix ;. ; is a stochastic variable, which
two matricesD = diag(D1, Dz, ..., Di) andG = (G;).  captures the properties of the channel between transraitter
In words, the signal attenuatioR, > 0 is thek'" diagonal receiver. To analyze the effects of transmission straseigie
entry of the diagonal matrilD > 0 and the interference at- different scenarios, we use two extreme channel models for
tenuationG,, ; is the(k, i)' entry of the de-traced matri&.  the analysis: In the first model the coefficients of the matrix
p is the total power used by thé" transmitter for one chan- are i.i.d. circular symmetric complex Gaussian variables o
nel use. If a tranmission strategy (such as STC) servesadevevariances? ;. This model is used to account for channels that
data symbols simultaneously, then we define the SIR of a useffer full diversity, i.e. all variables are independentahe
to be the minimum SIR over these data symbols. In what folchannel offers the maximum degrees of freedom in a statisti-
lows, assume that the SIR in (1) is the minimum SIR over theal meaning. In the second model the matly, ; is created
simultaneously transmitted symbols of uger by
A common SIR-target is required to be satisfied for all Hj; = hy,;C (4)
users. Itis well known [3], that, giveP andG, there exists
a valid power allocation, iff the spectral radipéD ' G) of wherehy, ; is a circular symmetric complex Gaussian variable

the matrixD ' G satisfies with variancea,%yi andC is any constant matrix, such that its
entries satisfyc,,,,| = 1. This model is used to to account
p(D7'G) < 1/7. (2) for channels, that have only one degree of freedom, as e.g.

o o pure line-of-sight channels.
Note that a power allocation is said to be valid, if the SIR
requirements are satisfied for every user. 1The SIR-target may be achieved for some of the users while tiby

The wireless channels is inherently stochastic in natur8er users. In this case, some users may be disabled. As drige$) the
network structure and therefore can be seen as a new prolfldre eame

SO t_hatl_) andG are random matrices. Furthermore,. instantsyrycture. The question which users should be shout doweyiertal the
realisations as well as statisticagl properties of the ic&gr scope of this paper.




In our analysis, we primarily focus on the first model, channel. With the channdll; ; = Vk,kkk’kUkH’k where
and use the second model to determine, how much multiplex, | — giagA(** A\(+F) )\(k_,k{)M ) is adiagonal ma-
antenna strategies suffer if the channel between trar@mittyrix whose diagonal elements are ordered in descending orde

and receiver provide only limited diversity. This is intste according to their absolute values, the received symbol is
ing from practical point of view, as network nodes are of-

ten placed such that interfering channels are non-lingigiit Yy, = Hpi pup g, + Z Hj ju;;x; + Ny,.

channels, while desired channels have often line-of-sigint- ik

ponents. Therefore, we apply the second model only to the . . ,

desired channels and not to the interfering channels. Whereg’“k with ffueg ]| = 1 s the first colum OW’“@ and
For the analysis, we first focus on two transmit antennaE{k’g’“| } = Pk The receiver cl:omputeﬁk,k = Yk kYK

systemsV/ = 2 and apply Alamouti STC [4] with one receive wherewy, i W'”;””’“vku = listhefirst columHoﬁ/M. There-

antennaN = 1, with antenna selection at the receiver and©r€ D = Vil H e kur i l|? = M (Hy o H ) andGy,; =

with two receive antennad = 2. As a reference, we also ||”kH,;ch,i“i,z‘||2-

provide some results for SISO and beamforming with= As p(VHHU) = p(H) for unitary matricedJ, V in-

N =2. dependent fronH and a matrixH with i.i.d. circular sym-
To keep the notation simple, we assume #jaf = 1 for  metric complex Gaussian distributed coefficients, the itens

all the channels. Furthermore, for the analysis, the matrix function ofG; ; is an exponential distribution

in the second model is assumed to be the same for all the de- Y

sired channels. This means that a somehow symmetric setup pG(r) =e™* 220

is used in the analysis. We use these constraints to obtaif iy the SISO scenario. The density function/f for the
some insight in what happens if we use different transmmssioj st model where the entries @f are i.i.d. circular symmet-

strategies. The specific results for the calculated stziwgiill ric complex Gaussian variables can be found in the liteeatur
vary, if other parameters or less symmetric scenarios are CO[5] and is given for the case dff = N = 2 by

sidered, but the analysis can be done in a similar way. Never-

theless, the choice of parameters will not change the implic pp(x) = e (=24 e (2 — 2z + 2?)), 2 > 0.
tions of the results for the use of multiple-antenna techesq
in interference networks. In simulations, we considereayst
that are not subject to these constraints.

In the second model, the same transceiver strategy leads
againtoDy, = A\ (Hy, . Hj,). Nowsince\, (H, , H}' ) =
AM(CriCrllhiil? = clhi|? with max{M,N} < ¢ <
M N, the density function oDy, is a scaled exponential dis-
tribution. Compared to the SISO system, from a statistical
For SISO systems the statistics of the entrieBimndG are  perspective, the beamforming performance is always at leas

3.1. SISO

immediately obvious. From as good as the SISO performancecas 1; it follows that
the outage performance is at least as good as the SISO outage
Yk = hikxK + Z hiiz; + ny. performance.
itk
3.3. Alamouti

with E{|xy|*} = py it follows that Dy, = |hy x|* andGy; =

\hi.i|2. All the non-zero coefficients oD and G are dis-  For the Alamouti scenario, we consider the following forenul
tributed according to an exponential distribution, whose p for a system with only one interfering channel. As all the
rameter depends on the variance of the chamfiel Fur- channels are independent, an extension to the generalisetup
thermore all the entries are independent of each other. Witptraightforward. To keep the notation simple, in this secti

o2 . — 1. we have we useH for the desired channel ar@ for the interfering
ki ’ . .
' channel. Furthermoré, is used for the desired data symbols
pa(z) =pp(x) =e*,2>0 (5)  while s represent data symbols of the interfering user.

The received signal in the Alamouti system with two re-
wherepg (2) andpp (x) are the probability density functions ceive antennas is given by
of the coefficients¥}, ;, k # i and D), of the matricesz and
D respectively. This formula holds for both models under y- _ [ hi1  hon } { di  —dj }

consideration. hi2 hap dy dj
H
3.2. Beamforming matched to the desired channel [ g1 921 } [ s1 _ig } LN @)
91,2 92,2 S2 5

The beamforming scenario refers to a situation where trans-
mitter and receiver beamformers are matched to the desired G



whereN is a matrix containing the Gaussian noise. The datd herefore, the probability density function 6%, is a scaled

symbols satisfye{|d, |*} = E{|d2|*} = B andE{|s:|*} = X3y, N € {1,2}, distribution for the first model of a channel
E{|s2|*} = & so that the transmit power per channel use isnatrix with i.i.d. entries. So, in case of one receive anéenn
given byp, for thek'" transmitter. we have
The received signal can be also written as follows pp(x) = dae "
and, in case of two receive antennas,
h1,1 h2,1 3
o | iz hap dy x) = —xde %, 11
Y= hs,  —hi, { ds } * pole) 3 -
50 —hio Furthermore, in case of antenna selection, if we alwaysechos
s the receive antenna such thaD,, = max; Dy (j) = %Zi |hi ]2,
we have
gi1,1 921 nq
91,2 92,*2 s1 } 4| M 7) pp(z) =8x(e™* — e 4 —2ze™ ")
921 7911 52 13 which can be easily obtained from (11) by noting that the sig-
L %22 —92 ] 1 nal attenuation for both antennas is independent. For the se
G ond model the signal attenuation is
with Dy = N|hk7k|2,
H = { H } G = [ G } (8) . o .
H*T | G*J which has ay3 distribution (as in the SISO case), scaled by
the number of receive antennas. For all these systems, the
and 0 —1 coefficients of the matrixD are i.i.d.
J = { 1 0 ] 9) To see the statistics of the interference, note that gilen

the entries in the first row ol G are independent Gaussian
Similar equations follow for a system with one receive anrandom variables with variance, |h ;|, while the entries
tenna. Using these definitions, the receiver output yields  in the second row are independent Gaussian random variables
with variance}, |h24|%. Furthermore, the dependence be-

g’y = g” (g { dy } +aG { S1 } + { N2 D tween the enjries is only columnwise. The entriesbf G +
d; s J7 (H H G) J are statistical dependent, but each entry has
= [ 2 (‘)h“" Oh ) ] [ Zl } a Gaussian distribution with variange, ; |h; ;|*. Further-
Zm‘ [hi 5] 2 more, the dependence of the variables does not matter for the
[ HY JTH" ] { G ] [ 51 } statistics ofG}. ;, as the interfering data symbaisands, are
G*J S92 assumed to be independent. From this, it follows that the dis
. S N1 tribution of Gy, is ax3-distribution independent of the num-
+ [ H" J'H ] { nay } ber of receive antennag and independent of the model used
) ° for the desired channdll. The distribution is given by
_ [ Z” ‘hi,j| 0 ] [ dy }
B 0 Zi,j Vli,g'|2 ds pa(z) = xe™™
n (HHG+JT (HHG)*J) [ 51 } An interpretation of this result is that not only the desired
S2 signal gains from diversity, but also the interference.dct f

+ HYnyy+ JTH ny, (10) from a statistical point of view and compared to the SISO
setup, each interferer counts twice, if the Alamouti sch&mne
To analyze the statistics 6f;, ; and Dy, note that the SIR  used for transmission. This is significantly different frome
of both the transmitted symbols is the same. Therefore -withoeamforming setup, where the interference is similar to the
out loss of generality, we can focus on the first symibal SISO case although two antennas are used for the transmis-
As we have normalized the SIR such that the noise power ision.

o? = E{|n;|*}, we arrive at This gives rise to the question whether STCs are of any
use in channels with interference. The answer is not obyious
D, — 1 b 2 and one has to take a look at the statistics of the spectral ra-
k= Z | l,]' ) . .
2 Z dius, which is the key performance measure for the outage of

a network. We will analyze this statistics for a network with
where the factoi /2 accounts for the fact that we use only a simple structure in the next section and compare it to those
half the power for the transmission of each of the symbolsof beamforming and SISO.



4. ANOTE ON GENERAL ORTHOGONAL The detection of the real part of symhag), is then
SPACE-TIME-CODES AND INTERFERENCE
ReTr (Af,{ HH Y)
h . . . . —ReTr (Afr{HH [HX + GS + N])

e analysis of the Alamouti setup rises the question about
the performance of other orthogonal STCs. The following i ,
analysis shows that general orthogonal STCs suffer from in- =Retr <AHHH <H <:4;1 Al + ZB’“%)
terference since the SIR for the different symbols is in gane K
not the same anymore. Indeed, if the minimum SIR is of in- +G (Z ApsE+ ins£> + N>>
terest, an equal distribution of the signal-to-interfeeratios k=1
over data symbols is necessary to achieve the optimal perfor =ReTr (AmAf,{HH Hxﬁ)
mance. Therefore, for these STCs, some performance gains
may be possible if the channel is known at the transmitter. In
this case, different powers could be allocated to diffedata ( K K )

+ ReTr (AmAH HY Gsm>

. . H yrH R . H yyH I
symbols of the STC in order to make the corresponding SIRs T ReTr kZ Ap A H” Hzy + ;ZBkAmH Hazj,
as equal as possible. 7 -

For any orthogonal STC, the received signal in a two user + ReTr

K K
> A ARHTGsE + > inAﬁHHGs£>
scenario can be written as

k#m k=1
+ ReTr (Af,{HH N)
Y=HX+GS+N (12) =||H| 2R + ReTr (HHG) sk

K K
+ ReTr (Z AcAlH"GsE+ inAﬁHHng>

where the desired terX is
k#m k=1

+ ReTr <Af,{ HY N)

K
X =Y Agaj +iByaj (13)  where the last equation follows from
k=1
2ReTr (A Al H" H)
i H
and the interference term Ty (AkAlHHH ) Ty ((AkA{{HHH) )
K —Tr ( AL APHPH ) +Tr (AlAkHHHH)
S =) Ausi +iBysj . (14) .
= =Tr ((Aral’ + aaf ) B 'H) D0

, ) and similar
For the code, it holds that with £ [

ReTr (z'Bk.Aff HY H) —0

AL AT =T (15) -

' Similar steps has to be performed for alas well as for the
imaginary part. An important part here is the term

H K K
BBy =1 (16) ReTr [ S ArAlH"Gsf +Y iBiAlH" Gl | .
k#m k=1
" i As the matrix " G is in general random, this contribution
AA; = —AA) (17)  to the interference will not vanish. Furthermore, the resfil
this may be quite different for the decoding of differentadat
symbolsz,,, .
I I The Alamouti code is a special case in the sense that the
Am = {ALAT L = 1. K}

and
A.Bf = B, A (19) B = {ByAZ|k =1.K}



are — up to a possible change of the sign of the matrices a2 x 2 de-traced matrix with two i.i.d. entriesandb. The
in the set due to the requierment (17) — independentof spectral radius of such a matrix is given by

So, all the symbols suffer the same interferehd@odes for

more than two antennas do not have this property in general. p=Vab.

Of course, the property can always be fulfilled with low rate
STCs by settingA,, = {X;|VizmXr = 0,X,, = I}
andB,, = {0|X; = 0,k = 1..K}. An interesting ques-
tions for future research is, if there exist high rate codik w
this property of higher dimension and what is the maximum
rate achievable with such codes. This discussion is noten th
scope of this paper.

If such symmetry conditions are not fulfilled, the SIRs
for different symbols may be different. Furthermore, as men o 1
tioned above, since the SIR depends on the channels, some ~ Pe(@) = /0 Pa(alD)pp(D)dD = (1+4a)?
channel knowledge at the transmitter can be used to enhance . ) )
the system performance. However, this would deprive thé/here we skipped the index @b for convenience and used
STCs of their main advantage, namely, the fact that they di!€ result forpp (z) andpg (x) in a SISO system (5). As the
not require channel state information at the transmitteage ~ €ntries ofD andG are i.i.d. so are andb and we have
of point-to-point communication.

In order to obtain the probability density function (pdf) of
the spectral radius, we start with the pdf of the entryiven
Dy, which is given by

0G
pa(a|D1) = pg(aDy) 5;’2 = Dye %P1,

Therefore,

Pa(z) = pp(T).

5. STATISTICS OF THE SPECTRAL RADIUSEOR For the pdf of the spectral radius given the coefficierit
SIMPLE NETWORKS follows that

p? b 1 2p

In order to figure out whether the Alamouti STC is able to pp(pla) = pu( )% = TiFva

improve the performance of networks with interference, we 1+

consider the density function of the spectral radius of tae m 5,$

trix D' G. In general, the problem is intractable. Therefore, - ) ) )

we confine our attention to a simple network structure with, () :/ v, (pla)pa(a)da = 2p2p —2- (1+p7)log(p”)
only two users. From the statistics of the spectral radiws, w g 0 ! ' (1-p2)?

can caIcuIaFe th? outage probgb|_l|ty, which can be use¢t0 8For all considered transmission schemes this integral ean b

sess the suitability of a transmission scheme for the usetin n solved analytically using
works with interference. In our analysis, all involved chah

a

matrices have complex Gaussian coefficients with varidnce o
The coefiicients of the desired channel in the first scenario /0 fla)ds == res.(f(£)10g())-
and those of the interfering channels for all scenariosrate-i =70

pendent distributed; in the second considered scenaricwhi The resulting pdf of the spectral radius for the differem-co
models a Iine-of-sight channel, the coefficients have ardeteSidered transmission schemes is p|otted in Figure 1.

ministic relation as in (4). Furthermore all channels are in With this pdf of the spectral radius the network outage
dependent from each other. This setup allows some intuitioprobability defined in (3) is now given by
about the performance of the different transmission sclseme -
The conclusions of this analysis are verified by simulations Pyo(7) = / ,(p)dp.
for some larger networks in the next section. 1

The equations that appear in the analysis are quite in- . -
volved for more complicated transmission schemes and do | N analytical results for the network-outage probability
not provide further insight. Therefore, we only sketch thefor the different considered transmission schemes aréeplot

analysis for the SISO setup with some more details and cord? Figure 2 over the SIR target in dB. _ _
fine ourself to visualize the results for the other schemes. The plot shows that the Alamouti scheme with one receive

In the considered setup, the matrix antenna has a very limited advantage compared to SISO. Fur-
' thermore, if the SIR requirements are not small compared to

0 o= G2 what the network offers, SISO has less outage than the Alam-
A=D'G = p_ Gou ODl outi scheme with one receive antenna. Alamouti with a sec-
~ D ond receive antenna has some more advantage compared to
2Similar arguments hold for the detection of the imaginary phrtthis 3The logarithms in this paper are basdogarithms unless otherwise

case, the sets based 8), B/l and A;, B! need to be considered. stated.



SISO
————————— Alamouti2x1LOS

SISO
Alamouti2x2
Alamouti2x1
Alamouti2x1select

Beamfroming

28 32 36 40 Fig. 3. Outage probability’yo (v) (SIR Targety in dB) for a
two user setup. The two channels of the desired channels offe
no diversity while the channel to interfering transmitteese

Fig. 1. The pdf of the spectral radius for a two user SetquuII diversity. The channel coefficients are complex Gaassi
Transmission strategies are SISO, two antenna beamfoymi ith o — 1, where the interfering channel coefficients are

Alamouti, with one and two receive antennas as well as AlamI i d. while the coefficients of the desired channels have a
outi with antenna selection. All channel coefficients aird.i.
complex Gaussian with = 1.

deterministic dependency on each other.

SISO, but even with two receive antennas Alamouti is not
better for all SIR targets, even though SISO uses only one re-
ceive antenna. This shows that the interference enhan¢emen

SISO . = i ;
Alarmouizng at the receiver output due to diversity gains on the interfer
amotiiex ence channels may prevail the performance improvement that
————  Alamouti2x1

results from the diversity gains achieved on the desired-cha
nel — especially if interference is dominant.

Figure 3 compares the network outage of a SISO system
to that of an Alamouti system with one receive antenna in an
extreme line-of-sight scenario as considered in (4). As the
analysis showed, every interferer counts twice in the Alam-
outi setup. Therefore the network outage probability isssisv
larger than that of the SISO setup.

------ Alamouti2x1select

............. Beamforming

6. SSMULATION OF MORE COMPLEX NETWORKS

For the simulation of more complex networks, we consider
IARRAARARACARRRRRRRRR RN R a network consisting of¢ = 18 active users where all the
-15 -10 -5 0 5 10 15 . . . . . . .
transmitter-receiver pairs are distributed according tona
form distribution in an area of abou000m?2. Transmit-

Fig. 2. Outage probability’yo (v) (SIR Targety in dB) for ter and receiver nodes of a link are close to each other (ap-

a two user setup. Transmission strategies are SISO, two aHroxmaterE)m) when compared to interfering nodes. In the
tenna beamforming, Alamouti with one and two receive an- simulated idealized non-line-of-sight (NLOS) setup, aian-

tennas as well as Alamouti with antenna selection. All channel coefficients are i.i.d. circular symmetric complex Gaus
nel coefficients are i.i.d. complex Gaussian with- 1 sian distributed. Furthermore, we use a path loss exponent
o ' n = 3.5 and log-normal distributed shadowing with variance
02, = 6dB. For comparison reasons, we also show (in addi-




Channel NLOS, 2x2 System
T

—=-8ISO

-~ -SISO Ant. Sel.

—=-Alamouti2x2

-©-Alamouti2x1 Ant. Sel.

~+ Alamouti2x1

— Beamforming
SIMO

Outage Probability
o
@

these questions would be helpful when designing transmis-
sion strategies for distributed wireless networks. Distted
STCs and relaying are often located in distributed netwasks
e.g. sensor networks, which treat interference as noisest Mo
of the current work does not consider nearby nodes perform-
ing similar operations and inducing interference which — al
though Gaussian distributed for every time instance — may
have significantly different impact on the performance than
Gaussian noise, if channel statistics are taken into atccoun

‘ ‘ [1]
5 10 15 20
SIRindB

Fig. 4. Outage probability’y o (y) (SIR Targety in dB) for

(2]
complex network withl 8 active users and NLOS channels.

tion to the analyzed transceiver schemes) the performance

SISO with antenna selection and with maximum ratio com-
bining at the receiver (SIMO) — both with two receive anten-
nas respectively.

Figure 4 shows the network outage for the NLOS setup.
We see that although the interference in this scenario is re[4]
atively low, the advantage of Alamouti with one receive an-
tenna over SISO is small when compared to that of beam-
forming, SIMO or SISO with antenna selection. Compared to
SISO with antenna selection, even Alamaduti 2 and Alam-
outi with antenna selection have a poor performance. The
reason for this is the diversity gain on the interferenceneha
nels for the Alamouti scheme. Similar effects can be obskrve
in simulations with more realistic channel models.

7. CONCLUSION

The Alamouti STC is inappropriate for many symbol syn-
chronous networks in which interference is treated as noise
since the scheme induces a diversity gain to the interferenc
Similar results hold for other orthogonal STCs. In many sce-
narios, transmitting with only one antenna is superior i€ on
considers the increase of complexity due to the STC. In gen-
eral, receive diversity proves to be give more benefit than
transmit diversity by using STCs. Furthermore general or-
thogonal STCs lead to unequal SIR performance for the dif-
ferent symbols transmitted in one STC symbol. As a conse-
guence, a channel knowledge may increase the performance
of the code.

The results indicate that traditional point-to-point des
might be not suitable in distributed networks with strong in
terference. Is there a STC, that does not suffer in networks?
Is transmitter diversity inadequate for networks in gehera
as long as no channel knowledge is available? Answers to

5] I. Emre Telatar,
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