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Abstract—In this paper we analyze the performance of a line of sight (LOS) and non line of sight (NLOS) channels.
downlink single user multi-cellular multiple inputs single output |n [10], the Alamouti code performance was examined in

(MISO) system using the Alamouti code. We derive, for the first e case of multiuser uplink communication. The outage
time, an analytical expression of the cumulative distribution func-

tion of the output signal to interference plus noise ratio (SINR) or Probability was derived for a MIMO system in Rayleigh
equivalently the outage probability in flat Rayleigh fading. The fading channels.

system is considered interference limited. Two assumptions are In the present work, we will analyze the performance of the
considered: equal received power and unequal received power fy|| transmit diversity Alamouti scheme in a multi-cellular

from the interfering base stations. In the first case, a closed- A ; ; ;
form expression for the outage probability is derived. In the system when considering Rayleigh fading. We derive, for the

second case, from an approximation of the interference power first yme, an expression of the SINR cumulla}uve distribution
distribution the outage probability expression is obtained. function or equivalently the outage probability for2ax 1

Index Terms—Multiple inputs single output (MISO), multi-  multi-cellular MISO system.
cellular, Rayleigh fading, Alamouti, outage probability.

The remainder of this paper is organized as follows. In the
next section, we describe the system model. In section lll, we

Multiple antennas systems have attracted many reseadgrive an expression for the outage probability in case of equal
attention due to their potential to increase capacity through theceived interference power and unequal received power for
multiplexing gain [1], [2] and to enhance reliability owning2 x 1 MISO Alamouti and SISO systems. Section IV includes
to the diversity gain. However, the capacity gains promisetl comparison between simulated and analytical results and
by MIMO techniques degrade drastically in a multi-celluladiscussions. Finally, in section V we conclude.
system. Consequently many transmission and/or reception
strategies have been proposed to mitigate this degradation.
The performance of these strategies have been evaluated
over multiple studies. In [3], the outage probability of the Consider a downlink, multi-cell single user communication.
optimum combining (OC) receiver was studied for unequ@lach BS is equipped with two antennas and each user equip-
co-channel interference plus noise power. In [4], [5] and [6ent (UE) with a single antenna as depicted in Fig 1. A user
the performance of different reception strategies for MIM@ a cell receives a useful signal from its serving base station
systems in presence of co-channel interference have béBB) and an interfering signal from thB neighboring BSs.
compared based on an outage probability study. It was shotzach BS uses the Alamouti scheme to code the information
that the interference cancellation (IC) receiver yields betteymbols. It consists in transmitting the symbals and s;
performance than the maximum ratio combining (MRC) in aftom the two antennas in the first channel use period-asigd
interference limited system and for few number of dominast in the second channel use period. It is a rate 1 code that
interferers (less than the number of receive antennas).atthieves full transmission diversity for a two transmit antennas
was also shown that the OC receiver achieves the begstem even without channel knowledge at the transmitter.
performance. The Alamouti diversity gain for & x 1 MISO system is
In [7], the performance of maximum ratio transmissioequivalent to the receive diversity when using a maximum
(MRT) technique in a multi-cellular multi-user MIMO systemratio combining (MRC) receiver [11]. The Alamouti scheme
was analyzed. A closed form expression of the outageesents the advantage of keeping the user equipments simple
probability was proposed for an arbitrary number of transmaind unburdened. Owing to its implementation simplicity, the
and receive antennas. In [8], different transmission strategi@smouti scheme has been adopted for the W-CDMA, CDMA-
were compared. The Alamouti [9] scheme was studied in2900 and WiMax standards.
single cell multi-user MISO and MIMO system scenarios fofhe Alamouti code matrix is given by:

I. INTRODUCTION

Il. SYSTEM MODEL



- 1. OUTAGE PROBABILITY

iy A
JP— E \?“ ﬁ’/E The outage probability is an important metric for the
’ /A \\,BS] evaluation of the performance of a wireless communication
. I - jJ system. It measures the probability of failing to achieve an
TrmmmmmmeToon < = /A output SINR threshold value required for a desired service. It
N, B is given by the cumultaive distribution function (CDF) of the

output SINR, i.e. :

Fig. 1. Downlink multi-cell (3 BSs) single user communication.

Pout = Ph/ < ’Yth]v (5)

X — { 51 *‘? } 7 (1) where~,, is the threshold SINR value.
S92 Sq

wheres(;_; oy are the transmitted symbols. __ _

At the receiver side, the signal can be represented in the Outage probability for the€ x 1 MISO Alamouti system

following form: The SINR expressed in (4) can be written as:
=Bl mllm] e - ®
. H, where P, ) )
N Z % [ Zij :ZiJ ] { 21] } X = ?(|h1,0\ + [h2,0l%), (7)
j=1 2.9 L. 7 and
+ n, B

P; |hioh1j + haohs |2 + |hf gha,j — haoh |?
wheres; ; is the symbol transmitted from the antennaf the Y = Z 40 |h27]|2 n |h170\2 d AN
BS j, h; ; is the flat fading Rayleigh channel gain between the Jj=1 1.0 2,0

antenna of the BSj and the user it serves. The flat fadin . . . (8)
is assumed quasi-static over the two channel use periods%ﬁ consider an interference limited cellular system where the
&

n is the additive white Gaussian noise vector with covarian < ckgtr)ound NOISE 1S a(ljszurned to be negligible. The SINR can,
matrix o21. P; is the received power from thg" BS (P is thus, be approximated by:

the power received from the serving BS) including path-loss SINR ~ X 9
and shadowing terms and is given by: Ty ©)
P = PTKd;”lo%, 3 To calculate the outage probability we need to calculate first,

' _ . _ the probability distribution function (PDF) ok and the PDF
where Pr is the transmit power/ is a constantd; is the of y'. We will suppose that the shadowing remains constant
distance between the considered user and jB is the during the period of our study.
path-loss exponent and is characteristic of the propagatigihce |, ;| are zero mean unit variance Rayleigh distributed
environment and; is a Normal random variable with zerochannel gains, it can be easily shown [17] thatis Gamma

mean and standard deviation distributed and that the PDF of X is given by:
By pre-multiplying the received signal by the channel trans-
pose conjugate of the channdl, the signal at the receiver fx(x) = 247336_;% (10)
becomes: P5T(2)
_ Py [ |h1ol® + |haol? 0 1) Equal interference power assumptio this section,
Hoy = 9 [ 0 |h1o|? + |haol? } we will assume thai’; = P,Vj = 1,..., B. This assumption
B 0 7 allows us to derive a simple closed form expression of the
+ Z\/F?[ h}k@ _hi,o } [ hiy _hi’j ]xj outage probability. However this scenario is not completely
= 2 | hao —hip h; —hi unrealistic. It can correspond to the case where the considered
H user is close to its serving BS mainly interfered by the first
+ [ hivo _hfvo ] n surrounding layer of cells.
oo —hio The interference poweY can be written as:
The signal to interference plus noise ratio (SINR) per symbol B
is, thus, given by: y=% g(\c‘j\z +1d,]?), (11)

Jj=1

P 2 2

_ S ([h10" 4 |h2ol) h
’y - B P] ‘}Liohl,j"l‘h’z,ﬂh;,j‘2+|hi0h2,j_h2,0hij‘2 2 W ere

ijl 7( [hi,0]2+]h2,0]? ) +on _ hoh; hog;




wherehy = [hi, hao], hj = [h1; hj,] andg; = [h1; — wherea = v%r(Y) and§ = VE{(Y?.

h3 ;] In order to compute F] and vatY), we will note ¥ =
As proven in [6],c; and d; are complex Gaussian randomz JZ where Z; is given by:

variables independent dio Hence,Y is the sum of two

correlated Gamma distributed random variables. Using the Z; = |e;|? + |d; 2. (18)
analysis conducted in [12], we can prove that the probability ' ‘
distribution of Y is given by: Z; is the sum of two correlated exponentially distributed
) N (QZ/)B_; 2 variables, thus, the PDF df; is given by [12]:
YW= P - p)BI(B) \ P2 1 Y/
2% 5 fz,(z) = Wexp(—l - )smh(1 —, z), for z>0.
X eXP(*m){B—%( Y), (19)
where p is the correlation coefficient between the two corr wherep, is the correlation coefficient between the two corre-
P B 2 B 9 Sated random variableg:;|> and |d;|. E[Z;] and BZ?] can
lated variablesy, = > ., |c;|* etYy = 37—, |d;|* and can
Cov(Ya,Ys) N be derived as follows:
be expressed as = : L0 = 5225 and L, ()
Vvaryvaryy) P(1—p) ) )
is thent" order modified Bessel function of first kind. E[Z;] = Elle; "] + E[ld; 7] = 2, (20)
Using the PDF expressions (10) and (12), the outage proba-
bility can be derived as follows: and
X o 22 z NI
P(= < = F d 13) E[Z:] = / exp sinh z)dz, 21
G <) = [ Fxtmnse s 13) B2 = | el b (@)
© 27y -3 -3
= [0 D) ) n ) LI (e (e
0 NZEE 1-p. 1—p. ’
Substituting fy (y) by its expression and using the following = 203+ p.).

formula [12]:
As Z; for j =1,..., B are independent random variables, the

oo v T mean of the interference power is given by:
/ oM leT L (Ba)dxr = B _Dlu+v) (15
0 vty D(v +1) B p B
5 .
2F1<M+V,'u+y+l;u+1;ﬁ2) , E[Y] :ZEJE[ZJJ :ZP]" (22)
2 2 n j=1 j=1
the outage probability is given by: The variance ofy’ can be expressed as
C I'(2B)
Pour(en) =1 Pp2B-1:2B F(B + 1) (16) B Pj2
, vary) = Y —Lvarz;) (23)
1 ) —
% (2F (B, B+ B +5i ) =
J
4B v, 1 42 = - (1 +p2). (24)
Fi (B B+ 1;B ; 2
+ ?02 1( + 2 + += 2 ) ) j=1
where 5 F(.,.;.;.) is the Gauss’ hypergeometric functionThe parameters and 3 of Eq.17 are, thus given by:
J— Qﬁ j— 2 th 2
[14], € = pr=pipremy @nd< = " + prp)- B py2
0 — 2 (X b)) (25)
2) Unequal interference power assumptiddince the equal 1+ p. Zle p2’
power assumption does not cover many possible scenarios, we B po
will try to derive an expression for the outage probability in B = L+p- zjzl i (26)
the case of unequal received power. 2 Zle P;

When the received powers from the different interfering BSs

are unbalanced, it is more difficult to find a closed form The outage probability can be derived using (14) in section
expression for the interference power PDF. However it cal-Al. Substituting the interference power PDf(y) by its

be approximated using the central limit theorem for causexpression (17), the outage probability is given by:

functions [13] by a Gamma distribution given by:

P \° 28 T(at1)
alexp(—4 Pout(ven) = 1— <> <1+ _
fy(y) = yr(z)pﬁ(aﬁ), a7 27 B+ Py 2y B+ Py T(a) én




B. Outage Probability for a SISO system IV. SIMULATION RESULTS

_In amulti-cellular single input single output (SISO) commu- |n Fig. 2, we plot simulated and analytical outage
nication system and assuming a flat fading Rayleigh channglohapility in the case of equal received interference power

the SINR is given by: for the Alamouti scheme and for a SISO system. We consider
Polhol? (28) 6 interfering BSs. The cell radius B, = 1 Km, the mobile
V5150 = B : station is at a distancé = 0.2 Km from the BS and the
> i1 Pilhi? + o3,

interfering BSs are at distanc&,; = 2R.. The path-loss
We consider an interference limited system, the SINR can bgponent is taken) = 3.41 and the standard deviation of

written as: ¥ the log-normal shadowing is taken= 6 dB, the shadowing
vs1so = =159 (29) is considered constant over the period of study. Simulated
Ysrso curves are obtained using the Jakes' model [18] to generate
where: zero mean unit variance Rayleigh fading. The correlation

) B ) factor p is estimated by simulation.
Xsiso = Polhol®,  Ysiso =Y Pjlh;>. (30) We can see that the Alamouti scheme achieves better

J=1 performance. In fact, as can be seen in Fig. 2 (b), the outage

The PDF of the useful power is given by [17]: probability of the Alamouti scheme decreases faster owning
1 . to a higher slope corresponding to the diversity gain of
[xsiso (@) = 3067”7‘% (31) the schemeGp = 2. Thus, the Alamouti scheme allows a

. . . . . better coverage. It can also be remarked from Fig. 2 (a) that
As in section Ill, we consider two assumptions: equal recelvc—ﬁqe variance of the SINR output when using the Alamouti

interference powers and unequal received interference POWElhome is less than the variance of the SISO output SINR.

1) Equal interference powercConsiderP; = P.¥j = the gimulated curves fit very well the analytical ones.
1,..., B, in this case, it can be easily proven that the inter-

ference power is Gamma distributed [17] and that the PDF of

the interference power is given by: Pout(yy) : Pout(y,)
1 T T T !
_ nyl 7% 32 09 ‘ I I
Tsrso (W) = F(B)PBe . (32) e

Using the useful power PDF (31) and the interference pow™"["
PDF (32), the outage probability for a SISO system can **
derived as explained in section IlI-Al using the expressic®®
(14) and can be written as: e

03

y 1 H h H H H - -4
s150 1 _ 0z Al S T ; , ]
Fou?Om) =1 = =g (33) A T e AT
B, Vth o1 : : Thea SISO ] : e

: Theo Alam || : Theo Alarm

10 15 20 25 30 0 10 20 Ell
Yy (AE) Y (4E)

Linear scale {a) Logarithmic scale (b)

o
m

2) Unequal interference poweln this section we consider
the case of unequal power and considering path-loss and |
normal shadowing in our analysis. As in section IlI-A2, the
mter_ferepce POWGI’ PDF can be approximated by a Gamrﬂa_ 2. Equal received interference poweY;,; versus SINR threshol@x 1
distribution given by: MISO Alamouti scheme and SISO systems.

yy—l Y
Frsiso(y) = F(V))\Ve * (34) Fig. 3 shows a comparison between the performance of
Eiye. . 12 vary the Alamouti scheme of @ x 1 MISO system and a SISO
where the parameters= % and\ = E(ism)) are system in terms of outage probability in the case of unbalanced

given by: arsol received interference powers. Simulated and analytical curves
B 5 are presented. The considered user is at a distdare6.5 Km
v o= }Mj (35) from its serving BS, the standard deviation of the shadowing
2 Zle Pj2 is 0 = 4 dB and we consider 18 dominant interfering BSs
ZB 2 (two rings of BS in a hexagonal network).
A = 2%, (36) It can be seen that there is a good match between the sim-
Zj:l P; ulated results and the analytical approximation of the outage
The outage probability can be obtained using the expressigipbability.
(14) and is given by: As in the case of equal received interference power (Fig. 2
1 (b)), the diversity gain of the Alamouti scheme allows for

PSiSO('Yth) —-1—

out

S (37) Dbetter performance.
(Pio’yth +1) Fig. 4 presents a comparison between the simulated per-
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V. CONCLUSION

In this paper, the performance of multi-cellular network
interference limited system using the Alamouti scheme is
analyzed. Outage probability expressions for the case of equal
received interference power and unequal interference power
are derived. In the two cases, a comparison between the
performance of the2 MISO Alamouti scheme and SISO
system is illustrated.

As a future work, we can use the fluid model [15] approach
to express the outage probability as function of the distance
between the considered user and its serving BS. This analysis
will allow us to address issues related to network dimension-

ing.



