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Outage probability evaluation in random wireless
networks with multiple antennas

Kostas Stamatiou, John G. Proakis and James R. Zeidler
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Abstract—We consider a network of transmitters, each with the spatial diversity order antl is the path-loss exponent.
a receiver at a fixed distance, and locations drawn according The authors in [7] considered various multiple-input nplé
to a homogeneous Poisson point process. The transmitters én output (MIMO) techniques, including spatial multiplexing

the receivers are equipped with an equal number of antennas. t of hvsical | that | f
Under a channel model that includes Rayleigh fading and path &S @ component ol a physical fayer that employs irequency

loss with exponentb > 2, we derive an upper/lower bound to the hopping and coding in combating interference. They arrived
outage/success probability at the receiver, when a spatidiversity ~— at similar scaling laws to [5] regarding the network thropgh

order N is available. It is shown that the main eff/ect of spatial gnd the expected progress, albeit from a different analyti-
- . . . . . 72 b - . ’
diversity is to provide an approximate gain N in spatial o5 path. Multiple stream transmission with perfect channe

contention, recently defined in [1] as the slope of the outage . . .
probability as a function of the transmitter density, when the knowledge at the transmitter was studied in [8] and the

latter is zero. Using a well known lower bound to the mutual Optimal numper of spa}tial mode;, in terms of mzf:lximizing
information of the multiple-input multiple-output (MIMO) chan- the transmission capacity for a given density, was illustta

nel by Foschini et. al., we employ the aforementioned expre®n  More recently,multi-user MIMO techniques such as interfer-

to derive a lower bound to the success probability in a MIMO - gyca cancelation and space-division multiple-access ieer
channel, in the presence of network interference. The usefiuess . .
considered in [9]-[11].

of these findings is showcased in determining the number of

transmitted streams that maximize the transmission capaty of o
the network. B. Contributions

Index Terms—Poisson point process, MIMO, outage probabil-

. - ; We first consider single-stream transmission and derive an
ity, transmission capacity

upper/lower bound to the outage/sucéepsobability in a
|. INTRODUCTION Poisson field of interferers, when a spatial diversity oi¥eis
tﬂ\_/ailable at the receiver. This expression is simpler ancemo

The study of random wireless networks has recently ga t than th derived in I51. Itis sh that the eff
ered a lot of momentum in the research community, e. ompact than the one derive in [5]. Itis shown that the éffec

see [1]-[6]. The main motivation behind this work is the us ffpatial dfiversti_tylis totpr()tyide an afhproxitmatf_gaiﬂ\bfzbf

of tools from stochastic geometry in order to derive indight In terms of spatial contention, 1.€., the rate ot increasenar.

analytical results on how different physical, MAC and netio outage probability as a function of the transmitter density

layer parameters affect the network perfo,rmance when the latter is zero. This result provides an alternative
The objective of this paper is to shed more light on th@terpretanoln to ths scac;mg Iar\:v in [5]. | inf . f th

impact of the use of multiple antennas and, more specif-YSIN9 ha ovvlerd ‘?‘md o the mutui In ormgglon OI the

ically, multiple stream transmission, in random networkM!MO channel, derived in [12], we then provide a lower

We consider a well established single-hop network modapund to the sfuccess Erpbatfnhty in the MthO c;]hanrr]]el, n
where transmitters are distributed on the plane accordil presence of network interference. We show that the gain

. L. . —2/b
to a homogeneous Poisson point process. Each transmitfgferms of spatial contention is approximateély; " °, where

has a corresponding receiver at a fixed distance and chanlper is the arithmgtic mean of the spatia! diV?rSiW Ofd‘?rs of
knowledge is only available at the receivers. the subchannels, if detection at the receiver is performad v

zero forcing and perfect successive interference caricglla
A. Related work We employ these results in order to maximize the transmis-
The outage probability for different spatial diversity hec sion capacity over the number of transmitted streams, in the
niques and single-stream transmission was evaluated in [§hall outage probability regime. It is shown that, for 4,
The main result of this work was that, in the small outit is optimal to use all transmit antennas, while, fox 4,
age probability regime, the transmission capacity, i.ee tthe number of streams must be judiciously chosen such that
maximum network throughput such that a constraint on thilee optimal trade-off between network interference aneé rat

outage probability is satisfied, scales &8/%, where N is
1The terms “outage” and “success” probability, since comgletary, are
This work was supported by the MURI Grant W911NF-04-1-0224. used interchangeably throughout the paper.



increase is achieved. We also examine the case where edefined asw =), R;%Himi andQ =,y R; "H;HI
packet is transmitted on the same subchannel in a slot (§-its correlation matrix.
BLAST) and demonstrate that transmitting a packet acrossDue to the complicated nature €§, the evaluation of the
the antennas (D-BLAST) yields a significant gain in terms ohutual information of the channel in (1) and the respec-
transmission capacity. In both cases, the transmissioacigp tive outage probability appears intractable. A lower bound
scales linearly in the number of receive antennas. to the success probability?!, can be obtained by setting
The rest of the paper is organized as follows. In Section Q = M}, Ri‘bIN, i.e., by substituting the terrl; H!! in
the system model is introduced. A lower bound and an apprdke original definition 0fQ, with its expected value. Assuming
imation to the success probability are derived in Sectidn llan information raté for the typical TX-RX link, we therefore
The transmission capacity is then evaluated and optimizedhave that
Section IV and numerical examples are presented in Section V
Section VI concludes the paper. P =P (1Og det (IN + lHHH) > R) , 2)
We note the following regarding the notation: a zero-mean <
complex Gaussian random vector with covariance matrix where » — M S e Ri? is the interference power over a
Q = E[zz"] is denoted ase ~ CA(0,Q); a central chi- given slot, per RX antenna, averaged over the interferers’

square random variable (r.w)with parameter /2 and/ > 1 fading coefficients. Moreover, using the result in [12], can
degrees of freedom is denotedaas- x7; and thel x [ identity pe further lower bounded by

and zero matrices are denotedIasO;, respectively.

M
Il. SYSTEM MODEL P, =P (Zlog (1+a_m) >R> , 3)
The transmitters are distributed on the plane according to m=1 :

a homogeneous Poisson process of den€itgnd each trans- where {a,,} are independent random variables with, ~
mitter (TX) has a corresponding receiver (RX) at distaite xg(meH). The respective upper bound to the outage proba-
Transmissions take place concurrently and in a synchrdnigsility is P, = 1 — P,. As described in [12], the performance
manner, during a slot. Due to mobility and/or random acce#s(3) can be approached with the D-BLAST architecture.
with a small probabilityp, we assume that the set of active The evaluation of (3) requires the statisticszoHowever, it
TXs from slot to slot is a new realization of a Poisson poiris well known [2], [13] thatz is an«-stable r.v. with stability

procesdl with effective densityh = \'p. exponenty = 2/b and moment generating function
The channel between each TX-RX pair over a sub-band .
consists of constant flat Rayleigh fading with a coherenue ti O.(s) =E[fe*] =", 5>0, (4)

of one _slot and path-lqss according to the law’, where where ¢ = ArR2T(1 — a)M® and T'(z), = > 0, is the
b>2 'S the propagation exponent. The power from ea mma function. In the following section, we use (4) in order
antenna is the same across all TXs and equal to one. Gener Vevaluate 3).
there is a different number of antennas at the TX and the
RX; however, for convenience, we assume thatantennas [11. EVALUATION OF THE OUTAGE PROBABILITY
are available at both the TX and the RXMoreover, the A Single-stream transmission
channel cogfﬁments are |.n.depen.dent across d.|ffere_znnaam We first consider the transmission of a single stream, i.e.,
We also disregard addmye noise, considering mterfeeenfw — 1. Defining R — log(1 + ), whered is an appropriate
from concurrent transmissions as the only cause of €TOrS dlnal-to-interference-ratio (SIR) threshold, (3) beesm
communication (interference-limited scenario).

Suppose that\/ antennas are employed for transmission, p.—p (@ - 9) )
with M < N. The received vector at the typical RX is 3 z '

. L Note that (5) is an approximatiéro the success probability,
y=R >Hzx+ ZRi *Hiz,, (1) when maximal-ratio-combining is employed at the RX. The
€11 evaluation of (5) is carried out in [5], in the process of

whereH is the N x M channel matrix between TX and RX,studying the effect of different spatial diversity techmes
with i.i.d. elementsH],,,, ~ CN(0,1) ; & ~ CN(0,Iy;) is ©ON the network transmission capacity. We propose a differen
the M x 1 symbol vector transmitted by TX; is the channel approach here that results in a compact expressiotfor

matrix between interfering TX (denoted as T¥ and RX,  For ease of exposition, denaig by a. The complementary
with i.i.d. element§H,],.., ~ CA(0,1); &; ~ CN(0,1,,) is cumulative distribution function (ccdf) of = a/z is

the M x 1 symbol vector transmitted by TXand R; is the B oo

distance between TXand RX. Note that, gived R;, H,}, it Ey(y) =Pla>~vz) = ; Fa(y2)f:(z)dz (6)

holds thatw ~ CN(0,Q), wherew is the interference term

3t is an approximation, as the interferers’ fading has bemretaged out”
2This assumption is not unrealistic in an ad hoc network, wkenode can in (2). Nevertheless, for the case of single-stream trassion, the interferers’
be a TX and a RX interchangeably throughout time. fading can be easily taken into account, as shown in [5].



where

) = et 3 n=-9 (13
Fi(a)=e Z;H @) N |y’

defined in [1] for single-antenna networks, as the spatial
contention parameter. By its definition, it measures theeslo
of the outage probability in a random access network as a
)+ Z / 2 F(2)e " dz function of the density\, at A\ = 0. The largem is, the sharper
=( the increase of the outage probability’agicreases. Denoting
= c#*/\, from (12) we have that

is the ccdf ofa. Substituting (7) in (6), we have that

Fy ()

From the Laplace transform property (also employed in [5])

" Ld"® (s N-1
fu(z)er s (- T2 R S
TL.
we have that .
=t adhe(y) = ¢y L
n n z n!
() = 0.0+ Y (=) —== 8) n=1
oW )
n= -1)"(« n A
We now employ identity 0.430.1 on p.24 of [14], in order to =d oy | (a)o =1
evaluate thex'" derivative of the composite functiob, () = n=0 N1
e~ 7", After considerable algebra we obtain _ (—1)N-1 N -1 (—1) (@)
4", (7) " g eprg e A
"0, 2 —n, —cy® l? a\k _ "
— e =y Ty " ER () 9) (—1)N-1
d~n k! = (a—
i v =1 SN =T (@ —1)n-1 (14)
where _
— C/M (15)

. . T(NI(1—a)
Br=> (-1) ( ) ) ()n, k=1,....n (10)  where (14) stems from the binomial identity for falling sequ
= tial products and (15) is the result of the successive agiidin

and(al),, £ al...(al —n+1) denotes the falling sequentialof the gamma function property(z + 1) = zI'(z). As N
product. Substituting (9) in (8) and regrouping terms rissufincreases, it can be shown that [7]

" I(N-0)  \oa
W ~ N7 (16)
_ o manm LS (D)8 . N
Fyy) =e +e79 = Z T’“(c%’) thereforen ~ TR2>N—“. It is seen that a spatial diversity
=1 " k=1 : order N provides an approximate gain & < in terms of
L (ey®)* N-1 (—1)"3p spatial contention. This result provides an alternatierjre-
=e 7 49 Z A ol £ (11) tation to the scaling law derived in [5]. In simpler termse th
k=1 " on=k ' spatial diversity at the RX roughly decreases the SIR ttolelsh
Note that 87 = —(a),. Sincea < 1, it follows that 6 by a factor/V.

(=1)"By > 0. This property can be shown for a{l3;} The following lemma provides an upper bound Bn
defined in (10), i.e.(—1)"3y > 0 (see Lemma 1). By the Lemma 1. For single-stream transmission and a RX spatial

definition of P; in (5), we have thaP; = F. () or diversity orderN, P, is upper-bounded by

o= e Z 5 Z:: ) — exp (—n\). (17)
From (12), we can see that the success probability for $pafldne equality holds forV = 1.
diversity orderN is a product of the terra—<?" (the success Proof: Since forN = 1, P, = e~ ", (12) holds as an

probability for N = 1) and a polynomial inc* of degree equality for N = 1. For N > 1, we take the Taylor series
N — 1 and non-negative coefficients. Clearly, increasing trexpansion ofP, and compare individual terms with (12). It
spatial diversity orderV, increases the success probability agan be seen that it suffices to prove that
more positive terms are added to the polynomial.

We want to obtain more insight into the effect8f> 1 on N_1 o
the outage/success probability. In this direction, we &l A L Z (=1)" 5% < <
the derivative - .

N-1

k
27(_12”51> 245, (18)

n=1



with £ =1,...,N — 1. If £ =1, (18) holds as an equality.in conjunction with (16), implies that the spatial contenti

For k > 1, it holds that parameter can be approximated By~ wRZM“6*N_",
N1 N1 where N.g = ﬁNmt. Note thatN.g is the arithmetic mean
A — Z_ Z_ s g (19) of the diversity order of each stream/subchannel, if deiect
27 - - Lol at the receiver is performed via zero forcing and perfect
e e successive interference cancelation [12], [15].
where, for convenience, we have defingfl = (’7)17,%
Moreover, by (10), we can show thdt! is equal to the IV TRANS_MITQ;SION CAPACITY . o
following derivative We now utilize the findings of the previous section in
evaluating the transmission capacity of the network, ddfine
dm (1 — z)* as the network throughput such that a constrdint= ¢ is
By = T der (20)  satisfied [4]. Mathematically,
z=1
Using (20), the following iterative relation can be proved C=X(l-€)R, (24)
. n n o where themaximum contention density \. is determined by
Br = Z (m1> 1 Byt (21)  the constraint?, = . In the small outage probability regime,
ma=1 e.g., ¢ < 0.1, we can invoke Lemma 1 to determine an
Applying (21) successively, we obtain approximation to\, i.e.,
n an n n—m n—mpg_g—:-—m F(N —Oé)
(=1)" B ' N Cmigme em ex (—LAJWMQ Mo a) ~l-—e¢
- =3 3 - 3 PUER U p T (Neor) (M9)
m=tma=l 1=l log(1—¢)  T(Niot)
4 it (22) A g [(Nioy — ) M2 (29)
wheremy = n—my_1—---—my.” Substituting (22) and (19) tot

in (18), we can see that (18) is a true statement. This is ddeom (25) and (24), an approximation of the transmission
to the fact that the summation that gives is over a subset capacity is
of the terms that are summed to give.

[ ] (€ —1)log(l —€) T(Nyot) M2

We can verify that the bound in (17) becomes tight\as: 0, C ~log(1+6) —R2pa TNy — ) (26)
by letting A — 0 in (12). As a result, (17) can be used as an ) ¢
approximation toP; in the small outage probability regime. Since Ny, = XM= M 1 (26) allows the optimization of

ltiol . C with respect toM.% In order to obtain an approximate
B. Multiple stream transmlsgon analytical expression for the optimal number of streams, we
We now turn our attention to the case< M < N, and invoke (16) and set the following derivative to zero

the evaluation of (3). Definin@® = M log(1 + 0), we have 5

— 2N - M +1)* M~ =0. 27
. 51 +1) (27)
P,=P (Z log (1 + a—m) < R) After some calculations, this yield&/, = (1 — «)(2N + 1).
m=1 z Since the constraintd/, < N and M € Z* must also
M N be satisfied, a good approximation to the optimal number of
m \ M .
=P (][] (1+—) <146 streams is
— z
We observe that, roughly, an outage occurs when the interfer M, =min{[(1 —a)(2N +1)|,N} (28)

ence powet obtains a large value. In this case, the geometr'ﬁote that
mean of{1+ %=}, is approximately equal to the arithmetica
mean, thus

(1—a)(2N+1) < N is only possible ifx > 1/2. As
result, ifa < 1/2, orb > 4, (28) indicates that transmission
with all antennas maximizes the transmission capacityo Als
M if we setM = M, in (26), we can verify tha€' scales linearly
P,~P <— > am < M@) : (23) with N.
Z = Eq. (26) and (28) are based on the definition of the
success probability given in (2). As discussed in [12], [15]
a performance close to (2) can be achieved with the D-

M .
Zmz.l(N —m +1). For the case of multlplg-str_eam transg) ast architecture, in conjunction with zero-forcing (ZF)
mission, we can therefore obtain an approximationPtoby
(12), if we setN — N, andd — M6. Moreover, Lemma 1, 5The term “perfect’ is used in the sense that the contributibpreviously

detected streams is always removed.

4Eq. (22) is also proof that—1)"82 > 0, sinced;™,..., 57" > 0. 6We can also optimize over the SIR threshéld1].

However, note thaty"h_, a, ~ X3y, Where Ny =



NA
¥

and successive interference cancelation (SIC), in ordsepe 1

arate the different streams. In D-BLAST, a packet is encpded o9 ~ "
then separated into segments which are diagonally trateziit 08 e ] *
across antennas and time, such that each segment expsrience 07 \S\
a different subchannel. In contrast, in V-BLAST, each packeg \
is transmitted on the same subchannel for the duration afta sl %° \
[15]. An outage or packet failure therefore occurs, if a mck ,, 05 5
is transmitted on a subchannel that happens to be in a de&p o4 \ 0
fade. Assuming that the packets are separated with ZF-SIC §t 03 N
the receiver, the spatial diversity order of the “worst’estm 02 L _ \ )
is N — M + 1. According to the previous discussion, given ' g:m g) u
that the SIR threshold for each streamfisthe maximum o1r P oo 83% — \i-i
contention density is 0 -
1e-05 0.0001 0.001
A Clog(l—¢) DN -M+1) (29) A (# nodes/m)

2 _ _
TR F(N M+1 a)MO‘ Fig. 1. Success probability va.for N =4 andM =1 (R =20m, b = 4,
and, assuming perfect SIC, the transmission capacity is ¢ = 6 dB).

M
C" ~ A\ Plog(1+60) > PN -m+1), (30) AP RO
X
m=1 0.9
_ L K
where Ps(N —m + 1) is the success probability over the'® 0.8 \g\ .
stream, as computed by Lemma 1 (note tRatN — M +1) = 07 \ik "
€). Ie
Finally, if the streams are separated by simple ZF, the diveg_ 06 N
sity order of each stream i¥ — M + 1 and the transmission ¢ 05 \
capacity is Q 04 \t
S o3
i (e—1)log(l—¢) T'(N—-M+1)M=@ @ 02 F Sim, (1) % \
C* ~log(1+0 . ) ' i
og(l+8) e T(N—M+1-a) o1} p, o3 U e
(31) 0 R S
Following the same procedure as in (27), in [7] it was 1e-05 0.0001 0.001
shown that the number of streams that maximiz&s is \ (# nodes/m)

approximately
Fig. 2. Success probability v&.for N =4 andM =3 (R =20 m, b = 4,
0 = 6 dB).

M = min {[(1 - a)(N +1)],N}. (32)
Letting M = MZ# in (31), we can verify thatC* scales

linearly with V. o , )
transmission capacity compared to V-BLAST with ZF-SIC or

V. NUMERICAL RESULTS ZF. Moreover, the gain between ZF-SIC and simple ZF is
In this section, we evaluate the outage probability adgarginal, as, with ZF-SIC, the maximum contention density i
transmission capacity for a network with default parametdftermined by the subchannel with the smallest diversigor
valuesR =20 m. b =4, § = 6 dB ande = 0.1. As predicted by (28), the optimal number of streamsNo# 4

In Figs. 1 and 2, we plot the success probability vs. tHg (1 =@)(2N+1) = 3,and, forN =8, [(1-a)(2N+1)] = 6.
TX density for N = 4, and M = 1,3, respectively. We For ZF, the respective optimal nu_mbers of streams given by
observe that the match between (12) and the simulated sucdg?) are2 and3, which are approximately correct (as can be
probability in (2) is very good. In agreement with Lemma 15€€N in Fig. 3, it is slighlty better to employ only one stream
(17) provides an upper bound to (12), which becomes tightgg N =4).
A — 0. Also, as expected, the simulated success probabilityln Fig. 3, we increase the propagation exponemtio4. As
of the channel in (1) upperbounds (12). This gap decreasesl&tussed in Section IV, for a D-BLAST scheme, activatirig al
the number of transmitted stream$ increases, as shown inthe TX antennas maximizes the transmission capacity. In the
Fig. 2. case of V-BLAST, the optimal number of streams is dictated
Fig. 3 shows the dependence 6fC¥® and C* on the by (32). The good agreement of the theoretical curves with th
number of transmitted streams fof = 4,8 andb = 3. Note simulation results confirms the validity of the approxirmat
that a D-BLAST-like transmission scheme results in highaf Section IV.
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VI. CONCLUDING REMARKS

regime (or, equivalently, if the effective density of trariters
is small).

We showed that, employing a D-BLAST-like strategy, where
a transmitted packet experiences an average subchannel, re
sults in substantial capacity gains compared to V-BLAST,
where each packet is transmitted on the same subchannel
during a slot. Moreover, for a propagation exponént 4,
it was demonstrated that the maximum transmission capacity
for D-BLAST is achieved when all transmit antennas are
activated.

The results in this paper shed light on how MIMO tech-
nigques, which are well understood in the single-user cdntex
affect the capacity of a random network. At the heart of the
analysis and the resulting design guidelines lies an ieterfce
model that takes into account the topology of the interfager
transmitters.

ACKNOWLEDGMENT

The authors would like to thank Francesco Rossetto for
helpful discussions.

REFERENCES

[1] M. Haenggi, “Outage and local throughput and capacityrafidom
wireless networks,” 200%ubmitted for publication in the IEEE Trans.
on Wireless Commun.

[2] F. Baccelli, B. Btaszczyszyn, and P. Muhlethaler, “AfoAa protocol for
multi-hop mobile wireless networks/EEE Trans. Inf. Theory, vol. 52,
pp. 421-436, Feb. 2006.

[3] S.P. Weber, X. Yang, J. G. Andrews, and G. de Veciana,ri3ingssion
capacity of wireless ad hoc networks with outage conssAINEEE
Trans. Inf. Theory, vol. 51, pp. 4091-4102, Dec. 2005.

[4] S. P. Weber, J. G. Andrews, and N. Jindal, “The effect dfrfg, channel
inversion and threshold scheduling on ad hoc networkSEE Trans.
Inf. Theory, vol. 53, pp. 4127-4149, Nov. 2007.

[5] A. M. Hunter, J. G. Andrews, and S. P. Weber, “Capacitylingaof ad
hoc networks with spatial diversity,” 200&ccepted for publication in
the |IEEE Trans. on Wireless Commun.

[6] K. Stamatiou and J. G. Proakis, “Assessing the impact loyspzal
layer techniques on ad hoc network performandggevier Physical
Communication, vol. 1, pp. 84-91, 2008.

[7] K. Stamatiou, J. G. Proakis, and J. R. Zeidler, “Evalotof MIMO
techniques in FH-MA ad hoc networks,” iroc. IEEE GLOBECOM,
Washington D.C., Nov. 2007.

[8] A. M. Hunter and J. G. Andrews, “Adaptive rate control oveultiple
spatial channels in ad hoc networks,”\lvorkshop on Spatial Stochastic

We conducted a study of an interference-limited, multiple- Models for Wireless Networks (SPASMN), Berlin, Apr. 2008.

antenna network, where the locations of the transmitter€)

K. Huang, J. G. Andrews, R. W. H. Jr., D. Guo, and R. Berigpatial
interference cancelation for multi-antenna mobile ad hetwarks,”

are determined .according to a homogeneous Poisson point 2qg9, submitted for publication in the IEEE Trans. on Information
process. Assuming channel knowledge at the RX only and Theory.

that interference from concurrent transmissions is ragﬁrdlo]

N. Jindal, J. G. Andrews, and S. W. Weber, “RethinkingM@ for
wireless networks: linear throughput increases with midtireceive

as nois_g we derived an exact lower bound to the SUCCESS antennas,” 20090 appear in IEEE ICC.
probability in the case of single-stream transmission. dsw[11] M. Kountouris and J. G. Andrews, “Capacity scaling of B in

shown that a degree of spatial diversity introduces an
approximate gairV—2/? in terms of spatial contention. In the

wireless ad hoc networks,” 2009ybmitted to IEEE ISIT.
[12] G. J. Foschini and M. J. Gans, “On limits of wireless conmigations in
a fading environment when using multiple antenn&¥feless Personal

case of multiple stream transmission, we demostrated ltieat t ~ Communications, Kluwer Academic Publishers, vol. 6, pp. 311-335,

respective gain is\fc’ﬁ?/b, where N.g is the arithmetic mean
of the spatial diversity orders of the subchannels, if deiac

1998.
[13] E. S. Sousa and J. A. Silvester, “Optimum transmissianges in a
direct-sequence spread-spectrum multi-hop packet raigank,” |IEEE

at the receiver is performed via zero forcing and perfect J. Sd. Areas Commun., vol. 8, pp. 762-771, Jun. 1990.

successive interference cancellation. These approxamsti

[14] I. S. Gradshteyn and |. M. RyzhikTable of integrals, series and
products, 4th ed. Academic Press, 1994.

were used to determine the number of streams, such that iy p. N. C. Tse and P. Viswanatrundamentals of Wreless Communica-
transmission capacity of the network is maximized, progide  tion, 1st ed. Cambridge University Press, 2005.
that the network is operated in a small outage probability



	Memorandumoftransmittal1.pdf
	ReportdocumentationpageGlobecom.pdf
	globecom_draft.pdf

	Reprint: Off
	Manuscript: Yes
	Tech: Off
	Final: Off
	Related: Off
	Contract No: W911NF0410224 (46637CIMUR)
	Report Title: Outage probability evaluation in random wireless networks with multiple antennas
	Submit: The Proceedings of IEEE Global Communications Conference (Globecom) 2009, Honolulu, Hawaii
	Salutation: Dr. James Zeidler
Department of Electrical and Computer Engineering
University of California, San Diego

	Date: 5-4-09
	Type: Manuscript
	Title: Outage probability evaluation in random wireless networks with multiple antennas
	Authors: Kostas Stamatiou, John G. Proakis, and James R. Zeidler
	Fund No: W911NF0410224 (46637CIMUR)
	Org: 
	Org No: 
	Prop No: N/A
	Code: N/A
	Abstract: We consider a network of transmitters, each with a receiver at a fixed distance, and locations drawn according to a homogeneous Poisson point process. The transmitters and the receivers are equipped with an equal number of antennas.  Under a channel model that includes Rayleigh fading and path-loss with exponent b>2, we derive an upper/lower bound to the outage/success probability at the receiver, when a spatial diversity order N is available.  It is shown that the main effect  of  spatial diversity is to provide an approximate  gain           in  spatial contention, recently defined in [1] as the slope of the outage probability as a function of the transmitter density, when the latter is zero. Using a well known lower bound to the mutual information of the multiple-input multiple-output (MIMO) chan-nelby Foschiniet.al., we employ the a fore mentioned expression to derive a lower bound to the success probability in a MIMO channel, in the presence of network interference.  The usefulness of these findings is show cased in determining the number of transmitted streams that maximize the transmission capacity of the network.
	Pages: 6
	Price: N/A
	Terms: Poisson point process, MIMO, outage probability, transmission capacity


