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Abstract—Space diversity is an effective method to combat fad- Il. SYSTEM MODEL

ing and cochannel interference (CCI) in wireless systems.nlthis . . . .
work, outage performances of several diversity schemes,dtuding We consider a system where the desired signal is corrupted

a practical variation of maximal-ratio combining (MRC) tha t does  PY L interfering signals, 6}” tr_ansmitting data_‘ at ratel’. As-
not require signal-to-noise ratios at different antennasequal-gain  suming perfect synchronization for the desired user and sam
combining (EGC) and selection combining (SC), are comparedn-  pling the output of the receiver matched filter at time: nT,

fading channel. Our analysis provides insight into performance as [7]

of diversity schemes in the presence of CCl, as well as assesshe
impact of cochannel interferer power distributions.
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In space diversity, the received signals at antenna branche
are combined to combat fading and cochannel interference zi[n]

(CCI). The common diversity schemes are maximal-ratio com-

bining (MRC), equal gain combining (EGC), and seIectioWhereP_S and P; ar_e, _respect_ively{ the transmitting powers of
combining (SC) [1]. A number of papers have studied outada® desired and thah interfering signals. Data symbais[n]
performance of these diversity systems in fading and CGI [Z}"da:l] are mutually independent with zero-mean and unit
[8]. However, to the authors’ knowledge, a comparativeyacnalva”?mce', The de_Iay of thigh mterferlng signal r_ela.'uve to the
sis of relative outage performance for these combiningreeise deSired signalr;, is assumed to be uniformly distributed over
in fading and CCI has not been attempted. Such knowledge ¢f intervall0, 7). The combined transmitter and receiver im-
be useful to better understand the design tradeoffs inipeict PUISE responsei(t), is a Nyquist pulse with a raised cosine
cellular systems. The outage comparison for MRC, EGC afigectrum and roll-off factop, where0 < p < 1. The chan’nel
SC with fading and additive white Gaussian noise was treiated’€Ctors of the desired and the interfering signalsandc;’s,
Brennan’s classical paper [1]. In this work, we provide a eon"® mutl_JaIIy _mdependent. All ch_annel vectors are assumed t
parison study, both analytically and numerically, on theage be quasi-static (constant over a time frame [7]) and to have u

probability of diversity systems with CCI and flat Rayleigif  Corélated realizations in different frames. We furthesuase
ing. Our analysis considers an arbitrary number of interer IndependentRayleigh fading among diversity branchesthe
as well as arbitrary interferer power distributions. elements ofe; andc¢; are independent identically distributed

We assume that CCl is the dominant source of system deg@%ld') circularl_y symmetric complex. Gau§sian randomivar
dation. Therefore, for simplicity, we ignore thermal noige °!€S (RV'S) with zero-mean and unit variance. In (4)n]

our analysis and consider an interference-limited envirent denotes the signal inter-symbol interference fromithanter-
[3],[7]-[9]. The outage is defined as the event when the signderer. It can be shown [11] th& [;[n]] = 0, E [|Zi[”]|2} =

to-interference ratio (SIR) at the combiner outputdrogewe | — /4, andE [zi[n]z;-‘[n]] = 0 fori # j. The channel vec-
thresholds, i.e., Po,:(8) = Pr{SIR < 3}. In an interference- tors of the desired user and tite interferer can be expressed,
I|m_|ted envwonment, MRC, whlch.maX|m|zes output s_|gmnl—t component-wise, ag, — [as il Mejes,M]T and
noise ratio (SNR) and whose weights depend on noise powers 0: 1 0; a1 T o

on antenna branches [1], becomes invalid. Therefore, we c§h — [@ine?® - azare’” |7, respectively, wheré, ; and
sider a variation of MRC, we denote as channel-matched coﬁﬁﬂ' are uniformly d'St”bUte(_j ovgﬂo, ,27T)' Thg fading ampli-
bining (CMC), whose weights are given as the desired use%descésvj anda;,; are Rayleigh distributed with PDF, () =
channel response vectorn practical systems where diversity2ae™* ,a = 0.

branches are usually assumed to have the same noise powers,

MRC is reduced to CMC [10]. [1l. OUTAGE PROBABILITIES UNDER CCI
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LIn [7], the combining scheme the authors called MRC is re@MC since
an interference-limited environment was assumed.



The output SIR can be written as C. sC
The outage event occurs when the branch with maximum SIR

SIR,. = Ps ’CfCS‘Q value drops below a pre-defined threshold. ThaPis,s.(3) =
(1—p/4) 5, PilcHel Pr{SIR.1 < 3, --,SIRecas < (3}, where SIR.; is the SIR
9 M (2) attheith receiving antenna. The outage probability expressions
= = _ = 21 % of SC can be obtained from [2]-[4] as
(- p Tk, AR (- ) S /A

L M
1— (L) equal powers
A . . . . P (5) _ Bo+A
whereA; = P,/P; is the power ratio of the desired signal to + oursc . s 1M
theith interfering signal, and; 2 \cfci|2 / |es]?. It has been [Zk:l Tk ﬁ0+0Ak:|
shown in [7] thateZ ¢;/ |c,] is a circularly symmetric complex

Gaussian RV with zero-mean and unit variance, and is indeN ANALYTICAL OUTAGE PROBABILITY COMPARISONS
pendent ofc,. Hencey; is exponentially distributed with unit

distinct powers

mean. A. Outage Probability Comparison for CMC and EGC
It can be shown [12] that the outage probability of CMC for We rewrite the output SIR expression of CMC in (2) as
both equal §; = --- = Ay = A) and distinct §; # A; for
1 # j) interferer powers can be expressed as SIR. M Zg L a? M ZJ a2
MC = =
_ (1—p/H Y, Mm-/Az- (1—-p/H Y, Vz/A
POUT. CMC(ﬁ) -

(6)

M k

B L—-1 (k+M—=1)! [ A
(Boi/\) k=0 RI(AM—1)! (Bo+A) equal powers A _ _ o _

I 5 \M disti wherev; = M, is exponentially distributed with meah/.
2z T (ﬁoJrAi) Istinct powers Comparing (6) with (4), we recognize ththé Zle v;/A;in

(3) (6) and&s 2 Zle wi/A; in (4) have the same distribution. In
L (4) and (6), the denominator is independent of the numerator

whereS, = (1 — p/4) fandr, = ]_[17&]% 1 —x - ltcanbeveri- Thys we have

fied that (3) is numerically equivalent to the outage expoess
in [6, (13)-(14)] and [7, (43)]. However, as shown in Section Pourenc(8) = Pr {MZM a2j/€1 < 50}
i j=1 S,

IV, (3) are more suitable for analytical comparison.
M 2
= [eefa Y a2 < e s e

B. EGC
}T and

M 2
POUT,EGc(ﬁ) =Pr { (Zj—l as,j) /52 < 50}

2
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g since PDF fe,(6) = fo(6) and (XM a,,) <

whereg; ; is a circularly symmetric complex Gaussian RV with/ 32j2, a2, due to the Cauchy-Schwarz inequality, we have

zero-mean and unit variance. The SIR can be expressed as £ ovreve(5) < Fouresd ), Where equality is achieved when
M = 1 (single antenna). When/ > 1, the outage proba-

o 2 bility for CMC is strictly lower than that for EGC. The above
P (27:1 O‘SJ’) conclusion holds for arbitrary interferer power distributs.

Using combining weight vectawese = [e7%1 ... ed%m
the EGC outputis

wherlnl = VP (3

M

j=1

as_j> as[n]

SIREGC =
(1—0/4)21 1 B j= 191J 4 . .
) 4) B. Outage Probability Comparison for CMC and SC
(Z;ul aw) For the case of one interferer, by settihg= 1 in (3) and
1— /4 A, (5), it is easy to see that the outage probabilities for CM@ an
( o/ )Z “umaf SC are identical fod. = 1. For L > 1, it can be proved that
2 [12], for the special case of equal interferer powers, thage

where y1; = ‘Zj:l gm“ is exponentially distributed with probabilities for CMC are smaller than those of SC. For dti
meanM . An exact outage analysis for EGC in Rayleigh fadinmterferer powers andl > 1, our numerical results presented in
and CCI can be found in [8, (4)-(7)]. Section V suggest that CMC still outperforms SC.



C. Outage Probability Comparison for EGC and SC

As shown in Section V, the relative outage performance of
EGC and SC depends on factors such as the number of interfer-
ers and the interferer power distribution. More intereg§inSC
can have better outage performance than EGC in the presence
of one dominant interferer. An exact analytical outage camp
ison for EGC and SC in CCl is difficult.

V. NUMERICAL RESULTS

In obtaining the numerical results, we get 0. Fig. 1 plots
the outage probabilities versus the outage thresholith four
diversity branches and equal interferer powexs=£ 10 dB)
for L = 1,2, andé6 interferers. Fig. 1 confirms that the outage
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probabilities for CMC are smaller than those of EGC in allesas g 1. Analytical outage probability for an interfereriggited environment:
considered. Fig. 1 also indicates that SC and CMC have témyal interferer powers\(= 10 dB), M = 4 antennas, and = 1,2, and 6

same outage performance when the system has one interfer8
Fig. 2 studies the effect of interferer power distributiam o
the outage probabilities. We first define the ratio of theraeisi
signal power to average interference powerAas,(dB) =
101log;, m Denoting the normalized interference

power vector byg = [q1,¢2,... ,qz], where> " ¢ = 1,
we can calculate the power ratib;(dB) = P,/FP;(dB)
Aqvg(dB) — 101og,(Lg;). With four diversity branches, Fig.

2 compares the outage probabilities for two interfererdwit
a highly unbalanced interference power vedtoi, 0.9] and

for six interferers with a more evenly-distributed intedgece
power vector[0.05,0.1,0.15,0.22,0.23,0.25]. In both cases,

as expected, CMC outperforms both EGC and SC. The rela-
tive performance for EGC and SC, however, depends on the
interferer power distribution. With six interferers, Fgshows -
that EGC outperforms SC in a scenario which approximates tf)

Prferers.
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ig. 2. Analytical outage probability for an interferen@eited environment:
inct interferer powersN,»y = 10 dB), M = 4 antennas, and. = 2

equal interferer power case studied in Fig. 1. For two ieferf and 6 interferers. The interference power vectorsifor 2 and L = 6 are,
ers, however, EGC is inferior to SC. This can be explained B§pPectively[0.1,0.9] and[0.05,0.1,0.15, 0.22,0.23, 0.25].

noting that the interference power vec{orl, 0.9] represents
the case of a strong dominant interferer, a scenario where th
outage performance of SC is almost equivalent to that of CMJ3]
In the presence of noise, we used Monte-Carlo simulation to
evaluate the outage probabilities. Assuming all antena&e h [4]
the same noise power, for the case of four antennag\aad 0
dB, our results show that for one interferer, SC outperformg
EGC at high SNRs such as 20dB and is inferior to EGC at lower
SNRs such as 10dB. 6]

VI. CONCLUSION

We have analytically compared the outage performance ¢f
CMC, EGC, and SC for an interference-limited environment in
flat Rayleigh fading. We have shown that CMC has a lower out-
age probability than that of EGC, and that CMC has no great¢s]
outage probability than that of SC. The relative outagegrerf
mance between EGC and SC, however, depends on the numpgr
of interferers and interferer power distribution. For 8i8NRs,
the simulation results show that the relative performanee 1ol
tween EGC and SC is SNR-dependent.
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