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Performance Analysis of SIR-Based Dual
Selection Diversity Over Correlated
Nakagamim Fading Channels

George K. KaragiannidjsMember, IEEE

Abstract—Signal-to-interference-ratio (SIR)-based selection Other researchers have proposed the selection of the branch
diversity is an efficient technique to mitigate fading and cochannel with the highest signal-plus-noise (SPN) [3]. However, in
interference in wireless communications systems. In this paper, jniarference-limited fading environments as in cellular commu-

an approach to the performance analysis of dual SIR-based . . .
selection diversity over correlated Nakagamim fading channels nications systems where the level of the cochannel interference

with arbitrary parameters is presented. Useful formulae for the is sufficiently high as compared to the thermal noise, the most
outage probability, the average output SIR, and the average error effective performance criterion is to select the highest signal-

probability for coherent, noncoherent, and multilevel modulation  to-interference ratio (SIR; SIR-based selection diversity) [4].
schemes are derived. The main contribution of this paper is that, SIR can be measured in real time both in base stations (uplink)

for the first time, the proposed analysis is carried out assuming . . - . . o .
correlated Nakagamism fading with arbitrary parameters for and in mobile stations (downlink) using specific SIR estimators

both the desired signals and the cochannel interferers, which @s well as those for both analog [5]-[7] and digital wireless
is the real scenario in practical dual selection diversity systems systems (e.g., GSM, 1S-54) [8], [9].
with insufficient antenna spacing. It is shown that the general  |n order to study the effectiveness of any modulation scheme
results presented in the paper reduce to the specific ones for the 54 the type of diversity used, it is required to evaluate the
independent fading case, previously published. Numerical and ) o
simulation results are also presented to show the effects of various system’s performance over-the f:hannel Condltlc.)ns.. Well-known
parameters as the fading severity, input SIR unbalance, and level Measures, commonly used in wireless communications systems,
of correlation to the system’s performance. are the outage probability, the average output SIR or SNR, and
Index Terms—Cochannel interference, correlated fading, diver- the average p_robab_ility (?f bit error. I_n the literature, the perfor-
sity systems, Nakagamim fading, Rayleigh fading, selection com- mance analysis of diversity systems in the presence of cochannel
bining. interference has been studied extensively for several diversity
schemes and by several researchers [10]-[19]. Most assume
independent fading between the diversity branches and/or be-
tween the cochannel interferers. However, independent fading
EVERAL techniques have been proposed to mitigate tk&sumes antenna elements to be placed sufficiently apart, which
ffects of fading and cochannel interference, in order ig not always realized in practice due to insufficient antenna
increase the system’s capacity and to improve the offerggacing when diversity is applied in small terminals. In such
quality-of-service (QoS) in wireless communications systemgrminals equipped with multiple antennas, correlation arises
Such techniques are diversity reception, dynamic chanmgltween the diversity branches. A method for the evaluation
allocation, and power control. Among them, diversity receptiasf the outage probability in dual SIR-based SC with correlated
using multiple antennas at the receiver (space diversity) tfagling, for both desired signals and interferers, has been pub-
long been recognized as a very effective method to improve tiighed in [4], where a formulation for the outage probability was
system’s QoS [1]. The most popular space-diversity techniquegsented and, as mentioned above, the advantage of SIR-based
are selection combining (SC), equal-gain combining (EGCGjver desired power-based selection combining was confirmed.
maximal-ratio combining (MRC), or a combination of MRCHowever, this analysis is limited to the Rayleigh modeling for
and SC called generalized selection combining (GSC) [1], [2he cochannel interferers. Moreover, to the best of the author’s
Among these diversity schemes, SC is the least complicatedowledge, no analytical study investigating the average output
since the processing is performed only on one of the divers&§R or the average probability of bit error of a dual SC re-
branches and no channel information is required. Traditionallyeiver operating in correlative fading has been reported in the
in SC the combiner chooses the branch with the highdstrature.
signal-to-noise ratio (SNR), which corresponds to the strongestn this paper, an approach to the performance analysis of dual
signal if equal noise power is assumed among the branches RR-based SC over correlated Nakagamifading channels
with arbitrary parameters is presented. Useful formulae for
Manuscript received September, 6, 2002; revised February 25, 2003 and MQ? outage probability, average output SIR, and average error
8, 2003. probability in noncoherent [binary differentially phase-shift
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with Gray coding and multilevel signaling [multiple phase-shifapproximated by another Nakagamidistribution with a pa-
keying (MPSK) and multiple differential phase-shift keyingameterym and mean powejf2 given by [20, p. 22]
(MDPSK)] are derived. The main contribution of this paper is
that the proposed analysis is carried out assuming, for the first
time, correlative Nakagamiz fading with arbitrary parameters ) 1
for both the desired signals and the co-channel interferers, =K1+ (K- 1)1“ (m+3)
which is the real scenario in practical dual SC systems with mI?(m)

insufficient antenna spacing. Numerical and simulation results ) 1

are also presented to show the effects of various system’s =K (1 - %> . ®3)
parameters, such as the fading severity, input SIR unbalance,

and level of correlation to the system’s performance.

om =mK

The remainder of this paper is organized as follows. In Sec. 'he case of i.d. interferers is not unreasonable in practical
lications, since interferers originated from approximately

tion Il, the channel and system model are presented and ! dist f th . b dtoh th
probability distribution function (pdf) and cumulative distribu- ¢ SaMe distance fromhe receiver can be assumed to have the
me average powers. Moreover, the performance of the SC

tion function (cdf) of the SC output SIR are extracted in usefdf

forms. In Section I, a formula for the outage probability is pre(—:an be carried out by considering, as Winters in [18], the effect

0£ only the strongest interferer, assuming that the remaining

sented in the form of a convergent double sum. In Section IV, orf bined and ‘dered as | dinterf
useful formulation for the average output SIR is extracted in thg cr1Erers aré comoineéd and considered as [lumped interierence

form of a triple sum. Finally, in Section V, useful expression@alt is uncorrelated between antennas. Furthermaé;),

) Lo (1), ¢:(t), andp;(t)are assumed to be mutually independent
are derived for the average error probabilty in several mod( d the level of the interference is sufficiently high for the effect

lation schemes, since some concluding remarks are offered® : - .
thermal noise on system performance to be negligible (in-

Section VI. Sections |I-V also include numerical results, sim®

lations, and discussions to illustrate the proposed mathematit(?ﬂerence'l'm'ted environment) [13]. Now, due to insufficient

antennae spacing, both desired and interfering signal envelopes

analysis. . . e o

yst experience correlative Nakagamifading with joint pdfs [20]

[I. STATISTICS OF THESC QUTPUT SIR 4m2u+1(R1R2)md
fRy R, (R1, R2) = —
A. Channel and System Model L(ma)Qa1Qa2(1 = p) (Va1 Qaz) !
In the last years, there has been a continuing interest in x ¢~ (MaR{+R3/\/Qa192:>(1-p)

modeling various propagation channels with the Nakagami- 2,/pmaR1 Ry
model, which describes multipath scattering with relatively y A <m> (4)

large delay-time spreads, with different clusters of reflected
waves [20]. It provides good fits to collected data in indoor
and outdoor mobile-radio environments and is used in maﬁg
wireless communications applications [21], [22]. In this paper,

a wireless communication system with dual SIR-based SCy (. ) = Amg <t (ryrg) ™
diversity is considered. The desired signal received byitime o L(me)Qe1Qe2(1 — p) (\/deQQ)m“1
antennap;(t), can be written as [19] o= (mer?+12)/\ /A a1 p)
' ' 2\/pmcrire
Di(t) = Ri(t)e””' (t)ej[Qﬂ-fct-i-CD(t)]_/ i=1,2 Q) L. <m) ©®)

with f. being the carrier frequencs() the desired informa- wheread'(-) is the Gamma functior,, (-) being the first kind
tion signal,R;(t) a Nakagamis distributed random amplitude andvth order modified Bessel functiop,the correlation coef-
process, and;(t) the random phase uniformly distributed inficient, Q,; = R? andQ.; = 2 the average signal desired and
[0, 27]. The resultant interfering signal received by fitte an- interference powers at th¢h branch, andn,, m. the fading

tenna is severity parameters for the desired and interference signal, cor-
respondingly. Let; = R?/r? and({, = R3/r3 be the instanta-
Ci(t) = ri(t)e® M iR et ®)] i=1,2 (2) nNeous SIRs atthe input diversity branches. The selection com-

biner chooses and outputs the branch with the largest SIR

wherer;(t) is also a Nakagamix distributed random amplitude

process;(t) is the random phase, andt) is the information ¢ = Cour = max ((1,(2). (6)

S|gna|' This model refers to the case of a Sl'ngle. cochannel MNiThe proposed in this paper analysis can be modified to include the effect

terferer. However, the general case of multiple interferers catthermal noise on system performance, when it cannot be ignored. In this

be also approximately modeled with (1) and (2) taking intese, the selection is based on the signal-to-interference-plus-noise ratio (SINR),
h h o ind d id icall ’d ib dinstead of SIR. The combiner chooses the branch with the largest instantaneous

account that the sum Independent identically distribute SINR between(; = R2/(r? + 2) and(, = R2/(r? + o2), with o2 being

(i..i.d.) Nakagamim random variables (RV) can be accuratelyhe noise power, equal for the two diversity paths.
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TABLE | in [24]. For the generation of the correlated Nakagamen-
TERMS NEED TO BE SUMMED IN (7) TO ACHIEVE ACCURACY AT THE velopes, over a million samples were used. A very good match
SIGNIFICANT DIGIT PRESENTED IN THEBRACKETS . . . . .
between the theory and simulations is evident from Fig. 1.
my=3.2, m=1.3, $,=5, [ll. OUTAGE PROBABILITY
\% -5dB | 0dB | 10dB |15dB Outage probability is a measure of the system’s performance,
L ©) ©) @) o) used to control the cochannel interference level, helping the
0.2 9 9 9 11 designers of wireless communications systems to readjust the
system’s operating parameters in order to meet the QoS and
0.4 14 14 13 14 grade-of-service (GoS) demands. The term outage is related to
the criterion used for the assessment of the satisfactory recep-
0.6 32 31 24 31 tion. In an interference-limited environment, the outage proba-
bility is defined as the probability of failing to achieve an SIR
0.8 52 48 45 46 sufficient to give a radio reception over a level QoS, which is

determined by a protection ratio [11], [25], [26].dfis the pro-
tection ratio, defined as the ratio of the desired signal power to
B. PDF and CDF of the SC Output SIR the interference power at the output of the combiner, the outage

probability can be expressed as
If S1 = Qa1/Qe1, S2 = Qa2/Nc2 are the average SIRs at

the two input branches of the SC, then the dual SIR-based SC Pout =Probability(¢ < 3)

output cdf can be expressed as (see Appendix I) B
:/ fsir(t)dt = Fsir(f). )
S G1t2(md+i1) 0
Fe(t) = Z 2matin) The protection ratig depends upon the used modulation tech-
irin=0 (Mat +mc\/51.52) nigue as well as on the desired QoS. Note that in the case of
, . . independent branchép = 0), only the termi; = 0, i» = 0 of
X (2B i+ ma, 1 =iy = mejin +ma + 1 the summation ove, i, in (7) is nonzero. In this case, (7) is
) simplified to
mat
I 7 mqf3
m(1t+mc\/S1S2>] ( ) POUT|P:0: 2F1 <m1]/1_mmm(1+17mlﬁ+nil[m>
a c 192
i 2
with y Brami e T (mg + m..)
o mi(md'i‘"/i)(l — pymatme pintiz[D(iy 4 iy + mg + my)]? D(ma)T(me)(maf + mey/S187)m4)
P T(ma)(me)intio T (ma + )T (me + 62) (i1 +ma)? (10)

and o F(u1,ue;uz;x) being the Gaussian hypergeometric Also using [27, eq. (26.5.23)], [27, eq. (26.5.24)], and [27, eq.
function [23, (9.100)]. The nested double infinite sum in (706.2.2)] forS; = S, = S and for integetny = m. = m, (10)
converges for any value of the parametersn., mq, S1, and is reduced to a useful previous published result by Abu-Dayya
So. In Table |, the terms need to be summed to achieve a desiesl Beaulieu [19, eq. (37)].
accuracy are depicted. As is shown in this table, the values ofn Fig. 2, the outage probability is plotted verstis normal-
these terms are strongly related to the correlation coeffigientzed by the protection rati@ for several values af; andm,.
and increase as the correlation increases. For the special @sgfor a fixed correlation coefficiept Balanced S; = S5)
of my = 1, m. = 1 (Rayleigh-desired signal and cochannednd unbalancedS,; = S;/4) SIRs are assumed at the two
interference), (7) gives the same results with [4, eq. (6)]. Theput branches. Fom; = 1 andm,. = 1 (Rayleigh-desired
pdf of the SC output SIR can be found using Appendix Il anand cochannel interference), the results are similar with those
is depicted in (8) at the bottom of the page. corresponding in [4]. It is very interesting to observe here
In Fig. 1, the pdf of the SC output SIR is plotted for balancetthat for low values ofS, /5 (<2 dB), the outage performance
and unbalanced SIRs at the input branches. In this figure, tiheteriorates when the fading severity of the interferers decreases
densities obtained by both the theory, using (8), and simular. increases), due to the superiority of the interference to the
tions are compared. Simulations were performed usingthie  desired signal. But, for higher values 8f/3 (dominance of
programming language with the use of an algorithm includelde desired signal), the fading severity of the interferers acts

Gl (Zl + m(l)t2i1+2md—lm’éz+mc (5152)(i2+mc)/2
(mgat + mC\/SISZ)Z(i1+md)+i2+mc

fety=2 >

i1,i2=0

. . . mgt
X9 Fi <11+md71—12—mmzl—{—md—l—l;—d), (8)

mdt + mevV SIS2
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Fig. 2. Outage probability versus tt%8 normalized by the protection ratjd for p = 0.5

inversely, leading to a decrease of the outage probability. dutput SIR: over the pdf of[2]. Hence, taking into account (8),

Fig. 3, the outage probability is plotted versus the correlatidhcan be written as

coefficientp, for several values of; /3, mg4, andm.. Balanced

S = /wtfc(t)dt

(S1 = S3); and unbalance@, = S;/4) SIRs. Itis evidentthat,

for S1/8 = 0 dB (strong interference) the outage probability = Gh(in + md)
increases slowly as the correlation coefficient increases, while a =2 Z (515,)matn
small increase imny does not have a significant effect d9,,;. it yia=0 1 2)

For higher values of; /4, as in the case of;/3 = 10 dB,
the influence ofn, andp on P,,,; becomes stronger.

IV. AVERAGE- OUTPUT SIR

Average-output SIR is another important performance crite-
rion for SIR-based wireless communications systems operating

)
X / t2i1+2md
0
X (1 4+ !
Me / 5152

X oFy (il +mg, 1 — g — e, iy

) —2(i1+ma)—iz—m.

_! md t
in a cocannel interference environment. The average SR c V5155 dt. (11
. . . + mq + 1, ma t i. ( )
the output of SC can be derived by averaging the instantaneous me V55 T +1
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Fig. 3. Outage probability versus the correlation coefficient

Using the hypergeometric series form of' (a,b,c,z) = the outputaverage SIR is investigated. In Fig. 4, the first branch-
Yoot o ((a)n(b)nz"/(c),n!)[23, (9.100)] with (e), the normalized outputSIR versus the correlation coefficjeistde-
Pochhammer symbols, defined@s,, = I'(a + n)/T'(a), (11) picted for equal'S; = S2) and unequa({S, = S1/4) branch

can be written after some manipulations as input mean SIRs and for several values of the fading severities
B oo Gy my 1 n mg andm.. It is observed here that, witth,. constant, the ef-
S =2 Z — | — fect of my to the diversity gain performance is small. More-
o (SISZ)md—Hl Me \/S15 . . . . .
i1,i2,n=0 over, diversity gain decreases with an increase of the correla-
o0 t2irt2matntlt—1 tion, as expected. Finally, the output-average SIR decreases as
0 . 2(i1+mg)+iztm.+n dt (12) the parametem, increases. Similar behavior is also observed
my L . .
(1 o —\/m) in [28], where the average output SNR of a dual SC was studied.
with It is interesting to note here that diversity gain changes rapidly
G1(i1 + ma)(ir + ma)n(l — is — me)n with a small change af.. This is evident in Fig. 5, where the

Gy =

first branch-normalized output SIR versus the cochannel fading
) ) o severity parameter.,. is depicted. A significantimprovement at
The integral in (12) has the forrfy™ z#=1 /(1 + Az)Vda and  the diversity gain is observed for lower valuesmof(m. < 2).
can be solved using [23, (3.194/3)]. Hence, (12) can be finallyom the mathematical point of view, this behavior is due to
expressed as the widespread of the output SIR pdf, (37), for small values of
S =24/5,55 m.. From the physical point of view, lower values-af. mean
oo deep fading behavior for the cochannel interferers that lead to an
Z G3B(2i1 +2mg+n+1,i2 + m.—1) (13) increase of the average SIR at the output of the SC. The fading
iy+ip-m=0 severity of the interference plays the main role to output SIR per-
With G5 = Ga(mg/m.)~ 21 +2ma+1) and B(z, y) is the Beta formance. It must be noted here that for = 1, the computed
function [23, (8.38)]. It must be noted here that, due to the forkalues ofS/.5; are exactly the same with the corresponding ones
of G, and the Beta function in (13)r. should not take integer Produced after processing of the formulae presented in [4].
values. But this is not a serious trouble in our analysis, since in

(’il +mg + 1)nn!

practical applicationsy.. never takes integer values. Fot= 0, V. AVERAGE ERRORPROBABILITY
(13) is simplified to The average error probability at the output of the BCcan
>0 be derived by averaging the conditional error probabifityt
Slp=0 =2/ 5152 nz::o [%] over the pdf)c/)f the SgC gutp:it SIR, i.e., i )
y (1 — m(,)nmzmd'i'l FS :/ fc(t)PSdt. (15)
mal'(mg +n+1) 0
x B(2mgq +n+1,m. —1). (14)  A. Noncoherent Binary Signaling

Into the following, numerical results are presented to illus- For BDPSK and non-coherent BFSK is given by [1]
trate the formulation presented above. More specifically, the ef-

1 _
fect of the cochannel interference and the fading correlation to Pe(t) = 7€ 9", (16)
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Using (15) and (16) and following the same procedure as in X G2/ 51521 (2i1 + 2mg +n)
Section |V, P. can be written as g
P — > G (md 1 >" x U 211+2md+n,1—12—m0;ﬁ
e — m il - MV o102
i tom=o (5152) at me /5152 (18)
X /0 em9H(PhF2matn) =L with W(a,b; z) being a type of the confluent hypergeometric

function defined in [23, egs. (9.210/2), (9.211/4)]. koE 0,

—[2(i1+ma)+iz+me+n]dt ion defin
> (17) (18) is simplified to

<1 n mqt
meyv 5152
e’} 2
The integralin (17) has the forify™ e =92+~ (1+\z) ™"dx  p oo = mz [F(md +me) ] I'(2mq 4+ n)
o (
n=0

and can be solved using [23, (3.383/5)], resulting finally in L(ma)L(me) | (ma+n)L(14n)

F B o0 md —(2i+2md) zmd g
e = Z ™ X(L=me)ym™"W | 2mg +n,1 —me; —7— | . (19)
. -0 c m.\/S1S2



KARAGIANNIDIS: PERFORMANCE ANALYSIS OF SIR-BASED DUAL SELECTION DIVERSITY 1213

1
0 R 8
107
e
do100:
>
2 o BFSK
101 O BDPSK
....... S’=--si
L)
104 — 5=5
107 " " " " } " ' " !
0 4 8 s, (dB) 12 16 20

Fig. 6. Average BER versuS; in noncoherent BDPSK and BFSK fot. = 1.5, my = 2.9.

1
a: p=03
lo-‘ :. —— &
107
o
B o103
)
g~
g 107 £ b b
< © Orthogonal BFSK
a
10 4 0 BPSK : b
....... s5,=3 f°
3 ® a
10 ¢ — 5 =5 B
107 . . " . . . , : ; o a
0 4 8 12 16 20

5, (dB)
Fig. 7. Average BER versus,; in coherent BPSK and orthogonal BFSK far. = 1.5, my = 2.9.

In Fig. 6, P, is plotted versus th&,, for mg = 2.9, m. = 1.5 Now, working as in [29], it can be easily recognized that there
and several values for the correlation coefficipntassuming is a similarity between (16) and (20), which allows us to write
BDPSK modulation. BalancedS; = S,) and unbalanced P, directly as

(S2 = S1/3) SIRs are assumed at the two input branches. In the -

same figure,P, is depicted for noncoherent BFSK, assumingp :l Z (md
the same values for the system’s parameters as in BDPSK. M

e

) —(Zil +2md)

i1,12,m=0

B. Coherent Binary Signaling x Ga /25152F(2i1 +2ma +n)

In the case of BPSK and orthogonal BFSK, the conditional X / ] (2,51 +2ma + 1,1 —is — me; %)
error probability can be written using an alternate representation 0 me VB 5s
of the Gaussia@)-function as [29], [30] x df (22)

1 [/ in2 ith g(f) = g/sin” 6. In Fig. 7, P. is plotted thé,
/ o3/ sin bt gy (20) with g(§) = g/sin n Fig is plotted versus thé,
0

Pe(t) = }' for mg = 2.9, m, = 1.5 and several values for the correlation
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coefficientp, assuming BPSK and coherent BFSK modulation Hence, MDPSK can be calculated as
schemes. Balanced; = S3) and unbalancedS, = S;/3)
SIRs are also assumed here, at the two input branches.

G2/ 5152

L) o0 )—(2i1+2md)

__sin(M my
Pt S (o

C. Quadrature Signaling i1,in,n=0
. . . /2
In DQPSK with Gray coding, the conditional BER can be % T(2i1 + 2mq + n) / 1
written as Jo 1—cos (ﬁ) cosf
_ 1 [
P.(t)=— | ———— ¢ 1(2=V2cosb) gy 22 . . 0
(*) 271/0 \/i_cosge (22) x ¥ 211+2md+n,1—22—mc;md‘q(42 de
Again capitalizing on the similarity between (16) and (22) and e V5152
changing the order between summations and integraflocan @7)
be extracted as
oo —(2i1+2my) with g(6) = logy M[1 — cos(m/M) cosb].
— 1 mq 2
P.=—
‘o Z <mc>
i1,i2,n=0 VI. CONCLUSION
X G2/ 515:1(2i1 + 2ma + n) In this paper, the performance of a dual SIR-based selection-
N / combining system, operating over correlative Nakagami-
0o V2—cosf fading channels with arbitrary parameters, was studied. Useful
9(0) analytical formulae for the pdf and cdf at the output of SC
X | 2ip +2mg +n, 1 — iy —me; 5——5— | df were presented. Useful analytical formulae for the SIR pdf
515, and cdf at the outcome of SC were presented. Using these new
(23) formulae, the outage probability, the average output SIR and the
with g(6) = —(2 — V2 cos ). average error probability for several modulation schemes were
efficiently evaluated. The effects of various parameters, such as
D. Multilevel Signaling the fading severity, the input SIR unbalance, and the level of

MPSK: In MPSK, the conditional BER is correlation to the system’s performance, were also presented.

m—(m/M) . ,
P.(t) = l/ o= (sin® (m/M) log, M/ sin® 6t) 19 (24) APPENDIX |
T Jo cdf oF THE SC QuTPUT SIR
Working again as in Sections V-A-Q7. in MPSK can be  The joint pdf of the instantaneous SIRs at the two input
written as branches of SGy, ¢, is given by [4], [31] as
B 1 oo o\ ~(2i+2ma)
e 2 ()
7‘—7;1’7;2"71:0 e fCl (fl f2 4\/1%/ / fR1R2 :Ll\/_1712\/_)

X Go- 5152F(2i1 + 2myg + ’I”L)

w—7/M
X/ U 2i1+2md+n,1_i2_mc; . . . i
0 Substituting (4) and (5) in (28) and after some algebraic ma-
9(0) ) nipulations.f¢, ¢, (t1,t2) can be written as in (29), shown at the
de

th o (1171, .172) 1T dd?l dil?g. (28)

(25) bottom of the page. Using the infinite series representation of

m

me /515, the modified Bessel function [23, eq. (8.445)]
with g(6) = sin® (7 /M) log, M/ sin? 6.
MDPSK: In MDPSK, the conditional BER is > v T2k
Il/ (Z) = (30)

P(t) = sm(M) P WHEIT (v + k+ 1)

™

6. (26) and changing the order of summation and integration (since the
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/0 1—cos (M) cosf guantity in the produced double sum is Riemann integrable and

At (i)™ (/o)) / / e
mg+1 Me 1 $1x2 F
D(ma)C(me) vV Qa2 Ve " (1 - p)?2
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converges uniformly in the rand®, oo), the joint pdf of(;, (- and using (33)
can be written, after some algebraic manipulations, as
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- DD
m _ 1472
Ferco (tits) = Am2ma m2me Fey g, (b1, t2) = Z (S150)7 T
Gz T (ma) T (m0) (Q1Qa2)™ (1 Q2)™ inia=0 (9192
_ t .
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(39)

The cdf of the dual SIR-based SC output could be derived

whereC; and C, are shown at the bottom of the page. Thﬁom (35), equating the two argumerits
integralsC; andC, can be solved as [23, eq. (3.326/2)] [23 (3.19'4/1)] as

T (i1 + 12 + mg + me)

Cl = — 0o
o [/ Ty Gy | T F=Y D1 D,
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()27 (i1 4 mag) (S18)™ "
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¢ 2
and (31) can finally be written as T pa—C L 36
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where The pdf at the output of the SC can be found as
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