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Unified Analysis of Generalized Selection
Combining over Arbitrary Fading Channels

José Candido Silveira Santos Filho and Michel Daoud Yhcou

Abstract—We derive general unified expressions for the pro- In passing, new important expressions for the joint PDF and

bability density function, cumulative distribution function, and CDF of the order statistics of arbitrary correlated vasatee
mean SNR of generalized selection combining operating over also derived.

multibranch, arbitrary, correlated non-identical fading channels.
The expressions are written in terms of the joint probability
density function of the branch signals and allow for the equ&
gain and maximal-ratio methods in the combining stage. As Il. SYSTEM MODEL

an application example, we analyze the case of exponentiall . . ) o
correlated Rayleigh channels. The analytical results are ully Consider M correlated non-identically distributed branch

validated through Monte-Carlo simulations. In passing, nev envelopesRy,..., Ry, following an arbitrary joint PDF
important expressions for the joint distribution and density of the  f ~  (.-.). At any instant, the SEC and SMC schemes
order statistics of arbitrary correlated variates are also derived. Cho’osle thel < I < M largest branch signals and combine
them via EGC and MRC, respectively. Lé&; > O, >
Keywords—Arbitrary fading channels, generalized selection ... > O, denote the order statistics @ti,..., Ry. Then,
combining, order statistics. the combiner output envelop@ can be written as

L
R{ > _10,/VL, SEC

[. INTRODUCTION T
\/ Dot O2, SMC

1)

Much attention has been recently given to the generalized
selection combining (GSC) scheme. This technique was figstdy = R?/2N is the output SNRN,, being the noise power
proposed in [1], [2] as a suitable tradeoff between perfoin each branch. Next, we derive the PPk(-) and CDFFg(+)
mance and complexity and has found applicability in rakef R in terms of fg,, . g, (---). In addition, the mean SNR
receivers for wideband and ultra-wideband communication= E{~} is also attained. (E} denotes expectation.)
systems [3]. The GSC chooses tlelargest signals out of
M available branches and combine them on a equal-gain
(EGC) or maximal-ratio (MRC) basis. The respective hybrid I1l. ORDER STATISTICS
schemes are called here selection/equal-gain combinlBG)S

and selection/maximal-ratio combining (SMC). It is clear from (1) that/t is a function ofOy, ...

,Op.
l{{:us, our first task is to find the joint PDfo, ... 0, (- ).
diversity channels (see, for instance, [3], [4] and refeesn event-based representation for the corresponding

therein). In practical systems, however, some sort of mreFO““"OL(' ) Is given by

tion among the channels often occurs, and the investigation M
on how this affects the performance is certainly of interest p, o, (01,... 01) = Prob( U {R < o01:R,, < 0
The SMC performance over identically distributed, ideaitic PR s
correlated Nakaganm channels has been investigated in [5].

In this work, we providegenera) unified expressions for the Yng #na;- - 3 Ry, <op Ynp # na, .. .,nLl}) (2)
probability density function (PDF), cumulative distribon

function (CDF), and mean SNR of SEC and SMC operatiRgnich can be expressed in terms bf, g, (--) as

over multibranch arbitrary, correlated non-identicalfading '
channels. The expressions are written in terms of the joint

ny =1

M M M
PDF of the brgnch signals. To illustrate the_usefulness ofFp, o, (01,...,01) = Z Z Z
our general unified approach, sample numerical results are ni=1 na=1 np_1=1
examined for the case of exponentially correlated Rayleigh naFm R
channels—clearly, our expressions can be applied to argr oth M-I+l
fading scenario for which the joint envelope PDF is known. oL oL foL—1 o1
Monte-Carlo simulations fully validate the analytical ués. /0 a /0 /0 v /0 FRiv R (115 701)

. L drnl e dr"L—ldrnL—17 012+ 20L (3)
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differentiating (3), the desired joint PDF is obtained as

M M
forop(on, o)=Y > Y

ni=1 n2=1 np=1 0,14

na#ny nLFENL np—1 E

M—L 1
ﬁ ]
/0 T /0 fRn,17~~~,RnL;RnL (017 <0, Ty, )drnL (4) S:i 0’01_5

where R,, and r,,, 1<k< M, denote the M —k

branch envelopes not appearing inR,,,...,R,, 1E-3 4

and their respective sample values. Note, in (4), that ]

fR"'l""’RnL’RnL (P, 5 - T Tng) = fRy Ru (_7"1, C LT SEC(2,4),SMC(2,4),SEC(4,4),SEC(3,4),SMC(3,4), SMC(4,4)
Vni,...,np. Expressions (3) and (4) are important new 14 , : : , , : ,
generalizations of previous results on order statistics fo -10 5 0 5 10
independent branches (see, for instance, [1, Egs. (5) af)d (6 r,dB

and a crucial step to our generalized solutions. ! . .
P 9 Fig. 1. CDF of SEC and SMC for exponentially correlated Rigyidranches
with p = 1/2 (analytical solution: solid; simulation: scatter).

IV. OUTPUT STATISTICS

Now, the CDF ofR? can be obtained by integrating (4) overThis problem can be circumvented by the change of variables

the L-dimensional volume defined by s = exp(—r), yielding a more efficient integral representation
> 09> >0 and S F 0,/VL<r, SEC 1 p?
01 = 02 2~ = 0r, ZniLl % /\/_ =T ~N = / ns fR(f lns)ds (10)
0p2>20>--->opandy/> " 02 <, SMC o 2Nos

(5)  We reinforce that (8) is intended to be replaced into (10), so

This geometrical approach has been used in [4]. Here, w@t the mean SNR of GSC is also written as a finite-range
develop a unified treatment for SEC and SMC. From (5), it i§7-fold integral of fr, . ray ().

not difficult to find the appropriate integration limits foaeh

order statistic. The resulting output CDF is
V. APPLICATION EXAMPLE

Sr S1
Fr(r) :/ fos....0o.(01,...,01)doy ---dor, (6) In this section, to illustrate the usefulness of our new
L i1 general unified expressions, we apply (6) and (10) to obtain
Ty the CDF and the mean SNR of SEC and SMC over unit-
Ok+1, #) , k<L, SEC power exponentially correlated Rayleigh channels, whos |

envelope PDF is given by [6, Eq. (11)]

. r2_— L o
(ik, sk) = 0k+1,’/%>7 k < L,SMC Ny
2

™M

(0, ﬁ) k=L, SEC and SMC(7) SRR (1053 T00) = Ty
2 2 2 M 2
.. . . . . + + (14 n= -
where fo, ..o, (--+) is given in (4). Differentiating (6) with exp 77*1 e+ 3407 ngiar
respect tor yields the output PDF 1—p?
SL " S9 M—-1
fR(T) = / o / ‘élfol ,,,,, OL (515 02,. .. aOL)dOQ ~-dor, H rnlo (2 ‘ p Tn'rn-ﬁ-l) (11)
ir i 1— p2
(8) n=l
. a dsy VL, SEC where p/"~™! is the correlation coefficient between the un-
1= T —=—, SMC ©) derlying Gaussian components of the Rayleigh envelopes at
r V 7"2*27]::2 o7,

the nth and mth branchesn # m. In this case, (6) and

Note from (4), (6), and (8) thafr(-) and Fr(-) are written (10) can not be solved in closed-form and must be evaluated
as sums of finite-rangeé)/ — 1)-fold and M-fold integrals numerically. For practical values off (e.g. M < 5), the M-
of fr,,..ry(---), respectively. These results are gener&bld numerical integrations can be easily attained in saatd
and can be applied to any fading environment for whickoftware packages, although they become intricatedAs
fry,.. Ry () is known. increases. The resulting curves are shown in Figs. 1 and 2

Using (8), the mean SNR of GSC in arbitrary fading cafor M = 4 and have been computed in Mathematica. In
be calculated as = f0°° 27]'\2,0 fr(r)dr. However, evaluating it order to validade the new analytical expressions, MontdeCa
numerically renders difficult convergence, due to the itdini simulation results are also shown in scatter, and an extelle

upper limit and to the intricacy offr(-) as shown in (8). match is verified in all of the cases.
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Fig. 2. Mean SNR of SEC and SMC for exponentially correlatey|&gh
branches (analytical solution: solid; simulation: saatte

In the figures, the GSC schemes are denoted by SEX()
and SMC(, M), and %; stands for the mean value of the
SNR ~; at each branch. Of course, SHC{/)=SMC(1, M),
SEC(M, M), and SMC({, M) are the well-known selection
combining (SC), EGC, and MRC schemes. Note that SMC
improves ad. increases and always outperforms SEC. Indeed,
the performance of SEC approaches that of SMQ. akecre-
ases and/op increases. As expected, in Fig.2,— L#; for
both SEC and SMC as — 1. More interestingly, for SEC—
as opposed to SMC—the increase Iofdoes not necessarily
improve the performance. Note, for instance, in Fig. 2 for
p < 1/2 and in Fig. 1, that SEG(4) outperforms SEQCK, 4).
This intriguing behavior of SEC has already been reported fo
independent branches in [4]: it may be that the inclusion of
the signal of one more branch does not overcome the addition
of the noise at that branch.

VI. CONCLUSIONS

In this work,general unifiedexpressions for the PDF, CDF,
and mean SNR of SEC and SMC operating avedtibranch
arbitrary, correlated non-identicalfading channels have been
derived in terms of the joint PDF of the branch signals. The
new expressions apply to any fading scenario for which the
joint envelope PDF is known, and their use has been illlesirat
for exponentially correlated Rayleigh channels. Montel&€a
simulations fully validated the analytical results. In giag,
new important expressions for the joint PDF and CDF of the
order statistics of arbitrary correlated variates havenbaso
derived.
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