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Abstract: In the selection of combining distributed antenna systems, exact expressions for the aversge level
crossing rate (LCR) and average fade duration { AFD) of the output signal envelope are derived. The diversity
branches are assumed to be independent but nen-identical composite fading channels. The results are valid for
arbitrary diversity order and the amount of fading, and are obtained for Rayleigh-lognommal,, Ricean-lognonmal
and Nakagami-lognormal composite fadings. Numerical results validate the derived expressions.
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0 Introduction

Fade statisties of the received signal anvlope I terms of average LOI and AFD play impodant roles in the design of

wireless communication systems and the analysis of its performance. For example, the average LCR and AFD provide the
statistics of burst errors, which are of great important for the design of interleaver size and error-correcting codes'!’ .
Closed form expressions for the average LCR and AFD have only been derived in small scale fading only models, character-
ized by Rayleigh™ , Ricean™, Nakagami-m'"! distributions, etc. Tjhung presented LCR and AFD expressions for Ray-
leigh-lognormal (Suzuki) fading, Ricean-fading (RLN), and Nakagami-lognormal (NLN) composite fading channels'™® .
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Recently, distributed antenna systems {DASs), have captured the attention of many researchers owing to the power
and capacity advantages of the DAS™! | Previous researchon DAS have been focused on ils gains due to shortened access-
distance and inherent macroscopic diversity between distributed access ports. There exists, however, no study on the
channel models of distributed access systems, especially on fading statistics analysis of diversity techniques in DAS,
which are very imporiant in the design of these systems.

The aim of this paper is to analyze and evaluate the LCR and AFD of SC, considering the Suzuki, RLN, and NLN
fading models.

1  System model

In distributed antenna system, L widely spacing radio ports {RPs) are onlyﬁsed to transmit signals on the downlink
and receive signals on the uplink and each RP is composed of an antenna and frequency-conversion device. All antenmas
are separately conmected 1o the central unit (CU} by means of multiplexing technique. The signals associated with differ-
ent connected remote antennas are processed using advanced signal processing techniques at CU. It is assumed that re-
ceived signals suffer from flat fading, and the received signal at the th RP is

z() = r,{t)cos{at + B, (D)) + n (1), i=1,,L (1)
where <, is carrier frequency; m; (t) is zero-mean AWGN process; ¢,(¢) is the random phase; and r, () is the re-
ceived signal envelope at any time .

In DAS, due to the nature of largely separated RPs, r;(¢) should encompass not only the small scale fading process
%(2) but also the lognormal shadowing process s, (¢}, that is r,(¢) = %,(+)s,(¢) with the JPDF f, , (x;,s)".
The PDF of r; can be obtained by using the relation[8, Eq. (6-43)]

fr () = J:ﬂi,,i(r,»la,-,s,-) s (Us; s,y r, =0 (2}

1.1 PDF and CDF of r,

In the ahsence of a line-of-sight (Lo3) component, r; is Suzuki distributed®! ; when there is a LoS component,
r, 13 RIN distributed™ ; when gtatistical variations of x,(¢) are distributed as the general Nakagami-m
distribution, r; is NLN distributed™ . Both RLN and NLN distributions cover the Suzuki distribution as a special
case. Fxtending from the results of [6) and using the Gauss-Hermite quadrature[11, Eq. (25.4.46)), a new
uniform expression of prohability density function (POF) far these composite fading distributions can be obtained as

L
frln) = 2@ 4GV a), n=0 (3)
=1
where N is the degree of the Hermite polynomial Hy(t), &, is the I th weight factor given by [11, Table 25.10],
and f,(r;) for Suzuki, RLN, and NLN models are, respectively

2r, f ,
IT;%IQXP(—[T;E) 5 Suzuki
R 201 + KD, i1+ k) K,
£iln) = *—ﬂﬂ; i"exp(— K ‘—_"_)]0( ,{i(lﬂt K)), RIN f__ T
2mpAnt ( 1
'F(m) exp n?d) =5 NLN

where {2, = E[+*], K, and m, are fading parameters of RLN and NLN, respectively; fy( ) is the zero-order
modified Bessel function of the first kind, I'(+) is the Gamma function; 7, = 10747 ¢ ig the ! th zero of
Hy(t), u; = E[201g(s;)] denotes the area mean power of the signal received from the i th branch, and 4, is the
standard deviation of 20lg(s;), g and o, sre both in dB.

Integrating (3) with r,, the CDF of r; can be derived as
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N
Fe(r) = E{[EJ:F:(T;)}/%/;} {4)
=1
where F,{r;) for Suzuki, RLN, and NLN models are, respectively
2
l- exp( - ﬂ‘r;]i) » Suzuki
Filr) =4{1- Ql( /2K“IL fM), RIN
M £,
mz"zi 1
P(m“ﬂlqz,, . m,ZE NLN

where ¢;(a,b) is the Marcum’s Q-function [3, Eq. (6.67)}] and P(a,b)} is the incomplete Gamma functlon
[11. Eq.{6.5.1)]. The definitions of other parameters are the same as (3).
1.2 JPDF of r; and its time derivative

The JPDF of r; and its time derivative #; is required to derive the average LCR and AFD. This can be derived
using the relation[3, Eq.(6.58)}

A I I L T e A R R
where f3 ¢ {(x;,%,) is the JPDF of the small scale fading envelope and its time derivative!'™ | fs s, (3;,4;) is the
JPDF of the shadowing envelope and its time derivative'™ .

Extending from the results of reference [6] and using the Gauss-Hermite quadrature, a new uniform expression
of the JPDF for these composite fading models can be derived as

e =f;2{wf(>[ﬁ§—p(—2—'g—)]} (6)

where {3 = (2mohoir)* + byl ,b = In(10)/20, £i(r,),a., and 7, are the same as (3); b, is given by

(=f, ¥ 0Q;, Suzuki
[(rgf..)’n,./(K‘- + 1), RLN
(af. Y 2iim,, NLN

where £,, is the maximum Doppler frequency shift, £2,, K;, and m; are the same as (3); o, is related to £, according
o, = f./ +2In2, where f, is the 3dB cutoff frequency of the power spectral density of colored Gaussian #{t),

which process can be used to generate the lognormal process by means of the nonlinear transform s,(1} =
108 B (3 gect, 6.1.2]. In general, f. is in general much smaller than £ . In order to simplify the
notation, the symbol x, is introduced for the frequency ratio f./f,, i.e., f. = f./x,.

Equation (6) shows that the processes r,{(¢) and r,(¢) are statistically dependent although the small scale
fading processes x;{ ¢} and £{) are statistically independent.

2 Average LCR and AFD of the SC output signal envelope
The average LCR and AFD of the SC output signal envelope, at given level, are given by [2, Eq. (1.3-32)
and Eq.(1.341)]

Ne(R) = j (O, £)dr N

(M) = FR(RUN () (8)
where f4 (r,#) is the JPDF of the SC output signal envelope r and its time derivative 7, and Fi (!} is the CDF of
r at the gpecified level M.

A selection diversity combiner picks the input branch with the largest instanianeous signal-to-noise ratio.
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Assuming the noise power of the input branches are ‘the same, the SC output signal envelope r can be written as
r = max(r,,rys*"y 7)), and its time derivaliye t = ¢ if , = max(r,,"*,r.). Defining the event .4 = |r, =
max(r,,,r; )}, then { &, 4, -,.#,] forms a partition of probability space of r. Thus, the JCDF of 7 and #
can be expressed as a summation

Fm(r,r)=iPr(R5r,R<_:f,‘/§i) (9)

i=1
where Pr{(R < r, R < #, /%) is the probability of the event {R = r, R < #, .4}, which can be expressed as

PI'(R = ",R = ",-}6;) = Pl{Ri = T,R.- = ?",./5,-) = PI'(R.- =< fnRi = "’{R,' = Rilj-l.---.[;j;ﬁ) =

J‘J EJ‘; "'Lifgj_ki,gl,....,& (i tiyr ., )drde; drypsdrg (10)
B ‘ SR, cachale 7, aclude dr,

Assuming the L composite fading branches to be mutually independent, i.e., {r;,#} independent of irf,r‘,-] R
¥ j = i; and knowing that the composite fading process and its time derivative are statistically dependent, then
(10) can be written as

Frr L
PR < r R toh = [ [ fon(rord TL Fo(r)dnds (11)
0w q=tgmi !
Substituting (11) in (9) yield the JCDF of r and # is
[ ) L
Fm(r,!‘) = Z[J-OJ- fx'..ki(fisf.') HFﬁ(’i)d’id’i] (12)
i=l i J=1, i .
Differentiating (12} with respect to r and #, the JPDF of r and # for selection diversity is
L L
fm(r,#) = ﬁ:[f“"*“("”,-‘ﬂ,i’ﬁ(’)] (13)

where fp {r,?) is given by (6) and F,,j(r) is given by (4).
From (6}, {13}, and (7), the average LCR of the SC output signal envelope can be expressed as

L

Ne(®) = 5[ N () 11 8, ()] | (12)

i=1

where Ny (1) ,ZN.) [(&, £ (R) /E52) /=] is the average LCR of the signal envelope of the i th diversity branch,
@, and f} () are the same as (3}, £ = (2no ko, M)* + byl the parameters included in £, are given by (6);
Fy () is the CDF of the signal envelope of the th diversity branch at a specificd level 3 given by (4).
By taking into account the independence assumption of r;, { = 1,---,L, the CDF of the SC output signal
envelope is
Fo(r) =P (R < r, " Ro <) = ﬁFﬂi(") (15)
From {14), (15}, and (8), the AFD of the SC output signal envelope ;::n be expressed as

Tn(m) =1 !
37( Mo, (R, (9D)

{16)

where Ny (M) and Fy (R) are the same as (14).

Using (3), (4), (6), (14), and (16), the average LCR and AFD of the SC output Envelope in Suzuki,
RLN, and NLN composite fading channels can be obtained. To the best of the author’ s knowledge, these results are
new. For i, = o, = 0,¥ i = 1,2,~-, L, the results we derived reduce to the expressions for the average LCR and
AFD of SC output envelope in small scale fading only channel models, which are presented in [12, Eq,(17)-Eq.
(19)].



%58 WANG Xiao-dong, et al:Fade slatistics of selection diversity in distribuled anterna systems 87

3 Numerical results

The average LCR and ‘AFD expressions presented above are computed and plotted in logarithmie scale against
the combined received envelope in decibels. The simulation results are also plotted. In all figures, the markers
correspond to the simulation points and the lines are the analytical curves.

Fig.1 and Fig.3 compare the average LCR (normalized by £,) for SC with different diversity orders L and
no-diversity case L = 1, for the Suzuki, NLN fading channels, and RLN fading channel. Fig.2 compares the
normalized AFD for SC with different diversity orders L and no-diversity case L = 1 for the Suzuki, NLN fading
channels. All simulation results are in excellent agreement with theorelical curves.

It can be observed from Fig. 1 and Fig_3 that, for both fading conditions, as a consequence of the improvement
of the oulput signal with the increase of the number of diversity orders, lower levels are crossed at lower rates
whereas higher levels are crossed at higher rates. It also can be noted that the presence of a specular component
(K > 0) or a decreasing of the amount of fading (m > 1) generally causes a lower LCR and hence, improves the
performance of the communication systems. Fig.2 shows that, for both fading conditions, as a consequence of the
improvement of the output signal with the increase of the number of diversity orders, the signal of SC output has less

time in fading.
10%
lol-
10"
10%
10*
107
167 S & S—— 2 —
-20 -13 -10 -3 0 5 10 15 20 25 =20 -15 /10 .5 O S5 10 15 20 25
201g(M)/dB 2015(T)/4B
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In order to compare the LCRs and AFDs of unbalanced diversity branches 1o those of balanced diversity
branches, the unhalanced for Suzuki channels and unbalanced amount of fading for NLN channels were analyzed

and simulated as shown in Figure 4.
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Fig.3 Normalized average LCR for SC with diversity orders Fig.4 Normalized average LCR for SC with diversity orders L
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=50 =8 0=2,K=4,% =10 balanced channels and unbal, means the

unbalanced channels
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In Figure 4, a situation with parameters ¢ = [5,5],0 = [8,8],£2 = [2,2] as balanced benchmark for the
Suzuki unbalanced channel model with o = [4,123, and ser a situation with parameters # = [5.5], ¢ = [8,8],
0 =[2,2], m = [1.5, 1.5] as balanced benchmark for the NLN unbalanced channel with m = [0.5,2.5] was
set. It can be seen that the average LCR of unbalanced diversity signals have a higher crossing rate than balanced
signals at lower levels, and the average LCRs are about the same at higher levels. Figure 4 also shows that
unbalanced shadowings have a smaller effect on the average LCR than an unbalanced amount of fading of small sca’e
fading only.

4 Conclusion

In this paper, exact analytical expressions for the average level crossing rate and average fade duration of SC
diversity with independent but non-identical composite Suzuki, Ricean-lognormal, and Nakagami-lognormmal fading
channels in disiributed wireless access systems were derived and validated by sumulation. The material presented
can be used in analyzing error correcting schemes for burst error chammels and determine the minimum duration

outages of composite fading channels.
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