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Original scientific paper
In this paper an analysis of selection combining (SC) macrodiversity reception performed in correlated Gamma shadowing environment will be presented.
At each microlevel maximal ratio combining (MRC) with correlated branches is observed, for mitigating effects of Nakagami-m short-time fading. First,
novel closed form expressions are derived for second order statistical measures, level crossing rate (LCR) and average fade duration (AFD). Capitalizing
on these expressions, the influence of correlation at macrolevel (shadowing correlation) will be analysed through their derivatives. Provided analysis could
find application in current macrodiversity system design.
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Analiza makrovisestrukog prijama u prisutvu Nakagami-m fedinga i korelacijske Gamma sjene

Izvorni znanstveni ¢lanak
U ovom radu je izlozena analiza makrovisestrukog prijama za slucaj uporabe tehnike prostornog rasclanjenja sa selektivnim kombiniranjem (SC —
selection combining) u prisustvu korelacijske Gamma sjene. Na mikrorazinama razmatrane su tehnike prostornog rasc¢lanjenja kombiniranja s
maksimalnim odnosom (MRC — maximal ratio combining) za ulazne korelirane grane, kako bi se sprjecio utjecaj brzog Nakagami-m fedinga. Prvo su
izvedeni izrazi u zatvorenom obliku za statisticke karakteristike sustava drugog reda: srednji broj osnih presjeka (LCR — level crossing rate) i srednje
vrijeme trajanja slabljenja (AFD — average fade duration). Na osnovu ovih izraza, kroz njihove prirastaje analiziran je utjecaj korelacije na makrorazini
(korelacije zasjenjenja) na karakteristike sustava. Analiza prezentirana u ovom radu, moze biti od znacaja u procesu projektiranja makrora$¢lanjenih

sustava.

Kljuéne rijeci: makrovisestrukost, korelacija, zasjenjen kanal s fedingom, srednji broj osnih presjeka, srednje trajanja slabljenja

1 Introduction

Since the usage of diversity techniques applied at
single base station (micro-diversity combining) mitigates
only influence of multipath (short-time) fading, then in
order to deal with overall channel degradation, with
concurrently present shadowing (long-term fading),
combining between base stations (macro-diversity
combining) has to be applied. Macrodiversity combining
is used to alleviate the effects of shadowing, since it
ensures that different long-term fading is experienced, by
signals received at two or more base stations (BS). It has
been shown that correlations limit diversity gains in all
(time, space, frequency) diversity schemes. When
diversity system at single BS is applied on small terminals
with multiple antennas, due to insufficient spacing
between antennas, correlation arises between the
microdiversity branches. However, correlation at macro
level is also common phenomenon, which has been
measured and shown to be significant in various wireless
networks. With single mobile station (MS) and two BSs
considered at a given time, shadowing components on the
two links often experience correlation, as witnessed by
experimental results given in [1, 2]. Level of correlation
depends on the separation between the BS, on the
surrounding terrain, the angle of arrival of the received
signals, and various factors. In [3, 4, 5] has been shown
that in cellular radio systems, correlation on links between
a MS and multiple BSs significantly affects mobile hand-
off probabilities and co-channel interference ratios. Also
coverage area and interference characteristics are affected
by correlated shadowing, that occurs in digital
broadcasting, links between multiple broadcast antennas
to a single receiver [6]. Finally, correlated shadowing is
significant (correlation coefficients even reach 0,95), and

strongly impacts system performance in indoor WLANs
[7]. Correlated signals between macrodiversity branches
have already been studied at [8, 9]. In [10], LCR (Level
crossing rate) and AFD (Average Fade Duration) at the
output of SC (Selection Combining) macrodiversity
operating over the Gamma shadowed Nakagami-m fading
channels were observed. Based on their output signal
power values, which are in this case assumed to be
uncorrelated, macrodiversity system selects one of two
microdiversity structures. Results obtained in [10] are
generalized here, with correlation introduced at
macrolevel. Novel closed form expressions are derived
for same second order statistical measures (LCR and
AFD). Capitalizing on these rapidly converging
expressions, in order to point out the influence of
assumed correlation at macrolevel, LCR and AFD
derivatives over macrolevel correlation coefficient are
obtained, observed and analysed in the function of various
system parameters, such as fading and shadowing
severity, microdiversity order and correlation level.

2  System model

Considered two microdiversity systems at the BSs are
of MRC type with arbitrary number of branches and
subjected to Nakagami-m fading. Treating the correlation
between the branches as exponential, the probability
density functions (PDF) of the signal-to-noise ratios
(SNRs) at the outputs of microdiversity systems are
modelled with [12]:
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Order of each microdiversity system is denoted L;, while
Nakagami-m fading severity is determined through
parameter m;, while I'(x) stands for the Gamma function,
Parameter ¢,, related to the exponential correlation p;
among the branches, and parameter M; are defined,
respectively as:
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Since we will observe second order statistical
measures, we must take into consideration time derivative
characteristics of observed random processes. Processes
at the outputs of observed MRC systems follow [12]:
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with 7; being Gaussian random variable with zero mean
and variance defined as bellow [13]:
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Scheme of macro-diversity structure

For equivalently assumed channels, it is clear that
stands [13]:

where f; is a Doppler shift frequency. Joint PDFs of
random process and their time derivates conditioned on
Q,, can be expressed as:
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Switching between BSs is based on the
microcombiners output signal power values, similarly as
in [14]:
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Cumulative distributions functions (CDFs) of random
processes F(r;/€2,) at the microdiversity outputs are

equal to:
F(r; /02)= Ip(ti /€2, )dt;. ®)
0

Here long-term fading is as in [8] described with
correlated Gamma distributions, as:
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In previous equation ¢ denotes the order of Gamma
distribution, the measure of the shadowing present in the
channels. ©Q, is related to the average powers of the
Gamma long-term fading distributions. Shadowing
correlation at macrolevel between BSs is denoted with p,,
while 7,(x) denotes modified Bessel function of first kind
and n™ order. Now after substituting Eq. (6) and Eq. (9)
into Eq. (7), following well-known definitions of LCR
and AFD [14]:
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N(r)= [ip, () di
0 (10)

these second order statics measures can be presented
respectively as:
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with K, (x) being modified Bessel function of second kind
and n™ order, while (@), denotes the Pocchammer symbol.
Similarly is:

F
)40
c—1
Fi(r)=— (lel ]Ml Py’ x
T g T(e)(1- py)e2™

Ry T

(a+2b+c-1)
2btel j X
Saa] Th+opr? | 2,31-py)

y I'b+c+1) Limy, M, +1)
I'la+b+c+Db+c)\ ¢q I'(M, +s+1)M,

(a+2b+2c—s—M1)

Limyr 2
X( — Qo(l_Pz)J x
2q,

M3
2Lim 2 L.m
XK(a+2b+2cfsfM|) 2 e r |+ ( 2 ZJ %
@2 (1-py) ) T(M)\ ¢,
c—l
R b+c-1
gl

X—
Hmlmmma%momwwwm4

(a+2b+c-1) s
o 1 L'(h+c+1) Lym, o
Qy(1-p5) I'la+b+c+Db+c)\ g,

(a+2b+20—s—M2 )

2
—Qo(l—Pz)J x

(M, +1) (Lzmzr

I'(M,+s+1)M, q,

2L,m
XK(a+2b+Zc—s—M2)(2 mrj}

(12)

In previous equations only few terms should be
summed in order to achieve accuracy at 5™ significant
digit, so derived infinity-series expressions are rapidly
converging.

Let us now consider expression that shows sensitivity
of LCR over shadowing correlation parameter.
Capitalizing on (11) it can be easily shown that the
following expression could be obtained:
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3 Numerical results
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In Figs. 1 and 2, we have graphically presented
obtained normalized LCR and AFD values in the function
of shadowing correlation at macrolevel. LCR and AFD
values are normalized by maximal Doppler shift
frequency f;. By observing those figures it is clear that
lower LCR levels are crossed with the lower level of
shadowing correlation between the branches, and that
better AFD performance is also achieved at lower values
of p,. Sensitivity of normalized LCR over p, is presented
in Figs. 3 and 4. It is clear from Figs. 3 and 4 that
sensitivity grows in the area of high values of p,, which
means that a small change in p, would result in a
significant change in LCR value when higher values of
shadowing correlation are observed.
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Figure 1 Normalized LCR in the function of shadowing correlation p,
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Figure 4 Sensitivity of normalized LCR over shadowing correlation p,
in the function of fading severity and correlation and microdiversity
order

It is also evident from Fig. 4, that sensitivity over this
correlation level could be further reduced by increasing
order of microdiversity structure, while increasing space
at the terminal between diversity branches (reducing
correlation level at microstructure), and that obtains lower
values when fading is less severe (smaller values of m
parameter). By observing Figs. 1 and 2 it can be
concluded that sensitivity of AFD over p, due to system
parameter change will behave in a similar manner as the
sensitivity of normalized LCR over p,, and would be
reduced by increasing order of microdiversity and fading
severity.

4 Conclusion

Influence of shadowing correlation on selection
combining (SC) macrodivesity reception performances in
correlated Gamma shadowing environment was observed.
Rapidly converging infinite-series expressions are derived
for LCR and AFD of observed structure. Further,
sensitivity of those measures over correlation at
macrolevel (shadowing correlation) was observed.
Numerically obtained results are graphically presented
and discussed in the function of various system
parameters.
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