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Abstract: Due to the complexity of the composite fading
channel, a new simplified channel model is proposed to analyze
the bit error ratio( BER) performance of the distributed antenna
system ( DAS ). First, instead of the gamma-log-normal
distribution, the log-normal distribution is applied to describe the
output signal to noise ratio( SNR) after maximal ratio combining
(MRC) at the receiver. Then, assuming that the channel state
information( CSI) is available to the transmitter, by employing
the Gauss-Hermite integral, an approximate analytical expression
of the BER is derived for the downlink of the DAS with antenna
selective transmission and MRC. Finally, the results of a Monte
Carlo simulation show that the analytical results match the
simulation results. Therefore, it can be concluded that the
proposed approximate channel model is effective and accurate,
and the derived analytical expression can be used to evaluate the
real system performance.
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n recent years, the distributed antenna system ( DAS) has

been a hot topic and it is considered as a promising tech-
nology for future wireless communications'' ™. Compared
with the traditional centralized antenna system( CAS) where
the antennas are co-located, the DAS comprises some sepa-
rately-placed antennas and each antenna is also called an ac-
cess point ( AP). Furthermore, through coaxial cables or fi-
ber optics, all the APs are connected to the main processing
unit( MPU) . Generally, the signaling, switching and mobility
management are performed at the MPU.

Up to date, many works on the DAS have been done. The
signal to interference was investigated in Ref. [5]. Ref. [6]
compared the DAS with the CAS in terms of consumption
power and capacity. Furthermore, the outage probability of
the DAS was discussed in Refs. [7 —8]. In addition, the erg-
odic capacity of the cellular DAS was discussed in Refs. [9
—11]. From the previous works, it can be concluded that the
DAS is an effective technology to enhance link reliability,
increase signal quality and enhance system capacity. Howev-
er, to the best of our knowledge, the bit error ratio (BER) of
the DAS has not been analyzed in the available literature.
Therefore, this paper tries to provide insight into the down-
link BER performance of the DAS over shadowed Rayleigh
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fading channels with antenna selective transmission and
maximal ratio combining( MRC).

1 System Model

Fig. 1 shows the downlink of a typical DAS with N APs
and one MPU. For easy description, the i-th AP is denoted
as AP,. Without loss of generality, the mobile station (MS)
is equipped with L antennas. Furthermore, the antenna selec-
tive transmission is employed to maximize the output SNR
after MRC at the MS. Then, if AP, is selected for transmis-
sion, the received signals at the MS can be expressed as

Y, =", .y = JEAR, . hP ) x+Z e CH
—r

(D
where the j-th entry of Y,y (j =1,2, ..., L) is the received

signal at the j-th antenna of the MS, E_is the transmit signal
power, A in the channel vector H, denotes the composite
channel fading between AP, and the j-th antenna of the MS,
x is the transmitted signal from AP, with unitary power, and
Z is the circularly symmetric complex Gaussian noise vector
with zero mean and covariance matrix E{ZZ"} = N,I,. Note

that I, is an L x L identity matrix.

Fig.1 An example of DAS structure

2 Distribution of the Output SNR after MRC

Due to the structural features of the DAS, h!” can be mod-
eled as

W= VP, @

where g represents the small-scale fast fading between AP,
and the j-th receive antenna of the MS, and P, and S, denote
the path loss and the shadowing effect between AP, and the

MS. From a practical standpoint, the same path loss term P,

and the shadowing effect term S, are shared by g", ..., g\”.

Furthermore, g”

i

, P, and S, are independent of each other.
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The envelope of the fast fading is assumed to undergo a
Rayleigh fading, which means the squared envelope |g!” |
follows an exponential distribution. The path loss term P, in
121

Eq. (2) can be modeled as
B

(4

i

where B, is the path loss exponent, d, is the reference dis-
tance and d, represents the distance from the AP, to the MS.
The shadowing effect term S, in Eq. (2) is log-normally dis-
tributed and the mean of 101gS,; is assumed to be zero (in
dB) for easy analysis. As a result, the probability density
function (PDF) of S, can be given as'"”

e

where ¢, (in dB) is the standard deviation of 101gS,; and ¢
_ 10
~ Inl0°

From Egs. (1) and (2), the output SNR after MRC can
be obtained as

fs(s) = s>0 (4)

L L
yi= 2y =02 g0 (5)
j=1 Jj=1

¥ denotes the instantaneous SNR at the j-th anten-

where vy;
EP.S, . . .
na, and (2, = T Determined by S;, (2, is also distributed
0

log-normally and its PDF can be achieved as'"

_ (10lgw —p,) ) ©>0 (6)

Tl = w -

E P,
];] ’) is the mean of 101g(2.. Under the as-

0
sumption that g!", ..., g'" are independent of each other, the

conditional moment generating function (MGF) of vy, given
(), can be expressed as

where p, =1 Olg(

M, |o(p o) = [IM, |,(p o) (7

where M, | ,(p | w) is the conditional MGF of y\”, and

. 14
can be derived as'

My o(p o) = [ faltl@)exppndr =

+o 1 t B
[ —exp( - Lexp(pdr = (1 —po) ™ (8)
0o @ [
where f,, [, (t | ) is the conditional PDF of y\”. Then, by

the inverse Laplace transformation of M, ‘ﬂ’( -p | ), the

PDF of vy, conditioned on (2, can be obtained as
flattlo) = 27 M, | ,(-plo)} = 27U +pw) "} =

mexp( - ﬁ) (9)

L-1

where %' {+} denotes the inverse Laplace transformation.
Finally, the PDF of vy, can be derived from Eqgs. (6) and (8)

as
+o LLtL—l Lt f
fH = exp[ - =) ———-
H = ree( =) =
2
exp[ _ (101gr —p, : 101gL) ]dr (10
207

where 7 = Lw. Obviously, it can be found that vy, follows a
gamma-log-normal distribution.

However, it is not straightforward to evaluate Eq. (10).
Here, a log-normal distribution is used as a substitute for the
gamma-log-normal in Eq. (10), and the PDF of vy, can be

: 15
approximated as'"”!

1, (0=

10lgr —,)*
_(10lg ,u,)) =0 (11)

£ pr( L2
V2wat 207
where (i, is the mean of the approximate distribution and can
be expressed as

=g, +101gL + £[(L) —1In(L)] (12)

where ( -) is the Euler psi function''®'. Furthermore, & in
Eq. (10) is the variance of the approximate distribution and
can be achieved as

G =0, +£¢2. L) (13)

where /( -, +) is Reimann’s zeta function'". The PDF curves
of these two distributions are shown in Fig.2. The curves in-
dicate that Eq. (11) can approximate Eq. (10) very well.
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Fig.2 PDF curves of the gamma-log-normal and log-normal
distribution

3 BER Analysis with Antenna Selective Transmis-
sion

Suppose that a selective transmission scheme is applied
and only one AP is selected for transmission to maximize
the output SNR at the receiver, provided that the channel
state information between AP, and the MS is known to the
transmitter. Accordingly, the transmission scheme can be ex-
pressed by the following rule as

v=max{y,, .... Yx} (14)

Because of the large space among APs, it is reasonable to as-
sume 7y,, ..., y, are independent of each other. Therefore, the
cumulative distribution function (CDF) of y can be obtained

13
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where F, (r) is the CDF of vy, and erfc( +) is the comple-
mentary error function''” . Differentiating Eq. (15) with re-
spect to r yields the PDF of y as

N

f(n) = Z[f(r) H F,(n]

k=1,k#i

)dr] -

(15)

exp( -

(16)

Consequently, the average BER can be expressed as'”!

P, = f:aQ(ﬂr)f(r)dr -
Zf “a0(/27) | I F.(» |, (nar

k=1,k#i

(17)

where Q( -) is the Gaussian function, « and A depend on
the modulation type. Obviously, there is no closed form for
the above expression. However, the Gauss-Hermite integral
is employed and Eq. (17) can be approximated as'”

N N,

P, /% Z {aH O /x10 Pt 20) -
C( 101521&:,“«1()]}

N
1 -
k ]H#L [ 2
where ¢, and H, are the base points and weight factors of the
N,-order Hermite polynomial, respectively.

(18)

4 Simulation Results

The analytical results and the simulation results are presen-
ted in this section. Fig. 3 depicts the simulation scenery,
where four APs are located at the four corners of a square
area and the MS is randomly distributed. Unless specified oth-
erwise, the main simulation parameters are listed in Tab. 1.
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Fig.3 Simulation scenery

Tab.1 Main simulation parameters

Parameter Value Parameter Value
N 4 Bi 4
L 1 dy/m 10
«a 1 o,;/dB 8
A 2 D/m 500

Fig.4 and Fig.5 show the BER performance of the DAS
vs. the transmit SNR(E /N,). It can be easily noted that the
BER performance is improved with the increase of E /N, .
Fig.4 plots the BER performance as a function of the re-
ceive antenna number. Obviously, an improvement in the
BER can be obtained by increasing the number of receive
antennas. Furthermore, Fig. 5 reveals the relationship be-
tween the BER and the path loss exponent. It can be known
that the BER value is reduced as the path loss exponent de-
creases. Moreover, it should be emphasized that good agree-
ment is observed between the simulation results and the ana-
lytical values.
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Fig.4 BER vs. transmit SNR (E,/N,) with different num-
bers of receive antennas
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Fig.5 BER vs. transmit SNR ( E,/N,) with different path

loss exponents when 3; =3

5 Conclusion

Under the antenna selective transmission strategy at the
transmitter and MRC at the receiver, the BER performance
of the DAS is studied over shadowed Rayleigh fading chan-
nels in this paper. Without loss of generality, the output SNR
after MRC is modeled by a log-normal distribution instead
of the gamma-log-normal distribution. An approximate ana-
lytical expression of BER is derived for the downlink DAS
by applying the Gauss-Hermite integral. It can be concluded
from the simulation results that the derived analytical expres-
sion can be applied to precisely evaluate the BER perform-
ance of the DAS.
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