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Abstract. In this paper, we investigate the optimal transmit antenna
location for distributed antenna systems (DAS) with selection transmis-
sion in the downlink. Considering the effects of path loss, shadow fad-
ing, rayleigh fading and white Gaussian noise, we first derive the ap-
proximate cell averaged outage probability at high signal-to-noise ratio
(SNR). Then, we obtain the transmit antenna location by minimizing
the approximate cell averaged outage probability. Simulation results val-
idate the analytical results and show that DAS with optimized antenna
locations offers smaller outage probability over the traditional co-located
antenna system (CAS).
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1 Introduction

Distributed antenna system (DAS) was originally introduced by Saleh for cov-
erage improvement in indoor wireless communications[l]. In recent years, DAS
has attracted worldwide research interests as a promising technique [2]-[4]. Com-
pared with co-located antenna system (CAS), DAS has many advantages: more
independent channel fading, larger system capacity [5][6], shorter access distance,
and lower transmission power [7].

In [], the spectral efficiency of random layout DAS is analyzed and it has
been found that the system performance is influenced by the antenna location.
In [9], the optimal antenna location for a linear cell is obtained by minimizing
the area averaged bit error probability for STBC-OFDM systems. The authors of
[10] studied the antenna positioning problem for the uplink of DAS and propose
the squared distance criterion. However, there has been little research on the
antenna location optimization from the perspective of outage probability.

Our contribution in this paper can be briefly described as follows. First, we de-
rive the approximate outage probability in a circular cell for distributed antenna
systems with selection transmission. Second, we obtain the optimal transmit an-
tenna location by minimizing the approximate cell averaged outage probability.
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The rest of the paper is organized as follows. In section 2, the system model
is introduced. In section 3, the expression of approximate cell averaged outage
probability is derived and the antenna location is then obtained by minimizing
the approximate cell averaged outage probability. Afterward, in section 4, some
simulation results are given to demonstrate the analytical results. Finally, section
5 concludes this paper.

The notation used in this paper follows the usual convention. Matrices and vec-
tors are denoted by symbols in boldface. (-)7 and (-)¥ are transpose and conjugate
transpose of (+), respectively. E(+) is the mathematical expectation of (-).

2 System Model

2.1 Circular Cell Architecture

The circular cell architecture is shown in Fig. 1. In a circular cell of radius R, My
distributed transmit antennas are connected to a single base station by fibers or
coax cables. The polar coordinate for the nth transmit antenna is denoted by
(rn,0n), n=1,--- Mp. In order to make the analysis tractable, we assume that
the transmit antennas are placed uniformly on a circle of radius p, i.e.,

9n _ 2m(n—1) n— 172’ . 'MT . (1)

{’["1:’["2:~-~:’["MT:p
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A mobile station (MS) is assumed to be uniformly distributed in the cell [II], and
its polar coordinate is denoted by (r,6). Thus, the probability density function
(PDF) of (r,0) is given by

f(r,0)= 0<r<R,0<0<2m. (2)

TR2’

Fig.1. A circular cell layout of distributed antenna system(DAS)
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The distance d,, from the MS to the nth transmit antenna can be calculated
as [12]
dp = /124 p2 — 2rpcos (0 — 0,,). (3)

2.2 Transmission Strategy

There are many possible strategies to use the distributed transmit antennas
for signal transmission. In this paper, we considered one of the most commonly
used: selection transmission [5][6]. In selection transmission scheme, only a single
distributed antenna module is selected out of all the antennas for transmission
by the criterion of minimizing propagation pathloss. When MS is located in the
shadow region as shown in Fig. 2, the base station selects the 1st antenna to
transmit signals. Selection transmission has gained increasing interest in DAS
because it reduces the other-cell interference (OCI) and retains the effects of the
spatial diversity.

Fig. 2. Selection transmission

2.3 Channel Model

For practical reasons, the MS is assumed to have a single antenna. When MS is
located in the shadow region, the received signals can be expressed as

r=hx+n (4)

where 7 is the transmitted signal from the 1st distributed antenna with E[|z|?] =
Ey, hi denotes the fading channel coefficient from the 1st transmit antenna to
the MS, n denotes the additive white complex Gaussian noise with zero-mean
and variance Nj.
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The fading channel coefficient hy is modeled as [13]

hy = &V LS (5)

where &; is a zero-mean complex Gaussian random variable with unit variance
that models the Rayleigh fading, S represents the shadow fading between the
1st transmit antenna and the MS, and L; denotes the path loss from the 1st
transmit antenna to the MS.
We model S; as a log-normal random variable, meaning that 10log;, (S1) is
assumed to be normally distributed with zero mean and standard deviation o, ;.
L1 is modeled as the following form

C
L, = 6
=g (6

where c is a constant, « is the path loss exponent.

3 Performance Analysis

3.1 Approximate Cell Averaged Outage Probability

When MS is located in the shadow region, the instantaneous signal-to-noise

2
ratio (SNR) received from the 1st transmit antenna is v = Ebslﬁé‘&‘ and the
local mean SNR is 4 = #9111 The outage probability for a fixed MS location

conditioned on the local mean SNR 4 can be given by

Pt = Po (7 < eeq 17) = 1 — exp (”7> @)

where 7;oq is the SNR target for the service requested by MS. For large ¥, the
outage probability can be approximately expressed as [14]

Yreq NO’Yreq
P~ ' = . 8
YTy T ESI Ly ®)

Under the assumption of log-normal distribution for S7, Sll is also a log-normal

random variable, i.e., 101og;, 5}1 ~ N (0, Uf,l). Then equation (8) can be written
as

2 2
o, 1In"10\ Ny,
R)ut ~ exp #1 ) O'freq

200 EyL; )

2 2 .
~ a's‘lln 10 NO'Yreq «
~ exp < 200 cEy dy

Considering the symmetry of the transmit antenna, the average outage prob-
ability of the entire cell is equivalent to the the average outage probability of
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the shadow region. Then the approximate cell averaged outage probability can
be obtained

pout - EMS (Pout)

2 2 o
o 07In"10 \ NoYreqd?
= Ens |exp ( 200 cEy

21,2
— 01In“10 \ NoYreq [e
= xXp ( 200 or,  Ens [d7]

(10)

3.2 Optimization Problem and Solution

The mathematical model for the optimization problem can be written as

p* = argmin P,,; = arg min Eyg [d] . (11)
P P
Form (), we note that the optimal antenna location depends on the path loss
exponent. Without loss of generality, we just consider a = 2 and o = 4 in this
paper. Other path loss exponents can be obtained in the same way.
When « = 2, the cell averaged outage probability can be obtained as

= o2 In?10 Nwr
P = () i [

2110°10Y Novre
= exp (U‘ ’;Or;) ) Sgb @ MT fo r(r? + p? — 2rpcos (6 — 6y,))drdf .

2 2
_ 05110710\ Novreq | R? 2 4pRMT
= exp ( 200 cEy 2 TP sin MT

(12)
We set the first order derivative of ([I2) equal to 0, and obtain the optimal

antenna location
QRMT . Vs
= . 1
p g, S ( MT> (13)

When a = 4, the cell averaged outage probability can be obtained as

2 2
— 0 1In"10\ Nyvye 4
Py = exp 500 CE:“ Eums [d ]

2 2
_ Us,lln 10 NO'Yreq Mt Mp R
= eXp ( 200 cE, mR? ) A Jor
— ex 02 110%10\ Novreq My
= &Xp 200 cE, mR?

{F; gt 8Mr sin(N}rT)Rp3+ |:R Mrsin( 27

_ 8pR*Mr sin( ™ )
2 M
37 27 +2R 5 }

(r? 4 p* — 2rpcos (6 — 0n))2drd0

5m

(14)
We set the first order derivative of ([Idl) equal to 0, and get

. 2RMy sTirn(A;T)pZ N R My sin(417\i/[’;)+47rR2p - stMT;;n(A;T) _o-  (15)
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According to the formula for finding roots of cubic equations, the real root in
the interval [0, R] is just the solution to our optimization problem.

4 Numerical and Simulation Results

In this section, we validate the analytical results by simulations. Some basic
simulation parameters are given as follows: R = 1000m, 0,1 = 6dB, ¢q = 10dB,
Ny = —100dBm.
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Fig. 3. Cell averaged outage probability versus transmit antenna location when path
loss exponent o = 2. R = 1000m, 05,1 = 6dB, Yreq = 10dB, No = —100dBm, Ej, =
—10dBm.

Fig. 3 illustrates the cell averaged outage probability versus transmit antenna
location when path loss exponent o = 2. As shown in Fig. 3, the optimal transmit
antenna location is close to 0.6 R and the simulation results approximately agree
with the analytical results.

Fig. 4 shows the cell averaged outage probability versus transmit antenna
location when path loss exponent a@ = 4. From Fig. 4, we can observe that the
optimal transmit antenna location is close to 0.65R. It is further proved from Fig.
4 that the simulation results approximately agree with the analytical results.

Both Fig. 3 and Fig. 4 validate the analytical results and show that DAS with
optimized antenna locations offers smaller outage probability over the traditional
co-located antenna system.
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Fig. 4. Cell averaged outage probability versus transmit antenna location when path
loss exponent o = 4. R = 1000m, 05,1 = 6dB, Yreq = 10dB, No = —100dBm, E;, =
40dBm.

5 Conclusion

In this paper, we have derived the approximate cell averaged outage probabil-
ity for distributed antennas systems with selection transmission in the downlink
and obtained the optimal transmit antenna location by minimizing approximate
cell averaged outage probability. Simulation results validate the analytical re-
sults and show that DAS with optimized antenna locations offers smaller outage
probability over the traditional CAS. The research results provide a scheme to
determine the location of transmit antennas for the next generation wireless
communication networks based on DAS.
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