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Abstract

In this paper, we investigate throughput improvement of hot-spot wireless access with distributed
antennas. To exploit shadowing diversity of multiple distributed antennas, we propose an antenna
selection, which takes both desired signal strength and interference strength into consideration.
We also develop a power allocation approach to further enhance the throughput of wireless ac-
cess. We then use wireless stadium as an example to demonstrate the effectiveness of the pro-
posed approaches.
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Abstract— In this paper, we investigate throughput and IV, we develop an antenna selection approach
improvement of hot-spot wireless access with and a power allocation approach, respectively. Fi-
distributed antennas. To exploit shadowing diversity nally, we demonstrate performance improvement
of multiple distributed antennas, we propose through computer simulation.
an antenna selection approach, which takes both
desired signal strength and interference strength into
consideration. We also develop a power allocation Il. SYSTEM DESCRIPTION

approach to further enhance the throughput of  |n this section, we will first introduce wireless
wireless access. We then use wireless stadium apropagation model, which will be used in our
an example to demonstrate the effectiveness of thestudy and then we describe wireless stadium as an

proposed approaches. example of hot-spot wireless access.
Key Words: Coverage, Signal Processing for
Transmission, Modulation & Multiplexing. A. Wireless Propagation Model
Radio propagation is often very complicated and
|. INTRODUCTION different in different environments. In general, it

can be characterized by three phenomena: path

Hot-spot wi_reless access is re_quired by MOre affyq shadowing, and multipath fading. The fading
more applications. One of the critical characteristic ar’acteristics o’f distributed antennas have been

8; r?wtz;[l;)?lgoltjsvélrrseI((:ersosvvgg((:jeiisalss:::ﬁ ;Tg;em?gﬁeihﬂ(/estigated in [4]. Here we only briefly describe
S simplified model that will be used in our study.

available wireless spectrum is limited. Path loss depends on the distance between the

To imprpve_: the throughput of ir_ldoor Wirelesﬁransmit and receive antennas. Dendeand P,
access, distributed antenna techniques have b Nihe transmitted signal powér and the av:arage

proposed in [1] - [6] over ten years ago.'RecentIy, feceived signal power, respectively. Pass loss is
has taken on renewed interesting. In this paper, Vé%fined as
cn,

will develop an optimal antenna selection approa P
which takes both desired signal strength and inter- L==—".
ference strength into consideration when selecting B
antennas. We will also propose a pseudo-capacitycan be modeled as [7]
based power allocation approach.

The rest of the paper is organized as follows. In L= Ki
Section Il, we will first introduce wireless propa- de’

gation model used in our study and then descriRghere K is a constant determined by antenna

wireless access for a stadium. Then in Sections Wbnfigurationd is the distance between the transmit
x The corresponding author: School of Electrical angntﬁr}na and the rec_:l_ehlve antelnna' ands Ca.”eg

Computer Engineering, Georgia Institute of Technology; AfatN 10SS exponent. The pass loss exponenis

lanta, GA 30332-0250, USA, email: liye@ece.gatech.edii] free space, is usually_ between 2 and 4, and may
Phone/Fax; +1 404 385-2256/894-7883 be as large as 6 sometimes.




Due to path loss and shadowing, the actual
received signal power can be expressed as

P, (dB) = P. (dB) + ¢ (dB),

wheree represents the effect of shadowing and is a
random variable. The shadowing,in dB is often
modeled as normal distribution with varianeg o

is usually between 4 dB and 10 dB and its typical
value is 8 dB.

Besides path loss and shadowing, radio signal
also experiences multipath fading, which causes
received signal level changes quickly with time or
position of mobile. Consequently, the instantaneous
power of the received signal can be expressed as

P = P[> = G| P,

whereh is a base-band complex channel gain aqg Fixed Antenna for Mobile Acesss
(0 = Le. For simplicity, the complex channel gain is
frequently modeled as complex Gaussian with zeggy 1. antenna distribution for a stadium.
mean and unit variance. As a resyl)? is with
exponential distribution. Furthermore, we assume
that || is with unit average. interference(MUI). In the next section, we will

It should be indicated that both ShadOWing angevelop approaches to reduce MUI.
multipath fading cause signal power to change with without loss of generality, we only consider 10
time. Howevel‘, time'Varying due to ShadOWing |§e”s using the same set of frequen@i’ k's for
much slower than due to multipath. Therefore, ip — 1 ...10, and those users in the edée of these
our study, we assume that shadowing parametetells, 1/,’s for k = 1, - - 10, as in Figure 1. Denote
can be fed back to the transmitter for performance = the power gain that only takes path loss and
optimization while instantaneous complex channgﬁladowing into account and corresponds tosthe
gain is not available at the transmitter. th transmit antennaf,,, and the mobile usen/;.

Then the received signal atf, can be expressed

B. Wireless Stadium as

We use wireless stadium as an example in this Yr = Z V Bk ke i, + 10k, (1)
paper even through the approaches developed here meM
can be directly used to all indoor environments. whereM is the index set of access antennas used to
As in Figure 1, the stadium is modeled as transmit at the same frequency simultaneously,
circle. The sports are played in the inner circles the complex channel gain due to multipath fad-
with a radius ofR = 150 meters. The audience ardng, s;,_ is the transmitted signal at access antenna
between the outer and the inner circles and neét), for useri,,, andn, is additive white Gaussian
wireless access so that they can track their favorib@ise (AWGN).
players clearly. The radius difference between the
two circles isD = 30 meters. I1l. ANTENNA SELECTION

g Thte):re Zr? 32 access a(r]lltehnnashwnh 15 uhmfprmlyAﬂer introducing a fixed antennas selection ap-
istributed in the outer and the other 15 in the iNNef o, o that considers only pass loss, we develop

circles. The audience area is equally divided intg, optimal antenna selection approach that takes

30 cells, which are marked,, ;, forn =1, 2, 3 : ; ; ;
' ; ) ) ass loss, shadowing, and interference into consid-
andk = 1,---,10, as in the figure. The avaulablelce)r(,mOn g

frequency set is equally divided into three different

subsets and the 10 cells with the same first index, ]

n, use the same frequency subset. Consequenfly, Fixed Antenna Selection

the same frequency may be used by as many adVe can select the access point/anatnna that is the
10 cells simultaneously. It will causmulti-user closest to each mobile user, which we chded

£ Antenna for Mobile Device



antenna selectior(FAS). It is obvious that FAS fed back to the transmitters to exploit shadowing
is optimal if there is no shadowing. Consequentlgiversity of distributed access antennas.
mobile M}, will use access point;,,, where Due to shadowing, FAS described above is not
o necessarily optimal. With shadowing parameters,
b= { 3(k —1) +2,if ks odd, we can select access antenna for each mobile to
3(k—1) + Lif k is even. maximize the SINR. From the above discussion,
Therefore, the receive signal at mobilé, can be We should find a mapping frorh to m;, such that
expressed as SINR; in (3) is maximized for allk, which turns
out to be a complicated non-linear programming
Yk = v/ Bkl sk + Y /B khm,ksi + 1k problem.
ik To reduce the complexity of the above problem,
(2) we select access antenna for each mobile to maxi-
Consequently, the average signal power anflize signal-to-leakage radigSLR),

interference-plus-noise power over multipath fad- By i Py
ing, hpi, are SLR;, = s > (5)
Ps = B, kDPks 2k Bmii P+ oy
It should be indicated that optimizing SLR has
and 9 been used [12], [13] to find optimal steering vector
Pr= Zﬁmikpi TON, for down-link beamforming of spatial multiplexing
7k systems.
respectively, where As in Figure 1, the fixed access poinky, is
9 9 9 close to mobiles)M; and M,, and it is sometimes
pe = Elsi|”, andoy = Elngl”. possible, even through seldom happens, fats

If all access points transmit signals with the san®€lected to transmit (different) signals to the two
power, i.e, p; = P, for all i's, then signal-to- USers at the same frequency simultaneously, that is,

interference-plus-noise ratiwill be my = my = 3, which will cause a problem. First,
it implies that the fixed access point send different
Pk Pt (3) signals to two different mobile users using the same
Z#k BB + 0% frequency at the same time, which is impossible.
Secondly, at least of one of SINRand SINR is
less that 1, which implies that access poif, is
2 not good for either ofA/; and M, and we should
Cecp=FE{log, 1+ Ol o, exclude it when search for optimal access points
FSE=E 82\ St Bkl 2P 1 0%, D :

for My and M. To reduced the search complexity,
. . for My, we only compare SLR for two fixed access
Note that in the above expression, the average d8ints, i, and Fy, that is,m; = 1 or 2, depending
over all random variablesgy, s, consisting of .on which gives a larger SLR. Similarly, we search
constant pass loss and random shadowing fadlrég

. : . By and F5 to find an optimal access point fdil,,
hm,r'S, complex Gaussian random variables wit . > P P 2

: : nd so on.
zero mean and unit variance. Once an optimal access point for each mobile,

my, is determined, we can find the average capacity
B. Optimal Antenna Selection using Equation (4).

As indicated in Section II.A, radio signal will

. : IV. POWERALLOCATION
experience three almost independent phenomena; _
pass loss, shadowing, and multipath fading. The I'he performance of the system can be further im-

pass loss is fixed and is determined by the distangg?Ved by optimally allocating transmission power
between the transmit and the receive antennas. TRE 8ach mobile and taking both signal and inter-
shadowing is random and independent for diffef€r€nce strengthes into consideration. .
ent points/antennas. Since shadowing changes wit" this section, we assume the average transmis-

time very slowly, shadowing parameters can baCn Power for each mobilgy, is £, that is,
10

We approximate interference as Gaussian to obtain the — Zpk =P, withp, >0, k=1,---,10.
capacity formula. 10 i—1

SINR, =

the average capacity for FAS will be




Ideally, we should allocate power to maximize th ° S FAS witou P |
average capacity of all mobiles, that is, & FASuih PA s
1 Brn kel oy k| i \ R .
C=—) FEqlog,|1 - - _ A
10;:1 { g2< " Zz;ﬁk Bmzk’hmmk‘zpi + UJ2V ,g o PO i
6) 2 L
However, the implementation of the criterion is ver z ;. o ; i
complicated since the expectation should be tak & 6
over hy,, x's. Therefore, we come up with a of§ | 3 |
suboptimal criterion. 2
Instead of using the average capacity, we u
what we call pseudo-capacityPC) criterion to | 7
allocate transmission power, that is, allocate tt
pOWGr to maXImlze 090 5;5 1(‘)0 1(‘)5 110 115 1;0 1;5 130
10 ﬁ Normalized Transmission Power P, (dB)
mkPk
Cpc = E ZIOg2 (1 + Z g k p, + o2 ) ) Fig. 2. Performance versus the normalized transmissiorepow
k=1 i#k PmkPi T ON @ whena = 3.5 ando, = 8 dB.
The difference between (6) and (7) is that the expec-
tation is removed in (7) an¢h,, . |? is substituted for k=1,---10, and
by its average. ' P '
From traditional gradient algorithm, we have p=_——t __p0®
the following algorithm to find the optimal power mearip(®))
allocation to maximize”),,: Step (iv): RepeatingSteps (i) and (iii) if |
Step (i) Initialization: pt) —pl= < 6.
©) In the aboved;, J2, and d3 are small positive
p =1P. numbers andi is called step size..

Step (ii): Iteration: fori =1, 2,---, V. SIMULATION RESULTS

(i-1) 1 To demonstrate the performance of the proposed
Cpe = l—ozlogz(l + approaches, computer simulation is performed. In
k=1 all of our simulation, the transmission power per
ﬂmkkp;(f_l) Hz is normalized by the power spectral density
=) 5 of noise. When calculating the average capacity,
Zj;ék Bmskpj — +ox the fast fading due to multipath also takes into
consideration.

act Figure 2 shows the average capacity versus
api transmission power for different algorithms when

ApY = : the path loss exponent of channel és = 3.5

Ot and the standard deviation of shadowingois =
apii D 8 dB. From the figure, optimal antenna selection
4 4 can significantly improve the system performance
Apl) — Ap,if [|Ap® | <4y, compared with fixed antenna selection. Without
b= Lﬁ:i, it |AP@D]| > 4y, power allocation, optimal antenna selection can
AP increase the throughput by about 30% when the

and normalized transmission powef, = 120 dB. The
p¥ =pl=b 4+ uAp®. pseudo-capacity based power allocation can further
. _ improve the network throughput, especially when

Step (iii): Checking Constraint there is no antenna selection.

NORETNG Figures 3 (a) and (b) show the average capacity
ﬁz(f) _ )by, P >0, versus the path loss exponent and versus shadow-
0o, If ;5,(;) <d2 , ing, respectively. From Figure 3 (a), the network
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that can significantly improve the average capacity
of the network. Even through we only use a wireless
stadium as an example in the paper. The developed
techniques can be directly used to other indoor
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Fig. 3. Performance versus (a) the path loss exponent when
P, = 120 dB andos = 8 dB and (b) the standard deviation
of shadowing wherP; = 120 dB anda = 3.5. (10

reaches the best performance for the environment
with a pass loss exponent of around 4.0. Froqi]
Figure 3 (b), the optimal antenna selection can
improve the network performance and the perfor-
mance improvement increases with the standa[rcz

o : 12]
deviation of shadowing.

VI. CONCLUSIONS

In this paper, we have described our researghs]
results in antenna selection and power alloca-
tion for hot-spot communications. We have devel-
oped an optimal antenna selection approach, which
takes both desired signal strength and interference
strength into consideration when selecting antennas.
We have also proposed a power allocation approach

environments.
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