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Abstract—In this article we address the frequency managemen
during WLAN planning. Frequency management refers to
channels interference andSINR computation. We propose a new
approach where location selection and frequency dagsament are
tackled together during WLAN planning process. Two teps
characterize this approach. Firstly we use all theavailable
channels for frequency assignment. Secondly multiplsignals are
taken into account to compute the SINR. Several expimental
results show the benefits of this new approach.

Keywords- WLAN planning; access point placement; frequency
channel assignment; optimisation

. INTRODUCTION

Wireless Local Area Network (WLAN) planning consist
in selecting a location for each transmitter anttirse the
parameters of all sites in order to provide usersir@less
access to their local network. The objective isréspect
financial requirements and to guaranty a giv@uality of

Service (QoS). There are two relevant stages in WLAN

planning. First we have to select a set of indialtesites from
a list of candidates that have been identified atergial
location. For each site we must choose the antpatiarn, as
well as its azimuth that indicates the main profiaga
direction, and the emitted power of the antennae Ftuplet
(site, antenna pattern, azimuth, emitted power) is calledAccess

the process to a better network design offeringaayel
throughput to network users. The paper is organisettiree
main sections. The second section focuses on Astitgim and
gives some methods to solve it. The third secti@sgnts four
optimisation strategies tackling ACP problem and PAF
problem successively or together. In the fourthtisec
experimentations are presented to compare diffesteategies
and those results are analysed. Finally, we draw th
conclusions and give some future work.

. AUTOMATIC FREQUENCYPLANNING

Usually the design process begins choosing antsitea
then allocating the available frequencies to tHecsed sites.
The first studies on ACP problem were defined a®\wering
problem [1] [2] without link with AFP. Later, vans
constraints were added to the ACP problem in aimease the
AFP problem. The ACP problem became over constaiAe
large variety of constraints are described in ttezdture. The
most current constraint consists to add some gellapping to
the covering problem. For example prohibiting teestion of
two close sites [3] [4] or minimizing the overlappi area
between cells [5] [6] [7] or selecting BSS accogdito its
geometrical shape [16] as in cellular [18]. Morelssticated
approach is to evaluate the deviation between feriag
transmitter [8] [9]. Another approach is to estimtite capacity

Point (AP) configuration. Selecting a set of AP configurations ©f channel frequency reuse [10].

from a list of candidate AP configurations is adtian problem
usually called ACP problem fokutomatic Cell Planning in
cellular system. In GSM or UMTS networks the cogerarea
relative to a transmitter is calledcdll instead this is called a
base dation service (BSS) in WLAN. The second important
stage is to allocate one of the available frequeentd each AP
configuration in order to minimize interferences.heT
frequency set depends on the standard (IEEE 8@2.hlor g)
and also on specific restriction on spectrum usiageach
country and environment. This problem is called Af&blem
for Automatic Frequency Planning and becomes very famous
for desighing GSM/GPRS/EDGE cellular network [120].

In this paper, we evaluate the difference of QoSvéen
networks that have been design using ACP and ABBest
successively as in current strategies, and netwddsigned

Now we present two different approaches to tackiP A
problem: one global view focuses on interferencazt level,
another local view focuses on interferences at leset. Those
methods are general for different wireless netwooktexts:
GSM, UMTS, IEEE 802.11... However this article focsism
IEEE 802.11g wireless networks in order to putriactice our
approach.

A. Global interference approaches

The simplest approach of frequency planning isotosier
each BSS like an indivisible entity. This approaohsiders the
average of interferences inside the BSS. This ¢loieav has
the great advantage of reducing BSS to single pdihe
network can then be represented as an undirectgyh grhere
vertices are BSS and edges connect pairs of BE®Yf are

using ACP and AFP as a joint optimisation problem t neighbours that is their coverage areas are oyengplin this

optimise [17]. The main issue of this unified ammo is the
on-line computation ofignal-to-Interference-plus-Noise-Ratio
(SINR) during the selection of site for installatioof
transmitters without additional constraints linkedfrequency
channel assignment. The direct estimation of SINghtdrive

case, the AFP problem becomes a constraint sditsfagraph
colouring problem: frequencies are colours to assiggraph
vertices or BSS. In this graph context there averse different
approaches to use frequency channels in WLAN design



assigning only non-overlapping channels or assgynatl
available channels.

example. This approximation will be used in theatstgies
presented in the next section.

IEEE 802.11b/g has 14 overlapping frequency channel

(only 13 channels are available in France). Owingthe

standard definition, only 3 channels are not oygrilag. In the
case of assigning non-overlapping channels, AFRP 3sgraph
colouring problem. The main drawback of strictly nno
overlapping frequency channel assignment is thatgtraph
colouring problem becomes impossible to solve waitity 3

channels especially for open-space, huge densdygel
networks... Indeed close BSS using the same chameatec
interferences resulting in uncovered areas.

Therefore it is necessary to enlarge the chansgjament
to overlapping frequency channels and then to dhire
interferences. The objective of this approach isspread
interferences over all cells. In this case AFP [mobis a T-
colouring problem with 13 channels. The objectifeAd-P
problem becomes to minimize the number of edgesgusi
overlapping frequency channels.

B. Local interference approaches

Inside BSS coverage area the quality of servicegiezd
by the user is of different level because interiees are not
uniform. A user can loose his connexion due torfatence
while another user of the same BSS may have higlugiput.

One indicator to measure interference is tignal-to-
Interference-plus-Noise-Ratio. Its definition is local for each
user, that is:

P

best RSS

SNR=
Z I:)others RSS>< V(Af ) + N

1)

In this paper, all presented strategies will adibet local
interference approach. The SINR computation asndéfiin
equation (1) needs to know the selected BSS amdassigned
frequency channels. This can be done only at tikleoéACP
and AFP process. If ACP and AFP problems are tdckle
successively, an approximation of t8&R is needed to solve
ACP problem. In the following we present four tdgies. The
two first tackle the ACP and AFP problems succedgiand
use approximations ddNR. The third treats ACP and AFP
problems simultaneously using only non-overlapgihgnnels.
The last one is our approach and uses all avaitdizlenels.

OPTIMISATION STRATEGIES INWLAN PLANNING

A. Strategy 1: Af =0

In equation (1) the term\f is directly linked to frequency

channels assignment. Then approxinfatdR calculus may be
done regarding the frequency channels used. Firkdtyus

consider that all AP use the same channel, Ak =0, then
Y(Af ) =1. This is the worst case:

I:?:)est RSS

> P +N

others RSS

SNR=

(2

The hypothesis is the strongest constraint to addGP
problem. Here any overlapping between BSS resuits i
interference. Authors in [5] [6] [7] use this appimation. It
drives the planner to decrease the BSS numberréuucing
the network capacity. Strategy 1 treats only thePAgZoblem

where Py rss is the highest Received Signal Strength (RSS)Without frequency assignment.

In IEEE 802.11 standard the connexion is usualtgl#ished
with the best RSSPy rss are other received signals with

smaller values than the best RS4.) is the protection factor
corresponding to the attenuation coefficient betwelgannels.

The opposite strategy is to avoid all interferenmgdixing
Af =5, then p(Af ) = 0. This approximation considers that
SINR equals to the Signal-to-Noise-Ratio, that is:

It is a function of Af , the channel distance between the carrier

signal and the interfering signaly(.) decreases when
Af increases: if Af =0, p(Af)=1 and if Af =5,

S NR ~ Pbest RSS— S\IR
N

y(Af)=0. All intermediate values depend on the receivefrne highest RSS determines if the wireless conmeigo(or
equipment featuredN is the noise strength. Its value is aroundnot) established. The problem becomes a set cayvprizblem

-100dBmin surrounding air.
Equation (1) is valid for all values in mWatt ext&NR

and y(.) which have no unit. In logarithmic scale the signa

strength is irdBm unit andSINR and J/(.) are indB unit. The

evaluation of WLAN QoS is done by the estimatiorabiusers
SNR. TheSNR determines the user nominal bit rate.

The interfering transmitters come either from otA&r or
from users. We focus on interfering AP called daminl
interference to simplify the problem. This approation is
valid only if the service used is essentially dovauing.
However it is not the case if the service used @PVfor

[1] (2] [7] [15].

B. Srategy2: Af =3

A second strategy is to fix to three the differebedween
the assigned channels leading $(3)=0.1. The SINR
calculus becomes:

P

best RSS

SNR=
z I?)thers RSSXO'1+ N

3



This kind of approximation is not yet studied ineth 3) Computing the real capacity of each server (AR)
literature. For this strategy the only step is ¢dve the ACP  taking into account its users load and the nomiiatate of
problem usingSINR approximation. The AFP problem is not each user. It determines the real downlink bit ratekbps
considered. provided by the network at each TP.

) : 4) Evaluating the TP satisfaction correspondingthe

C. Strategy 3: 3 non overlapping channels deviation between the bit rate provided by the petvand the
Wertz et al. [14] treat the AFP problem togethethwihe  desired downlink bit rate on each TP.

ACP problem but they use only three non-overlapping

channels. In this case only co-channel interferenaee ! . .

considered for SINR evaluation:y(Af =0)=1 and The algorithm we used is a single local search atelfased on
iterative neighbourhood exploration. Firstly itdsone of the

y(Af 20)=0. best WLAN configurations that covers all TP (i.eoyides a
minimal real bit rate to all TP), then it minimizehe
unsatisfied TP.

A complete description of the model can be foungiLBj.

SNR: z Raest RSS (4)
I::::o-channel RSS ACP step:
ACPIAFP together| ¢\ approxi'% ation|  AFP step
Prommak et al. [12] adopt the same technique: aann| sirategy 1 NO YESAf=0 YES with 13
assignment using only three channels. Ling etldl] pave a Yéhsa\?v?tilfs
similar approach but instead of computing the SIMRy strategy 2 NO YES,Af=3 channels
directly estimate the throughput with collision pability. YES but only 3 _
These works show that both problems could be teckle strategy3| non-overlapping NO YES with 13
together with considerable reduction of search sphae to the channels channe's
reduction of available frequency channels. strategy 4|  YES With 13 NO NO
channels
D. Strategy 4: all available channels Table 1. Strategies description

This strategy corresponds to the simultaneous apprae
defined: assigning the 13 available channels isgfahe ACP
process. The frequency channel is one variablesigia among
location, antenna pattern, azimuth and emitted poWas is a
joint and full optimization of AP location and freency

Table 1 summarises the four strategies. The pedocm
strategies have to be evaluated in the same condié. using
the 13 available channels. To compare strategid¢is @ach
. : . other we need additional steps. For strategy 12an@ add a
aSS|gr_1mer:1Lt. In this case tI8NR calculus is based on the second step in order to solve the AFP problem utiieg13
equation (1). available channels. For strategy 3, once the sitdiguration

As we unify the problems we need to use a uniqteark  fixed using only 3 non-overlapping channels, we addther
evaluation criterion. In the literature there al@a@st as many step to solve again the AFP problem using the Idlable
evaluation criteria than papers. We classify tharthiee main  channels.
categories: coverage, interference and capacitg driteria
based on coverage needs to compute the RSS fronTAeP. IV. EXPERIMENTATIONS
criteria based on interference needs to estimateS-BS
overlapping or approximate&NR. The criteria based on
capacity needs to analyse the MAC layout and tisagt the
number of users per AP. The only criterion unifythgm is the
real bit rate per user. However to get a good eskim of the
real bit rate, we need to consider those three maj
components. The computation model of the real dig from
one WLAN configuration (set of AP with theilocation,
antenna pattern, azmuth, emitted power and frequency
channel) follows these principal steps:

Some experiments were realized with the objective t
evaluate these different strategies of ACP and AFR®lems
resolution. The experiments were held in the emwirent
described by the figure 1. The testbed is compadea two-
dloor building. Each floor size is 120m x 40m. Wefided 94
candidate sites for AP installation. To focus oa tifferent
optimisation strategies, we reduce the combinatirythis
testbed: AP parameter settings are reduced toypeedaf AP
with an omnidirectional pattern and 2 possible galaf power.
As well optimisation strategies does not take iatcount

1) Connecting each user location (callest Point or TP)  financial requirements. Indeed, the AP purchaset cosl
to the best server. On the basis of highest sigimahgth, we installation site cost are not taken into consitienafor QoS
know the set of TP connected to each AP. For eanlidate evaluation. However we fix at 30 the maximum sedcAP
site, a propagation model computes the RSS on thaelew for a solution.
building. The propagation model takes into accotim

shadowing, reflexion and diffraction effects In order to define the traffic demand, we use sahservice

zones, which are represented by polygons covering prtee

2) Computing the SINR in each TP. It determines thébuilding. Each of these zones is characterised byraber of
nominal bit rate of each association of TP withAE server. users and a throughput demand by user of this zOne.
service zone (in green on figure 1) is defined achefloor of



the building. 300 users are uniformly distributed each
service zone and each user demand is about 500r&hpbit
rate. Then the global demand for the whole builds@00
Mbps. Those 2 service zones correspond to 7728wd2then
7728 TP are defined f&@NR computation.
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Figure 1. a/b. description of the first and second floorha building test.

For each strategy we run our algorithm 3 timesrdudne

Fig. 3 (respectively fig. 4) shows the coverageltsf the
four strategies on the 1st floor (respectively 2iodr) of the
building. Light blue represents outside the buidirBlack
pixels represent uncovered TP. Light green pixelsrasent
satisfied TP: the bit rate is higher than the déekhit rate. Dark
green pixels represent unsatisfied but coveredNlite pixels
represent the AP location (locations selected antbegnitial
candidate sites).

Strategy 1

hour. Here we present the best solution of then3.rResults
of the four strategies are depicted by figure Z.daxh strategy
we compare the number of selected AP, the number ¢

uncovered TP and the number of unsatisfied TP.

uncovered TP

V' N
172+ °
Strategy 1
Strategy 3 11 AP
30 AP
3 4 [ J
Strategy 4 Strategy 2
30 AP 30 AP
0 . . : :
839 2157 3361 6225 unsatisfied TP

Fig. 2. Results of the four strategy: number oésteld AP, number of
unsatisfied TP, number of uncovered TP. There @8 TP in total.

One TP is not covered if the best RSS is too low

establish a connection (below -94dBm) or ifSIAIR is too low
(below 4dB) resulting in significant interferenc&3ne TP is
not satisfied if it is covered but its real biteas lower than its
desired bit rate (500kbps).

Let us consider the networks dimension given bytfmis.
Strategies 2, 3 and 4 select 30 AP which is thewait
maximum size of network. Only 11 AP are selectesdtiategy
1. As explained in section lll this relatively o8P number is
due to interference limitation. In this stratedyainew AP is
added it widely interferes with other AP inducinggle user
connection losses. This result shows that thidegjyais over
constrained for WLAN design. The 11 AP are not gioto
satisfy all users demand. Moreover strategy 1 gillesworst
results in term of uncovered TP and unsatisfied TP.

Strategy 4

Fig. 3. F'floor results for strategy 1 (a), strategy 2 édjategy 3 (c) and s
strategy 4 (d).

Strategies 1 and 3 have uncovered TP due to impgorta
interferences. Broadly all strategies have unsetisfP due to
smaller interferences.

Regarding strategies 3 and 4, the lack of covedags not
come from dissociation of ACP and AFP problemsnigsinly
@ non overlapping channels concentrates interfeseic some
areas of the building. Assigning the 13 availablarmels
(strategy 4) instead of only 3 non overlapping cleds
(strategy 3) gives better results: same numbeitex for better
user satisfaction. Using all available channels,enev

overlapping each other, leads to spread the imé&arée impact.

Strategy 2 gives better result than strategy 3trasegy 3
tackles ACP/AFP problems together and strategy cRlda
them successively. This means that it is intergston tackle
ACP/AFP problems together only if all available shels are
used. Strategy 2 consists in some way to averagetoall
interferences. This is a good approach if we wantackle
ACP problem before the AFP problem. But our appnoac
(strategy 4) gives best results thanks to two méatures.
First we treat the assignment of frequency charinglse same
time than the AP site location. Second we use thavhilable
channels for AFP.



Strategy 1

Strategy 2

Fig. 4. 2'floor results for strategy 1 (a), strategy 2 @hjategy 3 (c) and s
strategy 4 (d).

satisfied TF
unsatisfied TF
uncovered TF

outside the buildin
AP locatior

V. CONCLUSION AND PERSPECTIVE

Frequency management is a major stage in WLAN desig
process. Channels management refers to channeifenence
andSNR computation. This paper proposes an original nmietho
to solve the WLAN planning. Two original featuresea

presented. First we solve channel assignment aodtidém
selection of sites simultaneously. Second we use 1B
available channels to process frequency assignmimee

other strategies of WLAN planning were defined dsettthese

features. The experimentations show that consigeboth

features gives good results to reach a full coweragd a

desired capacity on a building. As a conclusions¢héwvo

features have to be used simultaneously to gebeberesults.

In this paper all presented strategies are basedusar

interference an@NR computation takes into account multiple
interfering signals. This approach could be vaédain future

works to show that an optimisation focused @&NR

computation will give best results than optimisatfocused on

cell interference and graph modelling.
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