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Abstract:
(WMNs) are becoming the promising technology tovide last-
mile broadband Internet access to the users. lardalaccess the
Internet through the pre-deployed WMN, the user teaassociate
with one of the access points (APs) present in rtevork. In
WMN, it is very common that the user device canehawltiple
APs in its vicinity. Since the user performance orlgj depends on
the associated AP, how to select the best AP iay@wemaining as
a challenging research problem in WMN. The tradaiomethod of
AP selection is based on received signal strenB®S) and it is
proven inefficient in the literature as the mettdmes not consider
AP load, channel conditions, etc. This paper prep@new method
of user association in WMN such that the user selihe AP based
on achievable end-to-end throughput measured inpthsence of
other interfering APs. The proposed association rimeis
independent of routing protocol and routing metrsed in WMN.
The simulation results show that our method outparé the RSS
based AP selection method in WMN.

Keywords: Wireless mesh networks, AP selection, User

association.

1.

Nowadays, a large number of users are accessingtdraet
through their mobile and portable devices. Evesr ugants to
experience the better performance with the Inteageessible
from the places like airports, hotels, and othdlipuplaces.
The IEEE 802.11 based wireless mesh networks Hrélthe
promising technology to provide last-mile broadbadnigrnet
access to the users. The WMN has a unique featfire
complete wireless multihop backbone formed by augrof
wireless routers. As shown in Figure 1, a few nrestters are
connected to the Internet with high speed wirelisliand are
known as gateway nodes. In addition to the
functionality, the mesh routers are able to provitenetwork
access to the users, and so they are also calle@sts access
points (MAPs). Normally, the user device has oneclass
network interface whereas a MAP has multiple iatees.
Because of self-organizing and self-configuringuraiof mesh
routers, the WMN has a long list of applicationslslas
enterprise networking, building automation, commurand
neighborhood networks, etc. One important appticatof
WMN is providing wireless broadband Internet coriivity to
the users. In order to access the Internet thrabghpre-
deployed WMN, the user device needs to associdteonie of
the MAPs available in its vicinity. Since the ugerformance
majorly depends on the associated MAP, how to télex
MAP providing best performance is still an openeegsh
problem in WMN.

Introduction

The IEEE 802.11 based wireless mesh networkddS defined by IEEE 802.11 standard [7], the mosictical

method of access point (AP) selection is basedhendceived
signal strength (RSS) of management frames (beaudprobe
response) and it is defined for infrastructure iese local area
networks (WLANS). The user selects nearest or gesnhAP
among all available APs. This traditional method AP
selection is good when the network load is unifgrml
distributed among all the APs in WLAN. But the gigenature
of each user in selecting the nearest or stromgfésb achieve
higher performance causes non-uniform distributbtoad in
the network.
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Figure 1 Wireless mesh network architecture
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Some APs are overloaded and nearby other APs gindyli
loaded or free. The user performance is not fathis situation
even though he is associated with the nearestamgstst AP.
Therefore, many researchers have focused on anbidwad
balancing and user fairness [8-14] through AP selec
method in WLAN. All these work done for WLAN are tho
efficient to implement in WMN as they have diffeten
architectures. The detailed comparative study betvi&LAN
and WMN is presented in [15]. The WLAN has high egpe
wired backbone and only one wireless link, accass, lis
present between the user and the AP. On the bthat, the
WMN has the multihop wireless backhaul. Therefoire,
WMN, the user data traffic has to transmit throughiltiple
wireless links before reaching the gateway.
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The default RSS-based association method and théops
alternate methods are defined for WLAN with theuagstion
of the high speed wired backbone present in thevorkt
Therefore there is a need to redesign the AP satestethod
for WMN by considering the quality of multihop wiess
backhaul path from the MAP to the gateway in addito the
quality of access link present between user aniithe.
Providing wireless broadband Internet access touder is
one of the applications of WMN and the dominanffiteof
Internet user is in the downlink direction onlye(j.from the
gateway to the user via multihop wireless backhbabause
most of the Internet servers are still present imedv
infrastructure. With this observation, we formulatenovel
metric of user association in WMN by consideringe th
dominant wireless usage mode of downlink traffiongl with
the MAP capacity in the presence of other intenfgMAPS.
In our method, the user measures the potentiaugimout
likely to achieve from the MAP after association b
considering the MAP capacity in the presence ofeoth
interfering MAPs. The MAP selection process consdmth
access link quality and mesh backhaul routing patlity to

yaryi
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calculate but the actual network load is not thenber of
active users present in the network since theyediff their
traffic load. In [25], the estimated delay betweleacon
schedule time and actual transmission time is wsedAP
selection metric. This kind of low level measuretserannot

be applicable in all commercial AP products. Mormwthe
researchers assumed that beacon frames are always
transmitted before sending the data frames. Aviglab
bandwidth based association is proposed in [26ethe AP
capacity is equally shared among all its associassts, the
available bandwidth calculated before associatiay not be

the same after association. The user measuresctieatial
throughput achievable from AP and selects the ohé&lw
provides highest throughput [27]. The user throughpust

be calculated dynamically to get associated witke th
appropriate AP because of dynamic network condititike

ng user traffic demand, interference, chamoelditions,

etc. The wuser throughput calculated once before the
association process cannot be taken as grantdtealime.
Moreover, the low rate user degrades the performahigh

ensure end-to-end communication quality. Unlike thgte users that are already associated with the gen[39].
previous work [16-22], the proposed associationrimgs USEr association based on channel busy time isopeapin
independent of mesh routing protocol and routingrimesed [28]- Although the channel busy time is the preaitimetric,
in WMN. We analyze the performance of proposed oethit cannot reflect the actual network load. Foramste, if there
through simulations and compare with RSS-based aodethare two APs, AP1 and AP2 which are configured at
The results show that our method performs betn RSS- orthogonal channels such that there is no co-channe
based method in improving the user performance Ny interference between them. Suppose that 10 usscziated
The paper is organized as follows: the sectionserilees the with AP1 and only one user associated with AP2c&ifh0
related work and the proposed method is presenteddtion users have to compete with each other to accesshtmmnel
3. The performance analysis of our method is ptesein for communication, most of the time they wait facassing
section 4 and the paper concludes with the seétion channel instead of communication. On the other haine
AP2 is busy in processing the frames of only ussoeiated
2. Related Work with it because the user always get the channtlleasser has
In IEEE 802.11 infrastructure WLAN, the user-AP no competition in accessing the channel. When a usev
association process is defined with three phaseB: A wants to join the network based on channel busg tinetric,

scanning, AP-selection and AP-association. In tensing
phase, the user gets the information about allavai APs in
two different ways: active and passive scanningadtive
scanning, the user broadcasts the probe request ad all
the available APs reply with probe response frdmeassive
scanning, the user device listens to all chanrelseteive
beacon frame transmitted periodically by AP. Theerus
device measures the received signal strength (BS®)acon
or probe response frame and determines the AP higtiest
RSS value. In the second phase, the user selec&sRhwith
highest RSS value calculated in the first phasealfyi in the
association phase, the user sends the associasprest
message to the selected AP and the AP replies Witbk
association reply message. The traditional RSSebase
selection method is proven inefficient as important
parameters like channel conditions, AP load, ete. rot
considered in it. Moreover, the greedy nature @rgwser to
select the nearest or strongest AP leads to unévedh
distribution among all APs in the network. Thisuation
causes unfairness in the user throughput and tlezalbv
system throughput is degraded.

Most of the researchers have focused on load batarand
user fairness [8-14] through AP selection in WLAN.[24],
the number of current active users of an AP isiclemed as a
metric of user association. This is the simple meto

the user selects the AP1 that has lesser busyttiameAP2. In
fact, AP1 is congested than AP2. Our previous wa%
analyzes all the related work in WLAN and presetits
required parameters for AP selection metric desigiVMN.

To mention the related work for WMN, the authof16, 17]
proposed two metrics of association: LAETT (Load akes
Expected Transmission Time) and CAETT (Contention
Aware Expected Transmission Time). In [18], theimie cost
metric is proposed for AP selection in WMN. It isosvn in
[30] that the airtime cost metric does not alwagptare the
channel conditions accurately. The authors in [@8hanced
the work [18] by considering the impact of packiesand
hop count into the metric. In [20], dynamic assticia and
reassociation oscillation avoidance mechanisms
investigated. Author in [21] enhanced the work [18])
measuring the mesh backhaul routing airtime cosbath
directions between the MAP and the gateway. Thetmos
recent work [22] enhances [21] by adjusting the ghthg
parameter values assigned for access link metdcrauting
metric such that more users are associated withd-goo
backhaul MAPs (MAPs with small hop count and/orhhig
capacity) for a long time possible than bad-backih&dPs(
MAPs with large hop count and/or less capacitysoAlisers
mobility-aware reassociation control scheme is alsiposed

by same author [22]. The author in [36] propose®eiation

are
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control scheme to achieve utility fairness of useraireless
mesh networks. [37]
association in wireless mesh networks. Our previaosk
[38] presents a novel algorithm for MAP selectiolV\WMN
wherein a user selects the MAP such that the thmoutgof
existing users already associated with the same ARt
much degraded.

The WMNSs are the promising technology to providesleiss
broadband Internet access to the users. In WMN,
dominant traffic of user is in the downlink direantii.e., from
the gateway to the user via multihop wireless baakh
because most of the Internet servers are stilleptas wired
infrastructure. This fact motivates us to proposecwel
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these conditions, the long term average throughput

presents a centralized optimaineasured at MAC layer is same for all users astatia

with a MAP [32].

We also assume that the MAP implements rate adaptat
scheme. The user with poor quality link takes miomree to
receive a packet from the MAP compared to othersuse
associated with the same MAP using good qualitidliif
the packet size is assumed to be same for all ugers

thepecified in [33, 34], a new user can estimate hiis/

instantaneous transmission rate using RSSI measutsm
We consider the WMN system with ‘m’ MAPs and ‘n’
users. The MAPs are represented gsaa ..., a, and the
users are 4 W, ..., W. A user is associated with only one

method of user association in WMN by considering th MAP and a MAP provides the network access to fearas

dominant wireless usage mode of downlink traffiengl with
the MAP capacity in the presence of other intenigMAPS.

Considering the dominant wireless Internet usage
downlink direction while formulating the associationetric
keeps our work unique and different unlike othesviyus
work mentioned [16-22, 36-38]. Moreover, our prepd
association metric is independent of routing protoand
routing metric used in WMN whereas the previous knisr
limited to specific routing protocol with airtimeost metric.
In our method, the user measures the potentialt@edd
throughput likely to achieve from the gateway tioaahilable
MAPs and selects the MAP that provides higher thhput.

3. Association Metric Formulation

We consider the WMN model as shown in Fig. 1, whale
the users communicate through their associated MARs
WMN has a multihop wireless backhaul connectedhi t

The user passociated with a MAP, & represented aHij :

ilf the MAP, g, is sending information to all users in the

packets of same size L, then the transmission delay
experienced by a userassociated with MAP; @ given by

T(U) =
f (SNR(u') )

where f (SINR(U/) gives instantaneous transmission rate

of access link from MAP ;a0 user uexpressed usually in
data units per second.

As per our model, the MAPs are the only senderstaing
as a wireless router, the MAP has to compete wittero
MAPs for accessing the radio channel. Hence theivmed
utilization of MAP & MU(j), will not be 100% if other
MAPs are present in its contention domain and tqeacity
of MAP &, C(j), will only be a fraction of the medium

Internet through one or more gateway nodes. The #APcapacity. Under these assumptions, the long-terarame
provide the network access to the users and alstinroughput obtained by the usegrassociated with MAP;a

responsible for routing the user data through mesfTh (u')measured in a reference time period T is given

backhaul to reach the gateway node. In our netwuokel,
each user device has a single wireless networkfade
and the MAP is provided with two interfaces: accassl
relay interfaces. The access interface provides#taork
access to the user and the relay interface contieetis|AP

to other MAPs on mesh backhaul to reach the gateway
These two interfaces of a MAP are configured with

different radio technologies or different channglgh that
user data cannot interfere with routing data. Thkeeas
interfaces of adjacent MAPs are configured to beraged
in different channels to reduce the co-channelrfatence
between the adjacent MAP cells.

The formulation of association metric is inspiregdri the
work [31], which is defined for WLAN users and we
extend the work for WMN environment. Since mosttioé
Internet servers are still reside in the wired astructure,
we assume that the major dominant mode of wiralesge
is the downlink traffic. To simplify the derivatioprocess
of association metric, we consider the saturatedNVMth
Internet traffic flowing from the gateway to the eus

by
) N * ) *
Th,, (u) = MO AT @
thx (ui )
i,
WhereU is the set of all active users associated with MAP

a. The parameter C(j) is the nominal capacity of EhaP
g which is based on the supporting physical layet ns
conveyed in the beacon/probe response frames.der do
measure the medium utilization, each MAP measuhes t
number of slots it spends in the transmission/récap
backoff and idle states. The measurement perio¢ai,be
defined with five transmissions/receptions as it]{3The
channel utilization fraction is estimated (busy tsitmtal
slots) and maintained as a weighted moving average.to
the performance anomaly of multirate users assediatith
the same MAP, the long-term average throughputises
for all users [39]. Since the low rate users degrdle
performance of high rate users associated with séime

through their associated MAPs and each user isyaslwa MAP, the long-term average number of packets rezbiyy

waiting for a packet to receive. This situation glifies the
MAC layer modeling as the MAPs are the only senders
the network and the amount of interference causgd b
MAPs does not depend on the number of their usémder

the denominator
(ul), is observed to be almost same

all users is same.

equat|on (2), z

J
for all users, y associated with the same MAR. aVe

In other words,
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represent this denominator
transmission delay, ATD(j) of MAP;,a

ATD(j) = YT, ()

(3)
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value as the aggregatasser machine i.e., threshold value varies with eesgo
application. We assume that the user devic&nows the
minimum throughput required for the application mirmg

on it. When the user throughput degrades below the
threshold value, the user initiates re-associgimtedure.
Selection Algorithm is given below:

The numerator of equation (2) represents the MAP 3nitialization:

capacity in the presence of other interfering MABs a
measurement time period T and this value is repiteseas

APC(j)=MU(})*C())*T @
Each MAP ameasures the values of ATD(j) and APC(j)
for every reference period T and broadcast the emlu
through modified beacon/probe response frames aothie
interested users can determine the average thromghfp
existing users of the MAR as shown in equation (2).
When a new useryuwvants to join the WMN to access the
Internet through MAP jathen the user can calculate the

expected throughpuTh(ukj ) as

Thiu) =)
“ATD() + T, (W) 5)

In WMN, the user needs to know the quality of wésd
mesh backhaul path quality before associating vaitly
MAP so that the user can select a MAP providingdyoo
end-to-end quality links. Since the users do noarawof
mesh routing path, we assume that the MAP provities
information about the routing path used from théegay
to the user. Each MAP runs a routing protocol aimdisf

multiple paths from the gateway node. Using certain

routing metric such as hop count, the MAP selectest
path and makes this information available to theru$he
user can make use of the routing information alevitp
access link metric calculated in equation (5) tectea best
MAP providing better end-to-end throughput. We ddes
that the MAP calculates the aggregate throughpurn(ef
individual link throughputs in the path) achievabftem
the gateway and provides this information to therus
Accordingly, the MAP g provides the mesh backhaul

quality in terms of aggregate throughp‘l]l.’l,oj to the user

u.. Now the user wcalculates the end-to-end throughput
achievable from the MAP; as

ET.) =w(Th(u))) + (L~ w)Th! (6)

where w is the weight assigned to access link gualnd
its value is chosen between 0 and 1(both inclusiVée
value of w has the impact on MAP load balancing #rel
network throughput. We choose w=0.5 in our simolasi
to give equal weight to access link quality and Kbexail
path quality. To choose an optimal value of w, Hiert
study is required. A simulation study on the optimalue
of w is presented in [17].

The user y calculatesET,) from each available MAP;a

and selects the MAP providing higheEtTkj and only if it

is acceptable throughput i.e. more than certaiestold
value Thyeshod The threshold value depends on the
required quality of service of the application rimm on

A={a,a,a,
U={uy,Up,Us,
A, : set of all available MAPs to the user u

U;: set of all active users associated with MAP a

ant set of m MAPs in WMN.
U} set of n users in WMN.

(i) begin
(i) for every MAP ae A do /*for every T reference period */

(iii) begin

(a) for all associated active users W, do

(b) calculate ATD(]) as in equation (3) /*aggregate
transmission delay is the amount of time requid f
the MAP ato send a packet of size L bits to all its
current active userlslij */

(c) calculate APC(j)=MU()*C())*T I*
APC(j) is the effective capacity of MAP aj in
presence of other interfering MAPs in the network.
*/

(d) caIc:uIateThoj /* aggregate throughput achievable
from the gateway node to MAR*a

(e) broadcast ATD(j), APC(j) andl'hoj values through
modified beacon or probe response frames

(iv) end for
(v) a new user uscans for all available MAPs using either
active or passive scanning

(f) from every available MAP af A, the user y
receives ATD(j), APC()) and'hoj

(g) user y locally measuresT, (U)) as in equation (1)
after receiving beacon or probe response frames of

MAP g _

(h) user y now calculatesTh(u,) as in equation (5)
and

() ET)=w(Th(u)))+@-w)Th

() user u, selects MAP @a with highest
ETk] 2Th{hreshold

(vi) end
4. Performance Evaluation

The proposed method is evaluated using NCTUns &5 [
simulator which is an open source, extensible ngtwo
simulator and emulator. By using a novel kernekméering
simulation methodology, it provides many unique atages
over traditional network simulators and emulattNE€TUns
6.0 is a Linux based network simulator/emulatorrupdiich
real world applications can be executed without
modifications and a wide range of networking desican be
modeled using real TCP/IP network protocol stack to
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produce high-fidelity simulation results. In NCTUnthe
configuration and operation for a simulated netwane
exactly the same as those for a real-life IP netwblsing
integrated GUI, it is easy for the user to creatdit and
control the simulations/emulations and easily ailli¢he
results. The MAC protocol of NCTUns is ported frows-2
network simulator which implements the complete EEE
802.11 standard MAC protocol DCF to accurately nhake
contention of nodes for the wireless medium. Moezpwt
supports more realistic wireless signal propagatmuels.
In addition to providing the simple (transmissicamge =
250 m, interference range = 550 m) model that raroonly
used in the ns-2, the NCTUns simulator provides arem
realistic model in which the received bits BER #&calated
based on the used modulation scheme, the bitsvestei
power level, and the noise power level around doeiver.

To analyze the performance of our method over R&sd
association method, we consider the simulation agen
with users and MAPs distributed randomly in the WNabI
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Conference etc., are used majorly over the Intemmetalso
measured the average end-to-end delay of the asershe
system. It is observed that our method outperfamsRSS-
based method because selecting the highest sitnealgth
MAP does not guarantee the highest throughput eqdired
Quality of Service. The received signal strengtinnca
reflect the actual throughput because it not ordpehds on
the distance between user and MAP but also on the
transmission power of MAP. It might happen thatistasht
user can associate with the MAP that has highest
transmission power and use low bit rate transmissio
Therefore, the users already associated with theP Md
using higher bit rate might have to wait until fbev bit rate

and distant user communication is finished. In proposed
method, the user calculates the achievable thraughpm

all available MAPs by considering various parametiéke
channel conditions, MAP load, interference etcd aelects
the MAP which is providing highest throughput ahereby
providing required end-to-end Quality of ServicdeTresults

shown in Figure 2. We consider the IEEE 802.11b WMNare averaged over 10 simulation runs and showrigar& 3

with 9 MAPs and 20 users and one gateway node cteahe
to the Internet with high speed (1 Gbps) wired lils in
previous work [16-22], we consider a simple charmebel
in which the data rate of a user depends on themtis
between MAP and user. Accordingly, the data rafasser,
11Mbps, 5.5Mbps, 2Mbps and 1Mbps are in Hrege
of 80m, 150m, 200m and 250m respectively. BdéP
is running Open Shortest Path First (OSPF) roupirgocol
with default routing metric hop count. Each MAP ha®
wireless network interfaces operating at orthajon
channels so that a user data cannot beferted with
backhaul routing data. Adjacent MAPs are camigl to
be operated on different channels such thachannel
interference is minimized. As most of the IntérBervers
are still present in wired infrastructure, the doanit
wireless usage is the downlink traffic. So we usseliJ
Datagram Protocol (UDP) saturated traffic with petckize
1000 bytes from the Internet via gateway to allrsis&he
transmission rate of each traffic flow is set toldpd and the
simulation runs for 100 seconds.

We analyze the performance of our method by meaghie
system throughput by gradually increasing the numdfe

and Figure 4.

Unlike the previous work, the proposed associatigatric is
independent of wireless mesh routing protocol amuting
metric. To observe the impact of routing metrictbe user
performance, the simulation is repeated with twiiedént
routing metrics: hop count and expected transmissimunt
(ETX) [23], for the same routing protocol OSPF. The
simulation results for different routing metricegresented
in Figure 5. As the hop count metric does not aberslink
conditions like ETX metric, the system aggregateuighput

is more when ETX routing metric is used with OSBEting
protocol. As specified in [40], [41], when the rimg metric
optimized for WMN environment is used along withrou
association metric, a significant improvement insteyn
throughput will be observed.

As the proposed method considers the MAP load into
association decision, we analyzed the performarfceuo
method by varying network traffic load. By gradwall
increasing the load for all users in the network, measured
system throughput and average end-to-end delay. The
simulation results are shown in Figure 6 and Figluré®ur
method outperforms default RSS method becausedfaaild

users accessing the Internet through WMN and comtbar RSS method does not consider the MAP load intociestson

with the default RSS-based method. In the tradiion
method, the user always selects the MAP based agived
signal strength, so that sooner or later, the neédvimad is
unevenly distributed among the MAPs and this situmat

decision and it solely depends on the receivedasigtnength.
Therefore the user associated with congested MAata
experience better performance compared to othersuse
associated with nearby lightly loaded MAPs. Moraopuhe

leads to degradation in user performance and systeRSS method cannot address the user unfairnesseproflur

throughput. It is observed that our method perfolratter

proposed method considers the MAP load, and thes e

than RSS-based method because our method uses tn@formly distributed over the network.

association metric which measures end-to-end thmouig
achievable from the MAP in presence of other irteny

The RSS-based association method performs bettengsas
the network load is uniformly distributed among MIAPS in

MAPs. The signal strength alone is not a sufficientthe WMN and fails when the load is non-uniformly

parameter to determine the user throughput bedaase are
many other parameters like channel conditions/fietence,
medium contention, etc to estimate accurate thrpugh
Moreover, the delay sensitive applications like RioVideo

distributed. In the previous simulation scenarizge MAPS
and users are randomly placed in the WMN. We perfor
simulations with two more scenarios where the MAd#Ps
placed as a grid and the users are distributedumiy and
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non-uniformly. As shown in Figure 8, we consideM@Ps
and 20 users in the WMN. The MAPs are separateé by
distance of 200 meters from each other and thesuser
uniformly distributed in the network. In fact, théAP load
is not the number of users associated with it,ibbdrder to
capture the impact of load distribution, we simelldtat each
MAP is transmitting the packets of 1000 bytes aritha
fixed rate of 1 Mbps to all users. The simulatians for 100
seconds. The results are shown in Figure 10 andréifl
and the performance of our method is better tha8-B&sed
method.
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In the default RSS-based method, the user seleet$/AP
with highest signal strength but the multihop wessd
backhaul becomes the bottleneck of user performaBoe
the end-to-end throughput of user degrades. Onother

20
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5. Conclusion
In WMN, the user performance majorly depends on the
associated access point. As the traditional RS®dasP
selection method is unable to address the loachbiag and
user unfairness problems, this paper proposed amettiod
of access point selection in WMN. The proposed weth
considers the MAP capacity in presence of othesriating
MAPs along with wireless multihop backhaul pathditions.
Moreover, the proposed AP selection method is iaddpnt
of routing protocol and routing metric used in WMN.
Through extensive simulations, it is shown that method
outperforms the default RSS method.
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