Perfor mance Evaluation of the | EEE 802.11 WL AN
Supporting Quality of Service

Adel BEDOUI*, Kamel BARKAOUI**, Karim DJOUANI***

* Laboratoire SYSCOM, ENIT, Tunis, Tunisie
(Tel:+216 95540040; e-mail: adelbedoui@yahoo.fr)
**_aboratoire CEDRIC, CNAM, Parisi-rance
(e-mail:barkaoui@cnam.fr)
*** | aboratoire LISSSI, Univ-Paris12, Paris, France
F'SATIE at TUT, Pretoria, Republic of South iaé&
(e-mail: djouani@univ-paris12.fr)}

Abstract: This paper presents a performance evaluation of a new solution for the support of QoS by
IEEE 802.11 WLAN. It aims at the improvement of the Medium Access Com&C] by taking into

account information from both physical and network layers for packets differentiation scheduling. An
analytical model based on stochastic Petri nets representing the dynamics of the new MAC is evaluated.
Then, OPNET simulations are carried out based on the new MAC in order to evaluate its performance.
Comparison between analytic and simulation results show the interest of our Cross-Layer approach
which allows improving or at least keeping the same network performances while supporting Quality of
Service.
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probability of collisions. In addition, an immediate positive
1. INTRODUCTION acknowledgment is used to confirm reception.
IEEE 802.11 specifies the Meo!lum Access C_or_1tMA_C)_ Two access types are proposed by DCF: basic access and
and the physical layeP@Y) for wireless connectivity within RTS/CTSRequest To Send / Clear To Send). Compared to
a local arbe:i':} [”EEE 802.\:5\:/L|,_A1|\?99]. The go?l Ihs to allo‘fhe former, the latter send®TS/CTSframes of small sizes
interoperability between S systems of the variouggg, e sending the data frames, thus making it possible to

manufacturers and meet a need increasingly important {pfnimize the collisions. MoreoveRTS/CTSmechanism is

wireless communications. used to improve the access control and solve the problem of
Two types of wireless local area network architectures exidiglden stationsRTSframe is sent before each data frames
[Miihlethaler, 2002]: ad hoc architecture and architectutgansmission. In answer, the receiving station sen@ra
with access point AP (or infrastructure). frame to confirm being ready to receive. Thus, all stations

i . update their network allocation vectdiAV) according to
The MAC sublayer provides the control of the mediunkTs/cTS

access, deliver data in a reliable way and protect data. It

defines two access methods: the Distributed Coordinatidhstation shall sense the medium to decide if another station
Function DCF), which is mandatory, and the Polingis transmitting. If the medium is free during a Distributed
Coordination FunctionRCF), which is optional. However Inter Frame Spaced(FS), the station waits for an additional
PCF function, supposed to support real time services, is ighdom time (Backoff time) to avoid collision with other
implemented in the majority of the commercial 802.1iwaiting” frames then it sends the frame and awaits an
products. Moreover, the co-operation betwB@F andDCF  acknowledgmentACK). If the medium is determined to be
modes leads to performance degradation [Visser et al., 1998Jsy, the sending is differed according to the Backoff
Besides, DCF can be used in ad hoc network as iprocedure. During the contention wind@w (CW,, < CW
infrastructure network, wherea®CF is used only in < CW,,y), the Backoff time is decreased as long as the
infrastructure network. So, we choose a distributed controledium is sensed idle. If the latter is sensed busy, Backoff
for the medium access ensuredi$F. time is frozen. When it reaches zero, the frame is transmitted.
The medium state (idle/busy) is indicated by the carrier sense
function which is performed both through physical and
Gfttual mechanisms.

The fundamental access method i®@F. It is known as
carrier sense multiple accesses with collision avoidan
(CSMAJ/CA. It is based on the listen-before-talk scheme.

Backoff time is given by the following formula:

The 802.11 standard defines a random Backoff time
following a busy medium condition in order to reduce the BackoffTime= Randor() * aSlotTime 1)



Where aSlotTimedepends on the physical layer parametefdetwork layer and from thBHY layer of IEEE 802.11 which
andRandom( )is a uniform value of distribution in [GW]. is the base of IEEE 802.11 a/b/g.
CW s an entire in CW.,i, , CW,o] defined by the physical

layer. 2.1 PHY and MAC interaction

When there is a collision and n&CK is received, the
Backoff time increases according to the following formula: Based on the information resulting from tRelY layer, we
distinguish between Measured Value Parame®ER(SNR
etc.) and those with Values defined by the standard according

_ n_ to the concerned physical layemSlotTime aCWmax
CW(N = (@CWyy +) %27 -1 (2 acwmin DIFS, SIFS PIFS etc.).

n—n+l

In order to improve th&AC level according to the medium it Error Rate BER) indicates quality and state of medium
conditions indicated by th&®HY layer, many studies were pt jis value is calculated only at the receiving station. Then,
undertaken. [Qiao et al., 2002] used combination ofSN& 0 ansmitting station is considered "blind” in meaning of

ratio, the test frames count and average load as metrics Rand it will be informed of the medium quality only if it

the connection adaptation algorithm. TheT Iqtter is based on & becomes receiving station.
pre-established table of a better transmission rate for futlge

transmission attempts. [Chevillat et al., 2003] took int ignal to Noise Rat&NRis a PHY layer parameter which

account the acknowledgment obtained by observation $GNc€MSs the_ useful rate depending on data packets
evaluate the medium quality. Thus, if the number o(12omput|ng._T_h|s parameter is calculated not only on the I_evel
successive succeeded transmissions exc&edten rate Of the receiving station but also at the transmitting station.
increases. Otherwise, if the number of failed successiéUs, we choosENRparameter:

transmissions exceeds then the rate decreases. [Barry et al., SNR= Emitted/received_signal_ power 3)
2001] proposed a method based on modification of the Noise_ power

maximum and minimum bounds of the contention window iR ccording to medium quality, this parameter will indicate to

order to be able to support two service classes, with highs maC what kind of traffic to send. Assume tHBNR)c is
priority and "Best effort”. The emulation of thdAC sub e acceptable limit 08NRfor the “Best Effort” traffic and

layer (Virtual MAC) and application of virtual source¢d %SNRbosis the acceptable limit @NRfor the “QoS” traffic.
make possible observation and medium state evaluation by

following real packets in parallel and in passive way. Ifhe following condition must be observed:

[Pavon et al., 2003], the approach is based on the level of the If (SNR < (SN, then station differs transmission :

received signalRS$ as a decision metric in order to adapt : . .
dynamically the transmission rate knowing that the emitted® T (SNRee = (SNB < (SNRqos then station differs

signal level is constant and that relation betw&SSand transmission if we have QoS traffic, otherwise it emits
SNR(Signal to Noise Ratio) is linear. [Lampe et al., 2002] the Best Effort traffic ;

proposed the prediction of Packet Error RaRER as  * If (SNR > (SNBqes then station transmits in both
decision criterion for the connection adaptation. This is done  cases of Best effort or QoS traffic.

thanks to the temporary medium transfer function, and tHénis proposal shows clearly the advantage of interaction
SNRC/I (Carrier/Interference) ratio. between layers and the narrow dependence between decision
to emit or differ the transmission on MAGNRratio on PHY

8Rd traffic classes on Network layer.

In addition, many approaches were developed in order
improve theMAC level according to the medium conditions.
In a certain way, the proposed approaches improve th&s possible to consider only QoS traffic allowed if tBRR

performance of the 802.11 standard but only from a netwoik unfavourable. Although this increase the likelyhood that
charge point of view [Bedoui et al., 2005]. However, th€oS messages are delivered timely, it reduce overall traffic

increasing number of multimedia applications such as Volghich represents a considerable disadvantage.
and video streaming, and the expansion of the Internet causes

the taking into account of real time constraints. New.2 MAC and Network interaction

multimedia flows are as demanding in quality of service as it

is insufficient to be limited to only one layer to support th&Vith an aim of supporting the multimedia applicatioi,
QoS. Thus, any proposed approach for QoS improvematdtworks use Diffserv architecture ensuring service
must deal with the performance metrics relating to physicalfferentiation. To be treated in a particular way by various
and network layers, such as packets loss and throughput. network nodes, packets are classified and marked. This

classification is not known by tradition®IAC sublayer since
2. AN APPROACH FOR THE SUPPORT OF QOS it supposes that there is no difference between traffic flows.

Many researches concerning IEEE 802.11 WLAN proposég Order to improve the1AC level to be able to support the
solufions to improve performance of tHdAC sublayer QoS, we propose to jointly exploit information obtained from

without really taking into account the mutual interactiory 1Y and Network layers to deliver packets following their
betweenMAC sublayer on a side and Network layer and deriorities according to QoS requirements.
thePHY layer on the other side. In a WLAN frames must be differentiated according to

We proposed a solution foMAC QoS improvement priority classes indicated by high layers in order to ensure

based on the integration of information resulting from thBOiNt-to-point QoS based obiffServ. When a data frame
g g MSDU (MAC Service Data Unit) arrives MAC sublayer, it
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