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Rezumat. Intrucat protocolul 802.11 a fost studiat Abstract. While the 802.11 protocol has been
extensiv in literatura de specialitate prin intedine  extensively studied in the literature through atiedy
modelelor analitice sau prin sindul lucrarea propus  modeling and simulations, this work is exclusively
se axear exclusiv pe reele IEEE 802.11e/gsi concerned with 802.11e/g networks and their thrpugh
masurarea ratei maxime de transfer pentru traficuPUD measurement under unacknowledged UDP traffic,
neconfirmat generat de o singwsurd, fiind diferita de generated from a single source, being differenmfro
studiile de performai anterioare. Reaua radio 802.11g other performance studies. The wireless networld use
utilizata in cadrul experimentelor a fost configérdan for our experiments was configured in infrastruetur
modul infrastructut si a fost limitati la o singui mode and was confined to a single room. It consistg
incapere. Reesaua a constat doar dintr-un PC folosit pe of a desktop PC acting as an access point (APthano
post de punct de accesa altui PC folosit pe post de desktop PC acting as a client. Also, a formula tfar
client. De asemenea, este dedgigprezentat o formuk expected throughput is deduced and provided which
a ratei de transfer prognozate care permite comgera permits to compare the measured values with the
valorilor masurate cu limitele maxime teoretice. In theoretical limits. In good channel conditions awigen
condiiile unui canal apropiat de cel ideglin cazul in  only a very few number of stations are present, the
care exist puine staii care concuredzpentru mediu, NoAckPolicy can be used to raise the actual thrpugh
NoAckPolicy poate fi utilizat cu succes pentru of IEEE 802.11e/g.

cresterea ratei de transfer a IEEE 802.11e/g.
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1. Introducere 1. Introduction
Reelele locale #ra fir IEEE 802.11 s-au The IEEE 802.11 wireless local area

bucurat de o cgtere spectaculoasatat pe pism  networks market has grown exponentially during
utilizatorilor finali, cat si pe cea destinat recent years, especially in sectors of home
aplicgiilor comerciale. Datorit acestui succes, networking and consumer electronics. Because of
precum si datoriti unui raport performaa/pret  this success, and also due to price-performance
foarte bun, tehnologia WLAN a incepui $ie improvement, massive shipment volume and stable

adoptai si in retele industriale. supply of components, the WLAN technology has
Noul standard 802.11e [6] imhiifteste bine  begun to be adopted in industrial networks, too.
cunoscuta Funie de Coordonare Distribait(DCF) The new 802.11e [6] enhances the legacy

printr-o nod fungie de coordonare nurtifungie de  Distributed Coordination Function (DCF) through
Coordonare Hibrigl (HCF). Tn cadrul HCF, o metoda a new coordination function called Hybrid
de accesare a canalului este reprezentat de Acce Coordination Function (HCF). Within the HCF,
DCF Imburitatit (EDCA). Mecanismul standard de one method of channel access is the Enhanced DCF
Acces Multiplu cu Detge de Pudttoaresi Evitarea  Channel Access (EDCA). The standard Carrier
Coliziunilor (CSMAJ/CA) este extins astfel incé&t s Sense Multiple Access with Collision Avoidance
permi& ajustarea parametrilor MAC care in prealabi (CSMA/CA) contention mechanism is extended by
erau figi. Pe nasura crgterii cererii pentru aplica  allowing the adjustment of MAC parameters that
dependente de calitatea serviciilor (QoS), cumi ar were previously fixed. With the increasing demand
transmisii de voce sau video pesteeleelocale ra  for QoS-dependent applications such as voice and
fir, se pune problema deterraii ratei maxime de video over wireless LANs, it is important to
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transfer ce se poate toke in cadrul reelelor  determine the achievable 802.11g throughput as a
802.11g+e ca o cetihminima, necesar in cadrul  minimal requirement for purposes of capacity
procesului de proiectare sau extinderetelee planning and network extension.

Deoarece mediul de transmisie utilizat de IEEE Because the media used by the IEEE 802.11
802.11 este uneori afectat de zgomote sau nesig WLAN are sometimes noisy and unreliable, the
MAC-ul 802.11 implementeaz un protocol de IEEE 802.11 MAC implements a frame exchange
transfer al cadrelor care permite sursei unui catlru protocol to allow the source of a frame to
determine datdatele au fost recgpnate cu succes determine whether the frame has been successfully
de atre destinatar. Acest protocol de transfer aglauc received by the destination. This frame exchange
o supraingrcare semnificattv(degradareaitgimiide  protocol adds a significant overhead (bandwidth
bandi si a intarzierilor), mai ales atunci cand seand delay degradation), especially when
transmit cadre scurte [2] sau cand mediul ditransmitting small frames [2]. To avoid
transmisie este foarte apropiat de unul ideal.rBent retransmission of highly time-critical data, in erd
preintdmpina retransmiterea datelor critice dincpun to support real-time applications in QoS mode,
de vedere al timpului de livrare, in scopul frames can be sent with the NoAckPolicy set which
implementirii aplicaiilor n timp real sau in modul does not need to be acknowledged by the receiver.
QoS, cadrele pot fi trimise cu politica de necanfire  In ideal channel conditions, the NoAckPolicy can
(NoAckPolicy) setdt, caz in care destinatarul nu mai be used and the users of the MAC, i.e. higher layer
trebuie § confirme explicit primirea datelor. in cazul protocols, would be left to determine that their
unui canal apropiat de cel ideal se poate utiliz packets had been lost through higher layer timeouts
NoAckPolicy, iar utilizatorii nivelului MAC  or other means.

(protocoale de nivel superior) vor determina prir
intermediul propriilor cronometre sau prin alte
mijloace da& pachetele au fost sau nu pierdute.

intrucat protocolul 802.11 a fost studiat While the 802.11 protocol has been
extensiv n literatura de specialitate prin extensively studied in the literature through
intermediul modelelor analitice [1] sau sirmyl  analytical modeling [1] and simulations, this work
aceast lucrare difei de studiile de performah  differs from other performance studies in thasit i
anterioare [8, 9] deoarece se axeaxclusiv pe exclusively concerned with 802.11g networks, and
retele IEEE 802.11e/gsi pe misurarea ratei their throughput measurement under
maxime de transfer pentru traficul UDP unacknowledged UDP traffic generated from a
neconfirmat generat de o singursuré. De  single source. We also deduce and provide a
asemenea este dedug prezentat o formukh a  formula for the expected throughput which permits
ratei de transfer prognozate care permittus to compare the measured values with the
compararea valorilor &surate cu limitele maxime theoretical limits because other experimental
teoretice pornind de la ideea altor studiistudies [4, 9] concluded that there may be
experimentale [4, 9] care au amt & intre  differences between practical performance and
estimirile teoretice si performana practi@ pot theoretical estimations.
exista diferere majore.

2. 802.11e EDCA pe scurt 2. 802.11e EDCA summary

in cadrul acestei sgeni se prezirt sumar In this section we will briefly describe the
conceptele relevante privind nivelelor MAC 802.11 relevant concepts of the 802.11 DCF and 802.11e
DCFsi 802.11e EDCA. Mecanismul fundamental de EDCA MAC layers. The basic access mechanism
acces este CSMA/CA cu regresie exptiaénbinat. is CSMA/CA with binary exponential backoff. On
Dupa detectarea mediului radio ca fiind inactiv pe c detecting the wireless medium to be idle for a
perioad egaf cu DIFS, fiecare st alege un nuam  period DIFS, each station chooses a random
aleator care reprezintintervalul de timp #i  number which represents the amount of time that
transmisii ce trebuieasse scurg contorul de timp must elapse while there are not any transmissions;
respectiv este uniform distribuit intr-un intervaimit  the resulting counter is uniformly distributed in a
Fereastra de Concutegn (CW). Timpul este range called the contention window (CW). Time is
cuantificat, iar contorul este decrementat cu ¢atai slotted and this counter is decremented once during
pe parcursul figwei cuante Tn care mediul este each slot that the medium is observed idle. When
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detectat ca inactiv. Dacmediul devine ocupat the medium becomes busy, the countdown halts
numaratoarea descresivare este op#t urmand a fi  and resumes after the medium is idle again for a
reluati dupi ce mediul este inactiv pe o durata &gal period DIFS. When the counter reaches zero, the
cu DIFS. In momentul in care contorul ajunge le station attempts transmission and can transmit for
valoare zero st initiazi o transmisiesi poate  duration up to a maximum time TXOP Limit
transmite pe o duratmai mi& sau egalcu o limia  (defined to be one packet in 802.11a/b/g). If the
de timp numi Oportunitate de Transmisie (TXOP), source does not receive an acknowledgement,
definiti Tn cadrul vechilor standarde 802.11a/b/g cibecause the destination did not send one due to
fiind egali cu durata unui pachet. Bisgursa nu primge  errors in the original frame or because the
o confirmare, deoarece destinatarul nu a trimigtorii =~ acknowledgement itself was corrupted, the source
unor erori in cadrul de date original sau datorit will assume a collision has occurred. Colliding
faptului @ mesajul de confirmare ingua fost corupt, stations double their CW (up to a maximum value,
sursa va presupuné a avut loc o coliziune. Stie CWmax), select a new backoff counter and the
implicate in coliziuni dubleazCW-ul (succesiv, pdn  process is repeated. If the NoAckPolicy is set, the
la o valoare maxitnCWmax), aleg un nou contor de transmitter cannot detect collisions and it assumes
regresie dup care procesul se repetn cazul seirii that all frames have been received successfully.
NoAckPolicy, emfatorul nu va putea detecta Once a frame is successfully transmitted, CW is
coliziunile si va presupuneictoate cadrele au fost reduced to its minimal valu€EWmin and a new
recepionate corect. Odatce un cadru a fost transmis countdown starts regardless of the presence of a
cu succes, CW este readus la valoarea sa minir packet at the MAC. If a packet arrives at the MAC
CWmmin si se incepe decrementarea sa indiferent das after the countdown is completed, the station
stgia are sau nu un cadru de transmis.aD=ausgte senses the medium. If the medium is idle, the
un pachet la nivelul MAC, ddpce contorul a atins station attempts transmission immediately; if it is
valoarea zero, sia testeax mediul. incazul in care  busy, another backoff counter is chosen from the
acesta este liber va transmite imediat, iar inldazu minimum interval. The new 802.11e MAC enables
care mediul este ocupat se alege din intervaluhmin the values of DIFS (called AIFS in 802.11e),
0 nou valoare pentru contor. Noul MAC 802.11e CWmin, CWmax, TXOP and NoAckPolicy to be
permite setarea valorilor pentru DIFS (numit AIRS i set on a per-class basis for each station.

cadrul 802.11e), CWmin, CWmax, TXOP si

NoAckPolicy separat pentru fiecare d@ake trafic.

In cadrul acestui studiu vari@azparametrii In this study, we will vary the parameters
AIFS, CWmin si TXOP. AIFS este ajustabil in AIFS, CWmin and TXOP. AIFS is adjustable in
unititi de cuante de timp 802.11CWmin si units of the 802.11 slot lengthCWmin and
CWmax sunt ajustabili in puteri ale lui doi astfel: CWmax are adjustable in powers of two i.e. as
CW=2°"_1 cu0<eCW<15. TXOP reprezint  2°V— 1 with 0 < eCW < 15. TXOP is a length of
lungimea unui interval de timp, specificat Tn time, specified in microseconds adjustable in steps

microsecunde, ajustabil in trepte de 32us [6]. of 32us [6].
3. Configuratia retelei 3. Network configuration
Reeaua radio 802.11g utilizatin cadrul The 802.11g wireless network used for our

experimentelor a fost configuat in modul experiments was configured in infrastructure mode
infrastructud si a fost limitati la o singuk incipere cu  and was confined to a single room with thick walls
perai grosi (cca. 1m) pentru a preveni interferedin -~ (1m) to avoid external interference. During the
exterior. Pe parcursul testelor valoarea indicata |tests, the reported SNR at the receiver was greater
receptor a raportului semnal zgomot a fost mai maior equal to 57dBm. It consists of a desktop PC
sau egala cu 57dBm. Aceasta a fost cothgdirgr-un  acting as an access point (AP), another desktop PC
PC de birou pe post de punct de acgesdt PC pe acting as a client. A third desktop PC running
post de client. S-a mai folositun al treilea PC, care Wireshark in monitor mode was used to distinguish
a rulat Wireshark in modul monitorizare pentru a s between frames that were dropped at the transmit
incerca distingerea intre cadrele pierdute in coacqueue and frames that were lost on the wireless
emitatorului si cadrele pierdute pe mediul de medium. A monitor on the client station has not
transmisie. Nu s-a utilizat un modul de monitoezar been used because the process of saving the
pe st#ia client deoarece procesul de scriere pe disc received frames on the disk negatively affects the
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cadrelor recgnate afecte@znegativ performaele  throughput while consuming a large amount of
prin consumarea unor timpi de procesor mari. Toal CPU time. All systems are equipped with an
sistemele a fost echipate cu carduri PCI 802.1d&/g Atheros AR5212 802.11b/g PCI card. The system
utilizeaz chipset-uri Atheros AR5212. Configtilea  hardware configuration is summarized in Table 1.
hardware-software a sistemelor este prezentat

tabelul 1.
Tabelul 1. Configurga utilizati Table 1. Tested summary
Hardware sistem Interfata fle refea Sistem de operare Parametri MAC System Wireless NIC Operating System MAC parameters
radio hardware ©
Fujitsu-Siemens, P4 . Fujitsu-Siemens, .
3GHz, 512MB D-Link DWL-G520 Linux - Fedora Core Preatjlbul scurt P43GHz, 512MB D-Link DWL-G520 Fedora Core 5 Preamble: short
RAM 5 kernel 2.6.18 Ratd: 54Mbps RAM kernel 2.6.18 Data rate: 54Mbps

Toate nodurile au utilizat ultima versiune a All nodes use the latest version of the
driverului MADWIFi care permite ajustarea MADWiFi wireless driver which allows us to
parametrilor CWmin, CWmax, AIFS, TXOP si adjust the 802.11€Wmin, CWmax, AIFS, TXOP
NoAckPolicy definii Tn cadrul 802.11e. Caracteristici and NoAckPolicy parameters. Nonstandard
nestandard date de prodtorul interfeei radio, cum  specific vendor features on the wireless card, such
ar fi SuperG, au fost dezactivate. Toate testefosiu as SuperG, have been disabled. All of the tests are
efectuate la rata maxiimde transfer specificatde  performed using the 802.11g physical maximal
standardul 802.11¢g anume 54Mbps. RTS/CTE  transmission rate of 54Mbps, RTS/CTS and
fragmentarea au fost dezactivate, MTU a fost fxat fragmentation disabled, MTU set at the maximum
valoarea maxifh permig de driver (2290 oct®, iar  value allowed by the driver (2290 bytes) and the
canalul a fost setat explicit (canal 1 ETSI ISM channel number explicitly set (ETSI channel 1,
2,4GHz). Inarcatura UDP a variat intre 100 2200  ISM 2.4GHz). UDP payload varies from 100 to
de octd. Masuitorile s-au efectuat cu ajutorul 2200 bytes. Measurements have been done using
utilitarului iperf. Datele au fost generate la 54Mbps the iperf utility. Data have been generated at
pentru a asiguraacemiatorul are mereu un pachet in 54Mbps to ensure that the sender always has a
coada de transmisie. packet in it's transmit queue.

4. Calculul ratei maxime de transfer 4. Throughput calculation

Sestie @ rata de transfer este dependetd It is widely recognized that the throughput
mai muti factori printre care PER, lungimea depends upon many factors such as PER, packet
pachetelosi rata de bit. Rata de transfer medie estilength and data rate. The average throughput is

dat de: given by:
Rata transfer = Numr total debiti _ Throughput = Total B'ItS _
Timptotal Total Time
_ Nr. pachetex Incarcatura utila @) _ No.Packetsx Payload 1)
Timp total ' Total Time '

In general pentru rate de bit mai mari Generally higher data rates and longer
pachete de lungimi mai mari se tiwmbrate de packets provide better throughput. The parameters
transfer mai bune. Parametrii ce au fost utiliza used for the calculation are as follows:
atat pentru calculele, cét pentru nasuratorile de
fatd sunt urnitorii:

Lungime cadru

Antet MAC = 30 octe

Antet LLC = 8 octd

Antet IP = 20 octe

Antet UDP = 8 octg

Incarcatura utila = 100-2200 octé
Spariereintercadru

SIFS =10 us

SlotTime =9 us

Frame Length
MAC Header = 30 bytes
LLC Header = 8 bytes
IP Header = 20 bytes
UDP Header =8 bytes
Payload = 100-2200 bytes
Interframe Spacing
SIFS =10 us
SlotTime =9 us
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AIFS = SIFS + AIFSN x SlotTime AIFS = SIFS + AIFSN x SlotTime
Teackoer = 0,5 xCWmin x SlotTime Teackorr = 0.5 xCWmin x SlotTime
Temporizare cadre ERP-OFDM ERP-OFDM Frame Timing
TrreaveLe = 16 Us TereaveLe = 16 ps
TaonaL = 4 Us TsenaL =4 Us
Tsm =4 Us Tsm =4 s
Npgps = 216 (54Mbp$) Npgps = 216 (54Mbp$)
Signal Extension = 6 ps Signal Extension = 6 ps
Conform [5, 7] timpul necesar transmiterii According to [5, 7] the time needed to transmit
unui cadru de date este dat de dtoarea formu: a data frame is given by the following formula:
+8x +
Tpata = TpreambLE * TsignaL * Tsym x{(lﬁ 8 F:\IameLenght 6) } Sgnal Extension )
DBPS
unde Tpreaveie, Tsenas  Tswn Noeps s where Tpreavisie:  Tsenan,  Tsw,  Noeps  and

SgnalExtension sunt definii n tabelul 2, iafal  SgnalExtension are defined in table Z:al is the
este cel mai mic intreg mai mare sau egalacu smallest integer value greater than or equa.to
Atunci cand se utilizeaz TXOP=0 (dupi  When usingTXOP=0 (after capturing the medium
capturarea mediului este pertigansmisia unui a single frame may be transmitted), the transmit
singur cadru) durata ciclului de transmisie este:  cycle duration is:

TTOTAL = Al FS+TBACKOFF +TDATA (3)
Inlocuind (2)si (3) In (1) se otine rata de The throughput for the specified parameters
transfer pentru parametrii specifica ca be obtained by replacing (2) and (3) in (1).
Atunci cand se setedzpentru TXOP o When using a value of TXOP greater than

valoare mai mare decaata, iar sursa are mai  Tpata the sender does not contend for the medium
multe cadre in coada de transmisie, aceasta r at every frame, i.e. subsequent frames are segarate
concureaZ pentru mediu la fiecare cadru, ci only by a SIFS. In this case the throughput formula
cadrele consecutive sunt separate doar de SIFS. becomes:

acest caz formula ratei de transfer devine:

TXOP
T +9Fs x Payload
Throughput = DATA >oP : (3)
AIFS+T, | ——|% +39FS
BACKOFF [TDATA +S|FSW (TbaTa )
Din figura 1 se poate observa walorile Figure 1 shows that the measured and

masuratesi cele calculate sunt foarte apropiate (eroar expected values are very close (average relative
relativi medie de cca. 1%). Din figura 3 se poate trag error about 1%). From Figure 3, we can conclude
concluzia & reducere£Wmin de la 1 la O nu are nici that reducingegCWmin form 1 to O has no effect.

un efect. Acest fapt a fost confirmgtprin analiza  This fact has been also confirmed by analyzing the
diferertelor dintre timpii de recejpnare ai cadrelor delta MAC Time from the capture files on the third
succesive Tnregistiape cea de-a treia g care a  station acting as sniffer. For values eéEWmin
monitorizat transmisiile. Pentru valori ale &iWmin  greater than 9, the measured throughput does not
mai mari de 9 rata de transfetisaraii nu a mai  vary any longer (freezes at 165kbps), although,
Tnregistrat varigi (a raimas blocat la 165kbps) d¢  according to the calculations, it must decrease to
conform calculelor ar fi trebuitasscad pard la  5kbps. The problem may be caused by a driver or
5kbps. Fenomenul poate fi determinat de problerr hardware issue. The above calculations have been
hardware sau legate de driverul de dispozitivdone in the assumption that PER is 0%.
Calculele de mai sus sunt valabile in ipotez®ER  Throughput estimation for non ideal channels
este 0%. Estiarni ale ratei de transfer pentru canale (PER > 0) has been done in [5].

neideale (PER > 0) pot fi consultate n [5].
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Fig. 1. Rata de transfer cu Fig. 2. Rata de transfer pentru
eCWmin = 0, AIFS = 0, TXOP = 8192 AIFS = 0, TXOP = 0, Payload = 100
Fig. 1. Throughput with Fig. 2. Throughput with
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Fig. 3. Throughput with Fig. 4. Throughput with
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5. Concluzii 5. Conclusion
In prezent lucrare s-a @surat rata de In this paper, isneasured the throughput of

transfer pentru traficul UDP neconfirmat intr-o unacknowledged UDP traffic in an IEEE 802.11e

retea |IEEE 802.11e/g in conidide saturde. Din  network, operating in the 2.4 GHz band in

figura 1si figura 2 se poate observd cata de saturation conditions. From Figure 1 and Figure 2,
transfer este puternic dependenle lungimea we can see that throughput is packet length
pachetelor. Acest lucru se exgliprin faptul &  dependent. This can be explained by the fact that
supraindrcarea (antetele pentru nivelurile fizic, the overheads (physical, data link, network, and
legitura de date, neasi transport) este considerabil transport headers) are considerably longer, as
mai mare raportat la durata de transmisie a compared with the data transmission duration, if
pachetelor atunci cand pachetele sunt mici. packets are small.

Acceptand ipotex ca setareaeCWmin la 0 Using the assumption that settie@Wmin at
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reprezind de fapteCWmin = 1 diferena relatid 0 actually meanseCWmin = 1, the relative
dintre valorile nisuratesi cele calculate se reduce difference between the measured and calculated
de la 4,5% (figura 2) la 2,3% de la 8% (figura 4) values is reduced from 4.5% (Figure 2) to 2.3%
la 4%. Diferemele @mase se pot explica prin and from 8% (Figure 4) to 4%. The remaining
pierderea unor pachete deitre mediul de differences can be explained by lost frames on the
transmisie sau ratarea unor intreruperi la receptor wireless medium or by interrupt failures in theecas

Acest studiu indig faptul & in condiii of the receiver.

aproape idealesi controlate, rata de transfer These studies indicate that even under
masurafi pentru 802.11g imbutitit este mult sub  controlled and ideal conditions, measured
54Mbps. Cu o Trarcatura UDP utih de 2200 de throughput of the enhanced 802.11g is far below
octei, TXOP setat la valoarea maximCWmin si 54Mbps. Provided there is a UDP payload of 2200
AIFS setate la minim, s-a gbut o rafi de transfer bytes, the TXOP is set at maximu@ymin and

de 46,5Mbps, ceea ce reprezidbar 86% din rata AIFS are set at minimum, a transfer rate of
de transfer brat a canalului. In condile unui  46.5Mbps has been achieved which represents only
canal burgi in cazul in care exi&tpuine staii care  86% of the channel raw data rate. In good channel
concureaZ pentru mediu NoAckPolicy poate fi conditions and when only a small number of
utilizata cu succes pentru gterea ratei de transfer stations are present, we can use the NoAckPolicy
a |IEEE 802.11e/g. to raise the actual throughput of IEEE 802.11g.
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