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- Extended Inter-Frame Spacing (EIFS) Lﬂuﬁfmqmﬁﬂ'\ﬁ@mm IFS waziily

¥ ¥ dld [ o o o v o o ¥ o 1
ﬂ’]ﬁ‘Lﬂ’]l‘ﬁ@fJuﬂ@’NW‘Nﬁ‘gﬂuﬂ'l’\ll@’]ﬂﬁym'}@ﬁ EIFS ldduiunisdndsmaslud

N2t uAag1INILAINATIUABN1TFUINTNARITY MAC LRAANNRANATA

235 NMISATUUATUIAAIINNINNLRINUIFAIINIST9T9 (Contention Window Size, CW)

Tunnsnenaudidayaniausnaesusazivagn CW azianvinduauinaund1saes

) v

W6 19N19829 B AN (Initial contention window size, CW._. ) dnsasdayadumagludn

min
1%
a K

AziipAINNITUTLYedeyavsaiina NN e tesdaya A1 CW aziipisauu 2 wia
PAIANANAUNTERIAT CW HANANTUIUIAAINNNE1NTBIATN619N 13T Tg98m (Maximum

v 1
contention window size, CWyay ) MaSA NHMHE A A e 9 lAFudayaudaazdansn ACK

%

Tudaanan SIFS  Turnenluafunivazaaasumsn ACK antuatlatanie drluadananng

|
A 7 1

TilFFumean ACK nnalugaainan ACK timeout Wisansaanudndinsndayadudedayantdosf

D o

aznduludsdunaunisiiuunaa backoff time sl @eniananuas CW uanesagii 2.7

255 255

CW max|

127

CWmin

¥ 57 Retransmission
2" Retransmission

1% Retransmission

Initial Attempt

g1l#1 2.7 nalnnnafmunAn backoff time
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A1 CW lunnafwmefTanudiAty Weasanndn cw danties aznn 1A ldainnng
] ?/ a v o o v 1 3| o =3 a % a =3
quriudanIndAsanuinliaouiiaziilusesnissuiuaesuininaiAnge usdn cw Aarund
Az linnsdsgavnantivuiuiuanusndudsazdinaliandaaiunsnaniiaaasag e
wilatloymininldlaanisiinalnnisdfuan cw audiunumsinanzdussinatadesiu
11 Fan9lFupn CW AsiinaudaiFandn binary exponential back-off IaemNNImTFIW

IEEE 80211 A1 CW #ldazedludag 31-1023 Inenisiimessing Nldlunnsgiu IEEE

802.11 anglumnT1aN 2.1

AN9197 2.1 W3 Tneseng | T IEEE 802.11

Parameter 802.11 802.11 802.11 802.11b 802.11a
(FHSS) (DSSS) (IR)
to 50 usec 20 pusec 8 usec 20 usec 9 usec
SIFS 28 psec 10 usec 10 usec 10 usec 16 usec
PIFS SIFS +1,,,
DIFS SIFS+(2* t,)
Operating 2.4 GHz 2.4 GHz 850-950 nm 2.4 GHz 5GHz
Frequency
Maximum 2 Mbps 2 Mbps 2 Mbps 11 Mbps 54 Mbps
Data Rate
CcwW, 15 31 63 31 15
cw.__ 1023 1023 1023 1023 1023

24 ANNIVDITAY Aounalulasslnawanaan (Capacity in Ad Hoc Network) [20]

[
el o

n1saagnslulpsednauuulfanaazinisldlss laaiisuaainis g uuusininainanig
dea19lulAsedneLLLRANe He9aINNANTENLAINI TN DNULLNANENIY (Multiple  access)
wWaRa (Fading) &tyryrnusunau (Noise) tryunaesaniindeuiunaziloyvnanniniuiels

Wudu ansalagarsnanfrasnisaadnslulasadnalaaaantiulUUNITA0 41 FLULUNATEITIS
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= | . . . = 1 agf. % | a ¥ ¥
MaNRe (Multi-hop communication) mmm:wmmﬁmmmmumm@sl,umimwammﬂm

L P X a9
g AN ﬂ;m’ﬁm‘lﬂﬂﬁ’ﬂﬂiﬂﬂ@ﬂﬁlitl'ﬂﬂﬂ')ﬁ

241  ANRFRAINITAVRINSRITDYATITaNsAaLAYY (Throughput  of one  hop

transmission)

Hasannuansznuaniloyuisiag 9 daesuluntsdawininalulassdrauenaen iiean
tlywmanillaseinauanaanazfasdeuininaniimtin lunsaasdasdoyyios (WAninm RTS)

WANINARBLTUNNTA09TRIATURU R (WANNA CTS) wazlAninAnauiudaya (wAninm ACK)

o

] < 1 d” ! pI———— d’ ! d’/ % ! ¥ 1 d‘ ]
NI UANINAUATRAINA AN AR A 1N TN nas m‘LumuuimmM@umm\m@uﬂ@mqwj@:urﬂ@

eaudagAddaainianaaiasaane lunimeaauldllsunss Network  Simulator (NS2) T

nnnaaay InaN A7 ldlunsmAaainiL 200200 A1999KAs AuualituannTuasatlu
1Y a o o’ O -&l 1 . dl ¥
szeznisdedayainaniiu Inannsmageuaziuaiuaunisdansia (Connection) TlFas <) udng

I a e

ANRARANNTNTRIATNTNY

A81991 2.2 W1INHLRTHN 7] Al lunimagadLl

PUIAWNNLNA RTS | 2:10WANNA CTS | 2U1AANINR ACK | 2141A Data Header

44 Bytes 38 Bytes 38 Bytes 72 Bytes

]
| %

Tnamaaauiuuininadeya 2 au1n Ae 512 “war 256 lus F9aIN1I0AUIANIAY

d-dl 1 1 1 { Y o t&l
AN190gagn Tunsain lisanAtasaasednamlan 1Al

Throughput (512 bytes) = PP x 2%10% ~1.45Mbps
512 +44+38+38+72

Throughput (256 bytes) = 256 x 2x10° ~1.14Mbps
256+44+38+38+72

iHanarsnndaganaasnisdasudaya 2 sula ° (1991981 DIFS,  SIFS  uae

1791981 backoff) LATNANTZNUAINNNTTUABUBIWNNLAALLIAIAINN1TWENTIABAIUWRN LA
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A o ISP Ao dl o % % dl all 4
A9 ﬂmm?mg\‘lzgm:um@mmmnmmﬂmmmwmmmimwmu sﬁ\‘lNZ\‘l‘V]Iﬂ@’]ﬂﬂ’]?V]W&ﬂ‘].l

WARAILN 2.8

1.2
—— 256 bytes oacket|
[ I
-#-512 bytes packet
1 \-\ ytes p I
n \\
_8- 0.8 o AN
= ¢ ———— \\
T—:{ N \\
< X
S ¥ N\
2 S —
c 04 S —
= N
N—
\\\\
0.2 -
\\\‘
Ne
0 T T T T
0 10 20 30 40 50

Number of connection

al A o 1 S 1 dl ! a
E‘IJ‘VI 2.8 ﬂ’]')@ilimlﬁ?ﬂ?QN"II@\?IW?Qﬂqﬂﬂ?m@\‘i“ﬂ‘ﬂﬁﬂﬂﬁj'}ﬂL"ﬂ‘ﬂ&lm‘ﬂLﬂﬂﬂ]

1
dVLQJ v

ANEANIINAAALN 1A lugllhl 2.8 ANddagisnsnmnanslasadnaildazdaArdasndnen

Auansld TnelunsiinnuuafIwInN @ NAagIgaYin Uil AN3daan13099898 9

6 1 o

wiannedayaaun 512 LU 1911145 Mbps 4uENARAEAINT07 IFA NN Aga UYL

1.08 Mbps A WANAIAudINITnIINNLFAINNIMAAaLanataINATIA T lALTHEIR N

HANTENUAINNNITBARLNDUNTTAITaLA LATINAINNANUIUN T TaNFagIgalunIsdetayaay

v o1 o o

A9 1A A A1NIDAARIAINANUILNNTTDNADNNINUL

242 mwfimmmidaﬁ'ﬂgawmﬂﬁwL%Nﬁifa (Capacity. of multi-hop transmission)

)Y 1

Hasannnisdsdeyalulassdinauanaaninglnfudaazdsdagyariuiuauinnga 1 do

a

% ]

daNse (Multi-hop transmission) A9RWN1TE99T9N15 4098t uURNANNAZTI9T

[

% J

daadtyy1usznIng flow (Inter-flow contention) udadaiinnsdaedasdennslddasdnyynnslu

[

= o

. S o P a
flow RgINY  (Intra-flow  contention) NAIYE TIUNDALRNITNANTENULUBIRIINNITTINT
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1 o/ o/ < 1 U 1 o/ 1 1 o 1 1
¥ AN E]e_,lfy’]ﬂﬂu flow Lﬁﬁl%ﬂu AzIUINAINIT TN BT fUeUtUUNAZnINU g UBANATNIT

Tfanuresteedoynngeqn

- | v
Mods MEwing Mol o NE’"L'Q Mraiedi MosaT
\ ¥

o ——— T TANSITISSION FANGE

¥ L N\ N Node's inlerference range

51 2.9 nenalatiuuugnld

angih 2.9 TWilua 1 iluluadunisazlilue 7 Wuluadatantg Weiarsungly 2.9
aziiudn Tue 1 uaz Tun 2 ldanuisndsdeyalilunannsaiv iesann Tua 2 ldanuisaiu

wazdsdayalalunaunaaiv uazianiatsnaiun 1 uazlua 3 Aldaunmdsdayaldlunan

[ % ]

weniuduiy Wesaindeyaazauiuniue 2 uwitua 1 uaz e 4 awnsodedoyalslumnan

o a

al 4‘ mé’ = 1 9/%, 1 a . dl =3
AeIau MR uaNTRIEIAzEENd N9 laaNTeAal 1asTENLsnH (Spatial channel reuse) M

Q o

o—

nnsdedaganinndn 1 e o aReaiu nnsdedayanisunaman et uansaznig

it}

%
an1

o))

1%

v d! o 1 :// = ! ¥ i’/ %
ayadeinuariu Tasedguanaaniuaziinuainnmlunisdedeyaianunlalumg

D

a [ % dlaz 1 dg/ ¥ 1 4‘ o o Qda’lj | a Ao & o
meﬂu‘ﬂmmﬂgaL‘vmm%mmimumumﬂmmzﬂu IneRstazidrnsmudIdaannsaliiiu
1 14 v

Tasednals ilalasetnadauinlvniauazdluanaiunsndedanandandulnenislddn
o k1

v &

dasdrynnandaigulAnnnan wanzinganuiazdsnalianuaudonmansia lunisdsdaya

% o 49{ 14 = o ] I~ ' v o
mniummumﬂﬂmiumﬂmﬂm\imnmumw GﬁqmﬂmmumqL*ﬁ@mmmiummumﬁﬂm‘ium

Uananaiunauildeanalilantainisdaedasdionislddasdiyynniszudng flow azannau

[ %

1 =3 7 1 % ! k73 dl a 4J 1Y dy
‘ﬂﬂ’Ni?ﬂ51’1Nﬂﬁ?@fl“ﬂ‘ﬂ&lﬂZﬂuiﬂN°]J’]Eﬂ?@’?ﬂ@iﬁ@\ﬂ@ﬂlﬁﬂ@lﬂ%ﬂq TINTTANUVDHAAN T U

u

fagnnsnsunaulundrsiaasliuddnTundrsianazeguanszaznisdedayainin Tu

InenTnusUivua Israzaasnisdedayamint 240 wng seazaaan1ssunauiuTuadgime
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WINAU 420 AT LAYITeZU197 I TuAYINAY 210 WAT Inad I RRnInuAAINITI RIS

q

|
a

F9 7] faeAvinilieguansenuiiiasaInnssunautesdy i lunisdauininanise un

=3

sau419 Angiil 2.9 aziiuduileTun 4 MAsdedays wlidnlun 2 azaguanszaznisdedayan

v
Y o o

AN win1sdedeyanaslun 4 dearunsnsunaulun 2 16 Adudenalidinisldaunes

1 o =

R4y YIUATHAIAAAIVINAL 1/4 289AINITIEINULITRIATY Y1 DUEI4 A

, X o = | o A a
ﬂ']ﬁ“V]@@@‘Lls],u@Quu“]ZVI@@@UﬂW?@Qsﬂ@H@&LUVIﬂWﬂI@ﬂLL'Ll'L@ﬂIsﬁ ﬁ\‘]?}ﬂ‘l’] 2.9 TmeingLin e

o

srvvineszudnalunsunisuaziunlanemig LaageAddaannnnsangegn lnanaeenis

L1l

NAAALILARAIAIFLN 2.10

12 - —

—— 256 bytes packet
\ ~#- 512 bytes packet

-
I
/

o
[e¢]
|

/

Chain Throughput (Mbps)
o
. o
//
-
L~

[
d

/4

1 2 3 4 5 6
Chain Length (Number of Hops)

%

51191 2.10 A7 ﬂmmm@;a@mm‘ﬁma-ﬁ’mﬂifﬁ@dﬁfagwmm\iﬁ@um’@

mﬂgﬂﬁ' 2.10 mm'ﬁmg@LLuuumﬂﬂmFﬂ'@mmﬂﬁﬁﬁ AUATNNTNGIGALBIUANLNA
fayarua 512 lusianunsnldeldiviaiu 1.08 Mops fiszazinsszwinelunfunisuaztun
Uanenng 1 doaidause uasidaifinivesvinessnindlun duniauaslunt ladanneAades i
asilAnaARIINIzEZnasz s Tuad I auas TuaLlanem ey

nsmaasuludauseliaznasaudedayalunanalatiuuugnld Tnascazingszngng
Tuadunanaziuatlaenawindy 5 Tradeuse %'\1Lﬂummi@mumuﬁﬁﬂmwmm [5-10] 14
Tungmeaey waalsuAnanaausnig (Offered load) 1Gae | WATAANIEAINNTNGIGA

AMNUANNINARBLLAWINANTAEAINNINGIgATAIUIENDL 0.24 Mbps waziHaLA1 AR
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'
1 4 a o a

wausnsldizes o i ldAddaaiunsngegainninlyfon Sanaainnaaeuluunaay

1 0 v 1

814984 [20] Aa ANTABANNTDgIgANIRideday avaETaTaNs el TN 1/7 WinTeIAIdE
annnInvedNsdsdayatdadansaines Masnadasiunanimagatluandneinusiilugl
1 2.1 Wamne InanreinisllFes < Addeainnsngeanaeuininadayaauin 512 lus

AA1Usranns 0.2 Mbps (1/7 Winae9A1 N A4 Le)

0.3 i@ a
0.25 A "
= /
2 /
Qo /
Z 02 — —8— = s |
= /
2 77
2 0.15 1
e
£ /
}_
c 0.1
E "
O —— 256 bytes packet
0.05 -#-512 bytes packe
0 T T T T T T T

0.082 0.164 0.246 0.328 0.41 0.492 0.573 0.655
Offered load (Mbps)

519 2.11 A3deannsngegnaesiasednelunenaladuuugnld 5 TeuTense

25  dynnunadaAnsidnieanNaNAINNIATEIU IEEE 802.11

ANANENILA2I1AINNAIIN098 MAC protocol _@NHN70AANTEILANLNRA LA 1
ArluanaeLINled 7 uAiiilernTaATeLI s WA udranssaur s EesanansTes
MAC azapfiras ifiasainnisinanaed MAC. lunisdaiininmazgainiazaunisallunisds
uRninaluerning TndligulaiBantmeninsesussetdnass Tnelasaraue naaninng
T9391dn lF1asdtyyrnaanzLiTong (Location dependent contention) fumnsneiu Tude
mﬂgﬁﬁ' 2.9 3 azfiasdasdenisddesdtyyrouiuan 5 Tun lunnuziilun 1 avgasdaiuan 3

v
Tup W1t Aeudnerieiduiazni 19anisaas MAC  aznnld Tus 1 a1unsndauining e

11nnInlue 3 saiudeuaniliinanisesatluininanius 3 Wuatnauin vdaaranannlsdinlug 3
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aviiAARU9A (Bottleneck) T4&INAlHANT Yuanuns02elantNtanRnad ieA Tuanla13nng
AuAnii 7 wirearananlfdnlunpewanazilusinimunidasinisnreddasedie
TneinlLludalu flow wiks 1 lulnsednauenaen ﬂhﬂﬁﬂmim@ﬂ?‘mﬁm@ (Upstream
link) %mmmmLL‘ﬁﬂLﬂmié’uﬂﬂﬂdqﬂﬁﬂﬁﬂ'@mim@j;:fl‘*’ﬁ (Downstream link) fune
1 2

st,s?,.,s) sl 28l 1<i<h ~1Tae@ h, Ae wunanatneidenlose fow j Srinuuald

[ %

bn, Ae A1dunsTensenfadaued flow j fuluAddaainnnues flow j azluagjiuiie

denlaeinlitesdnyoufign (s)) 194 flow |

[ E/ a t:ll dl 1 v a al = ' o dl
AatiuN19nATUAABLAN IA A luANTeEana LN AN G R AL LLIWAT ATTLAT AU

Tt lunnsdsuinineluluanauutniiadainanuuininaRAIN NN A TuaAa9m (Bottieneck
% v dJ 1 a a 1 (=3 . . . . .
node) arg11190U e TeAntls @ nBANeaInNIEIANIN R (Transmission efficiency) 184 flow |

anunsamleanngunnnsi (2.3)

hs
Te :—J ) (23)

] i=h; _j
Zi:l SJ‘
a a 'S o g o ] (=3 Y 1 oA o 1 =)
Tnglueidnertdnusaiuiasimuinisdawinina a3 duainnsorealasatine geau
Tasandean19aaa19nuluAY19L A TN TN AUANENANNNI9T29T9 WAL LAUA UL NN L
E2Z o

L1381 backoff wuuludiieannaisames lunisdausining d9azdana liA13daaiu1snes

TAT9tNeIRT

26 NARANISIARIAUNITRILANLNALUDRAR

nsaRaIAUNNTEILANINA luaARaz ANTeDsA N AssINTuNNIARasInTNeINg T
TasvdneTiudne @enleusazaavizaluansasnsdedayausias luadudsd Ay asaand
o o = | 4 A | | > >
nsdnassninenslinazdanalilununsiunvisednameniasnetne lannsodedayalsiae

dl ! Y a a 17 R o v a 1Y ij/ dl
Feazdana linaAn1sdseaanan (Delay) m@wmﬂmumrmmmﬂm@ﬂm?mmmﬂ@uumLummﬂ
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wnaansa  (Timeout) Aviululassdnaynatinazinisaaniuunisdnassminans iy

Thsvineidustieilngasiudlssfuuunfiaviinfigaidnaden lawusazdiaansas I
n3anasIninegInsatieyAsssn luszunaeslasadnauanaanaNnsn AWl 2 Lt
An LLuuaﬁﬁﬁﬂmm*ﬁw (Global fairness) LmeLmuqﬁﬁﬁmaWﬁmm (Local faimess) tag/lu
wuugRsssnlusndnenisdaasminensidinedenlosudazing azAruanann flow nn y
flow ‘ﬁlaf;ﬂiiuimww T AL AN T TN (Weight) 184 flow A Wiy 7, udag

LA [t, T+ At]

Vi

ZieB(i)J/i

ANN139R499439N5We N3 1AL flow N f = CAt( ) (2.4)

Taeih C A8 ANNAVFRULILAIATSINTRI T Ty T
y, A AtaRuIudnuas flow N f

B(i) A8 WR1a4 flow Tiansalulasatine

AMUNNIATUINIANNITAAFITNITNE NS I ETaN T UA A INYLLUE FEITHIRNIZUANAN

Anmaizedng o) fu Inaunuiiazinien flow 90 7 flow lulasednauiaisanlunisdnass

1
a g

ninensariansnsLied flow Nagluisnamawdsiudnldinaneiu flow ARasunlung
IPAIININENIWINIL
lunisdnasminenslulasadngetsgfsssnanaldannisnldlunisdszsifiuanny
a dl ' = a U4 d‘ A a a
gRsssnd ldlulassinauuuiagnnfiarsanfldfsannii (2.5) visenislsuiliuaaugAases
2BINNIIAATINTNEINTD1A WA 7041 Ug1lU09mF 9T HANINEFID 99 (Faimess Index, FI) 165

ANN9N (2.6)

|Wf(t1’t2)_wm(tl’t2)| < ¢
}/f 7/m
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=)

Tne W, (t,,1,) Aa ATuuusiavinlaFunisdanassaas flow  f lugagnan t s t,

W (t,,t,) A AMLLUAIanlAZUN194na99984 flow 91 m Tudaaaan t e t,
y, A AtasdIudngas flow 7 f
¥, Aa AlfasEItinges flow 91 m

=
1PN

po))s
©
3.

&

' 1
o (~3 a 4 o

X; Af ANUUANNANZIR T8 flow ni

2

N A8 a1 flow Aanumlulpgedie

¥ k4
v ] =

26.1 nalnNARtUUNLFIRUIRINI9LUFEINUASTILIAT (Timestamp-based mechanism)

u &9

v
o

mﬁméi’]ﬁumimuﬁnmmluiﬂmjmimﬂ%ﬁﬂ@iﬂﬁm@fguuﬁugﬁmmm?ﬁi:ﬁufﬁm
198 [5-10] a2 A3 N8RRI E LN 2NN ALLILE A e7i3endn  Starttime  fair queueing
(SFQ) [21] lunsdruaninaniaduseniadedaya (Start tag) Lmzqrﬂéu@mmmmizﬁﬁ@g@
(Finish  tag) TmeluumAINen98s [5-10] LLﬁﬂmmnmLﬁﬂmmﬁLﬁwmﬁq‘ﬂumim 7 azl9iAn

qABNAULATAnAUgATaINIIdedayanINaNNIIN (2.7) DN (2.9) IneuAaNtuszULAZIADN

' 1
a b o

WANINANH AR ENFAUIBINI8sTayar4a ladenau

o . 4 g
naciwinInmag 1 flow NiAedauAn

S = max, g, {vg [A( o )}} k>1 (2.7)

~Qs : Ay
nasdininmag] T flow Nlsitpadeninan

Sk =max, {vg [A(pY)]. ka-l}, k>2 (2.8)

Ik
Fr=st+L k>1 (2.9)
Vs
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1
a

4 ek " " «  d -
laen S AB 9ABENAUYEINNIFITRYATBILRNINAN k 224 flow 7 f

4
a ]

- y - o

Ff AR ’?m@u@'@?J@\?ﬂr]ﬁﬂﬂsﬂﬂﬂﬂﬂﬂlﬂ\uLWﬂmmVl k 284 flow 9 f

« a o

|f AR AUIAUARILWNLNEAN K AR flow N f
A T A

Ve AR ANDNUINUNTDI flow # f

K & ' & = = a P
Vg |:A( P ):| AR ANIATNLANALUNITHIDIUDILLANNAN K RN flow N f

a

En AB L@RT84 flow Naglumas 2 daadiensiaaad flow NNANTRN

a & ' & a
2.6.2 na"l,nwm'aguuwug'mmmmmm (Credit based mechanism)

¥
1 =

PANNIINIUIAINA LNNFNALILIUNUFILARNATAR [11-15] AziZuaInn1TuLialAgaaine

U 49

aaniflungu (Cluster) Insusiaznguazdsiadnnig (Scheduler) Faluluaniislungy Tnatuayn
Tualunguazdesanziioudusdannasiailudeyalun1sanansunisdeuinine Tneluso

IPN199EiMN319N139AR99926 UlLA (Node  Allocation  Table, NAT) @saziilumnnsalunig

1
aa

Faarsuinazlilunlagdawinnm InaaanainniIIa LA it 3undn Excess 1agTuaniaAn

Excess Hatngnazliiulapalunisdaunninanen aniuuluanlésulenialunisduininaay
ldidan flow Neinulupiuainmnsenisanassszeu flow (Flow Allocation Table, FAT) q1azli
flow lageuining Tapiatsoun 1ol flow 918AY Excess Angaluluainuazaiinaeanisiznig

[} v
(Service type) azsaniuaiinneaiunliiuauninlunisdeainsadanisesiunmii o

27 a9l

Q

dl Y oa 1 a o o dl a
WAIAINANNAINIINIBINITILTNN9289TATn e HAA T AL s N il naaTe LIN1g

{ %

Hunau denaliAnddeainisnredladisiAianaetnaninide A TuaneeUin1sge < T9ua

1 ¥
ANAIEEAINI TN AAAITRLULUNUN AT DfaNaemANNIRTgIL IEEE 802.11 1 i

'
a o o £ 4

NuBABRREUNNsE D sanans awudsadonlunjaziiulinanugRsssuassnisdsuining

o

1 | o dI 1 a dg/ ' I Ao =2 ] 4 a o dl
GLI@HZQL‘IJ‘LW]@H TIATATTNEATITHNUAZDNAR (Tradeoff) NUANIALATINID N RGNS TR LR

farsunANgfsssntiulsznisusniA3daainnsnan Gsunnsneannauddaiinas L
AANAtyTuARdaatusoundn lnanininausraussasniadiisanatslulasedig
Langan uazlTaUeuAIANYAGIINTIaIN1IAILANINATaLALE AR WILLILLEIUNSEN DY

o ¥ a o X ¥ R o a ¥ o
mﬂmﬂwmqmmmmzﬂwu IﬁﬂLLUULLN‘L&ﬂ’]‘IL?ﬂﬂ\‘I[ﬂfm@’]\‘m@ZL@%@@xiﬁﬂ@’YﬂuUV}ﬂﬁi‘ﬂ



unin 3

nsinaaaniaua

Tuunidunnlinaadanguglunisdinesiananemuuinsgi IEEE 802.11 7ild
Tulnsedauenaeniuudo TeanssouzaeaniadfeianaenuuInsgIw IEEE 802.11 Az
AauineganialdaninziAinanaa1inimn winielsan1aznaA1mantetTnislAga o
ANANIIOUTLDINIATNNFINANAINNIRTTIN IEEE 802.11 azanmas1anIn Betlamn
ail/ o ] ¥ :ill al ¥ K o 1
Hunguuanienisundeguaiarinsinasainaiiunisaoupuidineiananalulasedng

¥
v

wanaan luwuanainusasiud tagluunilazinauainanaaanazniliaussnusaadnig

14 ]
=S

Wnesanaelulasedagfaw delnsinaaantiniauallssnausiaasfilsznay 3 Uszng
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1. NN33ALDIAAE (Queueing)
2. NINNUAAIINNANTRINTINFIINI9T29T4 (Contention window assigning)

3. WLLLNUNNTAAWRAINIITAARE L UNTdLANLNA

3.1 m9anwnaAa8 (Queueing)

A 1
ImﬂﬁugmmﬁmLLmm@mxﬁﬁﬂwmzﬁﬁﬁ@u@@ﬂﬁ@u (First In First Out, FIFO) 114
A (=3 dl =) 1 Yo a 1 zl/ < <
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3.1.1 UANNISAALDIADLUAILNALANUNLAUD

Wawininannnelunle o) lulasedie winnetuazgnamaseudwininaiue lu
flow Naadeeiuluntvialy Tnatuausazuaaziiuinunnaad flow Nenuundsluniald

HudayalunisAiuand1anEuAuIeIN19delininAday alaza AR UgAT0IN1I4IURNINA

a

©

| a

1 v 1
daya lnaA19nBuauIaINsdauAnInAdeyavTaqadugaaainIsasuininadeyatias 4

v
a

AmFugnegslunisFasanduwanineg luiinesesiuntiu o) InaA1qaEusuLazandugn

q

paansadaya Aurnldainaunie (3.1) D (3.3)
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= (=1 1 all 1 ! !
NIDLLWNN ﬁl'ﬂﬂﬂu flow ‘VﬂllLﬂEl’&\‘]N’]ﬂ‘ﬂM

st =v[A(p})] k=1 (3.1)

nstluAninmag lu flow Nipadeudn

sk :max{v[A(pt )], Ff“}, k>2 (3.2)
k
Ff =s¢+t—f,kz1 (3.3)
Vs
th = h (3.4)
- BW .

~ Offered load of flow f (3.5)
Total offered load '

Vs

1
a %

<l: dl k A . (=1 dl dl
AEIN Sf AR ALTHAUTIDINTTAITDYAUBILNNLN AN k 184 flow 0 f

©

Ff An qnAugnueanisdedayaueuininail k 104 flow 7 f
k A i A = (=1 dl dl
V[A( P! )] AD ANNANANAUNNTNTIURIWTNINAT Kk 294 flow 7 f

k A < d‘ dl
|f AR AUIAUBILNNENAN K AR flow 9 T

A T =
Ve AR AMDNNUIUUNTAN flow n f

o
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Usnsiennaftnuluatu anvpnnuEauuutine e a1 Ay flow AdANEBINg
lun rdauininaxanTad At lanaeLznisgedlantalaaanauine WA ddaa1unnans
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TasdnadiAngevsantnataangaiiazantlssivnatieaaainiareflaiasaanisds

u

(~1 9/46I o o | o dl
LLWﬂLﬂﬁ]llﬂ mmzmumimmummmi@mmqmmﬂumgﬂw 3.1
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3.2 NITMURAAMNNINNURINUIAIINISE29T9 (Contention window assigning)

'
J o o

4 ¥ ! 1 a 5| a o o dl 3|
AN rasuinsnantstaedaiudndrAnylunisnasidusaiivunlanisves
¥ KX o %’/ di 1% 4 ' ! a da’ o
naidfesana1eesluntiu 9 WesainAnndiaeantiisianisdasdaiargniinll 14y
nagulunaiaineAean backoff lunisdewiining fariutdnaaundneaesmtinsnenig
dostieilAnunnazdena ilanianazguliaiaan backoff HANge GernnemuInlunazfes
sapaguIuniaunazdannne bd lunisnduiudiavundraeaniisienisgasdaladdes
Tananunlulasadnaazqulianinad backoff laeniufasiA1g9au Sanunaandtlania

. . X Y
nuAninaazauiugeaumn s

START

Arrival of
packet k
flow f

~Check flow
it New ?

Yes \/

Calculate start Calculate start
and finish tag by and finish tag by
Eq.3.1and 3.3 Eq.3.2 and 3.3

.

Queue packet k
in order to
start tag

519 3.1 nszuaundaunAee lulsazus

No

3.2.1 NISHANUEAAINNINABIRUIAINNNTTITIATNAIT WU NLNa LT WL Was o

Tunuu

o (~1 -dl 1 o o 1 ! (5 dl o dl -Qi | ]
’Q’]u"JuLL‘WﬂLﬂm%ﬂ%luuwLW@?NN@@@H’]?'&QLL‘WﬂLﬂﬁ]Lu‘ﬂﬂ@qﬂﬂ@@ﬂﬁu\Wﬂﬂuﬂqu

o

a1Atyaasnisasall (Drop) uining Aa nnadusestiwinaes (Buffer overflow) M1k lunsu

©
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A1 1UIATITNE N1IAINUAAINNATINABIUTINFANINE29T 9 IR N9 A ZAUUARIN
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weuinine luiwines AaiunisinuunANnd1aeamEne19n19199Te e s lasliAtas
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HaanuuwAninaneg luiwmasiAuinuazazlAninideauonwininanag luiwme 53

Atias TagfAnuAaudainlaanlanignisduaacuinine e sidudnuiazdanali
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AT ﬂzﬁﬁmimm‘ﬂmqﬂwﬁmgﬁu nasvuaANanAeTR s tasdeluiansi
azmuupa et 3 Hefidu e deidumadu defdudn uastaiduyu Fagaunnad (3.6)
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Us2@NTNINVRINITNINBAAIAINNINNUBIUEI AN N9 T Iz n v Lae Tt gl

=K = a a
naAzilsrANaNIngagn
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——linear functicn
b S TS Oa gy e & gonvex function
10001 B "‘""35555_.1_.,.,3‘_ o goncave function
g " ~ s =118 Soag | )
soof o, . B
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The number of packet in buffer

519 3.2 M uuaAMNNIINTRINTIFANNETTIRINEaN W LIANINA T WIWe

3.2.1.1 NINIMBAANNAINUBINTNFANINIFTIGTIR VNS Ew (Linear

function)

CwW =1023—%n (3.6)
50

3.2.1.2 NMIAMUAAIINNINNTBINTINFNINIFTITIRNATTULL (Convex

function)

CW =1023x g 206%n (3.7)
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3.2.1.2 NN IMLAAININNINYBINLNFANNNITTITIAINAI G451 (Concave

function)

CW =1054—31xg”?*" (3.8)

3.22  NISARUAAINNINNABIULIAINNITTINTIAIND MFTIFIUTDINITRILNNLNG

lulunanldiulunilaqiiy

toywanatanieiifisaulunislilinsnaes MAC munimsgau IEEE 802.11 Tu

nspauANnsdnisianans e Wensnliinlulnasnefiing T azdanalfiindieidon e
ARU2A (Bottleneck link) Antu %'qﬂtymmmm'wﬁ@m‘lm@@mmﬁ'm@lﬁﬁﬁ AU A1N1TDUR
TAsetneanas visenanantievilednane dealasnaranazidlumafinvua Aidadnunsoae
Tasstnatiues eyt nanatiazanlonialuninininedeslaaneanlulasanelng

TulwslnaaatiazlinaandAyduluaniuwininmalunig forward  wAninauINNdnTuaNgs

WRNNANA TAEINTLUNUANTANNUAAINNNA 19BN FA19N19T99T LA TNtz naLIfae

3.2.2.1 msuanidagudayaseudneslunaii@es (Information Exchange)

dooe ¢ . RN « o
nsuaniasudeyaszninaluntrufesiverdunistivluFesresanuzvesiun,

o (=3 dld 1 ?/ =X o (=3 dl o 1 v ! 1 ¥ a
nuUEANINANA e a4 Tuatiu 7 sanneasauuininandsldligndeay o Tuadrapes

a0l ezl luanauninliudnsinisgewininm lddelundnluls ialuniranlania

v
nmafinTusrednuestuadalilsiiuedneg aniadunisanaanugoduaaandseulunig

©

dawininalazilanlsslond Tdutnenpeatazddeyarassuuuininafigelalidgnadly
Tuadalllu flow wesfufulundrafsslunisuanilasuiu Tmﬂmﬂmmﬂgﬂu%wﬁ%
ardeliiuteefianaamninndesya Tuniuandondeya Selulunusiazluaaziamas
lunisiudeya Lﬁ@l‘ﬁﬂsﬂ@‘ﬁiuﬂ’]?ﬁﬁﬁumﬁﬂﬁﬁ’]lﬁi’]ﬂ‘ﬁqx‘l%\ﬂuﬂﬁﬁ‘mLLﬁﬂLﬂmﬁvaﬂ Tne
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m’]ﬁf’]\?%'ﬂﬂuﬂﬂﬁzﬂ‘ﬂ‘]_l@q{l

® JUNELATNRLFAUNNG (Source  address)  WunHNEaTNBARIAIHNLT Y

u

o 'S 1 dl a 1 o 1 ] Y dl
wnansniaasusaziua A wanaAeiu Inadaulunjazldnunaaanag)

kTl

laW (P address) Wlugnnnun Gauuneiaanagfunisariudaseydn

a
v
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wnnNATRAINIaN e e
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® uuneaviagianenie (Destination address) unnneaaiagaazszyi

BELANEN19TRIURNLNATY ]

o unneanettuadall (Next-hop address) ilunnnaiaaiegiasseynag)

a

v
o

ga9uatalUNuAnInAtu - azgndsl

®  ULLRIWANNAANRANES (Last-sent sequence number) tlununeaah

q

1
=

sryanauwininangndszesiuale o lulasedie

a

va

® YUNLATLANINAANEATILAEYN  (Last-heard sequence  number) Wlu

4

= ° @ . o I v o ~ =
Mmmmmzummuuvvﬂmmw‘ﬂummiﬂm TyazmaiduuwAninanluan

AnaaRansuaLasiglisng

Number | Source | Destination Next hop Last sent Last heard
of flow | address address address sequence sequence
number number

519 3.3 dayalumigvaasudaziuanlddviuninua Aanndnaesutinsnanesaed

3.2.2.2 MAC layer modification

WHanlualulasednasesnisdanining waffedn19d9uininAas update AN
wnneeauRninAa1gandaluana aniuluaiifesnisdauininaaztiiAiunnaiae
< 1 dl o 1 o ] < :l/ v o 1 [ d”
wininaa1gaNgslAuImIAIgRsIN1adeuAniNALed flow Wi 7| wdatiAndnsdauilly
AU UAIINNS 1N BINTINANNNI T TINITAIRIUAINN T 19T BINTINANIN 3T 9T

ANN130ANIDLA 2 WLLAIANNNTN (3.11) WAZ (3.12)

b =Is,—1Ih -1 (3.9)
|
f=t (3.10)
I
b.
CW = min{CW,__." (num xCW i)} (3.11)
CW = min{CW_ ., (5FxCW_. )} (3.12)

a

Taedl Is, Ao MNNELRILANINAAGATNIAITDY flow 7 |

Ih, Aa wunaauLANINAREAT HEWI94 flow 7 |

q

o =
num AR ATANN
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3.23  NMEMUUARNNINNTasUINAeNIgEaeTamNduIuuNnInalutiNiwed o
Tuauu q nulumanlil

AMULLBEBNIIAIMUAAINNS9eIuENsaNT 09T luiada 3.2.2 Teranun
ANNANNTBINENFNNNITs TR NN AL NINATNAS 0 TuatlaqiiuuazTuadall @

o v o X a4 A oo . c o d
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dFudnsnialunisdewininaldannisnialiaselunisdfjimassesedantsiovuun
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Status Contention window assigning
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C C CW, . 0
C F 0 CW.__,
F C cwW 0
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( start )
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J /
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3.24  NISHIIURUAAMNNNINUBIRUIAINNIGTITIATNAIUIULNNLNA LUTWINES

Tuannansaun Tuanawutwazluanm bl
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wnnelutinasuaaduanauutinnazluadn

Status Contention window assigning
Past node | Current node | Next node | Past node | Current node Next node
C C C CW . CW,_ 0
C C F CW, .. 0 CW,_
C F - 0 CW, . 0
C F F 0 CW,_ CW,_
F C o CW,_.. CW,__, 0
F & F CW,__, 0 CW,__,
F = C CW,__. CW,__, 0
F F F 0 CW,__, CW,__,
[ Start )
— B, (2
/ Receive DATAor |/
J ACK packet |
I B
~ Have <
.~ any indigator in .
<__ DATAOrACK s St )
_Packet 1
{I?H " Numberof !
' Change / packet more than /
| CW according to | J;’ threshold

Table 3.3 | |

Drop DATA or
ACK packet

) .

( End )
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=i o o £ 1
517 3.8 HeaunITLIUNINIMUANN AN
n3tasTaineanAadayaainiun

AauntinnazlundaldnTuafumnig

3.3 ﬂ’]‘i‘ﬂﬂL‘?ﬂ’\ﬂ’]ﬁ‘ﬁ'ﬂﬂ’ﬂﬂuluﬂ’lﬁ‘dQLLﬁﬂLﬂﬁl
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i
[ End
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dugqanamiduninsgiuresnisdauinina lulvum DCF dauAan backoff lur1igs

A1NAINNE92RINTNFIN19T99E9TTAq 1T TIRINNIATFINAINNANBINTFNINT

a 1 1 o

M9TIlA8E 71919 31-1023 visamauiilunaidawiniy 620 Tulasiuny D 20.46
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3.3.1  wUuUwNU Fast decreasing backoff
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BThew = BTg1q —BTo1q /2 (3.11)
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Abstract— In wireless ad hoc network, every node has to share
channels among multiple contending nodes for sending packet.
Ad hoc network does not have centralized scheduler for decision
node to send packets. Medium access control (MAC) protocol
will control packet sending. However, when the traffic in network
is high the performance of MAC protocol will be degraded. In
this paper we will propose an efficient contention resolution
algorithm for wireless ad hoc network by using some information
from next node to assign the new contention window. We also
propose two new backoff procedures for reducing the waiting
time before sending packet, namely, Double Random Backoff
algorithm (DRB) and Fast Decreasing Backoff (FDB). These
algorithms attempt to provide significantly higher throughput
performance for data services than the IEEE 802.11 MAC
algorithm. We demonstrate this algorithm indeed reduces the
idle slots more effectively.

l. INTRODUCTION

This Development of efficient medium access control
(MAC) protocols provides an efficient mechanism to share
limited spectrum resource for data traffic and good quality of
service for real-time traffic. The ideal performance would be
low delay under low traffic while high throughput under high
traffic, although in reality it is usually difficult to achieve both.
Therefore, various MAC protocols have been developed to suit
the various applications, where various tradeoff factors have
been considered. MAC protocol can be classified into two
categories, contention-based and contention-free MAC
protocols. In this paper, we propose an algorithm for
scheduling packet in ad hoc network so we will consider-only
in distributed contention-based MAC protocol.

Distributed contention-based MAC- protocolin" wireless
networks started with ALOHA in the 1970s. Later, many
papers were proposed like multiple-access collision avoidance
(MACA), MACA wireless (MACAW), but the most popular
contention-based wireless MAC protocol is carrier sense
multiple access with collision avoidance (CSMA/CA) [1],[2].
Conversely, when network load is high, the throughput
performance of the IEEE 802.11 MAC protocol degrades
significantly because of the excessively high collision rate.

In recent years, distributed contention-based shared
algorithms in ad hoc network have been mainly focused on
achieving fairness and increasing spatial channel reuse

[31—=1[7]. In [3],[4], they used timestamp-based mechanism [8]
for assigning packet to transmit. In [5],[6], they used credit-
based mechanism for assigning packet scheduling. However,
most of these efforts focused on achieving fairness. They did
not consider the problem of bottlenecks. However, the
bottleneck nodes will be the key point to degrade the
throughput performance in ad hoc network.

In this paper, we will propose the new algorithm which
coordinates between immediate neighbor links of the same
multi-hop flow and assigning contention window (CW)
according to that neighbor links status. Another proposal, we
will propose two new backoff procedures that will reduce
waiting time before transmitting any packet. These two
algorithms will increase the throughput performance in ad hoc
network.

The rest of this paper is organized as follows. In section 2,
we describe the background of medium access control and its
problems. In section 3, we describe the details of our proposed
protocol. Section 4 describes the simulation model, result,
comparisons between our proposed and MAC protocols.
Finally, conclusion is given in Section 5.

II. DISTROBUTED CONTENTION-BASED MAC
PROTOCOL

From the CSMAJ/CA algorithm when one node is
transmitting, all neighboring nodes within both the carrier
sense range of the sender and that of the receiver should remain
silent, which defines the collision freedom condition for the
link transmission. -The-basic operations of the CSMA/CA
algorithm (we only consider the Distributed Coordination
Function (DCF) without the Request To Send (RTS) and Clear
To Send (CTS) handshaking) are shown in Fig. 1.

Figure 1.  Basic packet transmission in CAMA/CA algorithm



. If a station has a packet to transmit, it will check the medium
status by using the carrier sensing mechanism. If the medium is
idle, the transmission may proceed. If the medium is
determined to be busy, the station will defer until the medium
is determined to be idle for a distributed coordination function
inter-frame space (DIFS) and the backoff procedure will be
invoked. The station will set its backoff timer to a random
backoff time based on the current contention window size
(CW).

Backoff Time (BT) = B xaSlotTime @)

where B is the backoff timer which is a randomly chosen
integer from a uniform distribution over the interval between
zero and the current contention window size CW, and
aSlotTime is the length of a unit time slot.

After a DIFS idle time, if the medium is determined to be
idle during a particular backoff slot, then the backoff procedure
will decrement its backoff time by a slot time. If the medium is
determined to be busy at any time during a backoff slot with a
nonzero backoff timer, then the backoff procedure is
suspended. That is, a station is deferring its packet
transmission, then it will freeze the value of the backoff timer
until next contention period. The backoff procedure is resumed
again after the medium is determined to be idle for DIFS
period. Transmission will begin whenever the backoff timer
reaches zero. The receiver will send an ACK without errors
after a short inter-frame space (SIFS) idle period, the
transmission is concluded to be successfully completed. If the
transmission is not successfully completed (i.e., the source
station does not receive the ACK after SIFS), the CW size will
be increased, beginning with the initial value, up to the
maximum value. This process is called the binary exponential
backoff (BEB), which intends to resolve collisions.

IEEE 802.11 MAC protocol does not coordinate between
nodes at different hops within a multi-hop flow. This non-
coordinate result in two drawbacks. First, immediate neighbor
links of the same multi-hop flow will become adversaries in
channel contention. This will increase the collision rate and
reduce throughput. The second drawback is that, this non-
coordination results in the bottleneck problem. The differences
in channel access capability between bottleneck links and non-
bottleneck links will result in packet dropping at bottleneck
nodes due to limited buffer size. This results in wastes of
channel resource and transmission power ‘and overall system
throughput degradation.

I1l.  PROPOSED ALGORITHM

To solve the above two problems, we develop our algorithm
based on the 802.11 MAC protocol. Upstream node will use
information from downstream neighbor node to adjust its
contention window. The main idea of this algorithm is a
downstream node forwarding old packets will always have
priority over an upstream node sending new packets. With this
algorithm, contention will be reduced between nodes in the
same flow.
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A. Information exchange

To make those packets forwarded by a downstream node
recognizable by its immediate upstream neighbor, we should
piggyback some flow information in the MAC header of data
packets. Each node j should keep a flow table to record all the
flows passing through it. The table contains a list of flow
records f; which include flow i’s source address s;, destination
address d; next-hop address nh;, last-sent sequence number Is;
and last-heard sequence number Ih;. The next-hop address nh;
is the node address of flow i’s downstream immediate
neighbor. The last-sent sequence number is flow i’s latest
sequence number of the packet that has been sent or is being
sent by node j. The last-heard sequence number is the latest
sequence number of the packet sent by nh; which has been
overheard by node j.

B. MAC layer modification

The Whenever node j needs to send a packet, first, the last-
sent sequence number Is; should be updated to the current
packet’s sequence number. Then, node j will calculate the ratio
of the last-sent sequence number and the last-heard sequence

number (5 = I5/ly) and this ratio will be used to calculate
contention window size as follows.

CW = min{CW max, (r, xCW min) } 2)

Obviously, the bigger the CW is, the longer the average
transmission waiting time. When there are more packets
blocked in the immediate downstream node nh;, the channel
access ahility of the current sending packet of node j is
reduced.

C. Backoff Procedure

After a DIFS idle time, if a station senses that the medium is
idle for a slot, then the backoff time will decrease by a slot time

(BThew = BTyq —aSlotTime ). When its backoff time reaches

zero, the station will transmit a packet. But in our proposed
method, if there are [(CW,,, +1)x2-1] consecutive idle slots,
its backoff timer is decreased by a half in each idle slot. We
will call this algorithm as Fast Decreasing Backoff (FDB) and
new backoff can be calculated as follows

Another backoff procedure, that we will use to calculate new
backoff timer ('Bpg, ) after the medium is detected to be busy

at any time during a backoff slot with-a nonzero backoff timer,
will random new backoff time by using the rest of the value of

the backoff timer (BOld ). We will call this algorithm as

Double Random Backoff (DRB) and this algorithm can
calculate as follows

Bpew = rand(0,B,4) “4)



IV. PERFORMANCE EVALUATION

In this section, we simulate flows with Constant Bit Rate
application model in ns-2, where the data packet size is set to
be 512 bytes and the simulated buffer size was 50 packets for
each node. The radio model is based on existing commercial
wireless network with a radio transmission range of 250 meters
and channel capacity of 2 Mbit/sec. Each simulation is run for
300 seconds. Each simulation is run for 300 seconds, and the
throughput is counted as number of packets.

In our implementation, three important performance metrics
are evaluated:

e Data delivery ratio—the ratio of the number of data
packets that successfully arrive at their final
destination and the offered load.

e Average end-to-end delay—the average end-to-end
delay of all packet which reach the destination.

e Fairness index —this parameter indicates how fair the
residual bandwidth is shared by all flow foe each
approach.

A. Single flow scenario

We first considered a simple scenario of a single flow with
six nodes as shown in Fig. 2 (a). In this simulation, node 0 is the
source and node 5 is the destination, this simulation used 20,
40,60,..., 160 packets/sec CBR as traffic loads. Figs. 3 and 4
provide the throughput and the average end-to-end delay of this
single flow scenario.

From Fig. 3, we observe that when traffic load is higher than
60 packets/sec, the data delivery ratio of the system starts to
decrease. However, our proposed algorithms (FDB and DRB)
give higher data delivery ratio than MAC protocol, at 140 and
160 packets/sec. offered load, DRB algorithm gives higher data
delivery ratio than MAC protocol for about 40.34% and
39.96%, respectively, when FDB algorithm has higher data
delivery ratio than MAC protocol for about 8.03% and 7.69%.
Furthermore, we observe the average end-to-end delay in Fig.
4, DRB algorithm gives much lower delay than MAC protocol
while FDB gives quite near average end-to-end delay to that of
MAC protocol.
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Figure 2. Network topology
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B. Multi-flow scenario

We next simulated a multi-hop multi-flow scenario, with
two flows (node 0 to 4 and node 5 to 8) and with nine nodes as
shown in Fig. 2 (b). We also used CBR traffic loads the same
as the previous scenario.
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Figure 5. Data delivery ratio
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This simulation still gives the results similar to those of the
previous scenario, that is, DRB still gives higher data delivery
ratio than MAC protocol, at 140 and 160 packets/sec. offered
load, DRB algorithm gives higher data delivery ratio than
MAC protocol for about 38.10% and 39.09%, respectively,
when FDB algorithm has higher data delivery ratio than MAC
protocol for about 5.97% and 6.98%. While the average end to
end delay is still lower than that of MAC protocol. While we
observe the fairness index ( FI ) calculated by eq. (5) in Fig. 7,
FDB gives fairness index higher than those of DRB and MAC
protocols.

SRVAPAR
FI = [ > X nx > X %)
i= i=1

where n is the number of flows, X is the throughput of
flow i

These results show that using coordinate with neighbor node
for assigning the contention window size will give higher data
delivery ratio than MAC protocol while maintaining lower
average end to end delay than MAC protocol.
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V. CONCLUSION

In this paper, we proposed a new contention-based MAC
algorithm that can reduce the opportunity of occurring
bottleneck nodes by using the number of packets that has been
sent in next node and current node for assigning the contention
window. We also proposed two new backoff procedures that
can reduce the waiting time before sending packet in each
node. The results show that our proposed algorithms can
achieve high throughput performance while preserving
acceptable average end to end delay in ad hoc networks.
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