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ABSTRACT

Binary Exponential Backoff (BEB) was used to reduce unsuccessful transmission
from packet collision in Wireless Local Area Network (WLAN) based on IEEE 802.11. The
throughput could be calculated from a discrete time Markov Chain model of backoff
algorithm. There were researches which proposed backoff models in order to improve
performance of BEB. These were Double Increment Double Decrement (DIDD) backoff
algorithm and Exponential Increase Exponential Decrease (EIED) backoff algorithm, but
those mentioned three backoff algorithms were considered in ideal case (error-free
channel). In order to design a more accurate and realistic model. This thesis was
studied and calculated the throughput of BEB, DIDD and EIED backoff algorithm in both
error-free channel and fading channel, and used Fixed Backoff Stages and Fixed
Contention window Size (FBFC) technique for more accurate when compared with the
throughput. The numerical of throughput showed that the throughput of DIDD and
EIED backoff algorithms in fading channel was better than BEB algorithm which was in
error-free channel and EIED backoff algorithm in both error-free channel and in fading

channel was highest and most stable when the number of stations increased.
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wielyigunsainienandnsiannmansuunanunsaldausauiule

2.1 4m337U IEEE 802.11

UMY IEEE 802.11 [1]-[3] Lﬂummgmﬁm%’mzwLﬂ'%@ﬁzhaﬁ@qaul,l,wl%fma Faag
AsaUARUNMSLLarIryTeaimunsieq Tussdudunianiw (Physical layen) uagly
sefuduiionlosdoya (Data link layer) m1uuuUd1a09u8s OSl (Open System
Interconnection) fs3Uf 2.1 [61,(8] Tnglududenlesdoyatuazgnuianisvhaueenidu 2
%u’usiaaﬁ?uﬁa%'ﬁuﬂwﬂumiﬁqﬁﬁagamwﬁaﬂﬁﬁgﬁgwm (Logical link Control: LLC) waz 4y
AIUANN1sTlTYRIdyy I (Medium Access Control: MAC)

Application Layer

Presentation Layer

Session Layer

Transport Layer

Network Layer

Logical Link Control (LLC)

Data Link Layer
Medium Access Control (MAC)
- IEEE 802.11

Physical Layer Physical Layer

Osl

sUfl 2.1 mawSeudisudu 0SI fu IEEE 802.11



2.1.1 YuAruaNn1 9 lddasdaIns (Medium Access Control: MAC)

A o

30TU MAC [4]-[8] Anin7insi9doUan Uz Vo sdy g

o

Fueuaumslitesdnyium
Jflanuzing (dle channel) n¥ouflagliandinisdwininendeld uasimihiinsaaeu
dofionarnvasuiininn lumssudstoyaluusazads amildsuufinnadoyansuduvdolsl
uenanidsdinalnlunisudtlgmnsruiuresdninadoyalunsdiifanddue 2 an1dty
TUgeansdauiininandoudu Tnglusu MAC Hiimssmunnalnnissulddesdayaiall 2
gULLUUé’QLLamﬂugﬂﬁ 2.2 [5H7] wuuKsnA® LUUNTEae (Distributed Coordination
Function: DCF) 1unszurunisvaudieldwinidesnissutuvesufinng iesanani
aninevziinisugslddesdygyrusiuiu vlidedinsnisasivaeutesdygiaitimiely
neuagyiMsdining Svndesdagiainsnazyinsaaininaeanly wadiminlaidne
é}’aqﬁm'ﬁiaagﬂiﬁmqL’;amﬁqLﬁaﬁ%ﬁwmﬁﬁmﬁm,ﬂm%’j’] Tnenalnawuu DCF dwanzfunis
yhalutuy Achoc mode wuufiaesionuusangud (Point Coordination Function: PCF)
Wunszurumsifigudnandunsmugunislétesdyana Tasvinnsudsdya (Poumg)
dnduladonaniiiiegyhnisdsteya Tngaziifissaaniideahduluusazveundygyi 7
sgaansaimsdaininateyaldlurisaznalanamis Inenalnawuy PCF wmanziy

A15v9uluwUU infrastructure mode

Logical Link Control (LLC)

r-———-——-——-—-—-=- 1 r-———-——-——-—-—-=- 1
: Contention-Free : : Contention :
: Service : : Service :
A 4
T Point Coordination Function (PCF) !
MAC
l Distributed Coordination Function (DCF)

U 2.2 Taseadravestu MAC snusnasg i IEEE 802.11
2.2 sonUnenssuuazzuiuun1sitausavas IEEE 802.11
TunsiBeusiouaniasuuiininndeyavessyuuiaietneviosfiunuulfanemumnsgu

IEEE 802.11 figUuuunsvineuey 2 sUkuy Asluulasaseiug iy (nfrastructure Mode)
waElATIYILLUUNTHRNFBLUUNGURNIESI (Ad-Hoc Mode)



2.2.1 madausialugUuuulaseadteiugu (nfrastructure Mode)

PIANIMIFIY IEEE 802.11 gunsaudivinmsidendeifiowanivdsudeyaluiaietisuuy
Fansazgnisoninaaniuseannilgnang (Station: STA) Inglunisifewsionuy infrastructure
mode [41-[8] azfianniiusieng (Access Point: AP) vhnthillugudnanslunisiudadoyaves
anflgniienielureuiuansliuinisves access point Hu vilwanndgninslaisudstaya
Aulaenss Imaﬂfcjmaﬂamﬁ‘ﬁL%a:um'aLLas%’UﬁﬂﬁfJ’ayjamﬂmaULﬁumé’@mmmaq access point
FendutiuazgniFendienuinisiiugiu (Basic Service Set: BSS) uananiudmin access
point uazuisinsideusedafuiiiesudsioyasznitsaniiiiiegsia BSS wiaiFuni
n5\Teusor1UTEUUNTEA1Y (Distribution System: DS) sivlvanifamnsauaniudsudoya
910 BSS wilaluda BSS uls Gelunsdliifl BSS 1nndn 1 BSS iensievizesandainmedy
fu9zgniFuninenu3n1sue7 (Extended Service Set: ESS) dauansluzuil 2.3 Tasnns

Wousraluy Infrastructure mode Wuavaguuiiugiunalnnissildvesdyaauuy PCF

O
\ | Station1 (STAl/
o QU
\ Q
A\
RN @
\ N

(NN

~

\ ~~ _ Basic Sewvice Setl (BSS1)

\ \

3UN 2.3 Maveusaluguiuulasaaseiiug iy (Infrastructure Mode)

2.2.2 nsideusBlUUNgNANIEHI (Ad-hoc Mode)

sULUUNSITeuRBLUY ad-hoc mode [418] annilarunsaideudeduldlagnss Ll
Indudesd access point ilunanslunissudsdoya vlinaandarusasudeoyatiaiu
Tanuangluwaenuinisiiednu wasisavandianuwinideniulunissnldvesdyyie
Tunnsiudedoya lnsnguvesaniifidousofudeeyatulnensanisluvouiundagy o
WertuduazgniFenit lwnu3nisiiugudass (independent Basic Service Set: IBSS) i
annilazlianunsaidendesudsdouadny 1BSS ledauandlugui 2.4 lasnsidenseuuy
Ad-hoc mode ﬁ?mzaguiuuﬁugmﬂalﬂﬂwaiaui%’ﬁaﬁ%gzgmwu DCF



1
=

Ul 2.4 madeusauuunguaNz (Ad-Hoc Mode)
2.3 Twslnaaa CSMA/CA

Weswnnalnnissiuldvesdyayauuy DCF tu 13l access point ABEATUANNITIIN
Tvosdyau lnvaanflagsudwininalaensldresdyaiusiuiuedndass Jsoaiansed
flannfidoud 2 an1iTuludosnisdaufininadeyalunanieatu sliAnnisvuiures
wininadeyanielutesdyanalideenadmalididoaiisoanas sofulunalnnissanld
Yosdyarauuuy DCF Suillnalnaeaiildnisnsafudyaiauazaosnandesnissuiuves
winine Aslwslnaea CSMA/CA (Carrier Sense multiple Access with Collision Avoidance)
[4]-[8] ImedisUnuunisvineuey 2 lnuaae luuaudn (Basic Mode) wag luundansy RTC

wag CTS (RTS/CTS Mode)

2.3.1 TwslnAaa CSMA/CA Basic Mode

nalnn1sviiaruvesinsaea CSMA/CA basic mode [4118] TuiSuusniu ileaand
éfaqmiﬁ%émﬁﬂmmamﬁ%ﬁf]mimndwmzﬁ?uéziaﬁﬁgﬁgmdwagiﬁ%ahj anladinafazidn
dnszurunisudaoo widmnivesdyanainfiaraunsasunsdwiinnald nssuiunng
auuealnslnaea CSMA/CA basic mode LLamalé’ﬁqgﬂﬁ 2.5[4],[51,[8]

Tunisasufininaadausndu anifiezdessevesdyaaiiuiuszeziamiladeniy
29a7158M 9NN (Inter-Frame Space: IFS) Wuszugiaiuinninuseiniugissyesiig
DIFS (Distributed Coordination IFS) waafisazaunsainnisasuininariudesdyeyiala
dleanddsdufininaiasaudafiarseidudieseeziaan SIFS (Short IFS) Lilesaduimlsu
nsBuduiuuiininadeyavesaniii3u (Acknowledgment: ACK) ananniidy ilerdunisuds
venanidsliuiinlasuuininagnsieaseuiesunds withaoldelalasuimsu ACK nduwn
namisulussernadiimualy aniddsazsuihmsdudnnaluedsifumaazdoni
nsaafinnedeyadnads Tasandrgnazuiunisudneey deuflasshmsdadninadeyalu
adastely
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|
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I
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|

I'TTTTTTTT
Backoff window
T N I

Other

|
|
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|
|
I
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|
|
|
|
I
| Defer accesses |
1

U 2.5 nszvaumsdaufinifinvesinslnaoa CSMA/CA Basic Mode

IaasEIansu (FS) dulianuunnseiuey 3 JULUU FausagatiugnimuanIuas

v

mmﬁﬂﬁ’mmiﬂﬁ 2.6 [4],[6]

Y

DIFS DIFS

I > |<—)I

| | | |

| | I |

PIFS

! I | | | Contention window

| I I < .
| | | SIFS L !
! [ TTT T TTTT]

I | | Backoff window

| | I T I Iy A | time
: Defer access —> = Slot time

< N
< >

:‘J‘Uﬁ 2.6 GUI’NL’JG’]GU’EN%‘H MAC AUIMIIU IEEE 802.11

® SIFS (Short IFS) Aagaanianszwinalsuiitesiigaues IFS fildlunsddmiunis
novausdogeiuiiviule wu wsuASeweduiininadeya (Request-to-Send: RTS),
WsuBudunIsIAdsYeIdyrunouds (Clear-to-Send: CTS) wag WSUNISEUTUSU
Wininadeyaresaniiyu (Acknowledgment: ACK)

® PIFS (Point Coordination IFS) fag1413a1580n31 U u1aNa19984 IFS Aildiu
Lﬁﬂmm%’auﬂaﬁ%’udwwmﬂamﬁLinézha Flédlunalnnisrulddesdauaauuu PCF

® DIFS (Distributed Coordination IFS) L%‘;Juﬁtmnmizwjmmuﬁmaﬁqmaq IFS il
funsdadininedaya Tunalnnissiuldvesdeyayrauuu DCF



2.3.2 @nnazlviungauiu (Hidden Node)

o w

Tnslnaea CSMA/CA basic mode tuanansaiiadamadiAylaegrmisfetgnilun

>

Howusu (Hidden Nodes) [41-[8] \esannnsiiusazanniifidyayiniiliasounquisiununyn

g q

[

aonil enaflaonifianunsansradudygramesandidu o 1 wieraduisaanditldauise
nradudyyruvesannidu q 16 faguil 2.7 sziiiuin aandl B Tdyaanseuaguynanii
anunso¥udiednyanavesisan A uag C1¢ uiann A wazanidl C ldaansoduifeanius
vasfuuasiuld dudeanni A 5uawu1aa%’uiﬁqﬁfgfgméuaaamﬁ B weildiSustednyayrouues
a0l C lumenssiutrnanil C anunsasuinedyainvedanil B uslasustadyanves
a0l A Tunsdhguil onaiedymnisvuiuvewdnnmintulddmnannil A uay C d
whninandoufuluiiand B drewnidvinliiifiosand B widuiisuifamaianissutues
winnadaty wandidiuitluanginungeusuiviaaiendliausonsisaeunisy
furosufinunalddonuos ffuanisudosdinauanmeviuiivinlianidedinlunisds
wininadayafiRntuarbifimsvuiureainnndoya

JUN 2.7 annglvandoulsy

2.3.3 InslnAda CSMA/CA with RTS/CTS Mode
iioflagdanisiudgmlnuadoudull nalnalunismuaunissuldvesdygaludu

A7}
£%

MAC #us1m5g U 802.11 lasinasifiuwlsuaiuns (Control frame) unady 9 Juan 2 sy
HuRawlsy wisuAfesedaiininadeya (RTS) way wisududunisiededesdygiunouds
(CTS) edosiunisyuiuvesuiniag nio3eninlnsinaea CSMA/CA Tuluualnsuans

1 [y

VoYY RTS way CTS [4]-[8] ﬁﬂLLamﬂugUﬁ 2.8

Tun1sfaanfindesnisavdsuininnazdansuy RTS sonluneuiisidunisudeniiy
Uszasnsrvzduisuyanazilunisassvesdygia danreluisy RTS Usznaulddae
szezlIa91A1AI Y0 sdnyy1AULAIES (Duration ID) uaziiey (Address) vosanififds

[29) ! ~ a Ao oA Yo & Y v & o PN Y
LLazﬁ_ﬂiU muamuﬂmwwmaamuiuLﬂJ’eﬂ@i‘ULL‘Wﬂmm RTS &an ﬂ'ﬂu%mguuv\lﬁaﬂﬂﬂxﬁ‘U



1 dl' [

Joyanazdunsy CTS nduludsaaniids teidunisuansinanniifunseuiinzsumsudoya

aado o 1

waavuendayasvuznatinnitan1idnidsduininateyasgldtosdygyinaundnasa

al

Turasiorsudunsudafouaniisu wagﬂmamﬁumé’mmmﬁ?ﬂﬂw%uﬂﬁ’ué”mdﬂ Yozl
aniifimdarldvodypamazazduaniiou q Wusslwarduinnauemueseeniy
Juszeziamieieu ildaailay q vnisaeriaan NAV (Network Allocation Vector
Time) teatdunsusyisnanissundilivesdnygranviiiu Duration ID muiseylilumisy
RTS uay CTS uavaoniay 9 luveuwndya amsdessoauninan NAV fifewliasaa
dleanideldduimsy CTS udafazSininnisdunsuteyasenly draandsulasudeya
AsUfugndesiazyinnsdassy ACK ndusnilaniduiieiduveniinsdamsudoyada
uidhnsdsteyadumananildafiazidngnszuiunsudaoon Aeuilazyinsdsfininedeya

grlunsnaly

DIFS SIFS
—>

_ time

| SiFs |
j—!

Source

|
2]

ACK

Destination

T
DIFS | Contention window
|

1
|
FrTTTTTTTT
Backoff window | |
I Y Y Y |

Other |

Defer accesses

sUfl 2.8 nszurumsdaudiiniinvestnslynea CSMA/CA with RTS/CTS Mode
24 ﬂ'ﬁgU?‘Uﬂ'ﬁé}aaﬂ%ﬁﬁJLLUﬂ@BWlunqsaﬂﬂqi%Uﬁu%aﬂLLﬁﬂLﬂﬁ

Tulnslnaea CSMA/CA stslulnun basic mode waglvunasnsuaastesdayayios RTS
wag CTS ieannfifesnisiiavdufininausvesdyaraliinmionisfiaafduinnaly
wEusmsasiinnalduszauaudide lunmsiianniiazshnmsdauinnagity aandezdes
dgnszuruntsdaneifiuutneon (48] noudvagsanisnriinisdsuiininesild Tas
Fano3fiu uineeniaznesrivanaurasdufiasianisousd 2 aandiulugosnisds
wiinnaglunaien iy ssdmniaaniifous 2 aandtulurnsdsuinnaunmdeuu
awilfiAansvuiurowiininaludesdygiaudiudaardiviinisdaufinnagwuy
viudiviule AazvhliAnnsvuiuresiininaniglutesdygianuuliiu

nalnmsvheumesssuumssanesiuwunsetuazduiioaniifosmsezdudinng
8 amﬁ%v‘hmiejuLﬁaﬂﬂ"]mmwﬂwGi'mﬂ']imq%qs"m”[,%mé’igzyﬂmfﬁumwﬁﬁm (Random
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Backoff Time) d19eedayayauinsfiazsiinisanaiatudneenadiay 1 lnuaden lu
vauziefufznenedeudesdyanaimioliluse Swnnlunsduaniinsedeu
Teadyuindgnlddaining aonfidu 9 AfaruUsvasdiivesaldvesdyaalunisds
winnaLazitasanAIaILineonYeInuLeIeg 9ABIIINITNEANITANLALAIAIIAILIAN
wineenliiou (Backoff Counter Frozen) wagseauninaniifiindsdaudfininaegyinnisds
uiinnmauadeiundvesduaainidnads amﬁﬁaglumzmumiLLﬁﬂ@@Wﬁa%Léuamﬁw
naudaeerde aunsyitAaudnoovesmuesdduviiy 0 Invadondavanunsald
ﬁ@ﬂﬁﬁg@ﬂmLﬁaﬁﬂﬂﬂiﬁﬂLLﬁﬂLﬂmsg’]gﬂﬂ%ﬁ Tnendnnsyhauvesdanesiuuineendmsu ns
TnABa CSMA/CA basic mode wanssisluguil 2.9 [7] wazmdnmsvhauvessanei  uda
pandwmsulnslnaoa CSMA/CA Tulnundsnsuasstosdeyqia RTS wag CTS LLaméﬁ“ﬂugUﬁ
2.10 [7]

v

Wait IFS time
1
Still No
Idle?

Yes

. ) Choose a random
Contention Window
ok number R between
Size'is 2 -1 Oande-l
After each slot, if idle,
continue; if busy, halt and Wait R slots
continue when idle. {
Send frame
¥
Wait time-out
No
ACK
K>15 K=K+1
received ?

2.9 ¥aNMIINUYeIsanasiundaaanluluug Basic

€an
c
=D
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Set backoff

to zero

Persistence

strategy
-

Wait DIFS
-

Send RTS
3

Set a time

Wait backoff

time

CTS received before

timeout?

Yes

Wait SIFS
e

Send a frame
3

Set a time
3

Increment No ~ACK received before

backoff timeout?

No

Backoff

Limit?

Yes

JUN 2.10 wannmsihnuvesdanesfiuutneenluluusdansuaesdosdyaa RTS uay CTS

Tnendnnsvhauitosuvesdanesfuutaeeniu lunsdudenantisidisdans
'ﬁ?ﬂiégﬁiyiyﬁmiuﬂ%ﬂmﬂ%%juLaaﬂ“li"gﬂﬂ"mﬁ']Gi’]\‘l“lj"J\‘]%ﬂﬂﬁiiﬁﬂi%ﬁaﬂﬁfyﬁgﬂmiusﬁ?ﬂﬁﬁaEJ‘ﬁEjﬂ
fou (7, ) wazdnisasufininesluadousni liussaunnudusa lun1sdudenAmtinmng
ﬁzi'N%m'm";ﬂ%’ﬁziaaé’ﬁgﬁgﬂma%&&iaiﬂ%ﬁﬂ"ﬁ?iLﬁuéﬁuLLUULa%ﬂﬁwé’ﬂ (Binary Exponential)
[10] Fauanslugudl 2.10 nsgurunisannIsvuiuvesuininauuuiiagiiondn Binary
Exponential Backoff (BEB) Tngaunskansruduiusasifinturessuiantisaiads
msiaﬂ%ﬁmﬁmmmﬁuaﬁ’ﬂmumsa'qLLﬁﬂmm%ﬂﬁuaqmiﬁNmeU BEB azidumsaunis
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Contention window
A

1,024 1,024 1,024

W —————————_—— —_ — —— =

max

126

1

vooa 2 ¥ Yo
MIEUNNNALIATIN 6

o2 & 5 Y4
ATEUNALNAYIAIN 5

—— msdainifndiadad 4

v 2 ¥ Y o
> MSAWNANAEIATIN 3

v 2 ¥ Y o
> mMsdwAnnNAgIASIn 2

v =2 ¥ Y o
P> NTELWALIRYIATIN 1
{o o v o

JUN 2.11 msiiuduvesAvwIavtinaen1syslesslddesdyaunduiusfuinuiunisds
wininAg1vesane3fiuwuy BEB

o i fle Sunumsduininadwidouueoevawa Taedl i ogflurag 08 m(1=0,1,2,...m)
uay m Ao awageganiesuiuntsdufinneengsga Tasdandvhnmsdufinnngiauds
awagean (m) Tudeedinsduidondmihenstdinmssulivedygaoglurisanagean
(w,

max

) daundazdadinnediie whdmnnsdadnnedeyadide dmtdstaedans
éaﬂ%aﬁ@@m%gﬂﬁ”’qcsiﬂmjﬂé’ulﬂﬁmL%T'uéfu (w_) wiellunsguidentunsdiifods
whninadaadluadadaly
moqﬁéfaqﬁ']msLﬁuﬁiwmwﬁwGimm%qﬂ’m'aﬂ%"*daaé’fgfgmlﬂﬁaaqﬁqﬂﬂ%yh‘ﬁ'lﬁmmi
yuuresufininatiy Weflwanauhazndufivedsuuanidoud 2 andduluaedulien
AR5 TN Tl diesdaiifawindu Fasiliudazaonfviinisane
YuIAnTA19E9den1ssaldresdynaaumie 0 Inuadenlunanseaiu @suruanni

wnlenanazdularvuanisenistiedeslivesdyangdn) mewsinenazagule

9

Ninulnugionvasvuinntiiatnistiedensnlddesdyruuasviuanidiinane

nsfazinnsvuiurewinnadoys
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2.5 gnlgunsaanluaniizaaiwuuliisaiilas (Discrete Time Markov Chain)

W (X, :n=0,1,2,.) Wudduveswnuusdu Tunszumunsiluduwuunailinedos ¥

fiUsnlanuy (state space) S={1,2,..N} azamnsanani1 x, daudfidugnlgunsaond

< 1

annznawuuliseiilas [9] Arauwie

P[Xn =]|X1 :ilaXz :i2’ ,X

=i |=P[X, =X, =i] (2.3)
nAUNISN (2.3) wansdenutnazidulunisiedeudioaniuzuilsdulian (one-step
transition probability) n3snanileinauiiasidulunisiedeudwantuzves X, laguiv

1 I a A 1 & (Y 1 3
Anunaziluvesanugluefn il (X, ,, X, ..., X,) uidgduadiuauuiaziduves

n-2°

anuuzfeuniaan X,

laefien P[X, =] X, =i] Wuanuiszdusuuiideulaniue

giuA i uay

satuautaziiulunisirfoudiganiurainans i lUSana j wilsduaiavaiunsa
Weulaan

p,=P[X,=jlX, =i] (2.4)

Famuazilulunisindoudreanuzanunsadeuliedlugummine=n x N 1 lnaiid
anTnynaluamisndsaaduuin uazkasinvesmaundntulsazuaidediaiu 1
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=b.

UN

sanasviunlnoannsaldesdymralifinnsanmie

Wialdunisuanideenisvuduassuiining lunszuiunisidnfedesdyaralaely

o
Ny

TnsInaoa CSMA agldnsrurunisiumeeuuuds (Random Backoff) lngidleanniifidesnis
a'au,ﬁﬂLﬂmshmiaaéfigig']zuwiwudwsdaqé’zyzymﬁﬂé’agﬂi%’muimaamﬁﬁluag} aonfifideanisi
vdauiininazdgnszuiunisdanesfiuudaeen Tngazvinisduidenarvuianianienis
Pastesnlivedyaaluditosiiaaden (w._) wazdlunsdainnngiluadausall
ﬁ’]L%ﬁ]ﬂ’]i?juLﬁ@ﬂ‘d’N‘U@ﬂﬂIWU’]61‘1/1191’1G]I’NﬂWiﬁf’N%dmﬁ"Jﬂ‘g‘daﬂﬁmm’mﬂim%ﬂﬁ@iﬂﬁwLﬁmﬂéj’u
LUULATE Y ﬂwmuﬂ'ﬁammwuﬁ’umm%’a%aLLUUﬁL‘%Em’j’] Binary Exponential Backoff
(BEB) 3slu¥ A.¢1.2,000 Giuseppe Bianchi Miiausuvusiasadioldilunmsieseiaussauy
vosszuulnglindnnisgnldunrenuvulsideldionuy BEB [10] ndsantuuuudtaesiidy
ffsuegranlunslidfnuvinasimuiszuulassneviesdunuulfaneidionisnia1ide

[

AN1507ATU

3.1 wuudnaeegnlgunsrenuuulisiaiiiasiuu Binary Exponential Backoff
nyaldesdyaraliinisanevneg

wuudtaesiildndnnisnisannisvuiuvesuiininavesdane3fiu BEB luniseanuuy
Tngldndnnisgnlaunireiuuulinaiodun1singey anguit 3.1 dwueli b, Feanius

vosaaiieglussuulaed i fervesuinoonaina (Backoff stage) W3anisdauiininae,
AT i efA1ves i aveglutie i=0,1,2,.., W, InuN m AAIAMIZIEAYRITINIUNITAS

=] Y 1 A 1 <@ a0 I 1 N I~ 1
LWALARYT LhaESAT & ﬂ@ﬂ’]L’Jﬁ?LLUﬂ@@W%ENﬂ’]@QIU%’N 0,1,2,... W, Tnad W, ABANYUIR

(%
o Y

n1119N159219T9 5Ty g FeArauraninaen1sgastesanlddesdy gty
<

a d’( dyo (% . . Al a1 < 1 1 (% 1o
LWHYULLUULAYYNIEN (Blnary Exponen‘ual) 1Uﬂimﬂﬁﬂ’]uaﬂLLWﬂLﬂWN’]u‘U@ﬂﬁZUZU’]mVLNﬁ’]Li‘-\]

A}
¥

Wewniamsyuiuveswininanigludssdygin lnefnnuduiusitninewnsinsiiniu
YoantR1aN15Y9T9s e sd iU wIuNSATRININATIveesane3Tiu BEB aziduds
Aun3

W, =2'W,_, (3.1)
W =2"W.. (3.2)
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(1-p)/W,

(1-p)/W,

P/ Wi

p/ Wi,

P/ Wi

sUN 3.1 kuudnassanigunsaenuulusawiauy BEB ¥84 Bianchi’ model

Y Y

aun1s9l 3.3 wansmuduiusohsasunUasuunsenamaainwuaoonawmasuau (i,) 1
Juulreenamadalunioutnananadil (i) uazuaninsiuasunuasuantifnienisegs

Feswldvosdyanmann & Indaden luidu & Indaden
P={i,k |iy,k,} (3.3)

lunsdifiaauzuesanilanAiarudnoevasniiazuidnueionlneiiliinisasuuyas
ana daondazdsuananusiidaautaoenvindu k +1 lnusden Iy « Tnuaden
shefaunduiiy 1 Teednsegiawme i liwdsuuvas vieanusadouduaunisld
Faaun1sdi 3.4 fuansmuduiusnisiasuaniuzassaandain (ik+1) Wy (i, k)

P= {chanel is idle} =1
P={ik|ik+1}=1 (3.4)
Taofi ke(0,W,-2) ie(0,m)
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Tunsdifianuzvesananaiaiwinoerauiianluaug aofasfidgnslunsdwdinnari

1 [ 1%

Posdyrunazdinsuininagladgnise ﬂ'wLLﬁﬂaa‘V\IaLmaﬁuaﬂamﬁﬁ?u%ﬂé’ulﬂa@jﬁmm
Eud (i) waginsduidendvuamiiiinenstasdssulddosdyayaldurag o fe W,
Inueden Tnslunsdliaanianunsavhnsdauinnelddnsaduasdannuinsduiai
(1-p) 33 p AoArarmthasduiianifezdedeyalidniesudesminnnsruiuves

LRNLNA MSeaNNTasUTuaNNSIAMIENNITA 3.5 NLaRIANUFUNUSENSIUASUALAR2IN

(1,0) Ty awa 0,k sreArauU1ziduiiiy (-r)
0
. 1-p
P=30,k|i,0{= 3.5
{0.k 4,0} 7 (3.5)
Taofi ke(0,W,-1) ie(0,m)

Tunsdifiaaniddawdinnalididaiosaninsuiuswinnaneluresdyaranintu lu
nsdaufininagiassdialy uineewamavesanifiduaziudeuiullegiiuuaeanadaly
(ivFunilsutreariaina) u,aw‘hmizjmﬂ"mmwﬁ’]Gi’mmiﬁzi';q%ai'aﬂ%’sdaqé’zgfg']mt,ﬁwﬁu
i wieaunsadeuduaunisléfaaunisd 3.6 fivansanuduiusonsiiouana

(i—1,0) Wy awa (i,k) srvaradnudrazduvindu % FaRAan15RAIAILUAB DN

i

Wasuan o ndadesludu « ndaden wazAntroanawmalasuain i—1 Wy i

Taofi ke(0.,-1) ie(lm)

Foandvhnisdaufininadiauisutneevainagean (i=m) wiemsdudninaeindsi m
Imsn?iﬂ'wmwﬁ’]m"Nm3683@%@@1%68@@%’@@'1miualmﬁ%aQﬁﬁwqm (W) wazdniuy
ﬂ@ﬂﬁﬂ’]ﬁfwgﬂﬂﬂ@@:ﬁﬁmﬁ] m 5LLé’w‘hmi?jmﬁ'wmwﬁﬂGmmﬁi’m%qs'w’[fﬁfdaqé’iyiyﬂm
Tuths (0-w, ) auninazdwfininednds vieamnsadeuduaunsidfaunisd 3.7

wanaPNEuRUsoNsasuana (m,0) TUuawa (m,k ) seainnuuiazduvingu Wﬁ

m

Feronrsnaiatwuaeen o nuaden Wy « Inudden undsnsedans mlal
wWiguwlag

P={m,k|m,0}= (3.7)

RS

Tagi ke(0,, 1)
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Y o 4 ¢ [ aAa 1 < a
afvualit b, wnuantuzvesandlunszuiunisuiaeenidaimnuiazsdunaniusves
a 1 a S = ' al [ a 5
anllagediiawma i wazdidiauwdneenegh « lvuedeon lagid1 k vanasAsag 1
Insiadon vn 9 Yrsnawavesdyyimie Gaardazanunsavinisdwudininalamileriinig
anAIAIATLUABENIUTAYINAY 0 RewaNe (b,,) duluaiauiazduiianile o oz
o 2 = i ! @ & i = a |
dufinnafansnasInAnINUIazduivnuineenawmIanaiawineerauilaniniy
f < [ ~
0 Iniladen feaun1sin 3.8

m

Dby =byy+by+b,+.tD,, (3.8)

i=0

= Y a aa A o 9 & a X & ) =1
31n3U7 3.1 SAsannsaiiaadinnisdreudneeranaiuiuaSiwazviliudnoanaing
Weosnaniansvuiuresinneneludesdygia Inaisuainuineenanadl =0 (@09
a v & & A v i ! <, a ) o
wuau) Wilundeeeawman 1 mearanudiaziiuresnisiianisvuiugestininaniglu
Posdye iy p azanusalsulanaunisi 3.9

by =pby, (3.9)

N o v & d' ] P~ ad a )
NANNTA 3.9 @wnsamandiusnsildsullareenamavssaallunsunian ssuiu
vaauiininnneludesdeialanaaunis

bz,o = pbl,O = pzbo,o
b3,0 = pbz,o = p3b0,0

fudneeranaiiu by =pb o =P'by, (3.10)

a aa N A &
Wﬁ]qimqﬂimwaﬂqu@%WLLU@@@W?{LWQQQ@@ m

b, ,p=01-p)b,, (3.11)
b . — pbm—l,O (312)
" (1-p)

91Na@NN159 3.10 ausalisunNuduNusvoen b, lAfdEunIs

pbi—l,O = pibo,o
pi

bi—l,O = _bo,o
p

R
bi—l,O =p bo,o
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Wizm agla

bm—l,O = pmilbo,o

(3.13)
thein p"'b,, NaNATSA 3.13 wnudraslugunnsd 3.12 azld
p(pWHbo,o)
m,0 (l_p)
Inb
b, =100 (3.14)
- (I-p)
NANTUNTUEADNUBYNALN =0 LATUANIAMUADDWININY &
1
By, Wo P)D oo tboe (3.15)
o 1
1aed By = W —P) > bro + by (3.16)
0
WNUAN by, AU 3.16 adluaunisn 3.15 aglain
1 m
bo,k:W'(l_p)ZFobjo Z/ obi0 T B
0
1 m 1 m
by :W'(l_p)zj,ob/,o +W'(1_p)z,-:ob.zo Z, oDi0 T Do s
0 0
1 m
bO,k_W'(l_p)ijob/O-'_ Z,o 0T Z 0b10+ +b0Wo
0
1 m 1 m 1 m
bOJc WO'(l_p)ijob./lO +WO'(1_p)Zj:0b./0 Z ob/0 te +W0 (l_p)z,-:ob/,o

dadumaanhzduiianiazegians i= o waslidaudaeenlniviiu & agldd

W, -k m
bo,k:( (;/V J'(l_p)zjob/.o
0

(3.17)



fsannsdlanilegfiawa 0 <i<m warlidniaudnoanviiu &

bi,k =—p 'bi-l,o +bi,k+1

|- S[=

QRN b=

1

P 'bi—l,o + bi,k+2

wnue b,,,, 31naun1si 3.19 adluaunisn 3.18 agla

1
p 'bi—l,O + W P 'bH,o + bi,k+2

1

1
ik Wl
1
A W, W,

1 1
'p'bi—l,o +W'p'bi—l,0 +W'p'bi—l,0 ot

1 1
p 'bH,o +—p 'bH,o +—-p 'bH,o +bi,k+3
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(3.18)

(3.19)

v o 1 1 ) P = | 1 <@ @ PR
muummmm%Lﬂuwamu%ag‘mmm 0<i<m WHAzIAINAMUADDNNNY & %31@’3’1

w.

1

W —k
b, = [l—j Pby,

a = AN A a ] "W
Wﬁ]’]imﬂﬂimamuaqwamﬁ] i=m WazdAIaWUABBININY &

1 1
bm,k :Wm'p'bm—l,o +Wm'p'bm,o +bm,k+l
Tned b o ——pb 4 ph 4
ket W P09 W P 0,070,510

WIWA B, 91naun1s9 3.21 adluaunisi 3.20 ezl

1 1
b, A

m m m m

1
bnie =57

m m m

b =

1
i =7 p(bmfm +bm,0)+7 : p(bm—l,o + bm,o) +W ' p(bm*”)

1 1
p'bmfl,O+W'p'bm,0+7'p'bm71,0+W'p'bm,0+

b

m,k+2

p(bm—l,O +b, ) t—"PD (bmfl,O +b, ) TP (bm—l,O m,0 ) +b,

(3.20)

(3.21)

(3.22)
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P =

fatuiaanihsduiianfozegiams i=m uaslrmaudaeenviniu & 2ldin

b, = [ Wr;V_ kj P (bm—l,O + bm,O) (3.23)

m

NN 3.17, 3.20 way 3.23 annnsaleuaunisrnuiisiduiiaantzegianalae
e ke (1w, -1) laasaunisi 3.24

. (1_p)2j1:obj,o i=0
b,=——1p-b., O<i<m (3.24)
p : (bmfl,O + bm,O) l =m

v v ¢ { ° v m b
NANMUFUNUSVDIFUNTTN 3.10 WAL 3.12 LarAINUA LA " by = i 00 QzanuNsaLley
= -P

aunsi 3.24 Tvallgan

b, =——"b, (3.25)
Tnefi ie(0,m), ke(0,w,-1)

nANLEURUSWOIALN5T 3.10, 3.12, 3.24 way 3.25 FnanaamuUnandutaiunves

wipeanawmala (b, ) Atuiiszuvegluaniuzaeda (steady-state) NATINAIAIINUIRY

[ -
LUU%@QV!ﬂﬁLGW%%LVI’]ﬂU 1

> b, =1 (3.26)
i=0 k=0
730
m Wi-lyr
Dby, Wi—k_, (3.27)



21

W 1VV k a d' I~ W +1
11943987 [10] Tenanuasliiiuinmey z W G RIDGRIN '2 LATLNUALRAY
k=0 i
adluaunisi 3.27 agld
2 W +1
Db, ——=1 (3.28)
=2

nANNduTusYes W, =2, Tuaun1si 2.1 ssduilleunua1ves w, asluaunisy 3.28

avlgsaunisi 3.29
Zb,,o T =] (3.29)

iUl W = awnsadouaunisn 3.29 Tuadladu

n 4
3, =1 (3.30)
o 2

A1 b, , 99NINNNATIN kedaNaU b, nsiagle

m—1 i
[Zb,-wbmo}{z W”j:l (3.31)
pr 2

m

P"by,

(1-p)

m-1 ”’b 21' 1
szb00+p 0,0 W+ -
i=0 ' l_p 2

m—1 m
ﬁ{ p+L }(21‘W+1)=1 (3.32)

NAUNISA 3.12 adluaunisi 3.31 azle

wnuen p'h,, INAUNITN 3.10 uae

2

$MNI1SNLIBNAY

m—1 i_m m—1 m
bug [WZ W2p +> 7 +p—} =1 (3.33)
p .
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MUUALA i = m 9@ UNTaUTEUNUAT LA = annsadeuannisi
l-p l-p l-p
3.33 Tulanadl
bO 0 m—1 ; W (2p)m m—1 ) pm
—\ W) (2p) + +)> p'+ =1
2 20( ) l-p Zo: l-p
m—1 LW 2 noo ) m 2
wy (2p) + (27) +y. p'+ P__ < (3.34)
i=0 1_]7 i=0 1_p bo,o
. 2 m l_me [y 5 V1
3InN4) Summation »_x" = 1 Aatiuagladn
n=0 - X
B (m-1)+1 m
i=0 1-2p 1-2p
m—1 : 1_p(m71)+1 l_pm
p = =
pary l-p l-p
) 1 1_ 2 " f— m | Q"
1}7An (2p) war P uyudnadluaunisi 3.34
1-2p l-p
1-(2p)" | w(2p)" 1-p" p"
w ( p) + ( p) +1 14 + P =i
1-2p 1-p I-p 1-p by,

w(1=(2p)")(1=p)+ W (2p)" (1-2p)+(1-p")(1-2P)+ p" (1-2P) 5

(1_217)(1_17) bo,o

2(1‘1’1))(1‘21’) =(1-2p)(W +1)+pW (1-2(p)")

v & 1 1 ) a = 1 ) [
muummmm%Lﬂuwamu%ag‘mmm bo,o AL UUNIFUNT

2(-p)(1-2p) (3.35)
(1-2p)(w +1)+ pW (1-(2p)")

0,0
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azduararnnsaniAInudiazsidunaanazausadanininarutdesdyyirala (7)
WewnnmsanAnatudaeenauiianiiiu o lniaden avludaunis

-\ by 2(1—p)(1—2p)
T_gbi’o_l—p_(1—2p)(W+1)+pW(1—(2p)”’) (3.36)

3.2 NSIEMATANINUAATILUADDNHLAILALVUIANTIA19N15T 9T 93T

4

1 = o 1 4 [ =
Yoy rnuuuuasiiuwuuTIaasanlgusneruuulsinaios

dielinsiuamainnuiasdufianndlag azvhnisdwuinnaniutesdyyio
(Transmission probability: 7) vesyndane3iudaiuluuinsgiudeadulunisiing
nsimszntndseuiieu lwinednusiuildinedaieatiunudded 21] fuualian
wOmeevanagegawiniyu 8 awa (0 89 7 awwd) wazAminenen1syedesuldvesdygyind

Agaaniniy 1,024 ngladen (0 A 1,023 Insladen) Tnedunmssiasssane3fiuLunoend
ﬁmiﬁmumﬂ'wLLﬁﬂaaWangaq@LLazﬂ'mmwﬁﬁﬁmmﬂm%ﬂiwii’fﬁdaqé’mmmLLuuﬁdw
Fixed Backoff Stage and Fixed Contention Window (FBFC) §39z¥n1s@uiaimamiy
Uasduiiaondle q wwdwininmiuresdyyradfiaglnusden (Slot-by-Slot Transmission

Probability)

3.2.1 N15912899an93914 Binary Exponential Backoff nsaivasdyayialaitinisans
e

Tunisdraesdaneifinuvasenlaslindnnisgnlaanseeuuuliseideaiierinis
Ansenlezauneideannsnvessruy Tunuideiuenanagldineda FBFC ifialiiAn
upsgrufgilunsiiesgudn Gahaduls manusduiiaaile g demgain
N158AAIALUADINAUNINYOIFYYIUALIN (P,) aﬂﬂimmm‘haaqLﬁaiﬁt,ﬁmmmgﬂéfaq
wndetu Futulunuided [22] fuiaueuuuiaesifundniandle q domgainns
andauineenlitrivusuazsorunianidiinisandwaudaeerauiidnviniu o
Inuedonuasiianslunissiulddesdyraviinisdaiininnaundliase audesdyyio
ndunindnadianniflandivinisuganisansnatutaeeliFeazamisarinisansn
naudnoonsioly futu nssiasssanesiiu Binary Exponential Backoff (BEB) lneldinatia
FBFC wazifinsuus P, aslulunuudraes ﬁmﬂm@fﬂugﬂ‘ﬁ 3.2
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o '
O

o '
O

' '
FLY

o 0
O

Backoff stage change

o 0
FLY

o '
O

' '
FLY

LnEs

Contention windows change :l

|
|
3UN 3.2 wuudnaesdanesiiu BEB nstlvesdyaailiiinnsanme

=

Wefagmianudrazldunanidle q azsinisduininariudesdyyin 7 199
9 a= a a ~ Ny | < 5 & = ad
8aneIfuwuY BEB 9¢13uRTUINNsdliNan i aen15azdauininagiaTawsn dansalil
anfazegfiulnoenanall o wazvinisduaiaiwlneonlurdAvuIAnENF1aN1599939
Hiulldvesdyuntdesiianteu vie W, @uludae 0 fa 7 nusden) laeazisuannis

min
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o 1 ) a aa 1l a a1 = - <@
AunANIIzilunaa ifiaaugegiiaman 0 wazddaawinesniviriu 7 nushen
wiedlianuunezlunanifiaausegiana b, ¢l

N

_PF)b0,7
i=0
7
(1-2P, Zblo
i=0
_p 7
b, =———> b 3.37
o 8(1—2PF)ZO:”° (3.37)

fmniluvasiudesdygudindianuznined anndazyinisanaaiuiaeenadludn
1 Inueden uidirsegiuunsemainan 0 dudy inliaandvdeatiawineenlnuuiniu 6
Iniladon viedidmnuiasidufianndazediiawa b, aunisi 3.38

1-—
( ] 0 T LrDos (1 P)b,7:(1 P)b
1-p)
(1-2P.)b, ( 5 )Zbi’0+(1—PF)b07
i=0
7 _pF)
b 3.38
"8(1 2PF); -2p,) " 538

wnuen by, 9naun1sn 3.37 asluaunisn 3.38 azle

( _ 7 1 p) _ 7
o 8(1- gb’”l 2P)(8(1 2P, Z(): J
by i MZ&-O (3.39)

=0 (1 -2P. ) i

F
J ib,.’o (3.40)
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funingesdygiafianiuging anndazyiinisanAnatuineenanies s assay 1 nuu
a809 AT ITNANNITAIUIALAEITUALNITN 3.37 B9 3.40 AUIINIAIANNUNILTUN

N a |l A i < a " w 3 = N
amumamuzagwmmw 0 kazanAILIATLUARRNAUNLANINY 11‘1/]1]@@@9’1 RIDADTIUUAN
1 1 N | [
AutaslunizegNawa b, AEuns

l—p) 7 _ 7
by, S(-7 ;L 2", }ZO‘, (3.41)

F

v
ISP ! = IS

Weaadvinisanaaudaeslnugunsysdiawingu 0 luueden (b,,) aardaziianslu
M3dUAnNagIAsILINTIawall Faausameuduiiusesaunisiaaniazegana b,

Igeail

1- 1-p)
1”61; W 8p)b0,0=( 8p) by +(1= P Y, (3.42)

Il
=1

WIuA1 By, 91naun1si 3.41 asluaunisn 3.42 e

R
A
—_
—
|
=
N—
N——
P@‘
=]
—
—
|
S
~
<

(I-p) & (0-F) | <
g 20t(-R) 8(1—?)2[(1 2P, J o

F

bo,():%gbm (1(_1;;9)]) i[(l > Jib” (3.43)
(I e

8 16

lunsaifiaardvinnisanaiiainineenauiavingu 0 Inudden wiedararuuiagidud
anilavegfana by, aofaziidnslunisdwininarudesdyyiuginisusniianatl widn
N o 1 < 1o < = LY a = 1 <@
winaaivinnsdaininalidnia Tunsdlvesdanaifiuiuy BEB A1voininoonana o9
aoflaziiindu 1 uimeoama (Wasuainuireevawmad 0 luiudreevanai 1) uays
n1sduAtasuasenlugisvesAruIaninaiin1stedesinldvesdyyraiiudulu
Wind (duluae 0 Bs 15 w3e W)
Taelunsiiegmanudnsduiiaondasyhnisduininediaiefiaesiians b, szi3uan
o 1 1 [ N = |l

msmmmmmmmm%Lﬂuwamu%agwLLUﬂ@@Wame 1 uagdimnaudaeevviniu 15
Iniladon vieanunslunaofozegfiaws b FaEunsi 3.44
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p
Rbo,o + PFbl,IS = (1 - P )b1,15

(1 —-2P, )b1,15 = %bo,o

p
h.=—2PL p (3.44)
oe(1-2p,)

1% & 1 [ o = 1 1 = [ 1 < a
pnluveiuYe e zymumm:uamumwag ﬁﬂ’]u%%%’]ﬂ’ﬁa@ﬂﬁL’Jﬂ’]LLUF"I@BWﬂQIﬂ@ﬂ 1

o

S A !

Inuedan vlranrdivdaraindaesWlnuminngu 14 nusden wSaliararuu1asidun

€

= | o
A0ULDYNAND by, AU

%bo,o +(1_PF)b1,15 +PFb1,14 = (1_PF)b1,14
(1_2PF)b1,14 :%bo,o +(1_PF)b1,15

1-P,
= Tei L = )bo,o + ((1_2; )) bys (3.45)
F F

wnuen b5 3naun1sn 3.44 asluaunisn 3.45 agle

Ho1e(1-2p) M (1-2R)( 16(1-2P,)
p(l_PF)

P
b = b b 3.46
M 16(1-28,) 0’0+16(1—2PF)2 v (2:46)

Iaguaunisn 3.46 lnd aela

. __p (=R), . p (-B)
Mo16(1-p) (1-2R,) 7 16(1-P.) (1-2P,) 7

_ p (I_PF) '
B _16(1—PF);[(1—2PF)J Bug (3.47)

fvnIndesdyadaniuring annflavsitnisanAatudneenassesq assaz 1 nuu
dden FeanunsaldnannisAulanfeaiuannsi 3.44 fe 3.47 Auiumeiauiezdud

an1ilavegiawa b, Asaunisn 3.48
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15 P

_ p (1_ F) '
b= 16(1—PF);[(1—2PF)J Bug (3.48)

aa

Lﬁaamﬁﬁf]miaﬂmnmLLﬁﬂaaWQuﬁmmﬁaMﬁU 0 lnueden aodiansfiaginnisds
WinnEnaSTiaefiana by,  femnauinay Lﬂumamuavasmm b, awidusisauns

T)b10+32b10 ’;b00+(1 P.)b, (3.49)

wnuen b, 91naun1sN 3.48 adluaunisi 3.49 ala

L
(I-p), p p S
by =by, +(1-
[ 8 32) 16 ho * 161 P, Z‘ 1- 2P) Pog

p p j”((ll’p)

b1,0: b0,0+
16((l_p)+pj 16((l_p)+p A(1-28)
8 32 8 32

f1vnandvinnisanatiaitiasanauilaingy 0 nusdenual wadinsinnIsaannnng

j by (3.50)

¥ 1o @ a o a = d’( = 1 1 1 4 1

Toyalakidnia anrfazihnisasuuineenamarulunilsamanazdudedvuinniinig
N9l vesd el iuIuLu Uil FsanunsalrudnnisAiuinidufgany
aun1sn 3.37 89 3.50 WemArauazsduaandazdaiininegfiana b,,, by, , b,,,

by, by, Waz by, lonsauns

p p 3‘((1—%)

L
by, = b o+ j b (3.51)
((1 20 pj 32((l—p)+pj &
8 64 8 o4

P p o (1I-R) |
b,, = b,,+ by, (3.52)
’ (( -p), P ) ’ 64((1p)+pj;((1—2PF)j ’
8 127 8 127
p p 127 (I_PF) )
by, = by, + Z( by, (3.53)
128((1 p) pj 128((1_19)4_1?) L=l (I_ZPF)
8 256 8 256
255 1_p) -
by, = P by, + P U=F) |, (3.54)
0 256((1_]))_,_])) 4,0 256((1_p)+pj L1((1_2PF)] 4,0
8 512 8 512
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o

Wudaarflagyinsdaininaeudosdeniune
r=P(TX) (3.57)

TusnAded 111), 113] way [15) Ifuanslifiuindivuely 7 Aemgnisadanidazin
nsaawinINARIuY oI ae I way AvuAlA (s =) ﬁmmmimﬁamﬁ%ﬁamuzaguiﬁatm
i Tnoil ¢ odwunisdawiininad ifidiogluras 0 fam) d m Aervesnisdaufininagy
ﬂ%ﬂ?j@]ﬁ’]& é’qﬁ?whmmm%Lﬁuﬁamﬁ%ﬁ’midqLLﬁ’ﬂmmchusdaaé’ﬁgfynmﬁluLLGiaslmaJﬁam
LL‘U‘UEjmﬁaﬂ (Unconditional Probability) LLazmmqwimaqw dUBayes’s theorem) 9%
ausaeulan

_P(IX|s=i)P(s=i)

P(s=i|TX)= PTX)
P(TX)%zP(s:i) (3.58)

e ludnnean e AT

o P(s=i|TX) &

P(TX)Y —————==> P(s=i)=1 (3.59)

S P(IX|s=i) T

AatuAmNdazdunandazyhnisdauininerutesdygraazanunsaldoulain

r=P(TX)= ! . = ml = ! (3.60)
v P(s=i|TX) S, by +by+byy+.tb,,
) — i,0

S P(TX|s=i) |
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agtlumaudasiluiianndle 9 azvimsdawinineautesdyaaveswanssfiy BEB sl
Mosdaygadlaifinignsme (z,,,) aeludaunis

1 1
TgEB = = (3.61)

Zb‘ . bo,o + bl,O + bz,o + b3,0 + b4,0 + bs,o + bs,o + b7,0
i,

WAUAN Doy, By, byy, by, byg, bsy, bsy WaE by, 91nEUNI5T 3.43, 3.50, 3.51, 2.52,
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, __ B, (-R) B (-R) (4.36)
MR (=28 (=R (128 )

TdnannisAuIReIfUann1sa 4.33 89 4.36 Tun1sAulamAIANEIsduanIiazyin

1 <@ a0 = 1 v} <@ = 1 1 [~ d' 1
n1sandIawdneanauiinmdewiniu 1 nuben viedA1ANuIazlunaniugazey
Viawa b, Aeauns

1)&*9 [ (I_PF) J b0,0 _|_( 1)"" [ (l_PF ))J b2’0 (437)

YT -p) (128 =P\ (1-2F;

= a o | = a0 [ o N YR
Weaninnisanaatiiaoonaudaviidu 0 nuihen azauisallisuanuduiusis
aunsAnaudslufianndazegiiawma b, ladaunis

Pb,+P.b,=(1-F)b, (4.38)

cce

WUA1 B, NauN1si 4.37 asluaunisi 4.38 aglel

p (1 P) 15 p (1 P) 15
(Pce+Pcce)bl,O=(1_PF) <« ( - j bo,o+( < ( - J bz,o

(I_PF) (1_2PF) l_PF) (1_2PF)
15 15
. P. (1-PB,) b+ P, (1-P.) b (4.39)
S (BerRIN(=28)) T (BB I\(1-25) )

v o 1 = a1 [ I3 v v [ 1 <

ananiiviinisanaainineenauila1riidu 0 lnusfonual wadiawinnisasining
lolddnse annflazimalasuninesrawmatulunilsamauazdud i aunaning 19Ny
Fesrulesdygraintunuuinganely GeauisalinannismuimguRgfuannisi



4.26 83 4.39 WomArAnuutaziluiiaatazdwiininagifiawa b,,,

waz by, lARIEuN1s

by, by, b

31
_ Bee (I_PF) b+ L. (I_PF) A
0 (IDCe +})L’C€) (1_2PF) v (})LG +})cce) (1_2PF) 0
63 63
_ Bee (I_PF) b+ k. (I_PF) b
M (1)&’ + 1)&’6) (1 - 2PF ) . (})LG + })cce) (1 - 2PF) o
127 127
— Pcce (l_PF) b, + Pce (I_PF) b
o (1)&’ +1)cce) (1_2PF) 0 (1)6? +1)cce) (1_2PF) >
255 255
_ Be (I_PF) B, (I_PF) b
0 (IDCe +1)cce) (1_2PF) 0 (1)6? +1)cce) (1_2PF) o
511 511
b60 — })L’ce (I_PF) bs() + })L’e (I_PF) b70
’ (})L’€+})L’CG) (1_2PF) , (})L’6+})(’L'€) (1_2PF) ,
1,023 1,023
— [)cce (I_PF) b+ Rce (I_PF) b
* (f)ce +B‘ce) (1_2PF) ° (B‘e +B‘ce) (1_2PF) "

307 74,00 7500
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b6,0

(4.40)

(4.41)

(4.42)

(4.43)

(4.44)

(4.45)

Aadugrnnsmarauinazldunaantle o azdawininariudesdyyruvesdansifiu

wiAeeNLUY DIDD N3tesdaya1eulinIs919MI (2ppmpuam, ) HHANANNTT

T pipDfading =

AUUA LA

(I_PF)

_E.

1

P

+ cce Pce(PFF )7

o (1-2p)’
_BI(P,+P

cce

)

cece

C1

-P,(P,

l)ce(PFF)7
F)“Al

[)ce(PFF)3l

DI(P,+P,)

cce

-P (P,

)

El

) P (P
FI(P,+P,)

cce

Gl=

-P,(P,

- )127 Cl

F)SllEl

[)ce(PFF)Sll

)

b0,0 + bl,O + b2,0 + b3,0 + b4,0 + bS,O + b6,0 + b7,0

Bl = Al (f)ce + f)cce ) - f)cce (f)FF)15
Rre(PFF)IS ,
Dl = Cl(Pce +Pcce)_Pcce(PFF)63Bl
[)ce(PFF)63 ’
Fl = El([)t‘e + PL‘CE) B PL‘ce(PFF)255D1
[)ce(PFF)ZSS ’
1

/Z' . =
DIDDfading 1+A1+B1+C1+D1+E1+F1+G1

(4.46)

(4.47)
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4.1.3 N15918998an837U Exponential Increase Exponential Decrease Bcakoff
NIUYDIAEYYIUANITANNAY

Tunnss1ansdanesfiuutnoen EIED nsdlvecdyaiaiinisarametiy axldmdnnns

Ansevnsuiuddsunineeramanaznisguidonavuianiiisanisdednissld

YosdygranniouiudanesiuiuavenLuy EIED nstldesdyaaluiinisanamie ueayly

v a J 1 I al' =l 1 @ 1 1 Y o < I~ 1o <
‘Viaﬂﬂ'ﬁ’lLﬂi?%%M’]ﬂ’J’]ﬂJ‘U’WSLUUVIGO’]U%%GQLLWﬂN’]u%ENﬁiUiU’]mlﬂﬁ’]Li%‘ﬁi@lma’]Li%

A

wana1eiy nensdiaarazaunsodawiininarudesdyyralatuazgnivualmndu

[/ Ag]

[ <

(1-p)(1- p.) wazrANUIInduRan ddwiininarudesdyaalddisaasgnimuali

g

Hu p+(1-p) P Fsguil a4

(1-pX1-P.)/8

(1-p)1-P.)/8

\ (1-p)(1-P.)/8
—
foeT . ) - (p+(1-p)P)/16

(1-pX1-P/16
(p+(1-p)P)/32

) - . (1-p)X1-P)/32
[ AR .B X (p+(1-pP.)/64

(1-p)1-P. )64
(p+(1-p)P.)/128

Backoff stage change
e~
VI

\ (1-p)1-P.)/128
[ — -
- £ 6

Y (1-pX1-P)/250
R N P
R /| e (p+(1-p)PY/512

(1-p)X1-P)/512
(p+(1-p)P.)/1,024

(p+(1-p)P.)/1,024

|17 Contention windows change —'|

5UN 4.4 uuuiaesdanesiy EIED nalesdyyiniinisanang

(p+(1-pIP/1,026
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S manmslnsiaianuezduazaneiu wisuuuunmsaaadunismeainiuiiag
Juntaaniile q szdwininadeyanudesdygradnsddndnnisiy lagluniswiAiaiy
1 Id a = o 1 < 1 1 o [ a = = =
azuitandle q azvinsdaininerutdesdygin « veaneiiuudasen EIED nsel
Yosdygadinsaneme azisuiansannNnsNaa1lfen s duNnINATIATILIN FanTel
dy = A & P a 1 a 1 Yo [ [ I3
Hannfiaregnudaeavanad 0 wavdAmvuingiedinssuldvesdyaiaintu 7 nuihen
= 1 1 3 P =l | [

vserAaziluiianntiazediaw b, faunis

P’e IDL?
é bo,o + PFb0,7 +?b1,0 = (1 _PF)b0,7

P’e })L’e
(1 -2h; )b0,7 = ?bo,o +?b1,0

P P
by, =——%—bh © __p 4.48
“8(1-2p,) °’°+8(1—2PF) e (448

v 1 1 =

dmndesdyuddianiueiineed andesivdeulvegnawma b, Ferianutiazdudn

Y

= 1 o < [
A0ULOYNAND by, LLUUANENNTT

P P
é‘f byo+(1-P. )b, , + P.b, +fb1,o =(1-F )by

P P
(1 -2P. )bo’6 = ?bo,o + (1 -P. )bo,7 + ?bw

P P (I_PF)
bys = ——%—b © h 4.49
" 8(1-2FR,) °’°+8(1—2PF) 1’°+(1—2PF) o (4.49)

WnuA by, 9NaUN15N 4.48 adluaunisi 4.49 ala

P P (1-P.) P P
b - ce b ce b ce b ce b
“ 8(1-2R,) °’°+8(1—2PF) 1’°+(1—2PF)£8(1—2PF) °’°+8(1—2PF) I’OJ
1-P 1-P,
bys = e popte g oyt U=p) , & (=F), (4.50)

8(1-2R,) " 8(1-2R) " 8 (1-2R,) "' 8(1-2R.)(1-2B,)

IagUaunish 4.50 Tndl azladeaunisin 4.51

R, (I_PF) R, (I_PF)

b0,6=8 bo,o+
(I_PF)(I_‘?‘PF) S(I_PF)(I_‘?‘PF)
Pce (I_PF)2 b + Pce (I_PF)2

b
8(1_PF)(1_2PF)2 0,0 8(1—PF)(1—2PF)2 1,0

1,0 +
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e Lo L AT

T¥ndnn1sAuiafeIfuauni1sa 4.48 89 4.51 TunisAuiumiaiAnunazidunanitlazyin

1 <@ a0 = 1 v} <@ = 1 1 [~ d' 1
n1sanAIawdneanauiinmdewiniu 1 nuben viedA1ANuIaslunaniugazey
Viana b, AIaUNI3

3(1 ;[1 2P, )J o ;[1 2P, )J v (4.52)

= a o | = a1 [ o al YR
Woaninnisanaatiiaoonaudavidu 0 nuihen azaunsailisuanuduiuss
aunsenudezdufiaandazegiiawa b, ladEunis

P*ce 1)&’ })L*e
1L6 0,0 :?bo,o +(1_PF)b0,1 +?b1,0 (453)

WA by, 91naun1sh 4.52 asluaunisn 4.53 azla

L
P P P 7 P 7 (1_PF)
cceb — ceb ceb I—P ce b
16 00T g 0Ty o (8( Z‘[l 2P, )] bo ¥ 8(1- P)Z_;((I—ZPF)] 1’0}

P P
by = b t——=b,+

0,0
8 Pcce 8 Pcce
16 16

8( ]i{l 2P )J °’°+8(&);(((1122))]Lb1p

16

Samnaanilinisdaininalidnsaiiaws b, 4 lunsdvesdaneasfiuuuu EIED nsdl
Yosdganadnnanesveudaeenanavesanianiviy 1 uireenamauazyinisdu
BenAnvunantiinsnstisdenlddesdyanalutiaiiiutusuuiaedings (@ 0 fa 15
Insiadon)

Tnglunmsmenanuiandufiaadasvhnisdudnnadiadsiiaosiang b, i

PnnsamammAuasduiidaiazediiawa b, AeEunisi 4.55
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l‘g by + Prbys + 1‘6"’ by, =(1-P. )b,

(1-2P)b,, =Ly Lee

16 ™ 16 >
PR TS, N - (4.55)

16(1-22,) ™" 16(1-2B,) **

fndesdyaadadianiugfiineey andazsasuldegfiama b, Feranudiazdud

= | ) [
A0ULOYNAAD by, WLTUAIANNTT

P,
ﬁbo,o +(1=P.)by,s+ Pobyyy + 12 b2,0=(1-P,)b,,

P P
(1-2P.)b,,, = ﬁbo’o +(1=P.)b,,s +sz2’0

[P TS U\ (I_PF)bm (4.56)
o16(1-2P,) 7 16(1-2P,) (1-2P.) >

wnue by, 3naun1sin 4.55 asluaunisn 4.56 agle

p oo P, R y B B o R,
M16(1-2R) 0 16(1-2P,) 20 (1-2pP.)\ 16(1-2P.) ™ 16(1 2B,)
iy = [)Cce [)Ce +i (I_PF) + [)Ce (I_PF) b (457)

16(1-2P,) °’°+16(1—2PF) Y16 (1-2p,) 7 16(1-2R.) (1-2p,) '

Jaguaunish 4.35 Tndaglel

b _ 1)cce (1 _PF) + 1)ce (I_PF)
"o6(1-pP ) (1-2R,) * 16(1-PB,) (1-2P,) **
Bee (I_PF)2 B, (I_PF)2

+
16(1—PF)(1_2P y 16(1—2PF)(1_2P y

T6(1- ;[1 20, )J RANTS ;(1 20, )J 0 459
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TdnannisAuIReIfuann1sa 4.55 89 4.58 TuniseuiamaAauuIasduianiiazyin

1 <@ a0 = 1 v} <@ = 1 1 [~ d' 1
n1sanAIawdneanauiinmdewiniu 1 nuben vied1ANu1azlunaniugazey
Vema b, feauns

P, $(0-R)) P & (-B)Y
b o=l A > . |
: 16(1_PF);[(1_2PF)J 0’0+16(1—PF)LZ_:‘[(1_2PF)J 2.0 (4.59)

= a o 1 < ISP v 3 a LYY

WIBANNUNIINITANATINIANLUADBWAUNANNINY O IVIQJME@G] LANUTAVYUAINUFUNUSAB
J 1 I N = |l Y

ﬁllﬂ’]iﬂ'1ﬂ’)’]ll‘lﬂQELUUWaQWUQSBQWﬁLW% bl,O lﬂfﬂﬂﬁilﬂ'ﬁ

P P P P
?‘-’bm +3‘—‘2?b1,0 = ﬁbo,o +(1-P. )b, +sz2’° (4.60)

Wiuen b, 9NauN1sN 4.37 asluaunisi 4.38 el

L L
P, P P, P P, < (1-5) P, &((-F)
ce cece b = cee b ce b l_P cee b ce b
Es ’ 32] =6 0 16 2o+ ”[16(1—&)%[(1—2&)} °’°+16(1—PF)L2=:‘((1—2PF) 20

P P
By = by + “ b+

0,0
8 32 8 32

L L
P 15 (I_PF) P 15 (1_pF)
cece b + ce b
16(%%%((12&)} 16(%%);[02&)

(4.61)

& 32 8 32

swnnaaniivinisanaaaiuiaeenauiianrindu 0 Inusfenudl wadsawinisdaiinng
#laidiga amasvhmadsuutneenanatulunisanauazdudsuaningansgis
%q'ﬁ";ﬂ%ﬁziaqé’agzgmﬁu%uuwaﬁwiaiU Faanunsalindnnseunanduieatuaunisi
0.48 4 4.61 ilemamnianduitaofagdauiininasiiana b,,, by, by, byg, beg

waz by, loRsauns

P P
bz,o = < bl,O + <~ b3,0 +

32 i_ﬁ_i
16 64

3o oo g Lo |5
16 64

(4.62)

31

P

L
P (1_ F)
b ce b
1_2PF)\] 1,0+32(1)ce +PLU3JLZ;£(12PF)J 3,0
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P P

b3,0 = “ bz,o + < b4,0 +
64 i_ki 64 i_‘_i
32 128 32 128
L L (4.63)
Pcce & (1 _PF) PCe S (I_PF)
P, P 2 1-2P bro ¥ P, P 2 1-2P Puo
64 ce 4 ~cce L=1 ( - F) 64 ce | “cee L=1 ( - F)
32 128 32 128
b4,0 = PPM P b3,0 + PPCE P bs,o +
128 —& + —«< 128 —& + <«
64 256 64 256
L L (464)
Pcce A (1 _PF) Pce \- (1 _PF)
P, P )2 (1-2P,) Pt o p )2 (1-2P,) s
128( — +""“’) = F 128( — +””“’j L=l £
64 256 64 256
PCCE PCe
bs,o = P P b4,o + P P b6,0 +
256| —co 4 Zece 56| —ce 4 Zece
128 512 128 512
( ) ( ) . (4.65)
PCCE l_P PCE 255 1_P
P, P Z:£(1—2i§ )} P P, P ZL(l—Z; )J bas
256| —ce 4 Tece | L= F 256| —ce 4 “cce | L= F
128 512 128 512
P P
by = by b
256 1,024 256 1,024
., (4.66)
511( J 511( ) }
Fe 5,0+ 7.0
sio| Loy fe JE\U- 2P) 512 i+ Bee |\ (1-2F;)
256 1,024 256 1,024
P’ce Pcce
b7,o = y P b6,0+ P, b7,0+
1,024 | —<« 1,024 —=
512 512
. (4.67)

P 1,023 (1 P) 1,023 ) L
mP Z(l 2; Jbﬁ’“ WP (1 2P ] 70
1,024 —c | (1-27,) 1,024 —c |~ ¥)
512 512
muummaammmmuw s fufiandle 9 dausininmauted WYIUUDIDANDINY

wOReaNNsdiYedyIUTNITIY EIED (7hmpum,) MAINEUNTST

1
b0,0 + bl,O + b2,0 + b3,0 + b4,0 + bS,O + b6,0 + b7,0

(4.68)

U EIEDfuding



AAUA A

(1-P,

64

_z[mj ;;1(1 : )JZEHJ

127 (1 P) L (1 p 511 L
ps=y| L r) ,Pl—z A=f) |
L=1 (1_2PF) (1 2P ) L=l 1 2P )
P — A1 —
Al_ P ce , _1 Al AIPI’
Q| Zee 4 Zece Al+ A1P1
8 16
B1=%, B2 = PPce - _A2-BI-BIP)
16 L’g_l,_ﬂ 16 ce +ﬂ BZ+32P2
8 32 8 32
cu%, C2=- PPCE - o3 B-Claa-C1p3 4y
30| Tee 4 Zece 32| e 4 Lece C2+C2P3
16 64 16 64
Dl:%, D= PPce — D3 C3=DIB3 - DIP4B3
64| Zce 4 Zece 64| T 4 Tece D2+ D2P4
32 128 32 128
El= PPm P o PPCE > g3 = D3-EIC3- EIPSC3
128 Tce | Tcee 128 ; T cce E2+E2P5
64 256 64 256
Fle ;ice . F2= PPM —., 3 E3-F1D3-F1P6D3
256| fee 4 tece 256| fee 4 Lee F2+F2P6
128 512 128 512
S12| See b= 512| —eo 4 e +
256 1,024 256 1,024

azle

TE[EDfadi ng =

1

(4.69)

1+ A2+ B3+ C3+ D3+ E3+F3+G3

dleannluund 3 Sane3fiuudaeeniis 3 sUnuuAe BEB, DIDD uag EIED gnfiarsmnly
amau@mmmmaam’auﬁﬂiaﬂﬁ yyraldiinisanemie Lﬁ@iﬁuwﬁi’ﬂamﬁmmgﬂéfamaz
wilughundaty luundt 4 dldvhnsdiuieniasdulunsdiiaariinsdauinnesiiu
Fosdaradidisadonnandesdyguinisamensed P aduluudazuuusiass

sano3viuudmeen wWioldlumsduamearnuiiazidunaniile § aginsdadininede
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yanutesda1nstitesdyaainigmiy lngdindldsunuurainsdudonyacwesan
guaniehenstastesulivesdyynamedaneiiiuutaeeric 3 wuumilowds
nsarntuaziA1filaainnisAuanAiaudiaziduii@anila q axiinisds
winineanutesdyaavesdane3fiuudaoeniuu BEB, DIDD wag EIED nsdlvosdayeynlad
N399I LEZNIAYDIAYYIAUTNITINWIBUIATUIALALLUS B U UANT IO UL V0IANIdY

anunsatuundall
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NANTSLUSYULNYUANSSOUSLTINIAY

WafginsiesziuaniUssudisvaussousvesanideannsn arlofiugiuluns
AUIUININSINAsa CSMA/CA M1UN1ng1U IEEE 802.11 lagn1sAuiamiANidua1unse
ﬁ?ngmmaaamﬂu 2 nsdlAe 1.AMdvansanstlvesdyyalilingany uay 2. A1
annsonsaldesdynninisanme dwndaneifunuaseluwdasnsdaglunsfines
A199 TunsAuaafe iy

5.1 N15L3LAS1TALT9A2L1aYV0IANIFBdINNTAYRIdanasiunTlaaannsel
Yasayyakitinisanenieg
Tunisimumaiariinzianidoanunse [10] fvuslugp, Ao manuthasduiiasd
ashqﬁawﬁaLL‘WﬂLﬂmgﬂa'ﬂmwiazlwﬂaﬁamﬁuaaﬁdaﬂé’mmm (The probability that there is
at least one transmission in the considered slot time) waylu#n AsduIuanil ﬁﬂﬁu%
&015091AT P, lAannaunis

B =1-(1-7) (5.1)

wag P AeArAutrasiduinisdeuiininnazUszaunaiudniia (The successful

transmission probability) @1115a%1lA1NENNTT

P nt(1- z')"_1

: (5.2)
Co1-(1-7)

AUREEINSMIAT P isemanuaziduinsdwininaldduiadeswinnsouiu (the

collision transmission probability) ldanasnis

P=1-P (5.3)
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FIANIFLFNITD

lunsaldesdanalifinnsanane s

A7)

[
0

VWY o & 1 PN % A I
aﬂl@aqLiﬁ]m@LjaqwiﬂUﬂqiaﬂmamauu Wi@LGUEJu"Lﬂ'N

Throughput=S=

Y

_ The average of payload information in a slot time

The length average of a slot time

[

nsoausaeuduaunisianail

Tnen

MSDU

3

aTimeslot

PP, (MSDU x8)
(1 - })tr ) T;Timeslot + })erT; + })tr})cz—;

Throughput=S=

A9 YUINVDILINNLNS MSDU (Mac Service Data Unit)
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lolnegnilenudn Usunateyaiianunse

(5.4)

Ao AaRdeNvesdyuialiinadownnainmsdauiininedusa (The

average time the channel is sensed busy because of successful

transmission)

Ao Ananefeivesdyaaliinalieninuiazanilogluseninamsiin

AsTuiuYDILAnAR (The average time the channel is sensed busy

by each station during a collision)

Ao Armunanilslndaden

\losannTnslnsaea CSMA/CA dufisuuuunisinaiueg 2 sULUUAD 1. CSMA/CA basic

mode Uag 2.CSMA/CA RTS/CTS mode @aufagiuutiuaglsuluun1smuiamiAIntuim,

c

T uaz T, Auananeiy Feanunsamuiamlansdunisy 5.5 §9 5.8

bas

7; = TD[FS + TS]FS + 2TDelay + TDuta + TACK
RTS _

T; - TDIFS + 3TSIFS + 4TDelay + TCTS + TData + TACK + TDIFS
bas __

7; - TDIFS + 71aTimeslot

T =T g+ Tops + T,

— ' DIFS RTS aTimeslot

= 1 d' 1 <@ o @ a
AD A1ANUIANET UM TEILANLNAAUF NS UL UAUEN

Ao ArmunaInTlun sdwwininaaudisalulvua RTS/CTS
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T fia Areunandildlunsdadinnalidnialulnuaiudn
T fio Areunanfildlunsdadinnaldduialuluun RTS/CTS
Tos AD ANAIULIAN SIFS

T, A9 AYAIULIAN DIFS

Ty Ao AIANUAINISIAUNIUBLANINAN WD i QU

Tors fie Apunaiilddauiinng RTS

T fie Areunanfilddaudinng CTS

Tix fie Apunailddauinng ACK

T,. fia Areunanfilddautining Data

TuanenfinusatuilaeAuinaideaunsoog uuiug1uvesNInIgIu IEEES02.11 afuriu 3
WINTFIY A WIMTFIU IEEE802.11b, 802.11g Uag 802.11g [1]-[3] Aueansiu

5.1.1 wisdinesldlunsviAideanansaniuunsgu IEEEB02.11b
Armsfinefilbunssnnumaideaninsonunnsgiu IEEES02.11b [231[25] ae

LAASFILUANSI9N 5.1

M19197 5.1 UaneAIMIIaWesnINansgIY IEEES02.11b

Parameters I[EEE802.11b
Trs 10 us
Ts 50 ws
T timestor 20 us
Tovcpneader 48 us
— 144 us
Thex 304 us
Ters 304 us
Thrs 352 us
Ly 34 bytes
L,k 14 bytes
Loy 14 bytes
Lyrs 20 bytes
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Tne

Tomene £ A1A UATALEHUNTANTH PLCP (Physical Layer Convergence

Protocol) header

Toowne  A® AIATULIATIUNTTANLNTY Preamble
Ly D ANYUIAYBLNTU MAC overhead
Ly AD YUIRTBLLINTI ACK

Legs AD YuIRvRNT CTS

Ly A9 VUINUBLNITH RTS

IAENAIA 7, AUEIRTFIN IEEE802.11b ansnsarmwiailansaunisi 5.9

Data

8-(Lyyc + MSDU)

Data rate

(5.9)

TData = YI’reamhle + TPLCPheader

fetfurzanunsaduiame T, Adnsusalunisdsusya 1, 2, 5.5 uag 11 Mbps Iagla#
wAllAn1sasdey ey 1aulluu DSSS (Direct Sequence Spread Spectrum) wag HR-DSSS (High
Rate Direct Sequence Spread Spectrum) annsnadi 5.2

A1319% 5.2 wansenAuaINsasnsuYea (7

Data

) MUNWMIZIU IEEE202.11b

Spread spectrum
Data Rate Thua
technology

8-(34+ MSDU
DSSS 1 Mbps lop 4 334+ )
8-(34+ MSDU
DSSS 2 Mbps lop 4 334+ )

- (34 + MSD
HR-DSSS 5.5 Mbps 19248 (34+MSDU)

- (34 + MSD
HR-DSSS 11 Mbps 192+8(3+MS U)

5.1.2 winimasildlunsman3deaunsanuninsgiy IEEES02.11a

A fimesilvunsdnnumATIdeamsaniuannsgIu IEEES02.11a [231125] 4z
wanadslum13199 5.3 uagA N, (Number of data bits per OFDM symbol) #ilutnaila
n1suenan (Modulation technique) wazdnsniilunisdasusyawuunng q nglumade
n15d9d I uy OFDM (Orthogonal Frequency Division Multiplexing) azlang6ialu
31971 5.4
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M19197 5.3 UaAn9AIMIIEWesnINaInsgIY IEEES02.11a

Parameters I[EEEB02.11a
T 16 us
Toirs 34 us
T timeston 9 ps
TSignal 4 us
L — 16 ps
T 4 us
Lysac 34 bytes
Lck 14 bytes
Lers 14 bytes
Lyrs 20 bytes
L 6 bits
L, . 16 bits
el

Tgignai A9 9291981799 SIGNAL BPSK-OFDM symbol

Tons AD 9291981 Symbol

L. A9 YUV LNTH Tail

L A9 UINVBINTH Service

‘Service

A191991 5.4 Lanaen N s ﬁi%#ﬁnﬂﬁﬂﬂ’liua@l,amt,uu BPSK (binary phase shift keying),
QPSK (quadrature phase shift keying) Wa ¢ QAM (quadrature amplitude
modulation) figasualunsdsdeyauuusing 9

Data Rate Modulation N ppps
6 BPSK 24
9 BPSK 36
12 QPSK 48
18 QPSK 72
24 16-QAM 96
36 16-QAM 144
48 64-QAM 192
54 64-QAM 216




Tnefienaan Ty, , T,
5.10 D4 5.13
Ty =
TCTS =
Tors =
T =

Data ~—

Preamble

Ti’reamble TjS'ignal
Preamble + T:S'ignal

Ti’reamble + TjS'ignal
+1T,

Signal

L Service
+QW+(

L

Service

+ LTai/ +8- LACK

+ Ty, +

L

Service

|

N DBPS

+T

SYM +

L

Service

+ LTai/ +8- LRTS

+ LTail +8- LCTS J

N, DBPS

+ Ty +

Tail

+ Ly +8%(Lyye

|

N DBPS

+MSDU)j

N DBPS

71

Ty W8 T,,, 910105574 IEEE802.11a 9zaunsanladeaunisi

(5.10)

(5.11)

(5.12)

(5.13)

AtLAzANTafUIMIIeT T, 1dn5u5lunsdtoya 6 Mbps, 9 Mbps, 12 Mbpsuag 18

Mbps lagldinafinnsasdeygiawuu OFDM Lannnsned 5.5

M13197 5.5 UansAAunaINsaaunsudea (

T

Data

) MUNAIFIY IEEE202.11a

Spread spectrum
Data Rate Do
technology
OFDM 6 Mbps (16+6+8x(34+MSDU ))
16+4+4x
24
OFDM 9 Mbps (16+6+8x(34+MSDU ))
16 +4+4x
36
OFDM 12 Mbps (16+6+8x(34+MSDU ))
16+4+4x
48
OFDM 18 Mbps (16+6+8x(34+MSDU ))
16+4+4x -

5.1.3 winimesildlunsmanideaunsaniuunsgy IEEES02.11g

Avnsiimesilalunisiuanmaideaninsonuunnsgiu IEEE802.11g [231-[25] 2¢

WanIAslunISIeN 5.6 ANLIAT T,y

ANUNTOMN PRIANNISA 5.14 B9 5.17

T,

Ty WAE

CTS »

T,

Data

AIUIRIZTU |[EEEB02.11¢ 9%



M19197 5.6 LaARAIMITIHWBIAINNINTFIY IEEESD2.11g

Parameters IEEEB02.11¢
Ty 10 ws
Toirs 28 us
T, timestor 9 wus
T, Signal 4 us
- 16 us
Ty 6 us
T 4 us
Lyuc 34 bytes
L,k 14 bytes
Lerg 14 bytes
Lizs 20 bytes
Lrai 6 bits
Lsorice 16 bits
Tyck = Toreampie + 7;'ignal + Loy + Lsemce +]€]Taﬂ 8 LACK j + Ty
DBPS
Ters = Toreampie T Tsignar + Tsys + Lionee +]f,%” 8 Lery ] + Ty
DBPS
TRTS = TPreamble + T:S‘ignal + TTS’YZ\/I + LS”"ice +]\l]IT‘1il i 8 : LRTS J + TEX
DBPS

T,,.=1

Data Preamble

Tnen

+T

Signal

+T.

SYM

+ ( LService

+ Ly +8%(Lyyye +MSDU)j+T
EX

N, DBPS

A9 2919871984 Signal Extension

72

(5.14)

(5.15)

(5.16)

(5.17)
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A1319% 5.7 wansenAulaInsasnsudea (7

Data

) MUNINTFIU IEEES02.11¢

Spread
spectrum Data Rate T
technology
OFDM 6 Mbps (16+6+8x(34+MSDU))
16+4+4x +6
24
OFDM 9 Mbps (16+6+8x(34+MSDU))
16+4+4x +6
36
OFDM 12 Mbps (16+6+8x(34+MSDU))
16+4+4x +6
48
OFDM 18 Mbps (16+6+8x(34+MSDU ))
16 +4+4x = +6

5.2 n15iU38uiguLT9AILavUIANI AU E NS0 VRI9 AN SN ULTAD NN S

1 74

Yosayy1alitinnsaenig

lumsiaginaldeavuesrniduainisavesdanesiuudneennsdvosdygyiaddaill
n1s91emety avhAimutnasdufianiile 9 A¥yNTAUANNANIUT D IF Y IUNI DA
r 9938ane3iuLUy BEB, DIDD waz EIED nstldasdygalaiinisansmisuiinuaiasly
aunisil 5.1, 5.2 waz 5.3 wislubunismanideauisansdtesdygiadainisenmely
aumsi 5.4 Tnesmuslmiuauaaivten n fadus 1-80 @il wazvuIneLfinne
MSDU fluunn 1,024 bytes 9929111534051 Has987189909A13 88810150909
danesiuuineannsildesdyaaliiinnsanenelasnisnasansin laglydmisfimesiu
msﬁ’]mmmmmmg’m I[EEE802.11b, IEEE802.11a Way IEEE802.11¢ AIUARU

5.2.1 nsil3euifisullieaaaavesArddeaiunsavesdanasiiuninooniuuyu BEB
nyaldasdayyralifinisansing
lumsianginadeniarvesdanesiuuineeviuuu BEB nstvesdapiaddiiinisans
e awihmanuiazduiianila q awinsdufinnarudesdyaiasSen ¢, 90
aunsii 3.62 wwnuanasluaunisii 5.1, 5.2 wag 5.3 Wislebunismeanidoannsaluaunis
7i 5.4 Imagﬂ‘ﬁ 5.1, 5.2 hag 5.3 LAAIANIAAINITOUDIDANDINULUY BEB nstlrosdnyeya
laifinnsansnenannsgu IEEE802.11b, IEEE802.11a Uay IEEE 802.11g AU



74

4 T T T T T T T

—&— Data Rate =1 Mbps
35+ X —X— Data Rate =2 Mbps | |

Data Rate =5.5 Mbps
—#— Data Rate =11 Mbps

Throughrput (bps)

0 10 20 30 40 50 60 70 80
Number of stations

3U# 5.1 Andduanunsavesdanesfiuulneonuuy BEB ntldesdyaaliiinisnnme any
11M597U IEEE802.11b Widnsnslumsdedoya 1, 2, 5.5 uaz 11 Mbps

12 7 T T T T T T T

—&— Data Rate = 6 Mbps
—>— Data Rate = 9 Mbps
10 Data Rate = 12 Mbps |
’ —#— Data Rate = 18 Mbps

Throughrput (bps)

Number of stations

JUT 5.2 Andduanunsavesdanesfiuuineanuuu BEB nsdidesdyaailiiinnsanme ay
1175574 IEEE802.11a Ngmsndilunsdsdaya 6, 9, 12 uay 18 Mbps
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12

T T T T T T T

Data Rate = 6 Mbps
—%— Data Rate = 9 Mbps
Data Rate = 12 Mbps |
—#—— Data Rate = 18 Mbps

10

<]
T
|

Throughrput (bps)

0 10 20 30 40 50 60 70 80
Number of stations

JUN 5.3 Adeanusovesdanesiiuulneenuuu BEB nstlvesdynialifinisanme any
11M397U IEEE802.11¢ Mdns5alunsastoya 6, 9, 12 uaz 18 Mbps

ﬁnﬂﬂiwlgﬂﬁ 5.1 fis 5.3 aziulagdanesfiuuinsenuuy BEB nstlvesdyaialil
N19319MIEANUIATFIY IEEES02.11b, IEEE802.11a Uag IEEE802.11g Huualdulunns
Wasuuawesenideannsoseswuanifiutuedety fufededsunuamiegluris
Uszanm 1 83 10 aonil Avddanunsnvesdanesfuutaoenuuy BEB dulidguazdes o
anasegstn 9 uaziefidnnuanndeglutissvann 11 8 30 andl Adduanunsnazanaq
0619590157 wazilefiduruanieglutisuszann 31 fs 80 aanil azdianiduanunsaiian
110 %QLLﬁmiﬂﬁﬁu’j’]EﬂLL‘U‘Uﬂ’]ii‘jllLa’e)ﬂﬁﬂ‘ﬂiﬂ(ﬂ‘lﬂﬁ’]@i’]ﬂﬂ’]i‘hﬂ%ﬂiﬁﬂ%ﬁ@df@mﬁmiuslhﬂ‘ﬁl
T uwuuavensgs (Binary Exponential) \iloaanfivhnisdaufninalidnsailesaniin
nssureaininanslutesdygia Wellsauandiivesazdmalviididuansadia us

~NaA o |

Wellduuaaiffiuanniuunn q wagiiswiuaaifinsdwininesnute syl

dusaludnsias nsnaarignesanlnageanduluduarvuiantdinianisgasdesule
Posdyaraludindertuiaiungdadureiidardes igaidovinnisdsuininaniu
Fosdryaaladnse svdmalufindnsinisvuiuveswiininanisludesdyyiunadudedl

Srunudaniiinn q dwalvanidoaunsoanategiesniin

5.2.2 nsil3guifleuldisiniavvesArddeaiunsavesdanasfiundnoawuuu DIDD
nyaldasdaysyralaitinnsanenng

lumsinszinaldeiiavesdanesiniinoeniuu DIDD nsmvesdyaiuliinisans

e szthaanuasduiiaondle 9 svhnsduinneiiugedygaviea ¢,,, 910

AUNNSN 3.86 UIWNUAIAILUANNITN 5.1, 5.2 wag 5.3 iialvkun1smeaideanunsatuaunis
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7i5.4 Imsjgﬂﬁ 5.4, 5.5 LAz 5.6 LAAIAMIEYAILIIV0I8aNDINULUU DIDD nstlvesdeyayiu
iifinsnenenuunnsgu IEEE802.11b, IEEE802.11a uag IEEE 802.11g mudsiu

x10°

—&— Data Rate = 1 Mbps
—>%— Data Rate = 2 Mbps

Data Rate = 5.5 Mbps
—#— Data Rate = 11 Mbps

»
o
T

N
T

«
3
T

w
T

N
T

Throughrput (bps)
&
T

-
[$,]

-
T

aWaWaWalal

o
o
T

0 Il 1 1 1 1
0 10 20 30 40 50 60 70 80

Number of stations
JUN 5.4 anddeaunsovesdaneifinudneonuuu DIDD nsdvesdyaaliiinisarsne ay
11M5§7U IEEE802.11b Mdnsnslumsdedoya 1, 2, 5.5 uaz 11 Mbps

16
14><0 T T T T T T T

lalale —&— Data Rate = 6 Mbps

—>— Data Rate = 9 Mbps

N Data Rate = 12 Mbps |
% —#— Data Rate = 18 Mbps

12

_
o
T

Throughrput (bps)
[o=]

»

2 1 1
0 10 20 30 40 50 60 70 80
Number of stations
JUN 5.5 anddeanunsovesdane3finuineanuuu DIDD nsdvesdyaaliiinisarsne ay

1M35U IEEE802.11a ﬁé’mwﬁﬂumsdﬁmﬁa 6,9, 12 uaz 18 Mbps
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14 T, T T T T T T
------ Data Rate = 6 Mbps
A —%— Data Rate = 9 Mbps
12 S, Data Rate = 12 Mbps | -
% —#—— Data Rate = 18 Mbps

-
o
T

Throughrput (bps)
[o=]
T

2 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Number of stations
JUN 5.6 Anddeausovesdaneifiuuineenuuu DIDD nsdlvesdyaaliinisarse ay

119551U IEEEB02.11g fisasudalunisdsdoya 6, 9, 12 uaz 18 Mbps

nnMFUT 5.4 3 5.6 auniulathdanesiiuuineenwuu DIDD Tunsdivesdyayialy
1N19919M18AUNINTFIY IEEE02.11b, IEEES02.11a way IEEE02.11g Huudluulunis
Wasuwlaswesrdduanunsasednuinaniiiadundieny dupewilelidiuiuanleglugig
Uszuna 189 30 aondl Aniduanunsavesdane3iuuinoenuuu DIDD TulA1igeuas
AauYHA wazliladduiuanilegludiauseanu 31 8 50 andl ANideaunsnazeey q
anaseget 9 waskilediwinanidegluyisssann 51 G 80 annil ANdBAINNIDATANAS

1 < = =1 1 I av v a s <@ 5 a1 A

9614590137 BauandlniuinAidvaiunsavesdanesfiuuiaeevluy DIDD WuillA1iganas
1 v PN 1w a = <@ 1 Aaa o al 1 Y 1 a
AoutsAsinninganesfinudneeviuuy BEB ludranniddwiuaallaaswnin (wiiiv 50
a01d) wazanasr#nIleddnuruanitduinnit 50 annddull wWeseininaanilingenauly
duAarntia1enistsdeulegesdygraludinferduiviniungiiodiuininmuiu
dosdygrulagusaunieudansiiuninoeniuu BEB LaanaAmt1a19n159298 950 a#
YOIFYYIUAIUVULYIIAIUNY danalntndnsinisiaatinselusiuiuinvrseesavuin

[

ntaenssdesnladesdyaraludiadeniuidiaiung viTluauuiazulunisd

[

aoflavdeuininaeudesdyaralddnsadeswnaniinnisvuiuvesuininanielu

YoIFYQIUANAT

5.2.3 A15Seuliigudieaatavuasr1ddedunsavessaanasnuwinaanwuy EIED
nyaldasdayyralitinisansing

lumsianginaldiavvesdanesyiuuinpenuuu EIED nstlvesdyuialaifinigans

o

WYIUNTOAT 7,,, 900

o

e avtharnudazdunandle q agimsdainineaiuges
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AUNTSN 3.108 WIWNUANAIIUENNNST 5.1, 5.2 kag 5.3 winldlunismiaideanunsaluaunis

1 5.4 1ag3U7 5.7, 5.8 Wag 5.9 LaAIAIFA1130098aNa3 NN U EIED nstivdoedayayad

Lifinsnemeninimsgu IEEE802.11b, IEEES02.11a Wag IEEE 802.11g auasy

9
L]

U

7

Throughrput (bps)

1 6
5.5 x10 T T T T T T T
35 b
3 - -
25 | —S— Data Rate = 1 Mbps i
’ —>— Data Rate = 2 Mbps
oL Data Rate = 5.5 Mbps i
—#— Data Rate = 11 Mbps
1.5 p HHHAR AR sst]
1r - T
(Cas; S-6669
05 1 1 1 1 1 1 |
0 10 20 30 40 50 60 70 80

Number of stations

I av L a =2 < a1 [ 1l
5.7 AMdY@1U150U999an9 NNk UADENLUU EIED ﬂimﬂi@ﬂﬁiy}iyﬂmlmmﬂ’ﬁ%’]ﬂ%ﬁﬂ (MY

Throughrput (bps)

11915574 IEEEB02.11b Aisasndrlunisdedeya 1, 2, 5.5 uaz 11 Mbps

—&—— Data Rate = 6 Mbps

—— Data Rate = 9 Mbps
Data Rate = 12 Mbps

—#— Data Rate = 18 Mbps

1"

-
o

©

[e~)

4 I ! ! ! ! ! !
0 10 20 30 40 50 60 70

Number of stations

80

3UT 5.8 Adduanusavesdanesiiuwinoeviuuy EIED nydlvesdyaailiiinisaneme mu

1175574 IEEE802.11a Ngmsdilunsdsdaya 6, 9, 12 uay 18 Mbps
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Data Rate =6 Mbps
1M —— Data Rate =9 Mbps —

Data Rate =12 Mbps
—#— Data Rate =18 Mbps e

-
o
T

Throughrput (bps)
[o=] ©
: :
1 1

4 | | | | | | |
0 10 20 30 40 50 60 70 80
Number of stations
JUN 5.9 Andduanunsnvesdanesiiunineeruuy EIED nsdivesdyaraliiinisaiame ay

119551U IEEEB02.11¢g fisasudalunisdsdoya 6, 9, 12 uaz 18 Mbps

ﬁnﬂﬂiwlgﬂﬁ 5.7 i1 5.9 aviulagdanesfiuuinoenuuu EIED nstivosdyaialaill
N19919M18A1UUINSF1U IEEES02.11b, IEEES02.11a wae IEEE802.11¢ Huurluulunns
Wasuuwawasenideannsotesuuaniffiuiuedety fufededsunuamiegludis
Ustanu 1 8 50 annil Addvanunsnvesdaneifiundaooiuuy EIED dulldiigauazAaunt
Asil waziilefiduauanioglutisuszany 51 fs 80 anil AiduanunsnazAen’ anasedng
¥4 Fauanslngiuindiduannsavesdanedfuninooniuu EIED ﬁ'juﬁmﬁqmazﬁawu#q
asfiunnnidanesfiunianeeuuy BEB way DIDD Bslunirfudideanunsadnanass
adwandlefidiuiuaniiiiigs (w1nnd 50 aanil) iilesaindanedfiuutaseuuy EIED
mmmamé’mflm317'iamﬁmﬁqQﬂiﬂiwﬁédwumwﬁfﬂGifmﬂ'1'368:1&%&i'auiéu#aﬂé’fgfgﬁmiusdaq
entufivinsuntaatefudanesiiuniaeeruuu DIDD wenanidanesfiuniaeeruuy
EIED avnisanuasifingisvesaivuinntinaanistiedesnlugesdyaiauuuiareniids
(Exponential Increase Exponential Decrease) huuduana#e Fnlnsina1aruunazidud
anflardaudininanitudesdyyralidniadesainifanissuturesufininaaiely

Yosdyeralauntu

5.2.4 N15.USEUBULTIRLaVVD9IANISUEIU5VDIDaNDSAULTUADDWLUY BEB,
DIDD waz EIED nyfivasdysyralaitinnsasnng
WaYNSUS U UAN TS O UL VDINAILATISATIALAVVI9aNDSAULTADENTT 3 LUU

WuAedane3uuineeviuuy BEB, DIDD way EIED nsdlvesdygralaifinisansme agviing
A deanunsansalvesduaaliinisanemevesdanesyius 3 wuvainapaidunsiu 79
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wanelugun 5.10 lngdrvuaAinisiiitnestun1sA1uiaA13dea1u1snn1uuIn g1y
IEEE802.11b gmsialunisdadayai 1 Mbps

Throughrput (bps)

—©— BEB in Error-Free Channel
DIDD in Error-Free Channel |
—#%— EIED in Error-Free Channel

S

0 | | | |
0 10 20 30 40 50 60 70 80
Number of stations
5U# 5.10 ANldeanunsnvesdanesfiuuineenuuy BEB, DIDD wag EIED nidivesdynyailyl

fin1591918 AuNIRSFIU IEEES02.11b Ndnsdilunisdsdaya 1 Mbps

ngunsWsUR 5.10 auiudluriausn (1 8e 5 aani)) Sanesiuudaeenuuy BEB
wiidndeunmnail uidanofuutaoeviuy DIDD uay EIED turos 1 gelubndastudy
M1z Mnnguives Bianchi lafmuslszuuiifussuuiiflaondfufininafinganisds
aemananawazdounsdufinnes aniifestignszuiumsutaoavion Tngvinisduen
natunkarimMssesunitatlneeraziianiu o ndadennoudariidnslunisds
LLﬁﬂmmﬁuﬁ;gashuﬁzimﬁaﬁgmiﬂ#ﬁqLL@J#ﬂuﬁumzﬁ'ianmLu‘jﬂ@@W@gﬂJﬁ?uﬁzimﬁﬁgzgmﬁamuz
119 annfinlddandvinsdawiininmenutde sdyaumnaatiiaoendeludiandu o Tnd
adon Fauanslviuiiguuuunisidendnaiudneendsiinadenisdaudininalsidnse
Hosnanmsvuiureuininanisluredyaa ﬁqﬁumﬂé’aﬂﬁﬁuLLﬁﬂ@@WﬁﬁgUufuums
dudendaiudneoniivainuatgagdanalusuiiazifuiandazdauiininasi
Fosdaaalididuiemninnisvuiureminnnneluresdyaialadesas Fannns
muamamanuasduiiaandle q wwvhnmsdufnineriudesdygiavesdaneifiy ula
9oL UY BEB, DIDD wag EIED 98nuin sane3fiuuiasenuuy DIDD uag EIED tudadn
varnnangannnindanesfiuutaeeiuy BEB Suinllutisifsuuannieglinntn WUse
111 1-50 @andl) Fane3fiuudaoenuuu DIDD uag EIED FafaussaurvesAidsaiunsad
Andndanesiiuwlneenuuy BEB wazdanesiiuulneenuuy EIED fipsfizunuunisduideon
AnvesLIanTeIn1st el ldtesdanuiivainunatenitdane3fiuudaeenuuy DIDD
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Nnansadanininaeiudesduuruddanazlidsa Javinlukug19n s uirvannifuin

[ Ag>]

@1nnd1 50 aandl) Sanesfiuuineenuuy EIED AA13deaiunsangenituazanadvsnin
dane3fiuuimeaniuuu DIDD

4

5.3 N153LAS1ZWLTIA2LaVVRIANIFUEINSaURIdanaSNuLTAD NN T
Y35y sy10uINI59UNY

v

Tuewddey [12] Tadrnrsiiudndseing 9 wfldluaunisd 5.4 Wwelabunismiuinuey

ARTITIMIANFIAINTANTAYIFY1iN159 19U AeluAIdeaINITansainesd ey
InsemeaunTanlanuaNnIsi 5.18

RR(1-R)(MSDUxS)
+BPT(1-P)+E(1-P)T+BR( P T ™ + E T + T + T

5.18
(1-B)T, 518

tr) ~alimeslot

FeanasaAumAawlsing 9 ngniiudilvluaunisi 5.18 ladsaunisi 5.19 fs 5.29

})g —1— (1 _ 1)}, )LRTS+LC'TS+Ldma+L/1CK (519)

BRTS -1 _(By)Lm (5.20)

PeCTS — (1 _ Pb )L/ers (1 _ (1 _Pb)L(,ys ) (521)

Pedata — (1 _ Pb )LRIS+L('1S (1 _ (1 _ Pb )Ldma) (522)
PEACK — (1 _ Pb )LRRT+LCE§+L(IaLa (1 _ (1 _ Pb )LACK ) (523)

T, CT;;WZ =Ts + Tors + Togimeston (5.24)

7;%:0” =Tors + Tyck + Ltimestor (5.25)

TeRTS =Tirs + TCT;?WM + Tpes + 1, delay (5.26)

TeCTS =Trrs + Tsps + Tpips + 2T 4, (5.27)

T = Tags + Ters + Toips + 2T + Tpga + T ™ + 3T ety (5.28)
T = Tps + Togs + Tpges +3Tggps + T + 4T ety (5.29)

Tneh
& 1 1 < d' a a 1 3 d'
P A9 A1ANNUIILLTUNALLAANISRANAIALUNTAILANLAALTEDI91N
Yoy IUANNITININY
PRIS Ao ArAuU1IslunAziAnNISRANaIAlUNISALNSY RTS 199970

YoIdUYIUNANITINIIY
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per Ao ArAuUIIEluNaziAnnNIsanaIalun1saansy CTS 1{odain

e

YoId Y IUAANITINNE

PP fio Aeinsdufiasinnisiananalunisaansy data tesann
YIdYQILAANITINIY

P fie Apnuuasdufiasifinnsianaialunisaamisy ACK 1iedain
YoIdYQIaLAANITINIY

T meo fio Aunafiaonidessensdansy CTS 91naniisu

T e fia AunaTianTldssonisaansn ACK 91naandisu

T fie Arunafildlunisdansy RTS udiAnaafianan

T Ao amunandildlunisdansy CTS udufnauRanain

> fie Arunafildlunisdansy Data uduinaufnnan

T fio Aunaldlunisdansy ACK uduinanufianain

5.4 n15iUSauisuLTIRILaTVRIANIAEEIUITAVRID AN N URTADINNSE
Y29dYYIANITINNNY

v

v a

TuN1FIATITANALTIFLEVVRIANIAUA1U150V9TanD S UL D AnaNnsalY o 9d ey il

g7

[ |

nsanemety avtharrudiasduiiaandle 9 agvinsdaininneutosdygravsen

[ =

7 U899anNa37UWUU BEB, DIDD wag EIED NSeaadqau1eiin1saaveunknuAIadbuaunng

[ Ag>]

a0

71 5.1, 5.2 uay 5.3 Weldlumsmaniduannsansdvedyaiafinsaoneluaunisd 5.18
Tneimuslisuiuaoninion n dAdaus 1-80 danil uavauinvosudfinng MSDU Saunn
1,024 bytes #99in153ins1sinaLdsdiarvesaideaiunsavesdanesiiuutneannsdl
Fosdryaraliinisaamelagnisnasansin lnglenisdiweslunismuiunuuinsgiu
IEEE802.11b, IEEE802.11a ey IEEE802.11¢ AINAIAU
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Abstract— Binary Exponential Backoff (BEB) is the
most popular backoff algorithm that is used to compare
the numerical results of saturated throughput with other
alternative backoff algorithms. In spite of the fact that
backoff algorithm under fading channel errors lead to
practical application that has higher accurate and better
performance, its numerical result of saturated throughput
is lower than BEB. In this research, we propose a new
discrete time Markov chain mode of Exponential
Increased Exponential Decreased (EIED) backoff
algorithm under fading channel errors, and its numerical
result of saturated throughput is better than BEB under
fading channel errors. The transmission probabilities are
derived in the fixed backoff stage and fixed contention
window technique. Our numerical results show that the
saturated throughput of EIED under fading channel
errors is better and more stable than BEB under fading
channel errors when the number of contending station is
increased.

Keywords-Backoff algorithm, BEB, EIED, FBFC, discrete time
Markov chain model, fading channel errors

I INTRODUCTION

The Wireless Local Area Network (WLAN) is becoming
increasingly important and the IEEE802.11 is one of the most
popular standards [1] in WLAN systems. A serious problem of
WLAN system occurs when the network has a high number of
contending stations and get the effect from fading channel
errors. These problems are the cause of degrading saturated
throughput. The popular model for performance anaysis of
backoff agorithm is Bianchi's model [2]. It used two-
dimension discrete Markov chain model to solve the collision
problem, and it is called binary exponential backoff. Many
researches have extended BEB to a design new backoff
algorithm. Researches [4]-[6] proposed a new backoff
algorithm that its contention window size was increased
exponentialy on a collision transmission and was decreased
exponentialy on a successful transmission. This technique is
called Exponential Increased Exponential Decreased backoff
algorithm (EIED). The performance of EIED scheme was
better than BEB, but it was not considered under fading
channel errors cases and freezing of backoff counters. Research
[3] proposed a new model that considered keys practical issues
such as fading channel errors and freezing of backoff counters.
It led to more accurate and practical Markov chain model but
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its numerical results of saturated through were lower than BEB.
Generally, the transmission probability () is the most common
and important parameter because it is derived in the discrete
time Markov chain model in the genera case (unlimited
backoff stages and unlimited contention window size).
Consequently, the key of this research introduces a new
technique to derive the transmission probability by using the
fixed backoff stage and fixed contention window technique [7]
and [8]. This research proposes the use of EIED backoff
algorithm along with fixed backoff stage and fixed contention
technique while also considering under fading channel errors
and freezing of backoff counter cases

This paper is organized as follows. In section |1, we derive
the transmission probability of BEB algorithm under fading
channel by using the fixed backoff stage and fixed contention
window technique. In section Il1, we derive the transmission
probability of EIED under fading channels by using the fixed
backoff stage and fixed contention window technique. In
section 1V, we describe the theory and the method of saturated
throughput calculation under fading channels errors case. In
section V, we show and compare the numerical results between
BEB and EIED backoff algorithm under fading channel errors.
Finally, the conclusion is explained in section V1.

II.  BEB ALGORITHM UNDER FADING CHANNEL ERRORS
MODEL

In this section, we propose Bianchi’s model that takes
fading channel errors into consideration and apply the fixed
backoff stage and fixed contention technique to derive
transmission probability (tr). The contention window size
equals 2'xWhin where i is backoff stage or the number of
retransmission. In this research, the backoff stage i can be
increased up to 7 stage (i=0, 1, 2,...,7). Thereby, the maximum
contention window size is 1,024 timeslot (0 to 1,023) and the
minimum contention window size is 8 timedot (0 to 7). At the
first transmission, the contention window size is selected equal
to a minimum contention window size (Whin). Afterward, the
contention window size is decreased from slot by slot during
the idle period more than the Distributed Inter Frame Space
(DIFS) time. A contending station can send a data frame
through wireless channel when the contention window size is
counted down to zero. If the transmission is unsuccessful or the
collision happens, the contention window size is doubled for
every transmission failure until it reaches the maximum
contention window size (Wma). In fixed backoff stage and
fixed contention model, the state probability of each backoff
stage and contention window size is denoted bix wherei is the
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backoff stage, and k is the contention window size. The backoff
stage i varies from 0 to 7 stage and the contention window size
k varies from 0O to 1,023 timedlot. Pr is the probability that a
contending station suspends its countdown process in backoff
mode until the wireless channel is sensed idle more than DIFS
period, then the contention window size is counted down again.
P. is collision probability of a data packet to transmission
through wireless channel. P. is fading channel error
probability. A proposed model can be shown in Fig.1. We use
the global balance equation concept in fixed backoff stage and
fixed contention window scheme to derive the transmission
probability () parameter for caculating the saturated
throughput of BEB algorithm under fading channels errors.

From Fig.1, in retransmission process, before a data packet
is transmitted through WLAN channel, the contention window
size must be counted down to zero. Firstly, when the backoff
stagei is 0 and contention window size kis 7 timedat, the state
probability of b7 isgiven by

(1-p)(1-Pe)

7 Doot PFbOJZ(l' PF)b0,7

(-p1-p)
7(1-2p)
When the backoff stage i is 0 and contention window size k is

6 timeslots, and we let Pee=(1-Pc)(1-Pe) and Pece= Pc+(1-PC)Pe,
the state probability of bgg is given by

%bo,o‘* PFbo,6+(1' PF)bOJ = (1' PF)bO,G

bo7= bo,o o))

P (2-Pe)
= ce 2
o6 7(1_ 2PF)bo,o"'(l_ ZPF)bOJ 2
Substituting (1) into (2), we get
2
Pce (1' PF) Pce (LPF)
bo,6= bo,o+ boo (3)
20T 7(12pg ) (12pe) 712 ) (19pp )P
From (3), we let B=1_i , then equation (3) can be
1-2p,
rewritten by
_ Pce Pce 2 _ Pee 2
bos= 7(1-2p; ) Poot 7(1-2p¢ ) B boo= 7(1-p¢) 2B 000

We use a similar method (1) to (4) to calculate the state
probability at backoff stage i=0 and contention window size
k=1. The stage probability is given by
—Pe 3 B 5)
7(1- pF) L=1 '
Next, when backoff state i=0, and contention window size
k=0, the stage probability fo b is given by

bo,o= (l' Pe )bo,l (6)
Substituting (5) into (6), the state probability of byo can be
rewritten by

bo1=

,
Pee 5 Boo 7)
7 (=1

Doo=

(1-Po)(1-Pe)I 7

@RI(LPAIT il
(1-PY(1-P e ¥ @ 1P a. o
e DL { )P
[Pc+(1-PoPel/15 — [Pe+(1-POPE/15
on (e e - 2@
C .
Sl e
P (1-PoPel31 S [PeH(1-PPal/3L
o () e @D,
C .
P Pe Pe
S [Pe+(1-POPE/63] O O O
E [Pc+(1-Po)Pel/63
o
& | aroure a e LR LP; N
%
2 P\ Hn
° [PcH(1-POPA/127 — ‘
[Pc+(1-Po)Pel/127
8 Trore
(1PY(1-PY e W, R 1P @ o
Pe Pe { e
[PcH(1-PoPd/255 ,,’ >
[Pc+(1-Po)Pel/255
(1-Po)(1-Py) e\ . R 1P @ o
Do \En O

orrordsy _ [Pc+(1-PoPel/511
(1-Po)(1-Pg) @ 1P 1P 1P e
C .

P )P e @

Ferornes _ [Pc+(1-Po)Pel/1,023
(-PA(LPY ° e 1 o @.
- .o .
[Pc+(1-Po)Pel/1,023 —

}t— Contention windows change 4'1

Fig. 1. The binary exponential backoff algorithm model under fading channel
in fixed backoff stage and fixed contention window size

¢

[PeH(L-POPA/L023

Similarly, we use the same method of (1) to (7) to derive the
state probability of by, bao, D30, bao, bso, bso and bz which
are expressed by

217p 5
= A: —Cce 8
bo 465p ,+105p I_ZzllB boo ®
441p a
=C= cee 9
b20=C =1 g53p_+217p_ 2B Do ®
889p &8
-D= cce 10
bao 8,001p,, + 441p, Z,B b (10)
1,785p o
—E= cce 11
b 32,385p, +889p,,, 2B bso ()
3,577p 25 |
bso 130,305p, +1,785p Z,B bao 13
7,161p 2
=G= cce 13
beo=C =55y map r3s77p =B P (1)
7,161 1023
b7o=H= Poce z BLb6,0+
1,046,529p +7,161p_, (-1 (14)
7,161 1023
P cce Y BLb7,0

1,046, 529pce+ 7,161p cce L=1

Before a data packet is transmitted through WLAN channel,
the contention window in backoff process must be counted
down to zero (k=0). Similarly in [2], the transmission
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probability of BEB under fading channel (zges fading) iS given
by

TBEB Fading = 7 L. ! (15)
Yho [bo,o +By g b, o+ g +by o by o+ by o+ b7,0}

Substituting (7) to (14) into (15), the transmission probability
issimplified by

(16)

TBEB Fading — l:

1+ A+ AC + ACD + ACDE + ACDEF + ACDEFG + [%} ACDEFG}

This technique is the same concept to derive the transmission
probability of EIED backoff algorithm that is detailed next
sections.

IIl. EIED BACKOFF ALGORITHM UNDER FADING CHANNEL
ERRORS MODEL

In this section, we propose a new discrete time Markov
chain model of Exponential Increased Exponential Decreased
(EIED) backoff algorithm under fading channel errors. In fixed
backoff stage and fixed contention window size scheme, the
EIED backoff algorithm under fading channel errors is shown
in Fig.2. Significantly, the EIED backoff algorithm under
fading channel errorsis differenced from BEB algorithm under
fading channel errors when the transmission is successful.
After collision transmission, the contention window size is
doubled of the current contention window size (El: Exponential
Increment) until the contention window reaches the maximum
contention window size. In a subsequent successful
transmission, the contention window size is not reset to the
initial value (Wmin), but the contention window size of EIED
algorithm is set to initiadl contention window size of the
previous backoff stage (ED: Exponential Decrement).The
global balance equation concept in discrete time Markov chain
is used to derive the transmission probability (z) of EIED
backoff algorithm. The transmission probability of bgo, bio,
bz,o, bs,o, b4,o, b5,o, be,o and b7,o is defined by

105p,, 7L 105p,,

U L
> B hyo(17)

= +
%% 105p, +49P e B oo 105p ., +49p ., (21
217p 5, 217p 5,

— cce ce 18
bro 465pce+105pme|_z:18 b0'0+465poe+105pcceL§18 bz0(18)
945 a
20~ Pece 2 BLb1,0+

1953p +465p ., L=1 (19)
945p,, a1
P > B'bso
1,953p , +465p, i1
3937P . 68 |
= +
b30=5 001p_+ 1,053 B P2 (20)
3,937p,, 63
P > B'bao

8,001p,+1,953p (&1

(1-PO(1-PI7

(1-PY(1-P)I7

(1-PY(1-P)I7
[Pc+H(1-PIPd/15

(1-PO(1-Pa)/15
[PeH(1-POPEl/31

(1-Po(1-Pe)/31
[Pe+(1-POPE/63

(1-P)(1-Pe)/63
[Pc+(1-PIPd/127

Backoff stage change

(1-Po)(1-P/127
[Pe+(1-Po)Pel/255

(1-Po)(1-Pa)/255
[PcH(1-Po)Pel/511

(1-P)(1-Pa)/511
[Pc+(1-Po)Pel/1,023

[Pe+(1-Po)Pel/1,023 [Pe+(1-Po)Pel/1,023

Contention windows change

Fig. 2. Exponential Increment Exponential Decrement Backoff algorithm
model under fading channel errorsin fixed backoff stage and fixed contention
window size

16,065p,, @,
= 2. B baot
32,385p+8,001p, L=1 (21)
16,065p, 1227 L
32,385p 1+ 8,001p 4 L=1
_ 64,897p . 255
130,305p + 32,385p  L=1 ' (22)
64897p, =

bao0

bs,0

260,865p 511
= 2B bsot
522,753p+130,305p  L=1 (23)

260,865p,, 511

L
522,753p,,+130,305p, 38 07

be,o0
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522,753p,, |
b70= 2B beot
1,046,539p, + 522, 753p, i1 (24)
522,753p,,, 1023
P > B'bro

1,046,539p .+ 522,753p , L1
The transmission probability of EIED under fading channel
errors (zeiep fading) IS given by
TEIED Fading ~ 7 1. ! (25)
>hb [bo,o +b1,0+b2,o+b3,o+b4,o+bs,o+b6,o+b7,oj|

- 1,0
i=0

Substituting (17) to (24) into (25), the transmission probability
issimplified by

A— :1/(1+1/ C,+D,+E+F,+G,+H,+ J3) (26)
Where by

105 7 105 7
1=¢ZBL1 C2=¢ZBL,
105p .+ 49P e L=L 105p  +49pP e L=1
- Co _ 217P 5 L
G D1~ 65p_+105p_ =B
217 5 1-CcsD
D2= Pee — > B s Ds= =1,
465p . +105p . L=1 CiD>
945p . il 945p ., 31
Ei= P >B", E.= P "y
1,953p . +465p . L1 1,953p + 465p o L=1
_[CsDstEs __ 398MPe & 0
Es=|—— — |» Fi= )
E.Cs 8,001p . +1,953p . L=1
3937p, & Es DsF
F2= P B"» Fa=—t—"+,
8,001p . +1,953p L=t F,
16,065p ., 127
G:= P 2 BL ’
32,385p.+8,001p L1
16,065 127 F.-G.E
G2= Pee B', Gs=———2,
32,385p . +8,001p L1 G,
64,897 255
H.= Poce >B"
130,305p . + 32,385p L=1
64,897 255 Ga-H1F
H2= Pee >B" H3=3—13)
130,305p .+ 32,385p . L=1 H.
= 260,865p 5118L
' 522,753p_, +130,305p (51
260,865p s Hs 1.Gs
2= ) ’ ls=—
522,753p 4 +130,305p . L=1 5
522,753P 1023
Ji= P ) BL ’
1,046,529p ., +522,753p . L-1
522,753 1023 ls-J:H
3= Pcce S B, Jy=13ifs
1,046,529p .+ 522,753p o L1 Js

IV. THROUGHPUT CALCULATION

Bianchi’s model [2] evaluated the performance of the DCF
under error-free channel. Each transmission ignored number of
retransmissions and the packet collides with a constant
probability (p). Let z be the transmission probability that
depends on the collision windows determined by the Physical
layer characteristics. From Bianchi’s model, we have

2(1-2p)(1-p)"

(1- 2p)+W{(1- 2p)+ p[l-(Zp)mH

Parameter P is the collision probability that, in the same time
dot, a least one of n-1 remaining stations transmit. If we
assume that al stations see the system at steady state and
transmission with probability z. The collision probability P is
given by

T=

(27)

p.=1-(1¢)" (28)

Hence, Py is the probability that in a slot time here is at least
one transmission

P, =1-(17)" (29)

Then we can write the probability of successful transmission
(Ps) asthe following equation

n-1
I’Ir(l—r)
p=——— (30)
1-(1-1)

Binary exponential backoff under fading channel errors
was proposed by Song Ci. This model took the probability of
fading channel errors into consideration. The transition
probability of the time discrete Markov chain mode is
described asfollow.

1) The backoff time counter decreases if the station senses that
the channel isidle or there is no transmitting.

P{i,k|i,k+1}=1- p; (31)
2) The backoff counter suspends its contention window

countdown process when WLAN is busy, or the another node
has been transmitting a data packet.

P{i.k|i,k}=pe (32)

ke (Lw;—1);i(0,m)
3) After a successful transmission, the contention window size
isreset to initial Value (Whin) or initial backoff stagei=0.

1- 1-
P{i,k|i,0}=—< Polt-Pd (33)
Wo
ke (Lwo—1); ie (0,m-1)
4) When an unsuccessful transmission occurs, backoff stage

increases and new initial backoff value is chosen contention
window in the range (0,W).

p{i,k|i-1,o}zw

ke(O,Wi—l); ie(l,m)

(34)
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pups(1-P.)E[1-P.]

(39)

5 Fading = (

5) If the system is in the maximum backoff stage and another
retransmission is needed, a backoff counter is chosen in
maximum backoff stage again.

P{0,k|m,0} =L (35

0

ke (Owo—1)

Bianchi’s model has represented the saturation throughput
for a finite number of contending station condition. The
saturated throughput can be calculated by dividing the time
utilized for transmitting a data packet (payload information) in
a dot time by the average duration of a dot time. If we
consider ideal channel condition without errors, the saturation
throughput equation is given by

ElP
S P Ps |: ] (36)
(1- Py )0+ Py P<T o+ Pu (1- Po) T

E[P] isthe average packet payload size. Let packet header
be H=PH Yhq:+MAChq: and let propagation be ¢. Consideration
system in which each packet is transmission by mean of the
RTS/CTS access mechanism, we have

T /%= DIFS+ RTS+CTS+H + E[P]+4J5 + SIFS+ ACK (37)

T15/% = DIFS+ RTS+6 (38)

In research [3], Song Ci extended (36) into fading channel
errors situation and made the throughput under fading channel
errorsthat is shown in (39).

From the equation (39), the expression of probability of
frame errors can be calculated from

pe=1-(py) " e e (40)
PES=1-(py)"™ (41)

pa®= (1-Pb)L”S[1- (1'Pb)LnSj (42)
pé‘a‘a=(1-pb)L”S+L°‘S[1-(1-pb)L"a‘aj (43)
Pe™= (1-Pb)L"S+L°‘S+L"aIa(1-(1-Pb)La°kJ (44)

In the length of different type of frame can calculate the
overhead caused by the frame error of each the frame type as
follow

TS =T et THI + DIFS+J (45)
T8 =T s+ IFS+DIFS+25 (46)

TR 4T 4o+ DIFS+29FS+H +E[P]+TUT®M 1 35 (47)

An agorithm 1 is used to caculate the saturated
throughput.

1-p, )6+ PP T (1-P)# Po(1-P)T # Pup (PETE + PETE + PET

cts . cts data,data

rts . rts ack ack)

*Pe Te

Algorithm 1: Throughput calculation

Begin

Step: 1 fixed parameter, n=1, 2, 3,..., 40, Ps:=0.05,
Py:=10°, RTS:=352 bits, CTS=ACK:=304 hits,
E[P]:=8,192 bits

Step: 2 calculated Py, Ps, Ts and T¢ by applying equation
(29), (30), (37), and (38)

Step: 3 calculated throughput under error-free channel
and throughput under fading channel errors by

applying equation (36) and (39)
End
TABLEI
THE SYSTEM PARAMETERS ARE USE IN THE SIMULATION AND PLOT
T srs 10uS
Toirs S0usS
T SotTime ZOIUS
T delay lILlS
Trrs 352uS
Tcrs 304uS
T ack 304uS
MAC Header 272 hits
PHY Header 128 hits
RTS Packet 160 bits
CTS Packet 112 hits
ACK Packet 112 bits
Packet Payload 8,192 bits

V. NUMERICAL RESULTS

In this section, we show and compare our numerical results
of a proposal about a new discrete time Markov chain model.
Figure 3 compares the saturated throughput performance
between BEB and BEB under fading channel errors. Figure 3
shows when the contending station is increased, the saturated
throughput of BEB appears to reduce quickly as BEB under
fading channdl errors. However, the throughput of BEB is
higher than BEB under fading channel errors. Figure 4
compares the saturated throughput performance between
EIED and EIED under fading channel errors. Figure 4 shows
when contending stations vary from 1 to 8 stations, the
saturated throughput of EIED appears to increase quickly.
When contending stations vary from 9 to 40 stations, the
saturated throughput of EIED appears to be stable as EIED
under fading channel errors. However, the throughput of EIED
is higher than EIED under fading channel errors. Figure 5
displays and compares all of the numerical results of a
proposal about a new discrete time Markov chain model. The
throughput of backoff agorithm which is under fading
channel errorsis lower than backoff agorithm which is under
error-free channel. Even though, EIED under fading channel
errors in contending stations which vary from 5 to 40 is still
higher and more stable than BEB under error-free channel.
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VI. CONCLUSION

Although BEB agorithm under fading channel errors leads
to more accurate practical and application and better
performance, its numerical results of saturated throughput is
lower than those of BEB. In this research, we propose a new
discrete time Markov chain model which although it is under
fading channel errors case, its numerical results of the
saturated throughput are better than BEB algorithm. The
proposed backoff is called EIED under fading channel errors.
The accuracy of throughput results is compared by using new
discrete time Markov chain model that its maximum backoff
stage and contention window size are fixed at 8 stage and
1,024 timeslots respectively. The numerical results have
clearly shown that the saturated throughput of EIED backoff
algorithm under fading channel errors is higher and more
stable than BEB algorithm which is under error-free channel
when the contending stations are increased.

In future work, we plan to evaluate the performance of
EIED under fading channel in non-saturated WLAN channel
and use Network Simulator 2 (NS-2) in order to achieve more
accurate result and better performance in redlistic network
simulation based on recent standard (IEEE802.11 ac)
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