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This thesis presents an analysis of a channel reservation system for media access control
protocol in wireless communication system with two groups of users, je. general and
misbehaved users. Five different misbehaving scenarics are investigated, namely Cascade
Fixed Probability + 2 Group (CFP+2G), Cascade Fixed Frobability + 2 Group + ‘Multi-Token
(CFP+2G+MT), Cascade Fixed Probability + 2 Group + Shift Reservation Time (CFP+2G+5RT),
Uniform + Limited Access + 2 Group (UNI+LA+2G) and Uniform + 2 Group + Multi-Token
(UNI+2G+MT). The objective is 10 evaluate the effect of some misbehaved users on the overall
system performance measured in terms of the average number of successful users for overall
users and each group. System periarmance has been evaluated through mathematical
formulation and verified by computér simulations. Mumerical results show that in most cases the
probability of success in reéservation clearly degrades il only one user do not follow the agreed
rule, except for one specific system namely CFP+2G+SRT where overall system throughput can
actually improve for certain system configurations. When more users misbehave the overall

performance can become deteriarated rapidly.
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dszurmuanuandldusnisludesdynarmdesdalyl (7,.,) andauauglduinisly

dadtyruniaasnauniin (77,) wasasnanuaailanialunisidisaasdesdynyiuans

e

dasdryryrnsaesdnlyl (p(e+1) ) arusuildisnisuazenlanalunisdnaesdesdyyin

o

ludesdtyounnaasdasdald anuasoualdannannish (2.2)

o

max(A,n, + A=1)  : Successor Idle
M = (2.2)

n,+A+(€=-2)" : Collision
Toe 4w dasnisineaeddldusnslngd way e~2.71

Atantalunnndnaesdasdniounnaesdasdyyanaesdall (p(+1) ) @amnn

AN IFRNNANNNIT (2.3)

(¢ +1)=min (1,——) (2.3)

t+1
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2.4.3 WALANSARITBIATY Y LIL CFP (Cascade Fixed Probability)

wAANNIAat ity LY CFP [15-18]H Fldisn1sfisasnisdetnnansusiay
sraazfndulaiinaesdesdyiusiaAiniuiiaziiluanilarindunnee s
TaIATY Y 10N BaUINAuTNT ATy in1saesgainanialu 1 wsn Tnanauazfndula
¥ Y a ' o ] 1 ] d@l a I | dl
dnassfldusnisurazasaziinisguaAimaninazilumasiAiedsendna 0 - 1 aan
Tananisauiuaesuininanisass wnarantaziiulunisguaesdldisnissaladan
%3 J 1 ] v a v dl o 4 Y a 3// =3 ¥
taandnArauiiaziulunisdpduladinaasiinun 1y §ldiEnismedutazaiunsadi
aastasdnyyauld aedldusnisusazansginnsadnaesdesdynnliinasaiamen
melu 1 e aansavnanuaug dusnaslagefefilsrauacnudnalugaanisaes

o

(Average Number of Successful Users) Hpratl

W Tlm,n, p)Aa sauauildisnnslasiedsntszauniudnialugdoinisaasly
dJ b Y a o 1 1

seul aNtlsenaudedldEnas m AN LAZANUINTANATYIUNNIARY n TaY

WX Pk |m,n] Ao Anpansthiaaflundgliisng & 18 arunsndnassdesdoynnm
1Hdn5a lnedfldinnssaduladnsasionnn n au wazldanuiasiulunisindula
dnaaainiy p

% blm, i, p] WnuANUIAZITBLLLNAMAN (Binomial Probability) Nild13n1g i

i’/ v a ¥ dl Yy a v a ¥ v 1 1 i
AUANNTISUNA m Aau Apduladnasd Wedldusnissnduladnaassaariadnuiiaziily p

o

TreNANNUNALTWLULNANN Blm,i, p] NIALARIT

b(m,i p] = (;njpi (1—p)”H' where {mj il (2.4)

i) im—i)l

[ :// 3 Y a dl dl o [ 1 A
muummu;ﬁmmmﬂmmeﬂimumwmL?ﬂuﬁnqqmm@wmszuu AR

Tlm,n, pl= ik.P[/dm, n] (2.5)

k=0

=)

Imel
P [k| m, n]=b[m,0, p]P[k|m,n—1]+b[m,1, p]P[k—1|m—-1,n—-1]

+ Y b{m,i, p)Plk |m—i,n—1]

i=2
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WerEuAUeIdNn1g (2.3) A

ifk<0,m>0,n>0
ifk=0,m>0,n=0
ifk>0,m>20,n=0 (2.7)
ifk=0,m=0,n>0
ifk>0,m=0,n>0

Plk|m,n]=

S = O = O

AMNANNTIN (2.5) arnnsnmiapeIntazifunmanzaniin lildanuudldisnig
Tnaedefilszanarnd1ialugoinisansuessziugegn Aad p A ldayiusaesaunis

(2.5) Wauiy p ilueud

2.4.4 WAUANSADITBIA YL UL Uniform (UNI)

lunatalgliuinisusdazsnsazguiaendasdny I nin19ae9aunl 1 189470

'
o

TRIRTY YNIUAIVNA 7 Tad FIHULLANAIUNIZULN TG I INN990IAUIU 11 FaS

o o

' '
a o !

TannandesdoysyiniuaazdasazgniaenaslAyiniy 1/ U7 2.5 uanesinatnan1aniienu
19 ATiANITAesTaNd Ty ML UNI [15-18] tlaszuuilsznaudasfldiinisauu m

918 FANATYIYITUABIRNUNU 1 TBd

tim
‘ ‘ ‘ S
»

User m

519 2.5 N19MeuLeINANANIIARITRNATY By ML UNI

o o

INaNA19 NI UL [N 199 A a9 T dTy iU NAWIY m 31EuAETRATY Y0

v o

% '
=< A a

R899I 7 123 WudNMANITRINAINIIIAATwR e RANTIN TRty A Tesln 7|

Wull1e 3 necliAa

' a A 1 Y a v | o
® N7 mmLum@’mim;ﬁmmmimﬂmimzuumflﬁmwm 3113113 IpeIAIN

naziflundesdrynnasifinnising = b[m,0,1/x]
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Y Aa =

o nadFa alasandglduiniaiesranaalussuudnaasdasdy

a

o

Tnamuinazidundesdtyouaziinnisdusa = s(m,1,1/a]

oo

a dl = Y a %’/ ] d? ¥ ! ¥ o
® ANTIU mmummnm@mmmamm 2 ﬁ"]‘EI‘I.ILlVLﬂL“]J’]@ﬂﬂfﬁ’ﬂ\iﬁ/ﬂ;lﬂe_/l’]mv\lﬁ‘ﬂﬂﬂu

] m
Tngaunazilundesdyynmsifianiegy = > bm,i,1/n]

i=2

anAraNazidureuunnisaiia i miinluludesdynymaesdedle o) ax
ansnAtaNiaziilumunaenannaslgldUTNAWIN £ 918 Aestesdtynns

Ix&13a (Plk |m,n]) Inaendaudnnisninesanlassannis

Plk | m,n]=b[m,0,1/n] Plk|m,n~1]
+b[m,L,1/n] Plk—1|m—-1Ln-1] (2.8)
+ > b[myi,1/n] Plk|m—in—1]

i=2

o

WAZAMUAANTNFUIRIGNNTT (2.8) A9l

0 ifk<0,m>0,n2>0
1 ifk=0,m=>0,n=0
0 ifk>0m=>0,n=0
1 ifk=0m>2,n=1
0 fk>0m=22,n=1
1 ifk=0,m=0,n2>1
0 ifk=0,m=1,n>1
1 ifk=lm=1n>1

Plk|m,n]=

' 1 | all = Y a o @ 1 o
anAANtnazidunazigldisnisdszauaudnisalunisaasdasdy oyl

a

a

A 1o 173 d‘ d‘ o @ 1 Y o -l?
NITURN ] mmmmmmmuﬁﬁmmmﬁmL@mwﬂimummmLi@iumamﬂmvlm JU

T[m,n]=i( k.P [k [m.n] ) (2.9)

2.5 LUUANARLARANNAFIUN 1D lunsnadaL

s = - Y = = = Y a A ° <
1. L"ﬁ@@ﬁu\?Lsﬁ@@ﬂigﬂﬂﬂmrJEl@ﬂ’]uﬂquﬁu\?@ﬂquuﬂgmmﬂ?ﬂ’]?W@ﬂuluﬁ‘gﬂur“]’]uquﬁuﬂ nle

a J dl Y a & % o ] = dl [~ Y a
mmmmmwms;ﬂfﬂmmﬂqﬂmﬂnmium@mmmmzmmummugmmLﬂur;j’lummi

P%
v A

2. manneuredinsinasafnarsaun ludngniinusatiuiienunazeguunugiuzesdnsa

pRARILANNTENTINAINANILLRANNENTuL T Tyt nsressruLeaniduasdousdae

o o
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3% FDD (frequency division duplex) FaldAr DNt (uplink)  haz21a9 (downlink)
wansneiu Insannfigiuasnsnasuaunisdetayadiuanadldedeanysnl & miunisds
doyasuanauazinnisutisdosnataaniduimsu (frame) Tuusiazinsuuiialiidu 2 douda
douaaguazdoudmiudadaya §l9u3n1synanenfesnisdsdayaazdasionisdiang
dasdryyindludaunisaadidfaneu antiuassa lianigudnasstesdoyoyudmiv
detiayalisialyl
3. szuunnsaestesdryynntiananiuun W ldusnisusazana ldanisninanisanals
o A dl a o o rdld 1
N lesannuaTenanlssAaduingnaaIman

oy ... S e
4. AMdeannsannaans aneainuiaedueu TN seaeNaINnsnaeIted
41134

'
a

5. annfiguarannsans uauIRtasdy el snwaz s wing duIn1sNq e sy
waslasauaug disnsazdidipsinaaaniamagas WesanldlsAtedanarasnisuaus
Tawnef

] o d‘ o a gl/ a | 1 o a ! A ]
6. davdtyqyuninniafiaisnnanuadiudesdyninlugauainanane Tidmaanu

Hanaalunnsiudedaya
2.6 FEULNNFADITNR YA UAUNAUS

AnNnALANITAaINANTUIAUENITINAY 2 ULILLIN A WATANITANULAAIAIM
wraziilulunisae9sqeds Exponential Backoff wazmadAnisnmuaa1Aunaziiuly

Y aa ] & a o o o A a
N19989A%EM5  Pseudo Bayesian flumatAnmnnzd uiuszuundnanilseianng
wwinszanaATLsaLtaandanlsrdsnisdedynin Aetuienat TNz uLAeaTuNg
dszinnidAanisaeduimsanige wudnpouiduldldlunsdiuAilanialunisda
agetesdynamaesanidgounasudaliglduinasnsiuily anaazladiuneuarig
dasdtynyrninisaasda il Fan1sdiverlantaluniadiaestesdyninduasetanseinla

v £

WNEN 1 AFIF RN TN LAY FoaWATRdRINNNILIATIAN I 09T aN ATy AUNRMLLL CFP uaz
UNI T snldeuiuszundeansiisidnnanyssisduimsung uwiilesainmaiianisaes
TasdTyry Ll CFP Lay UNI 1%mﬂumﬂﬁm7ﬂ%z%m§ummf«‘i'}muﬁﬁs’ﬁu’}mﬁmLaﬁlﬂﬁ'
Usraupaudni3alugaaniseeddifissurnguidaawindu fedumnssuuRildsnsitlsl
UfiRmudeuls dufaanmgdiEninesieanuianainaesaniguiazliaiuns

AUl dENslneeanNlszaunuaFa lutaen19aas e UL AR WY
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cﬁ%‘u?mﬂmLﬁ'ﬁlﬂﬁﬂ@mumwzﬁ%?ﬂwﬁfaqmi%wmLwi@:ﬂ@:ﬂﬁ ﬁqmwﬁmq
3‘1/1ﬂWﬁwuﬁ‘@ﬁuﬁﬁﬂé’muﬂs:uummmﬁmﬁmaammz%wﬁ*uiwﬁwﬁfa@muqmmﬂ%ﬁq
fanansluszuudeaslianedusussunfidnadssiinsunsnszanansuseysnandaan
UsgAanededryyrafindedidiniseendu 2  ngu Ae nquildisnailiuaznga
Adusnenlidfimauidenls Wedldsnmie 2 nquagldanmnsansunanisaesls

o

QUNINATNIUENNITAIBILAD F95 A
1. frUUNIARNTaednyndll CFP + 2G (Cascade Fixed Probability + 2

Group)

2. FLUUNTANTANAT UMY CFP + 2G + MT (Cascade Fixed Probability +

2 Group + Multi-Token )

3. FrUUNITANERATYrUIUILIL CFP + 2G + SRT (Cascade Fixed Probability

+ 2 Group + Shift Reservation Time)

4. FTUUN3989TR94EYsY10LLL UNI + LA + 2G (Uniform + Limited Access + 2

Group)

5. 3UUNTATRNATYeU Uil UNI + 2G + MT (Uniform + 2 Group + Multi-

Token )



unN 3
FTULNFARITAIA U

‘uw'f':@:ﬂ@'mﬁqiz‘uummmﬁmﬁmmﬂmémﬁ?ﬂwﬂmﬂfﬂ@mu@mmwﬁﬂﬁaﬁmmq
Tuszuudeansliany ﬂiﬂiﬁﬁ@%ﬂ?mﬂﬂﬂﬁﬁﬁmuLﬁ@uimLﬁwmﬁmz‘@mqmﬁwﬁdﬁmi
AN 7 %'w::ﬁﬂmmﬁﬂmmmﬁmzﬁ"ﬁymﬁmwmmu CFP LAZnANANIIABITRIATY T UL
UNI untiludauilsznaulunisaiaassziunisaastdasdyins tnassuunisany

) > A R Ry =
m@QﬁmquWQWNﬁmL@u@NﬂQﬁﬂu 50Ul AR

1. fYUUNNIABNTANAT el CFP + 2G (Cascade Fixed Probability + 2

Group)

2. 9rUUNNFABNTANARY UL CFP + 2G + MT (Cascade Fixed Probability +

2 Group + Multi-Token )

3. FLUUNMTAANTRIATUIRUILL CFP + 2G + SRT (Cascade Fixed Probability

+ 2 Group + Shift Reservation Time)

4. 9rUUNNTARITeNARYEYIadLL UNI + LA + 2G  (Uniform + Limited Access +

2 Group)

5. 32UUNI2289 T4t ey 1eunlL UNI + 2G + MT (Uniform + 2 Group + Multi-

Token )

|
o

noUszasAnanaednIsanaedsziuNIsaesTesdny sy uiiaueilun1sinanzi
dld 1 k2 26 ¥ Aa dl 1 a A

HanIEN U NFeanssausinesInre s Ty anmsidnaesreldusnne il jimnqx
= =< a = Ao gy a o ° y a PRI

Reuly Gafnananiiguzesiag 4usnisies Tnadnanawinglduinisiadanlsyay
PINASA (Average Number of Successful Users) 7i9szUUuazanuaug d1sn191aaed
dszaupandnialunsaznguludeinisass nsausnmnauug Mg 14usnseaen
dszauarndnidaresszuunissesiiiauea nnam dinedsniseszimeatiaaans

LAZNNTANARTzUL A8 [UTUNTNARNAY Lﬁl®§FLuZ‘i’JuLﬁ@VW?J’ﬂQUV]ﬁ@$@%U’]Elﬁznﬂ/ﬂﬂ’]i“1/el’1\1’1u
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IBITLULNITAAINUNAUD NFANENFADLNNNITANUIUNIANNITAIA A AT LN lsTdeisa

nadlauazAne
3.1 FTUUNNTADITDINEYYIMUKLUL CFP + 2G (Cascade Fixed Probability + 2 Group)

d’l 1 Y a 3 1 1 k7R 1
sruunfgeasiiazuiivg luTntseandu 2 nqu nguusnazldAipanutazidulunig

%

pnauladnaasin i ldawondldisnslaeaageganilszauninudiisaainis CFP lag

ArpantnaziilulunisdndulaiinassazAnainanuaul usnisidesnisdednggns

1 1
= al =

vanue lussuudniusiudnuandesdnyaninisaesifegnialunsn dowlungui 2 @

G| { dl A ea A i’/ 7 1 | v a 3 a 1 =< d' o
LﬂumngluﬂgummuL\‘ifau”l,mumﬂmmmmm%mﬂumimMu%mem@ﬂmuuwm

(% '
1

Wigldusnsnguiiilanaalunisdhassunnndinguusn avisaesnguneniazidnaesiazi
! 1 1 = 6 ¥ 1 Z)/ Aﬂl o o o 26 Y Aa d} 1
nsguAIANUnazidul el lEuAas T1eNATY liaAINAK WY M LUTN s Teasdaan
Tanaluniszuiuldanaianiiy manAtpautiazdulunisgudesndiAiaaniiasiuly
nsfnduladnaasiag@uasoninisdnaesls uazfldusiazsnaaunsndtaasldineanis
wiaanelu 1 wlsn nalonsinauaesszuunIgaesdeddayay 10U CFP + 2G uanasagy

3.1

Sequence

access
————— - - >
P

p|lp|p|P

Every normal user random value > p, p : Access Probability
and every misbehaved user random value > p,

'
ST S S

Only 1normal user random value < p4
and every misbehaved user random value > p,

time
I

Sequence

access
--- - -»

v3

or
Only 1 misbehaved user random value < p;
and every normal user random value > p,

access |l|dle|Succ

Sequence l
N

‘ ‘ time
N
>
More than1 normal user random value < p4

and every misbehaved user random value > p,
or
More than1 misbehaved user random value < p,
and every normal user random value> p,
or
Only 1normal user random value < p;
and only 1misbehaved user random value < p;

or
More than1 normal user random value < p;
and more than 1 misbehaved user random value < p,

Sequence i
access |Idle|Idle|colii

519 3.1 nalnnisinauzedszuLNIIAedLLL CFP + 2G
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ﬂ']‘a‘aLﬂ‘i’]gﬁﬂ']\'iﬂiﬁﬁlﬁ’]ﬂﬁl‘}ﬂlﬂ\i‘iﬁﬂﬂﬂﬁ‘iﬁﬂﬂ“ﬂﬂ CFP + 2G

R1NNA NN191INIUBRITTULNITABIULL CFP + 2G Asuanslugtl 3.1 ileianson

dasay o dn i a vo s o An o mes
seuunAFIduInasialdidnaes m 9ie, §lduinalddjuiRnintenls m,0e uas

dasdrynyrnelunisaaatuau » 4a9 MuualiAtautiaziilulunissnduladinaanes

Fldsnsvinlduazdldusnian i jimnuenlamindy p uaz p, muaAL wudiay

annsafawanisallutesdynyiunigaesiduldls 3 neddl Aa

! a 1= Y a g’/ ' ¥ ] o
M Aeanlddgldisnisnalaluie 2 nguidnassdesdynn Tag
AR UNTaSATY N URANI9T = b[m,,0, p, 1b[m, .0, p, ]

o < a = Y a = ¥ 1 dJ a
n3d3a NAsINHE ITLIN99enge lusTuLdAesTesdny il Teaziia

16 2 nacid

a

A

A9
-fliusnnslunguialililszaunaudiialunisaes Tnaaaiuiias
Wuidesdtyn1oufianiadnia= sim,,1, p,1b[m,,0, p, 1

- glaisnaslunguilidfifantenlalsraunnudialunisaes

o

TngAanuazdufidesdyniianisdisa

=b[m,,0, p,Jb[m,,1,p,]
a = Y a Zl/ 1 ‘é{ ¥ 1 g % [ ‘ﬁl
e AN E sn1sAswe 2 e lilidnaesdesdnyoynnieniu
aziinld 3 natl Ag
- fliunaslunguiialussuws 2 sreavhlidraastesdyninmien

A tnegldusnas lungun dfoanntenle lilddnees deaou

)
a m,

WnaziiluntesdnafanTw = pim,,0, p, 1> bim, i, p,]

=2
- ldInslunqui il fuRnstenlaseuws 2 meaullidiassdes
&ryruntunwFeuiiu lneldanaslunguiinldldlsidnaes Teaan

Wraziflundesdrynuianismu - b[ml,o,pl]i blm,.i,, p,]
=2
- Jldusnngvia 2ngsidnasanFaniuaaus 1 seaishl Tnaaanw
uagifluntesdoyn ouinns i =03 bim, i, p,1bim, i, ps ]

iy=1iy=1
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anArrantaziiueesmgnisaiatnnsafinuludesdeyaiadle - armnsamnn

nuangldunnslaaeasiilscauainudsalutoinisans (Average  Number  of

o

Successful Users) 16Tl
W TOm,m,,n,p,p.] A8 auauglduEnislaaeasilszauainudnialugdosnis
qedluszuvdalszneufaalduinislunguusn m, A, gldusnislungui 2 wiadu m, au

UAZANUIUATYTUNTUNNTADY 1 T

1
Y a

W Plk,k |m,m,n] A8 dAranwiiandunddldisnig «,  seuas £, 9o

3 ! % ¥ o -3 = Y a v a 7 %’/
aunsndnaestesdyanasliddnsa lnelldidnasdnduladnaesionnn m, Auuaz m,
AUATNATFL

panuauaugldisn s laeeasilszauanudnialuganisaasainisauanssos

Tugilananunazidulifai

m my m, m

Tlm,m,n,p,p 1= > kP Ik k [m,m.n]+ > S k.P[k,k

=0k, =0 ky=0/=0

m, ,m,,n] (3.1)

nen

P[kl’k2|ml’mz9n]:b[m1’09p|]b[mz’()’pz]P [k17k2|m1’m2’n_1]
+b[m131’p1]b[m290’pz]P [k1_19k2|m1_1’m23n_1]

+b[m,0,p]1b [m,,1,p,1P [k ,k, —1|m ,m,—1,n—1]

+b [mlﬂo’p|]z b [mz’iz’pz]P [kl’kz |m1’m2_iz’n_1]
=2

ny

+b [m,,0,p, 1" b [m,,i, p P [k, k {m, —i,m,,n—1]
=2

Y g

+Zzb [ml’il’pl]b [mzﬂiz’pz]P [klﬂkz

ii=1i,=1

m, —1,m, _lzan_l]

Y o

o 1 4&‘ £% ‘g
LASNNNUAANLTHAUARIANNT (3.2) 1At

0 ifk <0ork,<0,m+m,>20,n>0
0 ifk+k >nm+m2=20n20

Plk ,k,|m ,m,,n]= 0 ifk>mork,>m,m+m,>20,n>0
1 ifk+k=0m+m, 20,n=0
1 ifk +k=0m+m,=0,n>20
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3.2 sruUNIsAaTasduIMLLL CFP + 2G + MT (Cascade Fixed Probability + 2
Group + Multi-Token)

FTULNIABITIRTYTYIUULL CFP + 2G + MT # arluannsieuduimaniy
FLULNNIAENULL CFP + 2G waRdauansnaiuae fldisnislungun 2 Sadunguinld
UfiRnnReulaannsadiaeddduinndt 1 afsnnglumlsnines eaziinlanialunng
¥ 1 o/ Y a U dﬁl 2% lé/ 1 dl
daestasdtynrmuaesdlduinislunguilldunnau Tnaldaiunsofaznsiunanisaasly
wiazafldaundnazdugatainisaasnieli 1 wsu Senanisaasazliaunsouanladnads

Inunaasudnavilsvauniudiigalinisans
N159LASIZAVINNAMAAIEASURITLULNISADILUL CFP + 2G + MT

AMFUNTAAIIINNANAAI AR TI0972UUNN99091H AZUANFANNAINIZULNTA8
Headeysyrnuuiy CFP + 2G illasann lungnilduanisnludfimnuReulaasianiunisnl
QI é{ = = o [~3 901 d’ = Y a Z’/ o <
WWnauan Ae N1stszatnlaNdnFada GufnaIng TN etuwntlszaunandiia
Nufrannisid1aesiesdynununiauntin AviuaesaelnisdinasuInIuuaen

. o vo v i W . ), e e
poudnFareslduinisunguin il ifiauSeulnnuiAnauen aanuannisfangin
ANNIOMAN BRI TUWIUE LiLFN s TaeLeaanl srauaINd s lunn et sdny il

o X
svuunlasail

AUUANIINHLABTHN 7] Na g 1un19AIILIN NAIAAIRA SN UIZULNITADY

TaedtyryIn Al

m, wnuaIwINTass ldUsns lungusialyl
. ” o o aem
m, wnuswInaed N s lunqui liUfimnnteula
n WIUANUINTRA Ty IUNNTAeY
T wnusauaniniAunsaezed ldusnslungui iR Rewlased i
s, uwnuanuzIeenIIlszauANgFaeeslisnisungui iU fimns

o PRI P = y = 2 ooy °o @
Reulysed i Taeih S, =0 AR Eﬁ’ﬁﬂ?ﬂ’]?ﬁ‘?ﬂuuﬁlxﬂﬂLﬂﬁlﬂ?t@ﬂﬁ’m?\l@%ﬁ“ﬂ

A Y a :I/ ° < %
has S, =1 AR ;ﬁ‘*ﬁmm?mﬂuuﬂ?mummmmmum



21

R wnua g s slungui U jrifnuSenlanvaee lussuuidie

WasnTeednyNtunisanatii

° Y a o A ° @ L e X
mmuiﬂmmmﬁmLfmﬂmﬂimummmmﬂumﬁmmm mﬁyﬁmiuixuuumm

ASANNTT (3.3)

TTmy,my,n, p, p,1= sz Plkyky |my 1T, T, LS,,8,,.0058,, 0]
klmokzm (3.3)
+sz P[klak |m1’ S17S27'--5Sm2:n]
l5=0,=0

e

P[k,,kz\ml,T;,TZ,.‘.,T,,,Z,S,,Sz,...,S sn]:(l_p|)m‘(1_p2)R~P +p1(1_p1)m171(1_p2)R-PB

+p,(1-p,) (1= p)"" P+ pi (1— p)" " (1- p,)* B, +Zp (1-p) (1= p)" Py (3.4)

=2 ih=2

m

+ZZP pE(-p)" H1=p,) " Py

i=1i=1

W R =m, —(Auuresdn ‘07 WM B, 5,7, )

= Plk,ky |m DDy T,, S, 8,008, on = 1]

Py =Plk — Lk, |m LT, TysT, .S, S50 S

P.=Plk.k,~x|m,T,~1.T,,...T, .S, +x,5,,....S, .S, ,n—1]

+ Plk, by = x|m, T, T, — T 808, + XS, S, n—1]

Plhky = x| m, T, Ty T, = 1,8,,8,,8,00S,, 1, S, +x,0n—1]

{ 0 if  repeated success
X =

1 if newsuccess

= Plkky |my =i, T, T T, S, S, s S
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P, = Plk .k, |m,T,~ LT, ~1T,....T, .5,.S,.....S, ,n~1]
+ Plhyky | m, T, = LT, Ty ~1,...T,, ,S,,S,,..S, ,n—1]

my

+ Pk ky |m, T, Ty, T, ~LT, .T, ~15,,S,,....S, ,n~1]

>Mm,

+ Plhyky | my, T, Ty T, T, ~LT, ~1,8,,S,,...S, ,n—1]

T my=2°"my—1 > my

P, = Plkk, |m,.T, 1T, —1,...T,

my—2

~LT

my—1

~LT

my

~1,5,.5,,...S, ,n—1]

2 m,

Py, =Pk, |m ~i,, T~ LT, T,...T, S, S, S, ,n—1]
+ Pk ky [y =i, T, Ty <1 T T S, Sy Sy o — 1]

my?

+ Pl Ky |my =i T Ty s T T, =1,5,,8,,08, sn—1]

2 Smy—1°"my >~my 2

Peg = Pl by |my i, i =1, L= L., T, = LT,

my—1

LT

gy

—1,5,,8,,....8,, ,n—1]

2 Mmy >

o o

wananil §9lanuuAANENFYL (Boundary Condition) 18941013 (3.4) 135ail

ifk, <0ork,<0,m+T7,20,5,>20,n>0
itk +k,>nm +7,20,5,>20,n>0

iftk, >m, or k, >m,,m +7,>20,5,20,n>0
ifk,+ k,=0,m +7,=0,5,>20,n>0
itk + k,=0,m +7,>0,S,>20,n=0

Pk, k, |m,T,T,,....T, ,S,,8,,....S,, .n] =

P

I [ =i ==

3.3 axuumsqmﬁmﬁmm’lmuuu CFP + 2G + SRT (Cascade Fixed Probability + 2

Group + Shift Reservation Time)

sruunsaestazutieg di3naseanidu 2 ngu nquusnazldraaniiazidulunig
snAuladnaeshinldaauouddisnslenaageganilszaupniudniiaainis CFP lng

ArpantnaziilulunisdndulaiinaasazAnainasuaul usnisidesnisdednngns

1
a

Manun sz uUdniusiuAuIutesdy i nintsaesntegn e lunsn donlunguin 2 a9

dunguinufimmuceulatuazidiauiiazsdlulunisinduladnaesdnamiianiia

4
o aa

Wigldusnisnguialanialunisdiaesuinndinguusnuazazlsyianainisidaelvidn

q

v
o '

ndnguusn Gwisaesngunaunaziinaesiazinsgueatanitaziiuesldusazanann
:’/ Aﬂl o o ° 26 Y Aa dJ 1 o va :’/ dJ 1

Y eanARa I uIugldUTNNsTvazdaaantantalunisruiuldanaios wnAtaay

Waziulunisguriasndtdrmnniiavidulunisingauladiaessiazainisniinisidiass

16 waz dusiazssarsnsadnaasliinesnianeannialu 1 wsn
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ﬂ’]‘a‘%Lﬂi’]tﬁVﬂ\‘iﬂiﬁﬁlﬁ’]ﬂﬁléﬂlﬂﬂizﬂﬂﬂﬁ‘i@ﬂﬁ“ﬂﬂ CFP + 2G + SRT

AMFUTTULN9A0ULL CFP + 2G + SRT Wasainliaunsndeuiluaunislugil
M lld fauiunniipmsdineatinAanfazLanIn133LATIZ T AL ALELNINNNSYI 1971
Tnafiansangnisninifinlululsactaed 119989 LAIATUIINIAIR1UIY

Y Aa dl dl ° 1 1 o v o 1 ] dy
glisnslasasnlszaumnudidalunisassdasdonnluszun Assinatnsialiil

angilf 3.2 Wezuunisaesdesdyonainuy CFP+2G+SRT Afldusnisvsniun 3

91e utifugldusnasialyl 2 99 gldEn1alidfifnuteuls 1 916 uavdesdtynio
n1saariiy 4 4e4 el lduEnisi ldUfiinsReulatszianainiadiaes ez
v . — R . %, = 4 d

naeeludesdtyny1mnieansdedn 3 azainisnuiaraiuouglduinslaaiadaitlszay

Arrnd A ludanisansnasd i n1avssruy wazdnuauglduinisinaedaiilsea

£
Y o A

ANAFA Tt saesTatsazn gu LA

nacdnt &, =0: anuunaiun i gldusnaslunguiollaulaaatlszauaanuddalunig

=
AR

Py =pip,+pip,(1—p)+ pi (1= p)’ + pip, (1= p) + pi p,(1- p,)* (- p,)
+pi(1=p)’ (= p,) +pi p,(l=p)' + pi (- p) (1= py) + pi (1= p) ' (1= p,)’
+2p,p,(1=p)° + pi p, (1= p)° + p, (1= p)* + pi p, (1= p)° (1= p,) + pi (1= p) (1= p,)’
+2p, p,(1-p) (A= p,) + p,(1=p)' (A= p)+(1-p)’(1-p,)’

naein k, =1: pondasidunfgidisnasiungaiall 1 autlszauacindnifalunisans Ae

a

B, =2pip,(1=p)’ +2p, p,(1-p)* +2pi p,(1-p,)’ (A= p,) +2p, p,(1- p)' (1= p,)
+2p, (1= p) (1= p,)" +2p p,(1=p))’ +2p, p,(1=p))’ +2p/ p,(1=p)' (1= p,)
+2p, py (L= p)’ (A= py) +2p, (= p) (1= p,)’ +2pi py(L=p)’+2p; p, (1= p) (1= p,)
+2p, p, (1= p) (1= py) + 2p, (1= p)° (L= ) +2p s (1= p) +2p, (1= p) (1= p,)’?

neodil k=2 amtanduniglduinnslunguiall 2 autlszaupnudnialunisases

A

AR

B, =2pp,(1=p)+2p; p,(1- p)(1= p,)+2pi (1= p)(1- p,)*
+2pp, (1= p)* (1= p,) +2p (1= p)* (1= p,)* +2p; p, (1= p,)’
+2p (1= p)* (1= p,)* +2pi p, (1= p)’ (1= p) +2p (1= p)’ (1= p,)’
+2pi p,(1=p)* +2p (1= p) ' (= p,)* +2p{ (1= p)’ (1= p,)’
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patiuauuglsnisteaeaenlszaumndnialugomnisaeued disnig

Waldl Ae
T,=0.R,+1.R, +2.R, (3.5)

Y a 1

naedn k,=0: poNAsiud il lungui il jifsuenlaaulaselszay

a

ANAFalNNT9849 AD

Py =pi(1-p,)* +2pi (- p)1=p,)* +2pip,(1= p)* +2p;(1- p)’ (- p,)’
+2p 0, (1= p ) (A= py) +2p (1= p)' (= ) +2p, (1= p)* (1= p,)* + pi (1= p)’ (1= p,)’
+2pip,(1=p)* +2p{ (1= p) (A= p,)’ +2pi p,(1=p)' (1 - p,) +2p (1= p)' (1= p,)’
+2p, (1= p)' (A= p)*+ pip, (1= p)' + pi (= p) (= py)’ +2pi p,(1-p,)’
+2p,p, (1= ) +2pip, (1= p)’ (1= p) +2p; (1= p)’ (1= p,)* +2p, (1= p)°* (1= p,)’
+pip, (1= p)° (A= p)+ pi(1= p) (1=py) +2p, p,(1—p) (1= p,)+2p, (1= p) (1= p,)*
+(1=p)'(1-p,)’

'
= 1 o

necddl k,=1:  pendaaztundglduinaslunguillidjifaiutenle 1 autlseauy

ANNANGAlUNNTARY A

Py =pipy+ pipy (1= py) + 27 py (1= p) + 27 ps (1 - p)(A = py) +2pi p, (1= p)* (1= py)
+2pp,(1—py)* +2p, p, (1= p)* +2p, p, (1= p)* (A= p,) +p/ p,(A- p,)
+ i py (1= p) (= py)+2p; py (A= p) (A= py)+2p; p, (A= p)* +2p, p,(1-p))’
+2p,p, (1= p) (1= p) + pi (1= p)' (1= p) +2p, p,(1—p)° (1= p,) + Pl p,(1- p,)’°
+2p, p,(1=p) + p, (1= p)* + p, (1= p)' (1= p,)

warAauaugldiinaslaeadesiitszauarindadalugasnisaeseedldisnisi il imais

- -
Raula Aa
T,=0.B, +1.P, (3.6)

paruauaul isnslaaedsnlszauaudrdalutdosnisaasaesisssununst

|
292 =

RgldEnevienne 3 9e wdadluglduinasialy 2 91e Fldusnsnlidjumnucenls 1

918 WA addtyyIUNIIARUNIiL 4 dad Aa

T=T+T, (3.7)



SLOT 1 ‘ SLOT 2‘

B ey TPZ

Lvary b 7 t P.

Q- e

P,: manniaztlulunsanduladn
ansrasgldrsnisnaly

P,- Aanuuraniulunisandulaiin
answasgldudnsiilailjiRmatevly

k,: Sruauglduznismaliiidszay
Anudngalunisaas

k, Swauglfisnsilailjimautaulai
dszauanudnFalunisaas

(1-P){1-P,

‘ SLOT 3‘ ‘ SLOT 4‘ ki:k,

0:1

1-P, \_’ P, 0:1

1-P, 0:0

2:1

1-P, P, 2:1

L, 1-P, 2:0

_>‘ 1-P, }_. PP, 1:0
P(1-P,) P, 2:1

L, 1-P, 2:0

I pi-p) E P, 2:1
1-P, 1:1

—»‘(I—P.)(I-Pz) P.P, 1:0
P,(1-P,) 2:0

P,(1-P) 1:1

(1-P.X1-P,) 1:0

0:1

1-P, P, 0:1

\—> 1-P, 0:0

- op ) F—o PP 10
P,(1-P,) P, 2:1

[—ﬂ 1-P, 2:0

PPy E P, 2:1
1-P, 1:1

L——{(1-PX1-P.) PP, 1:0
P.(1-P,) 2:0

P.(1-P,) 1:1

(1-PX1-P) | 1:0

T a-ey P.P, 0:0
P{(1-P,) P, 0:1

L. 1-P, 0:0
—’{ZPzPl(l-P.)"l:: P, 1:0
1-P, 0:0

—"ZP‘(I-P,II-PJ P.P, 1:0
P.(1-P,) 2:0

Py(1-P) 1:1

(1-PX1-P) [1:0

——{ a-P)’P. | p> 0:1
2P,(1-P,) 1:1

(1-P,)’ 0:1

——{1-P){1-P.} P/P, 0:0
PX1-P,) 0:0

2P.P.(1-P)) 0:0

OP (1-P,) 1P, 1:0

E. (1-P)’P, 0:1

0:0
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51U 3.2 doadrenismatuaugliuinislaeiedeilszauniudnialudeinisans

(Average Number of Successful Users)
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3.4 §TUUNITARITDINYYIMULLUL UNI + LA + 2G (Uniform + Limited Access + 2

Group)

o

STUUNNTARITRIATYTUNLUUL UNI + LA + 2G aziinisinanuadnaiuinaiianig

AaLUL UNI naname gliisnismnaanazidnassdesdnynyios azninisgueaianuinay

iulunissinduladnassundnuils Tnaenguarilansemngng 0 - 1 deungldusnismalad

Arpnddulunisguiasndtdipnuiiazidulunisdnduladnaesiniuuald fas
. o e

arNNsNINNIguLaandasdy ifeenIstiaaalsd 1 deednyyine Tansidnaesay

] ' ¥
1 o a

o < A G’é’ [0 1 A = Y Aa A ¥ % A 1 e o
’A%ﬁ‘@‘ﬂﬁ‘@h\l NAUBELINDAN mmﬂmmmmnmuﬁﬁmmmawmumwmmwmvl,m AN

v o q

1 2 1
= o

a 1 Y a 1 A 1 26 ¥V Aa o 1
sruunsaasiiaue ezl lduinisaanidu 2 ngu Ae nquglduinisialiuazngu
gliusnisf dfuRnusenla TnaaznivualingugldusnisiallldaAraaniiasiuly
nasnduladnaesa i iszuuianssouzgega luanen A g e i fomans
= s ) = > 4 . A . = Ao g o= o
Rauly daudnngunilsagldaianantiazifdudnenieinilidlenalszaumaugiiia

! U U 173 QI/ d’l a 'y o 9/ v a dl
wnndngugldialil ludauaesszuinisaasiazimansiviauoul dusnisnlszay
AuAFalunnsaaslngLRREAaENI19aABNITLLAEABNRILET NAINNI9YINUTREY

sruLiuansiagl 3.3

e ————

\\
\
I .
B time
|-
~— Ll

« b
< T =———
I /T ol ____
| Normal users! Ir Misbehaved users |
| | | B% | 0E0 -0
|
" 1 =] !
P4 ifrandom value <p; :PASS = P, " it random value <p, :PASS
if random value >p; :FAIL if random value > p2 :FAIL
:- Normal users! :- Misbehaved users |
| |
|| Usert|| User2|........ User m, : | | User1|| User2|........ User m,|!
| |

519 3.3 nalnn19in9euTeesTLLNITABIULL UNI + LA + 2G
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3.5 FTULNITADITDINEYYIMLUL UNI + 2G + MT (Uniform + 2Group + Multi-Token)

©

sruunIaesdesdnyynitiaueludougaiineil Ae svuunisasstesdoyon
UL UNI + 2G + MT Tagndnnisvinauduimeaiumaiian1saeauuy UNI $aazyianiagy
= ) o = > P 3 > 29 ¥ a .
Wwendesdryyrunaziednisaesnauasazauisadnands tnadlduinisusazeny
= Y v = | = : = X ' .
annsadendesdyayndliiiesdesinnn wiluszuunisassiiauailazianisuengs
gldusnnseanidu 2 nqu Ae nguilduinisinlluaznguilduinismluidfjifnin el
Tnangugldusnisiallaziinisaesdesdyniniduihaiuimatianisaasiuy UNI - usl
Amiuludonped i snm iR uRenleazaimiminengudedyyiuiazidiaes
Taunnndn 1 daedtyyane Aeiulantanazdszauaaudifanazininau 41v5unisang
e g a4 - .
weanguiIduInae il ianuRanlatiu wingldusnismelaanisodszaunaudiia
11NN9N 1 AR azdadnlszauanndianaaTaaee nalnnainauaesuutianssgl

3.4

time
[ .
»

A
4

n - Misbehaved users can select any T
— __access slots. (T:Number of token)

~

Normal users

|
|

| User1 User2 | o Userm; || I'| user1 User2 [ o Userm;, ||
|

191 3.4 Nalnn19391971YLITTLLNNTARILLL UNI +2G + MT

N153LASIETUNIADARNAASUDITEUUNITADUL UNI + 2G + MT
AMUUANIINTLRRTH ] AaLldlun199AT LN NAIAANAASAIUFUTIZULN1TADY

daedrynyns fafl

m, wnuawINess s s lunguiialy

m, uwnuanuauzes TN slungun U iR uRel
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n UNUANUIUTAIA YT TUNI938

k, wnuauaudldinsi lfilszaunanudndalunisaes

k, Lmuf-‘i’]mu@%u?ﬂwﬁiﬂﬂﬁﬁﬁmuLf"ilﬂuvl,mﬁﬂ?mumwzﬁqﬁfﬂummm
T wnudnuaulnAunisaesesd 4 lungui i fiRaudenls

annalnnisvinausauandlugii 3.4 aunsouataaniiasfunacifldusnig

nlduazfldusnisnldUfiRnantenladauau k, waz k, 9o dszauasindnialunis

1
a va =

983 Anauang usnasialluazawandldiEnisn il imnutenls m uaz m, 9

(Plk,,ky|m,,m,,n,T]) IHan@unag

C[klakz \ml’mz’n’T]

Plk, .k, |my,m,,n,T =

> Clky ey |my,my,n, T
k=0 k=0

Tt Clh, k, [my,myn, ] wlANWINIBINIeuNANG SN0l & uaz &, 918

dszauminuddalunisans anatusuilduinisialluazswangldusnish il juRnis

| mp -y (% 1 [
Heula m uaz m, 0 uag D0 Clk, ky g,y n, 7] UNUSIUN SN AT ATUAY
=0/, =0

ANn139 (3.9)

”H

1
D oy my T =" X[nx(n=1)x (n—2) ... x(n—(T D)} (3.9)

k=0k,=0

Auang s slaseaslszauanudnialunisestasdnyyinlussuuiuans

AIANNTT (3.10)

2 0
Hmlamz’”’ﬂ=z 2( T Ponaeanl; |ml’mz,”’7]) (3.10)
= =0
T
2 Jim
Aj; ‘”ﬁamza”:ﬂ:zzzpwemw [k, ky | 4, my,m, T} (3.11)

i=l k=j; k,=0
al
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(Mathematical Analysis) LazNaN19A1A89N1AANNILAAS (Computer Simulation)

Amuadoyaneninldlugdal

Analysis WUNATAUATIZTIN NATIAAAAT

Simulation WNUNIFANABINABNNILART

m, wns g Annsvialy

m, unustoud g mei i fRnudeuls

n UNUANUIUTIATIIUNN9A8N

T WUANUIUINLALNIIARY

» unurnAaandulunnsdiaesme il dLsniall

P wnurrastinaziiulunadnassesdld i iy fidas
Hewly

Delay ununatstismadhaesasdldiinami eidfRnudenls

CFP unumAlla Cascade Fixed Probability

CFP+ 2G WUIETULINNIARANUL CFP +2G

CFP + 2G+ MT WIUITLILNTABIULY CFP + 2G + MT

CFP + 2G+ SRT WINITLILN3A89UUY CFP + 2G + SRT
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Abstract

This paper presents a mathematical analysis of a channel
reservation technique referred to as CFP for media access control
protocol in systems with two groups of users, ie general and
misbehaved users. The objective is to evaluate the effect of some
misbehaved users on the overall system performance. Numerical results
show that the probability of success in reservation clearly degrades if

some users do not follow the agreed rule.

Keywords: MAC Protocol, CFP
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Abstract

This paper presents an analysis of a channel reservation system for
media access control protocol in wireless communication system with
two groups of users, i.e. general and misbehaved users. The objective is
to evaluate the effect of some misbehaved users on the overall system
performance. The results show that the misbehaved user does not cause

significant effect to the normal user performance.

Keywords: MAC Protocol, CFP
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ABSTRACT

This paper presents a mathematical analysis of a channel
reservation technique referred to as CFP for medium
access control protocol in high bit-rate wireless
communication systems with two groups of users, i.e.
normal and misbehaved users. Two different misbehaving
scenarios are investigated, namely Cascade Fixed Prop +
2 Group (CFP+2G) and Cascade Fixed Prop + 2 Group +
Multi-Token (CFP+2G+MT). The objective is to evaluate
the effect of some misbehaved users on the overall
system performance. Numerical results show that the
probability of success in reservation clearly degrades if
some users do not follow the agreed rule.

1. INTRODUCTION

An effective medium access control (MAC) protocol is
an essential component of future broadband mobile
communication systems. Fig. 1 shows the frame structure
of a possible and effective MAC protocol, in which the
communication channel bandwidth is divided into two
parts, namely reservation and information transfer. The
reservation part consists of a number of request slots,
which are used by all users to reserve for channel
bandwidth on a contention basis. A user who succeeds in
the reservation process will be assigned the data slots by
the base station in the information parts for his
information transmission. This paper concentrates on the
issue of contention resolution algorithm used in the
reservation period, specifically the CFP (Cascade Fixed
Probability) algorithm which was previously proposed in

[1].

reservation .
Information transfer

e— frame —»

» Time

Fig.1. Frame structure

The objective is to investigate the robustness of the
CFP algorithm under the condition that some users do not
conform to the agreed rule. This situation may arise
because some system components are not functioning
properly or users themselves deliberately violate the rule
in order to obtain better access. Therefore it is interesting
to see how these misbehaved users will affect the channel
access performance of other normal users and the overall
system performance. Two different misbehaving

scenarios are considered here and referred to as Cascade
Fixed Prop + 2 Group (CFP+2G) and Cascade Fixed Prop
+ 2 Group + Multi-Token (CFP+2G+MT). For both
scenarios, the system performance is mathematically
analyzed and evaluated in terms of the average number of
successful users so that the success rates of the normal
and misbehaved users can be numerically compared.
Computer simulation is also conducted to validate the
mathematical model.

2. THE CFP+2G SYSTEM

In the CFP+2G (Cascade Fixed Prob + 2 Group) system,
users are divided into two groups. The first group is
normal users and the second group is misbehaved users.
Each user in the same group will reserve the request slot
from the first slot to the last slot with fixed probability
and the value of this probability is the same for all users
in the group. The first group uses the appropriate access
probability optimally derived for CFP under normal
operation whereas the second group applies different
access probability either greater or smaller than that of
normal users aiming to gain some advantages. Note that
users from both groups are entitled to make only a single
reservation attempt in each frame as imposed by the CFP
algorithm. This system can be mathematically defined as
follows.

Let T[m,,m,,n, p,,p,] be the average number of
successful users for a system with m, normal users, m,
misbehaved users and n slots, P[k,,k, |m,,m,,n,p,,p,]
be 'the probability that &

misbehaved users succeed in reservation given m, normal

normal users and k,

users, and m, misbehaved users competing in a frame of
n - slots~by -using -access -probability of p, and p,

respectively.
my my
Imy,my,n, py, py]1= Z Zlﬂ “Plky, ky | my,my,n]
k1 =0k, =0
my  my
+ 3 ky - Plky ky | my,my,n] (1)
k3=0k;=0
when

P[k1>k2 ‘ m1;m27”] =b[m1,O,Pl]b[mz,O,Pz]P[kpkz | ml,mz,n—l]
+b[m, .1, p,1b[m,,0, p, 1Pk, — Lk, |m, —1,m,,n—1]
+ b[m,,0, p,1b[m, .1, p, 1Pk, k, =1 | m,,m, —=1,n —1]



+b[m,.0, p, 1> blm,.iy, py 1Pk, Jey [y my —iy,n=1]

=2
my
+b[m230’p2]zb[m2’il?pl]P[klﬁkZ | my —i;,my,n—1]
=2
m

+ DD Blmyi, pyWbmy iy, pa Py [y =i my =iy, n =11 (2)
i=2i,=2

and the initial condition is

0if k,<0ork, <0,m +m,20,n>0

0if ky+ky, >n,m +m,20,n20
Plk,,ky |m,my,n]=<0if k >m ork, >m,,m +m,>0,n=0

1if ky+k,=0,m +m, >20,n=0

1if ky+k,=0,m +m, =0,n20

)

3. THE CFP+2G+MT SYSTEM

The CFP+2G+MT (Cascade Fixed Prob + 2 Group +
Multi-Token) system is almost the same as the CFP+2G
system, except that misbehaved users may attempt to
access more than once in each frame, hence violating the
CFP algorithm. The number of attempts that misbehaved
users use is referred to as the number of tokens (7). This

system can be mathematically formulated as follows.

Let first define the following variables which are to be
used correspondingly in the mathematical analysis:

T, = the number of tokens for misbehaved user ;.

S, = bit representing whether misbehaved user i has
succeeded yet. If S, =0means not yet success and s, =1
means success already.

m; = the number of normal users.

m;, = the number of misbehaved users.

n = the number of reservation slots.

R = the number of remaining misbehaved users in the
system.

The average number of successful users is shown in
Eq. (4)

TOmman, 21 = 2 2 kPG Ky [0, T T Ty )5S0, ]
k1 =0k, =0

my m
+ zzkz-P[kwkz ‘mleaTz’"-’Tmz>S1,S2a--~,sz,”] (4)

ky =0k =0
when

Pl kg [y, 1Ty T, 08, Sy S, i = (L= p)™ (L= py) Py + py (1= p)™ ' (1= py) Py

+p,(1=p,) (A= p)" Pt 3 pl (= p)" " (1= p) " P+ D pE (1= p) 2 (1= p)" Py,
=2 ig=2

+2 > pipE (= p)" T (=) Py,
=)

R =m, —summation of zerobitof 7,75,...,T,,,
Py =Plk,ky |my, T, T, T, 5 815855058, 1= 1]

my
Py =Pk, =Lk, |m; -LT,,T,...T, ,S;,8,,.... S

n—1]

my

P = Pl ky x| m, T =1, Ty T, S, X, Ses S, 1y S, 1= 1]

my -1 Omy
+ Pk, Ky x| my T, Ty =1 T, 810 Sy + %0 S, 1S, o =1]

2 my—12my >

+ Pk, Ky x| my T, Ty T, ~1,8,, 85,800 S, 1S,y 2,1 —1]
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0if repeated success
1if new success

Py = Plk,ky |my —i,,1,,T5,...,T,, ,S,,8,,...,8,, ,n—1]

my 2% my 2

Py, = Plkky | m,T,~ 1T, ~LT,... T, .S,.S,.....,, ,n—1]

25 my 0

+P[k1’k2 ‘mlaﬂ _laTzaT; —1,...,Tm2,S1,S2,...,S 9n_1]

my

+P[k1=k2 ‘ml’ﬂ?Tz’“"Tmz—z _17Tm:—1=Tm2 _1=S1>S2>""sz>n_l]
+ Plk,,k, | m,1.1,...T, .1, -1T,, _1’S19S29---9sz9”_1]
Py = Plky,ky |m, T, -1 T, -L,...,T,, , -LT, ,-1T, -1S,,S5,...S,,,n-1]

n

+ Plkoky | m =i, Ty =1 T T, 08,8500, —1]

By =Pl ke, | my =i, T *LTsts--mezsS1sS25---sS 1 ,n=1]

my? '

Pk | my =i T T, T,

my=15Lmy

~1,5,8,,...8,. ,n—1]

'my

Pog = Plhikey | my~i, T LT, ...,

m—2 _]sTm -1 _l’T;n _l’Sl’SZ""’Sm =n_1]
2 2 2 2

and initial condition is

Plkyky | m, 1T, T, 0 81, 08,1

0 if k, <0ork, <0,m +7,20,S,20,n>0
0ifk, +k, >n,m +T7,20,5,20,n=0

=40 if k, >m, ork, >m,,m +T, 20,5, 20,n>0
1 ifk +k,=0,m+T,=0,5,20,n>20
1 ifkg+k,=0,m+7,20,8,>20,n=0

4. NUMERICAL RESULTS AND DISCUSSION

All results given here are obtained from the mathematical
model described in previous sections. Moreover these
result are also confirmed with computer simulations.

4.1 Performance of CFP+2G system

Figs. 2, 3 and 4 depict the probabilities of success of
normal, misbehaved and overall users for systems with 8,
16 and 64 slots respectively. In all three cases, the total
number of users is set to the same value of 8 with only
one of them misbehaving. Normal users adopt the
appropriate-access probability derived for CFP according
to the number of slots and the number of overall users,
whereas the misbehaved user varies its access probability
from 0 to 1. Consider Fig: 3 where the number of slots
(n=28) is the same as the total number of users. It
appears -that-when - the misbehaved user increases his
access probability above the agreed value (p=0.15), his
probability of success improves rapidly. Improvement
continues to rise with the increase of access probability
till the maximum probability of success is reached at
p=0.30. Further increases of access probability beyond
this peak result in a reverse effect. Performance of the
misbehaved user degrades gradually with the increment
of access probability and indeed this gets worse than the
normal users at access probability greater than 0.90.
These results indicate clearly that the misbehaved user
can take advantage of the system by using access
probability greater than the agreed value and maximum



gain is achievable by carefully selecting the proper access
probability.

When the number of slots is increased to n=16,
similar results are observed. The misbehaved user is still
able to achieve better success probability than normal
users by accessing the slot with greater probability than
the agreed value. However, the range of access
probability that the misbehaved user can adopt to gain
better access becomes narrower than the previous case
with n=8. In fact, this range gets smaller with the
increase of number of slots and at n=64 the range
becomes zero which means that the misbehaved user can
no longer accomplish better access than normal users no
matter which value of access probability is used.

When considering the success probability of overall
users, it is seen that the misbehaved user does not cause
significant effect to the overall system performance. This
may not be so surprising as only one out of eight users
misbehaves. However, when the number of misbehaved
users increases from 1 to 5 for n=64, the system
performance degrades significantly due to excessive
collisions as illustrated in Fig. 5, signifying the serious
impact of misbehaving users to other normal users.

0.4

s
=

o

S

o

—©- overall users:Simulation

O overall users:Analysis

—— normal users:Simulation

+  normal users;Analysis

—&- misbehaved users;Simulation
O misbehaved users:Analysis

=

o

Probability of Success
-

o

0.05

01 02 03 04 05 06 07 08 09 1
Access Probability for Misbehaved User (p,)

Fig. 2 Performance of CFP+2G with m, =7,m, =1,n=8.
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Probability of Success

01 02 03 04 05 06 07 08 09 1
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Fig. 3 Performance of CFP+2G withm, =7,m, =1,n=16.
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Fig. 4 Performance of CFP+2G with m, =7,m, =1,n=64 .
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4.2 Performance of CFP+2G+MT system

For the CFP+2G+MT system, the same system
configuration as that of CFP+2G is used for performance
evaluation. The number of normal users is set to 7 with
one misbehaved user totaling of 8 users. As before,
normal users apply the appropriate access probability
derived for CFP according to the number of slots and the
number of overall users, whereas the misbehaved user
varies the access probability from 0 to 1. Four different
settings of number of tokens are examined, namely
T =2,4,6,8. Numerical results for systems with three
distinct numbers of slots 7 =8,16,64 are shown in Figs.
6, 7, and 8 respectively. Simulation results illustrate that
with multi-token scenarios, the success probability of
misbehaved user improves rapidly even with a marginal
increase in access probability. Significant access gain is
achieved with either the increase of tokens or access
probability or both simultaneously. The overall system
performance degrades slowly with small number of
tokens, but when the number of tokens is large, the
success probability of normal users severely affected.

Considering the effect of the number of slots to the
system performance, it is seen that in the case of the
number of slots is more than the total number of users,
the success probability of misbehaved user continue to
increase and reach the maximum probability of success of
1. On the contrary, when the number of slots is
comparable to the number of users, the misbehaved user
must applies high values of both the access probability
and the number of tokens in order to accomplish a
reasonable high level of success. This action of
misbehaved user will cause serious consequence to
normal users.

Finally, Fig. 9 shown that the performance of the
misbehaved users degrades rapidly, when the number of
misbehaved users increase from 1 to 5 and use high value
of access probability withn =8 ,7 =2.This result can be
explained that the misbehaved users can not take
advantage of the system, if it has a lot of misbehaved
users. Considering the performance of system, it seen that
when the system has only one misbehaved user, the
success probability of overall users degrades. This is
because the misbehaved user takes effect to the normal
users.
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5. CONCLUSION

This paper has presented a performance evaluation of the
CFP contention resolution algorithm for situation that
some users misbehave through both simulation and
analytical techniques. It is shown through the CFP+2G
system scenario that misbehaved users are able to gain
better access by carefully increasing the access
probability and the advantages appear significance when
the number of slots is comparable to the number of users.
Much greater gain is achieved through the use of multi-
token scheme as examined in the CFP+2G+MT system. It
1s also found that when the number of misbehaved users
is small, the access performance of other normal users is
marginally affected. But when more users misbehave the
overall performance can become deteriorated rapidly.
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Abstract — This paper presents an analysis of a practical
contention resolution algorithm referred to as UNI for medium
access control protocols in high bit-rate wireless communication
systems with two groups of users, i.e. normal and misbehaved
users. The objective is to examine the robustness of the UNI
algorithm when some users (misbehaved) do not conform to the
agreed rules by accessing more reservation slots than they are
permitted. Mathematical analysis is derived and applied to
determine the average success rate of each group of users as
well as the overall system performance. Computer simulations
are also conducted to confirm and validate the mathematical
model. Numerical results on various traffic conditions indicate
that misbehaved user could potentially gain some throughput
advantages when the number of slots available is relatively
much higher than the number of overall users; this is achieved
by carefully selecting proper number of tokens. However, when
the number of overall users becomes greater than the number
of slots the reversed effect is observed.

Keywords —MAC protocol, UNI, UNI+2G+MT, wireless
communications

1. Introduction

Medium access control (MAC) protocol [1-8] is an
essential part of a wireless access network which consists of
a central base station and several wireless terminal users who
communicate between them over a common wireless
channel. Since in such a network users are usually
geographically distributed over the service area and do not
synchronize their transmission with each other, contention
for channel access becomes. inevitable causing serious
collision and usually resulting in low system throughput.
Several MAC protocols have been developed to overcome
this problem, for example ALOHA [1] and carrier-sense
multiple access (CSMA) [2]. CSMA protocol and its variants
such as CSMA/CD [3] and CSMA/CA [4] are widely used in
most wired and wireless Local Area Networks. More
recently developed MAC protocols tend to organize the
channel bandwidth into a frame structure that is composed of
two alternate periods, namely reservation period and
information transfer period, see an example of such a frame
structure in Fig. 1. The reservation part consists of a number
of request slots, which are used by all users to reserve for
channel bandwidth on a contention basis. A user who
succeeds in the reservation process will be assigned the data

slots by the base station in the information parts for his
information transmission. Since such a frame structure are
highly flexible and can be very efficient, it is expected to
offer much higher throughput and cope extremely well with
fluctuations in traffic demands as compared to classical
MAC protocols. As a result, this specific approach was taken
by reference [5,6] for further intensive research with an
emphasis on contention resolution algorithms suitable for
high bit-rate channels used in the reservation period. Twelve
new contention resolution algorithms were introduced
mathematically analyzed and compared with existing
classical protocols. Numerical results show that existing
protocols may not perform effectively for high speed channel
where the round trip propagation delay becomes relatively
longer than the slot or frame transmission time. Among
twelve proposed algorithms, a protocol called Uniform (UNI)
is considered very promising, as this algorithm possesses
useful key features such as simple effective and applicable in
practice as compared to 11 other algorithms proposed in the
same reference. Therefore in this paper, this UNI algorithm is
taken for further comprehensive investigation with respect to
its performance under system condition where some users do
not strictly follow with the agreed rules. This situation may
arise because some system components are not functioning
properly or users themselves deliberately violate the rule in
order to obtain better access. Therefore it is interesting to see
how these misbehaved users will affect the channel access
performance of other normal users and the overall system
performance. The rest of this paper is organized as follows.
Section 2 provides a review of existing UNI algorithm with
its mathematical analysis as introduced in [5,6]. Section 3
describes the system scenario under study with some
misbehaved users applying multi-token (for convenience
referred to here as UNI+2G+MT) and its corresponding
mathematical * formulation < derived for the system
performance evaluation. Section 4 contains numerical results
for different traffic levels and discussion. Finally Section 5
concludes the paper.

reservation .
Information transfer

» Time
— frame —»

Figure 1. Frame structure



2. Review of the Uniform (UNI) System

The Uniform (UNI) system in Fig. 2 was proposed in [5,6]
as a contention resolution for medium access control
protocols in broadband wireless access networks. The
detailed description of the UNI algorithm and its
mathematical analysis can be found in [5,6]. However, the
mathematical formulation of the UNI will be concisely
presented again here to help understand the performance
analysis.

‘ time
)
>

Figure 2. The UNI mechanism

Let S[m,n, p] be the average number of successful users
for a system with musers and nslots, P[k|m,n] be the
probability that & users succeed in reservation given m users
competing in a frame of n slots by using access probability
of p and b[m,i, p] be binomial probability that i out of m
users access a particular request slot with probability p,
which is expressed as:

stnipt = (o -y i (M)

T i)

The average number of successful users can be formulated as
follow;

Stm,m=3( kP 1k |m,n] ) @)

k=0
where

Plk|m,n]=b[m,0,1/n] P[k|myn—1]
+b[m,1,1/n] Plk—1|m—-1,n—1] 3)
+ Y blm,i,1/n] Pk |m—i,n—1]

i=2

and the boundary condition is

0 ifk<0,m=0,n20
1 ifk=0,m=20,n=0
0 ifk>0,m=20,n=0
1 ifk=0m>2n=1
PIRImal= 30 ik 0m>2n=1 “)
1 ifk=0,m=0,n>1
0 ifk=0m=1,n2>1
lifk=1lm=Ln>1
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3. The UNI+2G+MT System

In the UNI+2G+MT (Uniform+2 Group +Multi-Token)
system, users are divided into two groups. The first group is
normal users and the second group is misbehaved users, see
the mechanism of this system in Fig. 3. Each user in the first
group will reserve one slot out of all available slots with
equal probability whereas the second group may attempt to
reserve more than once in each frame, hence violating the
UNI algorithm. The number of attempts that misbehaved
users use is referred to as the number of tokens (7). We
shall now describe how the system performance measured in
terms of the average number of successful users of each
group of users, i.e. normal and misbehaved users can be
mathematically formulated in a recursive fashion.

time
>
>
fes ———b .
n - o Misbehaved users can selectany T
S~a __access slots. (T:Number of tokens)
=<
-~
[T . _______| r____*:____ ______
Normal users ~Misbehaved users!
|
| | User1 | | User2 | --oooen User my | | 1| user1 | | User2 | --------- User m, | ]
|

Figure 3. The UNI+2G+MT mechanism
Let us first define the following variables which are to be
used correspondingly in the mathematical analysis:
n = total number of request slots in the frame.

m, = the number of normal users.
m, = the number of misbehaved users.
k = the number of successful normal users.

k, = the number of successful misbehaved users.
7 = the number of tokens for misbehaved users.

In terms of performance analysis, we can calculate
Punisagsnr Lkl |lmy,my,n,T], the probability that &,

successful normal users, k, successful misbehaved users
with the number of normal users m;, the number of
misbehaved users m, and the number of tokens 7 by using

the following equation:
Clky,ky|my,my,n,T]
m

ZZC[kl,k2|m1,mz,n,T]

=0k, =0
(5)

Punte2Gemr ki kylmy,my,n,T]=

(ky,ko|m,m,nT] is now given as the number of cases that

k, successful normal users, k, successful misbehaved users
with the number of normal users m,, the number of

misbehaved users m, and the number of tokens 7 .



m

Z Z Clky,ky|my,my,n,T] is now given as the total number
ky=0k,=0
of cases that each of m; normal users chooses one slot out of
available slots for reservation and m, misbehaved users use
Ttokens to reserve T slots from # slots. Then

I
D" Ahiglm.m,n]

k=0k,=0
=" x[nx(n—-1)x(n—-2)x..x(n—(T-1)]"
The average number of successful users of the frame
(Sunr+2G-pr [mysmy,n,T]) 1s derived as follows:

Sunt+2Geurmsmo,nT]
S (6)
:Z Z( Ji*Punrsacemr Ui |mb”’b,n,T])

i=l ji=0
where

Ponrogemr Ui lm,mp,n,T]

2 gm,
ZZZZP unt+2G+mr LRk |, ma,nT] (7)

i=l k=j; k,=0
a#i

4. Numerical Results and Discussion

All results given here are obtained from the mathematical
formulations described in the previous sections and
confirmed by Monte Carlo computer simulations, i.e. results
from both approaches are all identical.

Figure 4 shows the performance of the UNI[+2G+MT
system, when the number of normal users is set to 7 with one
misbehaved user totaling of 8 users and 7= 1. In this
condition, the misbehaved user and the normal users use the
same number of tokens. The success probability —of
misbehaved user and normal users are all the same. This
result is shown here to show how the system performs in
normal condition.

Consider Figs. 5, 6, 7 and 8 where the number of normal
users is set to 7 with one misbehaved user totaling of 8 users
and 7= 2, 4, 6 and 8 respectively. Numerical results
illustrate that with multi-token scenarios, the ‘success
probability of misbehaved user can be increased, and the
increase is pretty rapid with large values of 7. The
probability of success actually approaches the maximum
value of 1 under the conditions. that the number of slots
available is large enough. However, such a performance gain
accomplished by misbehaved user comes as a serious
expense of normal users, i.e. the success probability of
normal users is effected, especially when large values of
T are used. In addition, the overall system performance is
deteriorated as a consequence of misbehaved user action.

Figures 9, 10 and 11 present the performance of the overall
users, normal users and misbehaved users respectively, when
the number of misbehaved users increases from 1 to 5 and
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T =2. These results show that the performances of not
only normal users but also misbehaved users degrade rapidly,
when the number of misbehaved users increases. This means
that when more users misbehave none of them will benefit
from their misbehaving attempts.
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Figure 4. Performance of UNI+2G+MT with m, = 7,m, =1,T =1.
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Figure 6. Performance of UNI+2G+MT withm, =7,m, =1,T = 4.
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Figure 7. Performance of UNI+2G+MT with m, = 7,m, =1,T =6 .
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Figure 9. Performance of over all users of UNI+2G+MT with varied
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Figure 11. Performance of misbehaved users of UNI+2G+MT with
varied number of misbehaved users with 7 = 2.

5. Conclusion

In this paper, we have presented a performance evaluation
of the UNI contention resolution algorithm for situation that
some users misbehave. It is clear that a misbehaved user may
be able to gain better access by the use of Multi-Token
mechanism, but with a serious consequence to the remaining
normal users. Use of larger values of the number of tokens
will result in rapid increase in success probability. Indeed
with sufficient number of slots available the maximum
success probability of 1 can be achieved by applying a large
number of tokens. Nevertheless such an action of
misbehaved user will cause significant overall success rate
degradation. When more users misbehave the overall
performance can become deteriorated rapidly without any
user obtains throughput advantage.
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