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# # 4470633221 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: Multi-Token / Channel Reservation / MAC Protocol / Wireless Communications
ATIPONG SURIYA : MULTI-TOKEN CHANNEL RESERVATION TECHNIQUES FOR
MEDIA ACCESS CONTROL PROTOCOL IN HIGH SPEED WIRELESS
COMMUNICATION SYSTEMS. THESIS ADVISOR: ASSOC. PROF. LUNCHAKORN
WUTTISITTIKULKIJ. Ph.D., 126 pp. ISBN 974-17-5909-6.

This thesis investigates the problem of multi-token channel reservation for media
access control protocols in high speed wireless communication systems. Four distinct
channel reservation techniques are proposed, namely MT-CFP, MT-UNI, MT-UNI+LAU and
MT-UNI+LAT. The key basic methodology applied in developing these techniques includes
the use of fixed request probability, uniform and limited access. All techniques are designed
and optimized specifically for the system in which the round-trip propagation delay is
comparatively longer than the transmission delay. The performance of each proposed
technique is evaluated in terms of the average number of successful users under various
different system configurations by varying the number of users, the number of request slots

and the number of tokens.

The mathematical analysis is extensively used for evaluating the system
performance. Mathematical formulations for all techniques are derived in detail to determine
the appropriate system parameters so that optimal performance can be achieved. Moreover,
the formulas for ‘estimating the appropriate number of tokens under any system load
conditions are shown in this thesis. Numerical results of all introduced. techniques are
presented-in comparison to that of single-token channel reservation techniques, namely the
CFP, UNI and UNI+LA algorithms. The results show that all developed techniques are

superior to the existing techniques, especially for systems with light to medium loads.
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tiungueiasy 1 (Batch 1) Uszneusanguiaetng X, X,,..., X, ngusias

b

712 (Batch 2) Ysznaudaengnsneen X, , X,.,,..., X, nqudasdn o 1A
[~ o =l o dg’
azifludneauzAs Ll

3. nwualid X (k) AeA1leau1eengufiasistes (Sample Mean %78 Batch

Mean) 184N4{F28E193 191 k naunatnialungusdotandui j (jn batch)

na19Aa
k
Xi
X, (k) = = T ,
k
= Z Xk+t
X, (k) = :lk— |
k
L Z X ntyisi
X, (k) = =

k

4. ANNITDMANRARIIINTBINGNAIDENS (Overall | Sample 'Mean 438 Grand
Sample Mean) lAsaaunisi (2.4)

X, (k) > X

X(n,k) = ”T = "=ln (2.4)

waziA1AHIsuIINTRINgNFaating (Overall Sample Variance) 166

ANN19N 2.5
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n

3 (X, (k) - X (k)

V(n,k) = = — (2.5)

1 '
=

dusndenngueeaNiauIn &k ARANININEINS ANNENTASIAANAT4 (Central
Limit Theorem) ﬂ@"mié’df]ﬁhmﬁmmmjuﬁqaﬂwﬂ@m X, (k) (j=12,..,n) dAndlnd
nnzuanuasiuulng (Normal  Distribution) uae X (k) fannuifludasvdaiuuayiu
(Mutually  Independent) uanaliiiudn Aaulsguuuuussing1u (Normalised  Random
Variable) T, | = (X(n,k)—u)/ P (nk)/n Sinsuanuasuun t (Student t-distribution) 7

# n—1 szauduaaaLds (Degree of Freedom) nnliianunsnagil1sidn

P(_ Loian <7, Sta/z,n—l) ~—

n

X (n k) —

T ar I s ta/Z,n—l
A Vin,k)In
P(X(n,k)—ta/z,n_m/ Vingy/n < < X(n,k)+1,,5,14 V(n,k)/n) =1-a (2.6)

a N

. =t = | ) .
RINANNITN 2.6 @qﬂqﬁ‘ﬂﬁzuimﬂQTﬂﬂ’]@ﬂ?@ﬂQ’]NHWQZLﬂuV}ﬂWLfi‘l@ﬂ (ﬂ) "VJ@%

nreludas [X(mk)=t,,,, | Vnk)/n, X(nk)+t,,,, \ V(nk)/n] 8A11AY

1o Fandaafina1aiian  dosaansidmasiis (1- o) x100% " duwduAade g 59k

P —lyiop S =l-«

waziFen (1—a)x100% w3 1—a 91 “ duilse@nsainuidasiu ” (Confidence Coefficient)
Yi9a * YAUAINNITENY ” (Confidence Level)

'
0%

Tun1al i aau19nldAn @ =0.01,0.05,0.10 unuAszALAINT LY

=b_

1%

99%,95%,90% AINAFL WAZAN8Y 7, ,, | adNIsnAIuIun A nAaiduediat Ty
Tilsunss MATLAB Aa Warfdu tinv Taanisldmands

>>_tinv(1-alpha/2, n-1);

2.7 ymaaunailanisaastasdnniuniidualuanm

AMNNIIINUTAN AT AN TAasTaNATY Y U R aue ludnesiu wuddelilom

A’Q
Zhe

¥
1. watiansaeetesdiynynundtiaue uesatusseanuuunn Tnadanumgiy
1 Y a 1 Y o ¥ |
g ldusn1saunsons uNanisaetasdnynulaiun waraunnidnasstesdnynyns
Tudifle liszauaauduialunisidnasstesdmynyim neduanifigiuiaiunsadiuen

Tannalunisdinaestesdyyrnuazud i ldusnimeulsnewnstesdnynnaasdnlyl
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dl a dl v o a a rdy [ 1 d‘ %
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AU
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o KR ==K = d‘ o o Y a dl o Y a = o
AN UTMa AN sz LL9e93Y (Auaugld13n19) Tnailaanuaug ldiEn1sia o
11N ArtenialunisdnaesdesdynuaziAiAas wininanuaug luEn1sianuauias
AnTanialunisidnaasdesdnyaimaziingeiy adnqlsfinaziiuldannisiansnnines
Bunulvanfiszuusasiuanani A lantglunisidnaesdesdy oy tadua il

A o = a calo o Ay Myoe =X R A o L e g

wnNzan Wasanndeliniadimainan Ay ldldaitaisnaanuautesdyyinaesndlu
was iy Tunstinanuaugesdnyninaaslumsudinnn gliusnisenaazansilanalunig
¥ 1 o/ dl = dl dl Y a a o Y a o a
nansdasdnynynias ieuanasalan anglgusnasasiinnisauiy ez ldusnisdas

Tannaanunlunisidnaesdesdnyn o wanainianuiuaesmAung dusnisusaz el

o o

FUANT

o o

WiuNaastasdtynas nneduiladadAnyidasiiunfiansunsan

o

2.8 WAlANMSARITIR UL EUa

dl 1 £ Y A a e oA 8 .gljﬁ 2 a ] o

mﬂﬁmmmﬂmﬂummu qmmuwuﬁfauumﬂmLauﬂmﬂuﬂmmmmm UEUEU

dJ k2 =3 o ° [ ] d‘ % < dl 1 a
9l InAunaIaau LL@ZL‘Vm’]iﬁ@’lﬂﬁ“l_liﬂﬁ\‘l“lﬁﬂ@ﬂ@’]ﬁ‘iﬁ‘@qﬂF’VJ'NJL?Q@\‘I TIAIATLUILAINT

! v

wwsnszanamsusaudAnan Tnamatanisidieassdesdnaniviiauetiilumaiianng

1 dl 0 4S8 K o Y a o 1 dld o
ABITRIRTY YN AN INATUIUR LFLENNT AuauTeNA Ty nuaee Nl s wazanuau

| %

AR zaniunIsaestesdy Inamaiianiraesdasdyynuniiauaaiunm

3
1%

utiaaantendu 3 Uszinn fefd

1. watansd A az Ui cauiULANAeT (Multi-Token Cascade
Fixed Probability : MT-CFP)

2! walansaanadenniIsaadetinagu ( Multi-Token Uniform @ MT-UNI)

3. WMARANNIANNARIWIL ( Multi-Token Uniform with Limited Access : MT-
UNI+LA ) Tngldtinaueiilu 2 wallasdes t@un
3.1 WANANIIANAARNUIUE 13N ( Multi-Token Uniform with Limited

Access User : MT-UNI+LAU )

3.2 wAlAN199 A 1WININLAY (- Multi-Token  Uniform  with  Limited

Access Token : MT-UNI+LAT )
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WMALANITABIT DAY YT

untinanivmaiianisassdesdyaiadliinfunaaduduivingnasaniuns
nsdnnsdanansluscundesnslianamAnnuiogs uazWINITILATIEIN N AIAANARS T8
watANTaatasdy Rl auausazaila TagmatiAnisaadasdny I iauua

WuaNATW 3 wae e

1. wmARANNTdAIAINENAz LR MENEaNILIUAAIA  (Multi-Token Cascade

Fixed Probability : MT-CFP)
2. wallAnsaanaaannisaadeinNgd ( Multi-Token Uniform : MT-UNI)

3. Lmﬁﬂmm"'ﬁmﬁﬁmu( Multi-Token Uniform with Limited Access : MT-

UNI+LA) Tnalpinigueiils 2 manasios Tawn

3.1 WMANANNTANAAAIUINELELFNT ( Multi-Token Uniform with Limited

Access User : MT-UNI+LAU )

3.2  wAdANITINARIUIUINLAK ( Multi-Token  Uniform  with  Limited

Access Token : MT-UNI+LAT )

TanUszasAnanaasmaiianisaestesdaynuntiianaidunisinldszuud

2

| ' & ¥ ° v Y a Ry ° @
@mmuﬂumami@mzﬁmm NANIAR m‘ﬂﬁﬂ’]‘i‘i’ﬂlﬂNIﬁ]Uﬁ‘ﬂ’]‘iVILmW@‘ﬂQﬂ?ZQUﬂQ’]N@'\L?@

a

=

wnfgaminnasilullly TanssousludenisaesdiAwinduawiugldusnislaaeaen

szaumrudnialudaanisass (Average Number of Successful Users) 438 ANRde

' '
{ o A

a9 1199019399 (Throughput) — aA13dua181I0Ae AUl ldusnslaaeand
UszaumangiFasaauouaiann19aesn N lusr Uy nnsAuanmnanwIng l4usnnsine
dl dl o [~3 a all o o o acda '8
wasflszauaNd1ialunisaesesmaliaiinaueainisanseyinlflaeenAaisaima e
nwatiaaaas e luunilaz@usudianisaunanannisineuaesmnaianisaes
' o v 2 SNo 4 & Ao Yy a ° @
Tesdnynynuntlaue WiauyansiAaetnamela uug ILEN1suaTauIuadann1edly
sruvlainnnin e ldarunsodnlandannislunisimszinisatiaanans uaziinliglu
dougarinaaziiunnmiaszineaminaiaasglinll wanslunaassanuoull4usnng

(M) aUUAR8AN13389 (N ) kazanuautedin@unisans (7))
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3.1 wadansldaanuiiasiluiivanzguuuuatad
(Multi-Token Cascade Fixed Probability : MT-CFP)

annnsAnemaiianimvuaallantalunisidnaesdesdyoyin a9ddnaialag

= o v dl 1 1 ' | ] (=3 | a '8
seazRunluiaden 2.4 nudidrasnthazidulunisdainiAunisaes (p) Wunimdwes
o [ dld 1 A 1 d”& 1% A 1 % 1 a
ANATYNANAFDANITOULIDIITLIL NMFRBNANNAIFBIABNBLUNIZAN T1AY p HAINAN
Auldasin W ldusnsineuisianazidiassluadennisaesduduuen o @9azia i
296 ¥ A a o i’/ 26 ¥ A dl A 1 o 4 1 < dl A
gldusnaiantsn udeaniduglduinisnmaseganuiutieaazidnaasluadaniivae
denaliauuldusnimlszauaudndalunisassiineadniaaiiiosannnissuiuly

(<3 [ 2 1% J = DA 2 a o 4 1 Y a

adanni9aean | unwassiudandnda p Seateeivll vnldunuagldfgdisnsan
lasinduladinaes adaanisassanuwiuninazlignld wazdruauglduinisndsvay
ANANFATUNN9989ANATIA T HLA SN TR B UAY LNFIZARB AN TRl N9 MUt
il

patiutivawilggnidenainuaziven liscuulasuanssnuzgegaludainisans

a a '8 4 d’lﬁ a Yo 1 3| dl 1 QII”
MNTINUFRITLNAWAUA “WATANIT IEAIANN U LT AN Z AN UL LA AT
3.1.1 UANNITNNNULRILNAUA MT-CFP

wmATARAL A NLas LT Nz g AN LA e s (F99n159849) e
aziiniud i ldusnisynau mewhﬁummfamnﬂmﬁ@mmmmﬁlumm&u u Sledusy
ImsiazAnuanirnpadaslufivsazanaa v %Q@wﬂmﬂﬁmimqmﬂf«]"mquﬁﬂ%ﬁiﬁmi
fifeannsaes o nanEnAulusazlsn SusuaRenniseesnted luuiazdaanisaes uaz
@"ﬁmumm‘imLﬁuﬁﬁfmum‘immmﬁgm Tnannua g ldusn1susiazauidtaesluuday

ARBANITADIINANALAMNARDAUITINGATINE (Cascade) Tuusazaionnisaasy LiFnng

o

azfnduladnazidiassvizalidagauiinasiunudueuanuila (Fixed Probability) wa

I
(P 1

FlduannsurazAuidnsnazidnanstasdynyinddwiniuanuouaasiniAuntes) (Multi - -

a a

Token) wandananundafldisnnsuilssaazainnsnilszataanudnifalunnsaaslaiines

]
=X =

AFUALALNNIUL TIRZFENATIN “Multi — Token Cascade Fixed Probability” 138 “MT-CFP”

Na NN UIBIUNATANIABTIRTYTYIULLIL MT-CFP UAAAIZ17 3.1
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Sequence
access
N (i [N N _>
P| P|P|P| P

Every user random value > p

time
| -

p : Appropriate Permission Probability

Sequence l
access |Idle
____________ 4___4___}____> ‘ ‘ ‘
time
>
Only 1 user random value < p
Sequence l
access IdI#Suc% }» ‘ ‘ ‘
______________________ >
time
>
More than 1 user random value < p
Sequence i
access Idle44 ldle%rase}» ‘ ‘ ‘
______________________ >
time

gﬂﬁ 3.1 ﬂﬂiﬂﬂ’\ﬁ‘ﬁ’]\ﬂuﬁlﬂﬂLmﬂﬁﬂﬂ’lﬁ‘@'ﬂﬂLL‘LI‘]_I Multi-Token

Cascade Fixed Probability (MT-CFP)

3.1.2 WUINNNITIATITUNNANAAIFASUDIVIATA MT-CFP

L%

vdetiduiuanianigdipgiziniapmnIans iveAuIIa uang lsnasiee
4 W o : i e
wasnszaumnndnialunisaes uazArAmUIazidunwizanlun e tednyau
4 - % : o — dovo . =
iasanmatAngliA1ANIAs T uImN Iz AN LUUAIANIes UL IE A unanady J
2INFIUNIAINNNINATILIN AR ANERTRTTULT I InAuNes 1 §u weunludauusnil
ABUNLAUBNANNITLATNIFA AT NATIAAIaRTIaATANIT AN A MU Az LT uR
WMENZANWLILAIAIN8952u LA 1EInLAY 1 81 (Cascade Fixed  Probability :  CFP) iive
dsznavuanudlauaztinllgnisiiasmsinisatinarans lugiialdaesscuunldnisu

nanefwluatsusall
3.1.2.1 WUINNNISIATIZUANNANAAIRASURINATNA CFP

WalEdnesanaNd1 1a lunA NN LAZLUIN NN LA IZ N WA LA AN A ATAI1USU

=

a 4‘ [ a dl Y 3 = o K o ' dld
wmaila CFP daifumaiian M intAun1saa e 1 81 asazaeanmiateseuuliunsuny

AU lFENsLazauIuadaAn saas NN Tsaziduuuanisean1siAseisruu

a o

uauldEnIsuazauauaiennisaeste o) luaidusiely
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9 7 Nagldlunsinssimsatinananidiumatianisany

[

WUATUIURH MUFN19 T v U
o [~1 dl A 1
WUANUIUARDANTARINLIRDDE]

unUA1IANUNAzLu NN A aeTada InLALN1A8Y

(Permission Probability)

WNUANUIUE LELENN9N sz atAINANIEA

Prlk | M,N, p] wnnaonuiiagidundldizinig £ aulszauainudnialunisans el

T[M,N, p]

gliTNNg M AU AMINAAaANIIa8a N 4aen wavl liuFnissndulaidn

aagseAIAINUNAzl p

wnuanuang lEnfslnaeaenlszaunngsa Wedfldusnis M A
NUIUAREAANITARY N aaan LAk liuTnisinauladniaassaeAiaan

nazidu p

d a <
3.1.2.1.1 SEULUNNAMUSNNG 2 AY LAZAADANITADY 2 HADE

ua

g d‘ a (=3 oA o‘zsl a d’f ¥ e &
TEUUU LHANANTUIRRDANITARILLIN WU'}’]NLM@ﬂ’]?MV]LﬂWﬂu.lﬂ 3 WRNITEU AR

Y a ?a// ¥ v o o ?;/ a o ) 1 Y a
AlFN19719 2 AunasanFaniy AstwAanasmuiwin W ldagldusnsaule
dszavumnuduialunisaes uazluadannisaesdin il ldimaefl4sn1snNans

dinaas ivane i ldiag 1483 ludn

v
8gldEn1e 1 pwdhaee Aniudldisnisasilszaupnudiialunisan uazly

1
= o

afonnnsaasinliaziiaal lusnsNINAnaIdnaeddn 1 A

1= Y a ¥ o ?;/ <3 o = e‘d‘
1NN duzn1sarladnans muulu'&mmmi@mmi@mmlﬂ%uLurﬁlﬂﬂﬁmw

a

14

Raauld 3 wrnisalnieuadannisaadusn

aAaa Y a

FnatingreamnnIsaimiaTuluns NN ldITNg 2 AL LAYAIUINAREANIABY 2

u

ades Waldusnisdnduladnaesdearanniiandy p annsouanslifsgln 3.2 ax

winlganluusardafannizaaslan usnineauls 3 an0iuzpa anusinale ldildi3nng
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¥ o < dl Y a v a ¥ a
Aulatnaag ’&ﬂ’]uzﬂﬁ‘g’&‘]_lWJ’]N’&’]L?@LN@@‘HU?ﬂ’]?mﬁﬂul‘ﬂL“ll’]"m\‘] LAZANIUSINANTTL

dl Y a ¥ v o
LN@@%U?ﬂ’]@L‘U’W@QWﬁ‘@Nﬂu

w = @ =
ANDAN 1 AnpRAN 2

or |
2p(1-p) o p |

(1-0? P

EISRIEEE

FADIUSNITTN
- anuztszaumINgIsa

- ANNULAN

N

s AU lduEnasilszaumnudnisa

519 3.2 wensaliifnuieid 413019 2 AU LATAUILAREANTARY 2 AREH

o 9r..l/ 1 | dl ¥ a o < dl = Y a
padupNandungldisnig £ audszaumnududalunisaes Weilgldusnig
2 AU ANUIUARBANITARY 2 aden LAk liLEnIsanAuladnaessaaAANiazitll p

(Prlk (2.2, p]) Toeid@ & = 0,12 @runsamalasail

=

dd‘ 1 | z:ll 1 Y a ° @ I
naedn k=0: mmm%mumiuutﬂmmmmﬂmaﬂﬂimummzmi@‘l,ummm AR

a

pr[0]2.2, p] prH(l-p) x p? +-p)* x(1-p)? (3.1)
= pr+p(1-p)P+1-p)f

~al | @ Ay a o @ P
naeun k =1: V’]Q']Nu']r‘ﬂzl,ﬂuméﬁlmﬂ?ﬂq? 1 ﬂuﬂﬁzﬂUﬂQWN@ﬁLﬁ‘ﬁlIuﬂ’]?@’a\i AR

pe[1122,p] = 2p(1- p)x (1= p)+ (1= p)* x2p(1- p) (3.2)

2p(1-p)* +2p(1-p)’

dd‘ 1 3| dl Y a o [~ A
TN k=2 mmm@uﬂuwﬁmmmi 2 putszauaudialunisaes Ae

Pf2122.p] = 2p(-p)xp =2p°(1-p) (3.3)
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dld Y a o < <3 Y a v a ¥
?Z‘]_I‘]_IV]NETLT]_Iﬁ‘ﬂ’]? 2 AL ANUIURARDANITAAI 2 AADF LL@%@%U?ﬂW?Wﬁ@MI@M’]

apadngAtANaziiy p ez lfiinisleaeasilszauninudialane
T[22, p] = 0-Prf0(22,p]+1-Pr[1]22,p] +2-Pr[2]22.p]  (B4)

e Pr(0]2.2,p], Pr[1]2.2,p] uaz Pe[2]2.2, p] Wuldaiuaunis (3.1), (3.2) uay
(3.3) FANANAU

o i’/ o Y a d‘ dl o < 1 o/

et aruaug liEnsTaaedeiitlszauarndiisalunisaasdasdnynyins lussuy

PRAFLINT 2 AU LAZRAAANIFA0Y 2 RAABF AR

a

(2.2, p] 0+[2p—-p)® +2p(=p)*1+[2x2p*(1-p)] (3.5)

2p(1=p)* +2p(1=p) + 4p°(1-p)

¥ 1
] Y a

ArprNtazidudidnzanlunfsdeniiunisaes duiuszuuiaadygsnag 2

1
1A

AL UATARDANNTAEY 2 AAa6 AR ATV TR YRS Ia9aNNIs (3.5) Waufy p lugued A

waAd luaNnN19N (3.6)

0 0
“rl2p] = 0 Z2pi-pPe2pi-p) +4pi0-p] =0  (36)
op op
azldl 2p° -3p*+3p-1 = 0 (3.7)
d‘ o v o v 1 1i 3. til
[AMNANNIIN (3.7) mmmmmﬂmmﬂmmmu 3 99N I/LﬁLLﬂ 0.5, ;/_l TN

o dl A o all | o a 21/ 2 1 < ai
ANAALTUNNZANABINNATAALUNLTUA1UIUATY INT1zaziu azldArAduraziiudn
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winnzanlunisdeainiAunizany Zﬁ’]ﬂ%ﬂ?iﬁﬂﬂﬁ%\iﬁﬁ%ﬂ?ﬂ'ﬁ 2 AU LAZAARRANITAR 2

U

488m A2 p = 0.5
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3.1.2.4.2- SLUUNNGLEUEN 2 AU LATAABANITIY 3 ARaR

sruull iefa1sninafeAnIsaausn wudrdmnnisainiinauld 3 wgnasnd
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7[2.3.p] = 0-Pf0]23,p] +1-Pr[1]23.p] +2-Pr[2]23.p]  (3.11)

Wa Prf0]23,p] , Pr[1]23, p] waz Pr[2]23, p] luldnnannis (3.8), (3.9) uay
(3.10) AINAAL

. Y = 4 . . o

g ldEnslaeeasilszauaiudnsalunisaesdesdyin luscuund

{1413n19 2 AU UATAREANI9AEY 3 AAEA AD

2p(1-p)* +2p(1-p)* +2p(1-p)’ +4p*(1-p)
+4p2(1—p)2+4p2(1—p)3 (3.12)

T[23,p]

¥ o1
N a

ANz U ZaN TuA9 89 INLAUNN3a8Y ANuSussUUTTIR 913N 2

a

A WazARDANIIAaY 3 AA06 AR AN LKaLNUsUeIANNIT (3.12) Waui p lugud A

WA lLANNITN (3.13)

iT[2,3,p] =0
op
azldl 6p° —20p* +28p° —21p? +12p—3=0 (3.13)

ANANNIIN (3.13) A1NITAVIIINATABLLAIENNT LA AR TN1IUNTFILATIEH T
wugnanasasldinan lunisunupIneau A §IMILNIMANRALITBIWIWIN (Polynomial) &
Heridululsunan MATLAB Matiuayu Aa Weridu roots  38n13A9NAAELIIEIANNIST

o

(3.13) a1:190NIEN P AGE

p=1[6 -20 28 -21 12 -3];
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1.2956 - 0.6350i
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0.1448 - 0.7140i
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+12p*(1-p)’ (3.19)

r3.2.p]

{ 1 dl ] =3 ° o dqjdl = Y a
ArAutazidunwuizanlunisdealniAunisans dausussuunTen g 191snng 3

a

]
1A 2% o [

AL UATARBANITABY 2 ARDA A ANNNN LA USIB9aNNIT (3.19) Uiy p lugued fa

wamaluguni3n (3.20)

0 _
5T[2,3,p] =0



32
S s 4 3 2 _
Azl 6p° —=15p" +20p" -18p°" +10p—-2 = O (3.20)

AN UIANINANRALLAUNA 5 AN IFwA 0.1817 + 0.9706i ,0.1817 - 0.9706i |
0.8852 + 0.3873i, 0.8852 - 0.3873i wa¥ 0.3662 NW31zaziy azldA1ArNtnazilun
winzanlunisdelniAunisaes A ufuszuuiiEedl14usn1s 3 Au wazafannigand 2
488 AR p = 0.3662

= dld o v a o [~3 dl v o 1 ?:/

ANNIUTBTLULNNA WU IFLENTUAZATUIUARDANTARIAINT LHENFDB N1

3 NIEN9FY NUIIAIANNUNIA T UANIZ AN A NTUN1289 INLALN19 89U LIS UI
Y a o [3 alld 1 ] o rdl a él 1
gld13nsuazauauadannisaasniad luszutl ludauresanuaumsnisainnsaulunsiay

N X o o O~ Aa o o X ~
sruvAziAIuAUSaIUILLedE MUFN 1R lusuy Tasd1urumugnisaininaTuaz AN
windu M +1 wansad Wa M unuanuauaesdliiinnsluszuy tnafiainnsoutiangs

winnsadliiilu 3 anw ae

1
A

" n3dns (Idle) MaaudaldfgldiEnismaladnaesdasdoynnu

o @ a g -dll = Y a = 17 1 o
B A1941L99 (Success) AATLLNENE LIUTNNTLNEN 1 918 naastes 4130147}

a

D
R

;4
= ¥

= Aqgpurii (Collision) fATUEBRENELEN1ININNGT 1 978 dnaesTedny

<
>
2

X o A, o o o & =2 a P
u@ﬂ@qﬂumqLLﬂ?Wﬂﬂquﬁqu@qﬂmN’]ﬂﬂﬂ Pr[k|MN,p] AIUTNIA

waniungldidnig & audszaumrnudnialunisaestesdrynaluscuund

be

M AULAZAREANII98d N 48R Axd9naLiulfd1A11e9 Pr Ianwien19iialiuati1ai
giluuy FednwzAInatan ignnsamey Pr lugilaassiaasin (Recursive Formula) 161

seaznanaluseaziaen lwindadnly
3.1.2.1.4 sruuRFIEUEA1T M A wazdaaann159ad N d8an

dl a dld Y a dl ¥ 1 % o <3
LN@W@W?MW?ZUUV}N@%U?H’]?WL‘ll’]@'ﬂ\ﬂ]'ﬂ\i UEUNTUATUAU M T1EUACANRANIT

1as {

apddn N ades nuuaattennalunnsidnassdesdryanauwindy p wusweniend

[

¥

a -jﬂl dl a 1 o 1 | S
aNsinTuHeRAnIuntesdtysyruanstedle o Wuldld 3 nadine

=

" na99ne nalesann A lduEnge e lussuudnansdesdynyn Tnama

a

nazifluidesdyonneainanisdng = b[M.0, p]

" angdnda iailasand g dusnisiasseaag lussuudiaesdasdnynyu

Tnepuiasduidesdyynuaziianisdda = b[M.], p]

o



33

" angau iaiesandglduEnsses 2 seauliidnasstesdnynnmFaniuy

' M
Tnepnanhasiluntesdoyonasiionamu = > b[M,i, p]
i=2

Tnefl  b[m,i,x] = (}_ani(l—x)m_i
1

anAraNiazifureawnnisainanisiiniulugesdnneestesia o az

annnsoAtANtnaziilunas i ld3N199119U k 918aNIDAesTasdTy U idSA Tne

o o a o= o A
ANAUNANNNTTIAR TN AU

P pplk | M,N] = b[M.0, p]P k| M,N—1]
+b[M ), p1Pyp [k =1|M —1,N —1] (3.21)
M
+ Y b[M i, pI Py [k |M —i, N —1]
=2
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Y a

Taedl P [k | M, N] Pd Adpoantnazidunasdfldusnig & s1aa1u190409

dasdtynyrnulidnga anscunitlsznaumadldiinisaiuin M 9e aGeAN19Aa9aILaY
N ddam navuamilanialunisidiansdesdynanivindy p wazninuaA1BusuwTe

~eawlaray (Boundary Condition) 1894:n13 (3.21) 1469H

if k<0,M >0,N >0
ifk=0,M=>0,N=0
ifk>0,M >0, N=0
if k=0,M =0,N >0
if k>0,M=0,N >0

PCFP[k|M>N]=

o = <9 = o
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Fing 7 NAIIATI AR08z (T, (M, N]) Gefonndndusiwondldisns

%

Ineadsfaatesduaunnuladada ldainannis (3.22)

Tepp [M N]=3 (% Perp [ 1M .N]) (322)
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L2 o/

3 v o 'S = [ | Ce a o a
N leyiusreqannng (3.22) wieuiy p udud (a—TCFP[M,N]:O ) waznn AN
P

ATHTNTANTCULGIRA



34

dg’ o as ¥ o a o= o
UANANNU ENATNITOUIANTTOUSUBNIT CFP ﬂ'ﬁﬂ‘VT@ﬂﬂ’\ﬁ‘?Lﬂ‘ﬂ‘é‘sﬁVﬂugﬂﬁl‘ﬂﬂ@’]u’Ju

Y Aa dl dl o 3 dl ! [<3 I Y a =
sﬁmmmﬂmﬂmeﬂimumwmm LummﬂﬁluLmemmmi@m%u;ﬁmmmﬂwmmu

1l w

a dl o @ dl a dl Y a dl 4
Wwaanatusndszaunoiudnialunisass asaziinie il flduinisanauanidu
gld3nnsauiidnaes Ransnnadennisaesusnaslivanisninininauld 3 wanisnine

a 1 Y a ¥ & ! ' <
naed i = 0: WGl saulaeaidiaes adennisaesavetluaniuzdng uazluadannis
aasinllldusnswaeatwinby M Aw Aslusauouglduinnslaaeaanlsca
AHANFATasnsiiun A nuagaimasattaziluffameniel  (b[M,0, p]) M

fimfmsﬁ%ﬁmiimﬂL@'&;ﬂﬁﬁimummﬁﬁL%M@ﬁﬂmmi@mﬁmiﬂ (T[M,N-1,p])
b[M0,p] - T[M . N-1,p] (3.23)
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T[M,N,p] = Bb[M0,p]-T[M.N-1,p] (3.26)

+ b[M1p]- (1+ T[M-1,N-1,p))

M
+ > b[M,ip]- T[M-i,N-1, p]
i=2

M
= b[M.1, p]+ > b[M,ip] T[M-iN-1, p]

i=0

Settenliveuanuesgunig (3.26) Ae
T[M .0, p]=T[0, N, p]=0 (3.27)
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Abstract— This paper introduces two new contention
resolution algorithms suitable for broadband wireless
communications, namely Multi-token Cascade Fixed
Prob (MT-CFP) and Multi-token Uniform (MT-UNI). It
is an extension work to our previously proposed
algorithms, i.e. CFP and UNI. Multi-token mechanism is
proposed to allow more effective access of users. The
performance of these new schemes are evaluated through
mathematical analysis and compared to the CFP and
UNI which are based on a single-token system. Numerical
results show that increase in system performance
measured in terms of average number of successful users
is obtained by the introduction of multi-token
mechanism. Performance improvement is particularly
significant at systems with light to medium loads.

I. INTRODUCTION

Since the access flexibility and mobility features in
wireless communications has resulted in the rapid growth of
the demands for wireless communication services and
applications. A wireless access system consists of one base
station and several wireless terminal users. The base station
uses the downward channel to broadcast control traffic
and/or information traffic to users, while users use the
upward channel to transmit their traffic to the base station.
Due to the upward channel is shared among all users, who
are usually distributed over the service area. It is not possible
for these users to synchronize their transmission with base
station. Therefore, some means of media access control
(MAC) protocols are needed.

Over the past years a wide range of MAC protocols have
been proposed and developed for  different ‘operating
environment. Conventional MAC protocols have been
classified into two- categories: - contention-free —and
contention-based [1,2]. More recently developed protocols
tend to organize the channel bandwidth into a frame structure
that is composed of  two parts, reservation part and
information part, see Figure 1. A reservation part consists of
a number of request slots. All users are given a chance to
reserve slots on a contention basis. Qualified users from the
reservation process will be assigned slots in the information
part for traffic transmission. By using much lower ratio of
reservation period and transmission period by several orders
of magnitude, these protocols have been shown to improve
efficiency. Examples for this type of protocol are ALOHA

Reservation (ALOHA-R) [3], PRMA [4], DR-TDMA [5]
and others [6], [7].

acknowledge information

period (t ) period (t )
| IH\\H\l | | |H\\H\| |
acknowledge slot " /1) ' Fiowniink
information slot 2
request slot / £t TIME —b
\‘4/\\\\\1 | | | | \\H\\\l | |

information
period (t )

reservation
period (t )

round trip propagation
delay (t )

Frame

Figure 1. Frame structure and system operation under
relatively long propagation delay.

In order to achieve the maximum throughput of the
system, there is thus a need to find a new channel reservation
scheme that will be specifically adapted to the reservation
protocol structure. In addition, if the propagation delay
between users and base station are relatively much larger
than the request slot length, users may not know the outcome
of their requests within the same request slot. Thus, our
previous work has been presented two new reservation
schemes, namely, Cascade Fixed Prob (CFP) and Uniform
(UNI) with the assumption that all users can make their
requests only once per frame [8]. In CFP scheme, each user
will attempt to make a reservation on each request slot in
sequence from the first slot to the last with an appropriate
probability. This value of probability is the same for all users
and fix throughout all request slot. For another scheme, UNI,
unlike CFP scheme where users need not consider each
request slot in sequence. They may simply select one slot for
reservation out of available slot with equal probability.

The performance. of system should probably be improved
by increasing the chance for each user to access in
reservation slots more than one time per frame. Thus, the
multi-token scheme is applied to use in this paper. In
addition, we will investigate the appropriate number of token
(ANT) for any number of active users and available slots.

The paper is organized as follow. Section 2, the
proposed channel reservation schemes and their
mathematical analysis are described. Section 3 shows the
numerical results and discussions of these two schemes.
Finally, conclusions are given in section 4.



II. PROPOSED CHANNEL RESERVATION
SCHEMES

In this paper, we extend our previous proposed algorithms,
CFP and UNI , to algorithms that are more general than those
by using multi-token, namely, MT-CFP and MT-UNI,
respectively.

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

T;= the number of tokens for user i.
Si = the successful status bit for user i.
§;= “0” means user i has not succeeded yet.

§;= “1” means user i has already succeeded.

M = the number of users.
N = the number of reservation slots.
R = the number of remain users in system

A. Multi-token Cascade Fixed Prob (MT-CFP)

This scheme is modified from the CFP scheme and makes
it more general. The concept is the same as CFP scheme that
each user will attempt to make a reservation in sequence
from the first slot to the last until there is no remain token for
making a request.

In terms of the performance analysis , we can calculate

Pyr_crplk| Ty, Ty, s Ty .81, 85508y, N1, the  probability
that k successful users given the number of token 7; ,

successful status bit S;and the number of user N' by using

the following equation :

Pur—crplk | Ty T3 81,8500, S aN]

R
) L
~(1-p) " xRyt pl=p) <P+ Y Pl ) xR (1)
=2

where R = M — summation of zero bit of T,,T5,....T),
Py = (P[k|T}.Ty...Tyy.S1. Sy Sy N —1])

Py = Plk—x|T —1,T....Tyy.S) +x.50.83,. Sy _1Spr - N 1]
+ Pk —x|T].Ty =1..Tyy o8], S + %, 83,0 Sy g Sy N =1]

+ Pk =x|T}, Ty, Tyy =1,81.89,83, Sy _1,Spy + 5N =1

{ 0 if repeated success
X =

1 if newsuccess
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P, = Plk|T, -LT, = 1T5,... T3, 51,85, Sy 1, Sar s N =1]
+PLk|T, =115, T3 = 1,... Ty, 81,8500, Sy 1, Sas, N 1]

+PLk|T s Ty = LTy 1. Typ = 181,850 831,84, N —1]
+PLE|Ty e Ty 0, Tyg oy =10 =181, 85 00,8y 1, Sy N = 1]

Pp= PLE|T,~LT, ~ LTy 1Ty —1,S),85 s Syyy, Sy s N 1]

The boundary conditions are set according to the
following

0 if k<0,7,20,5,>0,N >0

L i k=0,T,20,8 >0,N=0
P o [k|T, S N =
R, 1 ifk=0,T,=0,520N2>0

0 if k>N,T,>0,5,>0

The average number of successful users defined as
throughput is shown in (2)

Lyr_crplM.N,T]

M
= > % Pyrcrpli | T To a1y 812850 Sy NT (2)
j=0

The appropriate permission probability (p) can be found
by differentiating equation (2) with respect to p, setting it to

0
zero, i.e. — Ty, cpp[M,N,T]1=0 and find p which give
P

the maximum throughput.

B. Multi-Token Uniform (MT-UNI)

This scheme is an alteration of UNI by applying the multi-
token algorithm which allows each user randomly chooses
any T slots for reservation out of available slots with equal

probability. Therefore, we can calculate P [k|M,N,T], the

probability that k successful users given the number of users
M , the number of reservation slots /N and the number of
tokens 7 by using the following equation :
Clk|M,N,T
Plk|M,N,T] = MH—] 3)

Y C[k|M,N,T]
k=0

C[k\M,N,T] denotes the number of cases that that

k successful users given the number of users M , the number
of reservation slots N and the number of tokens 7 .



M
> C[k\M ,N,T] represents the number of all cases that
k=0

can be derived from the summation of each k& successful
users (k=0,1,2,...,M ) given the number of users M , the
number of reservation slots N and the number of tokens T .
This can be expressed as

M
Y C[k|M,NT]
k=0

=[N N1V =2)- (N = -1)]" 4)

The throughput of MT-UNI that defined in term of the
average number of successful users is demonstrated in (5)

M
Tyr-ow M. N.T] = X (kx PLk|M.N.T}) (%)

III. NUMERICAL RESULTS AND DISCUSSIONS

A. Performance of MT-CFP scheme

We shall first illustrate how the permission probability has
an effect on the system performance, which is measured in
terms of average number of successful users (also referred to
as the system throughput here). In Figure 2, the number of
slots N is held constant at 8, the total number of users M
and the number of token 7' varied from 1 to 16 and 1 to 8,
respectively. As we can see, at the small values of permission
probability the average number of successful users increases
with the permission probability. This is simply because under
this condition users do not access the request slots frequently
enough; a lot of time these slots are idle. Therefore, an
increase in the permission probability will reduce the number
of idle slots and thus improving the system throughput.
When increasing the permission probability up to a certain
value, the number of successful users begins to decline. This
performance degradation is due to an increase in the number
of collisions caused by too many accessing attempts. The
point of permission probability that gives the maximum
throughput, we referred to appropriate permission probability

(p).

Considering in term of the number of token and
appropriate permission probability , we found that in the
light load condition (M =2.4), the value of appropriate
permission probability increases with the increment of
number of token. This due to under this condition, there are
many idle reservation slots and many tokens for accessing
into the reservation slots if collision has occurred. Therefore,
increasing the value of appropriate permission probability
has resulted in the increment of throughput. However, after
increasing the number of token up to a certain value, the
appropriate permission probability will decrease and finally
be constant when the number of token is more than necessary
as shown in Figure 3.
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Figure 2. The average number of successful users vs
permission probability under any system conditions.
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Figure 3. The value of appropriate permission probability vs
the number of token with the various number of users.

Another important point from Figure 2, we observe that
there are' some fluctuations in case of heavy load condition.
Let we explain in case of the number of users is 8 and the
number of token is equal to 4. It is apparent that at the
permission” probability of 0.52" the average number of
successful ‘users s 0.655 and the average number of
successful users rises to 0.866 at the permission probability
is equal to 0.72. In common case, the average number of
successful users should inversely vary to permission
probability. Nevertheless, we can describe about this
phenomena that at p=0.52, the collision occur in every slot

from slot number 1 to 8, this limit the chance to success and
consequently result in the performance degradation. On the
contrary, at p=0.72, this value of permission probability is

quite high so the collision of high number of user such as
M =6,7,8 extremely occur in the beginning of reservation



period. This make at the last period of reservation slot there
is small number of remain users and this remain users will
succeed in the reservation process. This is clearly illustrated
in Figure 4-5.
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Figure 4. The number of idle, success and collision in each
reservation slot at permission probability = 0.52
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Figure 5. The number of idle, success and collision in each
reservation slot at permission probability = 0.72

Figure 6 shows the relation between the number of tokens
and percentage of average number of successful users. We
found that under the light load condition such as M =24, at
the beginning the percentage of average number of
successful users increases with the number of tokens.
However, after increasing the number of token to the certain
value, the percentage of average number of successful users
begins to deteriorate and eventually be steady. This is due to
the increment of number of tokens gives the higher chance to
succeed but it is limited by the suitable value, the excess will
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cause larger number of collision and performance
degradation the same as it occur in the heavy load condition.
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Figure 6. The percentage of average number of successful
users vs the number of tokens
with the number of request slots fixed at §.

All the above results indicate that the number of tokens is
a key factor to the system performance. Thus, the appropriate
number of token ( ANT) gives the best point of system
throughput. It can be notice that under the light load
condition, an increment of the number of tokens will increase
the successful opportunity. On the contrary, under the heavy
load condition, the users can lower the risk of collision by
reducing the number of tokens. We can be summarized the
appropriate number of token as shown in table 1.

Table 1
Appropriate number of token ( ANT') for MT-CFP
with various number of users, number of slots = 8

M 1 2 3 4 5 6 7 28

ANT 1 4 3 2 2 2 2 1

From tablel, it can be approximately expressed the
formula in general form for calculating the appropriate
number of “token under any system conditions by using the
equation as follows :

1 ;whenM=1lorM >N

ANT i cpp = i' N

(6)
— | ;when <M< N
M

where [y] is the smallest integer more than x.



B. Performance of MT-UNI scheme

Consider Figure 7 that shows the relation between the
percentage of average number of successful users and the
number of tokens. In this Figure, the number of slots is fixed
at 16 and the total number of users is equal to 2, 4, 8 and 16.
As we can see, when the number of users is equal to 2,4 and
8, at small values of the tokens the percentage of average
number of successful users rises as the number of tokens
increases. This is because an increase in the number of
tokens will reduce the number of idle slots and thus
improving the system throughput. When increasing the
tokens to a certain value, the percentage of average number
of successful users begins to decline. This performance
degradation is due to an increase in the number of collisions
caused by too many accessing attempts.

As the number of users becomes equal to the number of
slots, the percentage of average number of successful users
declines continuously and eventually approaches zero. This
is because when too many users accessing a few number of
slots the risk of collision increases.
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Figure 7. The percentage of average number of successful
users vs the number of tokens
with the number of request slots fixed at 16

Figure 8. shows the average number of successful users
for various values of the number of tokens as the function of
the number of users. This figure confirm that the increment
of the number of tokens can be improved the system
performance. Nevertheless, this improvement is constrained
by the number of users in the system. At the large number of
users, increasing the number of tokens does not affect to the
betterment of system throughput. Moreover, we found that at
the small number of users such as M = 2 , the increment of
number of tokens slightly takes effect to system throughput.
This is due to under this situation, the no multi-token scheme
has the fine system performance.
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Figure 8. The average number of successful users vs
the number of users with the number of
request slots fixed at 16

From the above investigations, considering in term of the
appropriate number of tokens, we also observe the same
result as of MT-CFP. Table 2 concludes an appropriate
number of tokens for various values of the number of users
with the number of request slots fixed at 16.

Table 2
Appropriate number of token ( ANT ) for MT-UNI
with various number of users, number of slots = 16

M 1 2 3 4 5 6 7 & >8

ANT 1 8 5 4 3 2 2 2 1

From the results in table 2, it can be approximately
formulated the equation in general form for estimating the
appropriate number of token under any system conditions by
using the equation as follows :

1 ;whenM:lorM>§
ANTyr_yn =
LEJ ;when1<MsE
M 2

(7

where | x| is the largest integer less than x.

We shall devote the final part of this section to the
performance comparison of all proposed schemes and our
previous work schemes, this is depicted in Figure 9. When
comparing all the proposed schemes, the multi-token
schemes, with their original version that have only one
token.



It is clear that our proposed schemes generally perform better
performance at small number of users which is not more than
the number of slots in case of MT-CFP and not more than the
number of slots divided by 2 in case of MT-UNI. However,
at the large number of users the performance are equal. This
is because at the large number of users, the best value of
token is equal to 1. Therefore, the results of our proposed
schemes are converged to their primary schemes.
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Figure 9. The maximum number of successful users using
the appropriate number of tokens

IV. CONCLUSION

In this paper, we have introduced two new channel
reservation schemes for medium access control protocols in
high bit rate wireless systems, the extension of our previous
work in general case by using the multi-token scheme. The
mathematical analysis derived in this paper enables us to
numerically evaluate the performance of all proposed
schemes. Through the numerical results, we found that the
MT-CFP and MT-UNI schemes are effective when the
number of user is not more than the number of reservation
slot. The appropriate number of token (ANT) is the
important parameter to justify the performance of the system.
In light load condition, the higher value of token leads to the
higher chance of success. On the contrary in case of heavy
load, the larger number of token gives the greater probability
of collision. In addition, the appropriate value of ANT is the
parameter which gives the highest slot efficiency. The
suitable ANT can be acquired as the offer load is
approximately equal to 1. However, the performance is
slightly improved under light load condition such as the
number of user is equal to 2 and the number of slot is 16.
Increasing the number of token insignificantly take effect to
the system performance. This is because under this system
condition, the original schemes primarily give the satisfiable
performance.
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Abstract-- We consider a single-access system where high bit-
rate communication systems constrain the propagation delay
between users and the base station. In this scenario, we found
that existing channel reservation schemes cannot guarantee
the satisfaction to all users regarding different Quality of
Service (QoS). Thus in this paper, we propose two new
channel reservation schemes which taken into consideration
priority service to more delay-sensitive multimedia traffics,
namely, UNI+MLA, and Partial UNI+MLA schemes for
multimedia traffics, an extension of our recently proposed
UNI+LA scheme for single-class traffic. The goal is to achieve
the highest system performance and enable each traffic types
to meet their QoS requirements. We evaluate the
performance of each scheme by mathematical analysis. The
numerical results show that our proposed schemes are
effective in enabling different traffic users to achieve the best
successful rate possible in this kind of environment.

Index terms-- channel reservation, Quality of Service, multi-
class traffic, priority, wireless communication.

I. INTRODUCTION

The rapid growing of multimedia communications
applications today has resulted in the extensive use of
communication technology. Several emerging applications
such as wireless and internet multimedia communication
services, including streaming video, and video phone, etc.,
play an increasingly important role in current systems.
These systems will support a wider range of applications
involving information such as packet data, voice, image,
and video. When there are many different classes of end-
users in the system, the user’s requests are likely to collide
with each other. Thus, some means of medium access
control (MAC) protocols are needed. This MAC protocols
will have a significant impact -on the user performance,
system capacity, and hardware complexity. A successful
MAC protocol should indeed take full advantage of the
different kinds of traffic to achieve high multiplexing
efficiency.

Several MAC protocols have been developed over the
past years. Conventional MAC protocols have been
classified into contention-free and contention-based [1,2].
Presently high performance MAC protocols designate a
frame structure which consists of a reservation and an
information parts, as shown in Fig. 1. A reservation part
consists of a number of request slots. All users are given a
chance to reserve slots on a contention basis. Qualified
users from the reservation process will be assigned slots in
the information part for traffic transmission. By using
much lower ratio of reservation period and transmission
period by several orders of magnitude, these protocols has
been shown to improve efficiency. Examples for this type
of protocol are ALOHA Reservation [3], HAR [4], DR-

TDMA [5], SND-MAC [6] and others [7,8]. However,
these protocols are not suitable for single-access
reservation systems where users are limited to make a
single request per frame as the protocols become unstable
when too many terminals try to communicate at a time.

information transfer

L |HHH| | | | | >
|
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TIME

reservation

/_/\
|HHH| |
k

frame request slot data slot

Figure 1 Frame structure under relatively long
propagation delay.

We have studied and proposed channel reservation
scheme for single-access systems, namely, Uniform and
Limited Access (UNI+LA) as in [9]. In UNI+LA scheme,
it uses a limiting probability to limit the user’s request in
accordance with the number of available slots. After that,
each user with granted access will choose to reserve one
slot out of all available request slots with equal
probability. With this mechanism, we can see that all
request slots can now be uniformly assigned.

In this paper, we extend our previous work in [9] to be
namely, Uniform and Multiple Limited Access
(UNI+MLA), and Partial of Uniform and Multiple Limited
Access (Partial UNI+MLA) , to handle multi-class traffic.
The objective is to achieve the highest system
performance and enable each traffic types to meet their
QoS requirements. The effectiveness of the schemes is
verified by mathematical analysis in generalized form and
numerical results. In the following sections, we discuss
two reservation techniques for single-access systems we
proposed and show numerical results and discussions.

II. PROPOSED CHANNEL RESERVATION SCHEMES
FOR MULTI-CLASS TRAFFIC

In this paper, we extend our previously proposed
algorithm, UNI+LA scheme, to algorithms that are capable
of handling multi-class traffics, namely, UN/+MLA, and
Partial UNI+MLA schemes as shown in Fig. 2. For certain
classes of traffic, the contention phase limits part of the
scheme while other classes are less sensitive to the
introduced delay. The examples of packets sensitive to
contention delay are the first packet of a voice talkspurt, a
request for new bit-rate in a connection or a handoff
request for real time connection. On the other hand,
packets that contain data messages or a request to establish
a new connection are considered less time sensitive. It is
thus necessary to find a contention access mechanism that
will give priority to delay sensitive service. Therefore, the
new channel reservation schemes, UNI+MLA and Partial
UNI+MLA, which are suitable for the systems with



different classes of users, are developed and their complete
analysis is given in this paper. The purpose of these
schemes is to prioritize delay sensitive service over the
less sensitive ones while maintaining the channel
bandwidth utilization.

Single class

Multi-class

Partial UNI+MLA

Multiple Limited Limiting Probability for each class of users

Limiting number of accessing request slots for each class of users

Figure 2 Relations among proposed channel reservation
schemes with UNI+LA scheme.

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

C = the number of priority classes in the system.
n; = the number of request slots for priority class i.
N = total number of request slots in the frame.

m; = the number of users in priority class i.

k; = the number of successful users in priority class i.

A. Uniform and Multiple Limited Access Scheme
(UNI+MLA)

This scheme is modified from the UNI+LA scheme to
handle multi-class traffics. In UNI+LA scheme, a
predefined limiting probability value is set equally for all
users. Therefore, if the system supports users with
different classes of traffics, it is more suitable to set
different predefined limiting probability to each priority
class, i.e., more delay-sensitive traffics ‘receive higher
probability of getting a permission than the lower one.
Thus, it is important to identify appropriate set of limiting
probability for different classes of users. In addition, this
probability should be selected such that the overall system
throughput is maximized.

In terms of performance analysis, we can- calculate
PyUnt+ M4 [kl,kz,...,kc1m1,m2,A..,mC,N] . the probablllty that k,'

successful users of priority class i with number of user m;
and different limiting probability p; by using the following
equation:

PUNIs mpalky k... kc|my,my,..mc,N] 0]

o np mc C
=Y ¥y Hnb[m,-,aj,p,]JP[kl okl ay.a....ac.N]

a1:0a2:0 KJCZO j:1
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where
Plky.ky,...kclay,az,....ac,N] v

§=0i=0 ic=0||,=1

aq @ ac C
=2 22 || 11 blapipUNY|PLky ko, k clay—i,ap =it c—ig, N=1]
except
il :l,iz :0,...,iC:0 or
il =0,[2 =l,4..,l'C =0or
i =0,ip =0,....ic=1
+

C C
Z bla;, 11/ N] Hb[aj,O,l/N] Plky.ky,..J; —1...kclay,ap,...q—1,....ac,N-1]
i=1 j=

J#

The boundary conditions are set according to the

followings:

Plky, ky,...,kclay,ap,....ac,N]

S

if k1 <00r ky<0,.....or kc<0,a1+ar+.+a20,N>0

if kytky+.+kc>N, aj+ay+.+a020,N=0

if ky>ay orky>ay ,....or ke>ac aj+ar+.+ac=0 N>0
if kytky+.+k =0, aj+ay+.4+ac20, N=0

if ky+ko+.+k=0,a1+ar+.+a-=0,N=0

if kytky+.+kc>0,a1+ar+.+ac>1,N=1

if ky+ky+.+kc=0,a1+ar+.+ac>1,N=1

if kytky+.+kc=0,a1+ar+.+ac=1,N=1

if kitky+.+kc=la1+ar+.+ac=1,N=1

— ES N O S = OIS

The average number of successful users of the frame,
defined as throughput, (Tynyeammpalm,mo,..mc,N1) 1is

derived as follows:

Tunis mpalmy,my....mc,N] )]

C m
= > (J)’XPUNHMLA[/}'\ml,mza---MC,N])
i=1 j;=0

where

P unts mra s lmy,my,..mc, N @

monmy i me
=20 2 2P UNT+ MEalRsK i Jec I my i, me,N]
k=0 k=0 ki=j; kc=0

The appropriate limiting of probability for users class i, p; ,
can be found by differentiating equation (3) with respect to p; ,
setting them to zero and find p; which give the maximum
throughput.

B. Partial of Uniform and Multiple Limited Access
Scheme (Partial UNI+MLA)

This scheme is developed from the UNI+MLA
scheme by limiting the number of accessing request slots
and setting different probability for each class of users.
However, the slots are not absolutely divided but still
shared between classes. By this mechanism, users from the
higher priority class will have higher opportunity to select
the available slots than the users from lower priority class.

In terms of performance analysis, we can calculate the
probability of k; successful users of priority class i with



number of user m; , different limiting probability p; and
the number of accessing request slots

s P artial UNI+ MLATK K 2ok o lmy,m o eom ¢, Non g unc], by
using the following equation:

P partial UNI+MLALK 1K 2ok Clmy,mg,.om o, Nong,..onc] 5

my my mc C
=3 > . [mia;,pil|Plky,ko,kc|mymy,...mc,N,np,..;nc]
a;=0 ay=0 ac=0 i=1

where

Plky.kyskc [mymo,...mc,N,no,....nc] (6)

m omc| Mg k
S Y > ][ >
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i, =0ic-n=0iic=mc )\ j;;=0 jic-1y=0/ic=kc

my—ipMc-2=i(Cc-2)  Mc-1-l(C-1) ][/qj“ kc—2=jic-2)  kea—jic-n ]

iy =0 iyc-2)=0 ipc-ty=mc-1=ic-ny \ jy =0  Jj2c-2)=0 Jacc-1=kc-1-jic-1

my—ij =iz =i(c-1)1

ki—ji—Jj21.--—Jc-11
ic1=my—ij|—iz - —i(c-11 Jer=kh—ji1—J21...—Jjc-11
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xP'[jcrlic,N—nz]
PLJ x1r-sJxC | i x15ixc> ] can find by using equation (2)
P'[jc1lici,N—nz]=blict,0,1(N —np)] P'Lict lic1,N —np —=1]
+blict, LU(N =np)] P'[jc1 —1lici —L,N —ny =1]

icy
+ 2blict,a /(N —m)] P'ljci lici—a.N —=ny —1]

a=2
y-1
and m,, =m, —Z i
x=1
The average number of successful users
(T partial UNI+ MLAlm1m o sm ¢, Non o ,n ¢]) is derived as
follows :
T partial UNI +mLA[M1,M 2 5sm ¢, Noft g ,e0nt ] @)
C m;
=2 Z( Ji % Ppartial UNI + MLALT i lmy,maom ¢ oNong s ¢ )
i=1 j;=0
where
Ppartial UNI + MLAL i Im1,mp,om oy Nong,..onc] @®)

k=0 ki=j; kc=0

The appropriate number of accessing request slots
and the limiting of probability for users class i , n; and p; ,
can be found by differentiating equation (7) with respect to
n; and p; , setting them to zero and find n; and p; which
give the maximum throughput.
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III. NUMERICAL RESULTS AND DISCUSSIONS

For conveniences, these notations will be used in the
following discussions:

M, = Total number of users of service class 1

M, = Total number of users of service class 2

N = Total number of request slots in the frame

N; = Number of request slots for service class 1

N, = Number of request slots for service class 2

pi = Limiting probability of service class 1

D2 = Limiting probability of service class 2

Ts; = Average number of successful users of service
class 1

Ts> = Average number of successful users of service
class 2

T = Total average number of successful users of 2

service classes = Ts; + T
V2 :QOSCOIltrOller:(T51/M1)/(TSZ/M2)

Note that we define service class 1 to have higher priority
than service class 2 and the number of request slots is
fixed at 16 for all results.

A. Performance of UNI+-MLA scheme

Fig. 1 shows the relationship between » and
MAXIMUM T, for the UNI+MLA scheme when the
number of request slots are fixed at 16. As we can see, the
UNI+MLA scheme is a flexible method, as it is able to
control an arbitrary level of y. The UNI+MLA scheme
satisfies the system requirement using an advantage of the
limiting probability mechanism of the UNI+LA algorithm
for the single-class traffic by assigning different values of
limiting probability for each traffic class. At y= 1, no
difference between two classes, the scheme works in the
same manner as UNI+LA scheme. However, when y>1, it
can be observed that the throughput decreases as the »
increases. This is because the system has to limit the

number of users from class 2 in order to achieve the
desired y . Thus, MAXIMUM T, is decreased because

the throughput of class 2 decreases at a faster rate than the
increasing rate of the throughput of class 1. In addition,
the maximum 7, of the system with lower number of
class 1 users also reduces at-a faster rate than the system
with higher number of class 1 users.

Fig. 2 shows the relationship between the limiting
probability of class 1 users and the desired y. From the
results of UNI+LA scheme [9], the way to maximize 7T,y
is to set the limiting probability to 1 when the number of
users is less than the number of request slots as in our case
here. Therefore, at y =1, the p, is equal to 1. For the case
when y > 1, the value of p; is still at 1. This is because the
highest system throughput can be reached by maximizing
the throughput from 2 classes. Therefore, in this case the
number of request slots is enough for users, the system can
adjust the value of desired y in order to achieve the



highest 7, by first trying to set p; to 1 in order to
maximize Tk;.

For the value of p, in Fig. 3 , it can be seen that at
y=1 the value of p,is equal to 1. This is due to the
sufficient number of request slots and there are no
differences between two classes of users. However, when
7>1, the value of p, is less than 1 owing to the definition
of y. Moreover, we can see that the value of p, in any
combination of the number of users in each class are
similar. This is because the y is defined to be the ratio of
throughput per user between class 1 and class 2. Thus,
there is no effect from the different number of class 2
users. In addition, there are no restriction of the throughput
of user class 1. This make the value of p, from all systems
are equivalent.

B. Performance of Partial UNI+MLA scheme

Fig. 4 shows the relationship between the number of
accessing request slots for user class 2 and the throughput
with different combination of the number of users in each
service class. The limiting probability of each class is set
to 1. At the beginning in the system with M7:M2 = 4:12,
throughput decreases as the number of accessing request
slots for users class 2 increases. This is because the
increasing number of request slots are still not enough to
reduce the collision. However, after increasing the number
of accessing request slots for user class 2 up to a certain
value, the throughput will increase because the distribution
of the users’ request will reduce the number of idle slots.
For the system with M1:M2 = 12:12, throughput always
decreases during the increment of the number of accessing
request slots for user class 2. Since the number of request
slots are not sufficiently enough for user class 1, the
increasing number of accessing request slots for user class
2, the higher chance of collision. Conversely, for the
system with MI:M2 = 2:4,, throughput will always
increase as the number of accessing request slots for user
class 2 increases. This results from the utilization of the
idle request slots in the frame.

Figs. 5-7 show the relationship between y and the
maximum throughput at various number of accessing
request slots for user class 2. It can be scen that',in all
systems, the maximum throughput is reached when the
number of accessing request slots for user class 2 is equal
to the number of request slots in the frame. This is because
the request slots for each class are not divided separately.
Therefore. at low value of y, the low number of accessing
request slots for users class 2 results in the low throughput
value of user class 2 because of the restriction of the
throughput of user class 1 in order to achieve the desired
7. However, the restriction of throughput between two

classes will reduce as the » increases. In addition, only the

adjustment of the limiting of probability for each class is
enough to limit the number of accessing users for each
class.

IV. CONCLUSIONS

In this paper, we have presented two new channel
reservation schemes for supporting multi-class traffic with
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guaranteed different QoS requirements. The mathematical
analysis derived in this paper enables us to numerically
evaluate the performance of all proposed schemes.
Through numerical results, we found that the UNI+MLA
and Partial UNI+MLA schemes are effective as they are
designed to flexibly control and adjust system parameters
to achieve the desire y. Although the Partial UNI+MLA

has the higher adjusting parameters in order to achieve the
desired y than UNI+MLA, the throughput of this scheme

is not better than that of UN/+MLA.
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Figure 7 Comparison between different number of accessing
request slots for users class 2 on the QoS Controller () and the

MAXIMUM Ty for the system in the system with M;:12 and

number of users of each service class on the number of accessing
request slots for user class 2 (N,) and throughput for Partial
My:4 using Partial UNI+MLA scheme.

Figure 4 Comparison between different combination of the
UNI+MLA scheme.
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Abstract— This paper presents the delay analysis of two
new channel reservation schemes namely UNI and
UNI+LA for the relatively long delay systems.
Mathematical models have been formalated for the
performance evaluation. We found that the numerical
results from the formation derived yield the same output
as the simulation results. In addition, the numerical
results show that the delay performance of the system
depends on the traffic load and the ratio of the number
of request slots per frame.

KEYwWorDS-- MAC  protocols, UNI,
Throughput, Delay, Wireless communication

UNI+LA,

1. INTRODUCTION

Due to the mobility and access flexibility features in
wireless communications, the demands for wireless
communication services are growing at rapid pace. A
wireless access system consists of one base station and
several wireless users. The base station uses the
downward channel to broadcast control traffic and/or
information traffic to users, while users use the upward
channel to transmit their traffic to the base station. Since
the upward channel is shared among all users, who are
usually distributed over the service area. It is not
possible for these users to synchronize their transmission
with base station. Therefore, some means of media
access control (MAC) protocols are needed.

A number of distinct MAC protocols have been
developed over the past years. For early or conventional
MAC protocols, they can be classified into two
categories, namely contention-free [1] and contention-
based [1]. More recently developed protocols tend to
organize the channel bandwidth into a frame structure
that is composed of two parts, reservation part-and
information part, as shown in Fig. 1. The teservation part
consists of a number of request slots, which is used by
all users on a contention basis for channel reservation. A
user that succeeds in the reservation process will be
assigned data slot-within the information part for its data
transmission. These protocols derive their improved
efficiency from the fact that reservation periods are
shorter than transmission periods by several orders of
magnitude. Examples for this type of protocol are
ALOHA Reservation [2], DQRUMA [3], PRMA [4].

Reservation Part

B —» <
Reservation Slot Data Slot

Information Part

Figure 1 Frame Structure

A 4

In order to achieve the maximum throughput of the
system, there is thus a need to find a new channel

reservation scheme that will be specifically adapted to
the reservation protocol structure. In addition, if the
propagation delay between users and base station are
relatively much larger than the request slot length , users
may not know the outcome of their requests within the
same request slot. Thus, this paper presents the analysis
of new reservation schemes in terms of delay and
throughput performance with the assumption that all
users can make their requests only once per frame.

Delay of the system is composed of access delay
and queuing delay. Access delay is counted from the
start time of packet generation to the time when the user
successfully sends the request packet. For queuing delay,
it is the duration between the request packet and the data
packet have been sent. In this paper, we focus only the
access delay performance because it is the random event
which is hard to control. In the contrary the queue delay
can be completely controlled by the system.

The paper is organized as follow. Section 2 presents
the descriptions of UNI and UNI+LA schemes. In
Section 3, the delay and throughput performance
analysis are described. Section 4 shows the numerical
results of these two schemes. Finally, conclusions are
given in section 5

II. DESCRIPTION OF UNI AND UNI+LA
SCHEMES
A. Description of UNI Scheme

In practical wireless system environment, most
systems have a delay between users and base station
therefore users will not receive a chance to repeatedly
make reservation attempts on consecutive reservation
slots in one frame. Under this system condition, the
order of request slots becomes irrelevant. Users need not
consider each slot in sequence. They may simply select
one slot from the available slot for reservation, as shown
in Fig. 2. Therefore this technique is called the Uniform
(UNI) scheme. More detailed description of UNI scheme
can be found in [4].

i At the beginning of frame, all user can select all of access slots.

» «

4

> time
- >

User can select all but it must access only one access slot.
For the remain users, they repeat as userl

Userl User2 User3

Figure 2 UNI schematic

B. Description of UNI+LA Scheme

One problem associated with the Uniform scheme is
that it does not take the number of users into account.
Accordingly, its performance can be significantly



deteriorated when the number of users is relatively much
higher than the number of available slots. This is because
all users will definitely place a reservation in one of the
slots, it is very difficult to avoid collisions. For example
if only two slots are available for ten active users, it is
better for most users not to make a request. Otherwise,
collisions will inevitably occur in both slots. As all users
will access the slots, the maximum number of successful
users is one and this occurs with a very small chance, i.e.
nine users access one slot and one of them accesses the
other slot. Clearly, the UNI scheme is not effective in
this situation. To alleviate such shortcomings, it is
necessary to find methods to limit the user attempts in
accordance with the number of users and available slots.
This is achieved by introducing a probability (p) to assist
each user for their chance to access the request slots.
Users that will not access the request slots in the current
reservation periods will wait until the next period;
otherwise users will follow exactly the same step as the
Uniform scheme. We refer to this scheme as
Uniform+Limited Access (UNI+LA). The example of
UNI+LA scheme is shown in Fig. 3.

i At the beginning of frame, all user can select all of access slots.

> | »

4

bl time
k 1
+ >

7 Access users can select all but it must access only one access
slot. For the remain access users, they repeat as user1l

UserM

Y X
PASS FAIL PASS

Access Users

Random Access Probability
value and compare with the
assign value

All Users who
want to send
their packet

Userl

User2

UserM |

Figure 3 UNI+LA schematic
III. PERFORMANCE AND DELAY ANALYSIS

Our performance analysis is based on mathematical
analysis. We focus our simulation results in 2 cases,
Throughput Performance and Average Delay per packet.
We have 2 steps for analyzing the complete system
performance,  single-frame and  multiple-frame
performance evaluation. In single-frame, the system
throughput and average delay can be derived from the
successful access probability of all events to get the
complete solution.

Let we first define the following variables which are

to be used correspondingly in the mathematical analysis:

Puni [k|M,N]=the success probability that there are k

successful users given that there are M users with N
reservation slots per frame, for UN/ system.

Tunt [M,N]=the throughput of UNI system that has M
users with N reservation slots per frame.

Puni+ralkIM,N,p]=the success probability system that
there are k successful users given that there are M users
with access probability p and N reservation slots per
frame, for UNI+LA system.

TunzalM,N,p]=the throughput of UNI+LA system
that has M users with N reservation slot per frame.

Pretmod KIN,M,f= the success probability of any method
system that k successful users of M users with access
probability p, N reservation slots and f frames.
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Timethod [M,N,f]= the throughput of any method system
that has M users with N reservation slots and f frames.

Dinethod [M,N,f]= the throughput of any method system
that has M users with N reservation slot and f frame.

M=Total number of users in the system.

k=The number of successful request users per frame.

N=The number of reservation slots per frame (RSF).

p=Access Probability.

A. Evaluation of UNI Scheme for single-frame case
Success Probability Function can be derived as in Eq. (1),

Pynilk | M,N]=b[M,0,1/ N1P [k | M,N-1]
+b [M,1,1/N] Py [k—1| M—=1,N~-1] (D)

M
+ 2 (B[M,i, 1/ NTP ypyTk | M=i,N-1])
=2
Where Binomial Probability is defined as follows,

Bimi = [’”}c’ (-9 2)

and with the boundary condition defined as follows:
1 ifk<0,M>0,N>0
1 ifk=0,M>0,N=0
0 ifk>0,M20,N=0
1 ifk=0,M=0,N=1
0 ifk=0,M=1N=1
1 ifk=L,M=1,N=1
1 ifk=0,M>2,N=1
0 ifk>0,M22,N=1
1 ifk=0,M=0,N>2
0 ifk=0,M=1,N2>2
1 ifk=L,M=1,N22
The throughput of UNI is shown in Eq. (3):

Pyny k| M,N]=

M
Tyni[M,N1= 3 (jxP ynr[jl M,N]) 3)
=0

Delay of UNI is shown in Eq. (4):
D= @)

B. Evaluation of UNI+LA Scheme for single-frame case

Success Probability Function can be derived as in Eq. (5),

M
Punzs 14 [KIM.N.p] = Y (b [M,].p] Pyngk|j,N1)  (5)
J=0

The throughput of UNI is shown in Eq. (6):

M
TyngL4 [M,N;pl= 2, (jXPUNI+LA [JjIM,N,p ]) (6)
j=0

Delay of UNI is shown in Eq. (7):

1
Q]NALA:% (7)
The value of p certainly plays an important role in
the system performance and we will now illustrate how

the optimal value of p can be analytically derived.
T ynpLa[M,N,p]) 0
op N

®)

From equation (8) of the UNI/+LA scheme, we can
calculate the optimal probability that gives maximum
throughput as shown in Fig. 4.
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Reservation slot per frame 10
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( ) 0 o Traffic Load (users)

Figure 4 Optimal access probability vs. the RSF and the
traffic load for UNI+LA scheme.

Fig. 4 shows the optimal access probability for
various traffic load and RSF. We can see that the optimal
probability will reach 1 when the number of request slots
in the system is not greater than or equal to the number
of users. In addition, the probability will lower than one
if the traffic load exceeds the number of request slots.

C. Evaluation of UNI and UNI+LA Schemes for
multiple-frame case

Success Probability Function can be derived as in Eq. (9),
S Y |
Plk|mN.f1=3 % > 3 11 Prethod ki Imi. N1 (9)
G ke

Where Binomial Probability is defined as follows,

ki =[0,k]

ko =[0,k — K]

k3 =[0,k —ky — k3]

kp=[0k—k —ky..—ky o —kr]
mi:m
mvz =m—k1'

mé:m—k{—kyz

m.'f =m- ki N k'2 o k},z - k_'f—l
The throughput of frame f-is shown in Eq. (10):

M
T method [IM. N 1=, (KXP yegpoalk [M,N, f1) (10)
k=0

Delay of frame f is shown in Eq. (11):

Tnethod [m: - f =% Dnethoalm.n. f ~1]
Tnethod[msn, f] (1 1)

2f -1 1

%X[Tmethud [m,n, f1=Thethod M, n, £ —11]

Tnethodm, n, 1

Dyethoalm.n, f1=
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IV. NUMERICAL RESULTS AND DISCUSSIONS

The performance of UNI and UNI+LA scheme has
been evaluated through numerical calculation for all of
the equations described in section 3. The simulation
model is divided into 2 conditions. The first condition
focuses on the system performance when the number of
frames and reservation slots are varied. For the second
condition, the system throughput is constrained to be
greater than 99.99% of the traffic load. The parameter
that affects the delay performance are discussed in the
context.

A. UNI Scheme
1) Performance of UNI Scheme in condition [

Fig. 5 shows the relationship between the number of
available frames and the average delay per packet at
different number of slots per frame. It is important to
note that the delay is averaged only among successful
users. As we can see from this figure, the delay increases
with the increment of the number of frames. However,
after increasing the number of frames up to a certain
value, the delay will be constant. The delay increased is
a result from some users that still do not succeed in the
reservation in the early frame. In addition, Fig. 6 clearly
shows that the delay increases in accordance with the
number of successful users. On the contrary, it can be
seen that when the number of slot per frame are equal to
2 and 4, the higher number of frames, the higher delay.
This is because the lower number of slot per frame
reduces the chance of success in the reservation.
Therefore, users have to stay for a long time before
succeeding in the reservation. In addition, it also can be
seen from the Fig. 6 that the increasing rate of the
throughput is very low especially when the number of
slot per frame is equals to 2. Since, the users have a
lower chance to succeed in the reservation

From these results, we can summarize that a suitable
value of RSF that gives the lowest delay of the system is
the tradeoff between 2 events when changing the number
of RSF, i.e. if we increase the value of RSF, it leads to
the increment of delay in each frame but the frame
number for desired throughput is decreased.

2) Performance of UNI Scheme in condition I1

Fig. 7 illustrates the relationship between the delay
and the frame numbers which guarantee more than
99.99% system throughput of the offered load at various
traffic load conditions (4, 8 and 16 users). Firstly, the
delay decreases with the increasing of the number of
RSF. On the contrary, if the value of RSF is increased to
exceed the suitable value, the delay will be increased. It
is important to note that, at each number of users, there
will be a suitable value of RSF which gives the lowest
delay. In addition, the appropriate value of RSF tends to
increase with the increase of the number of users in the
system.

The numerical results in the Fig.. 8 confirm that the
increase in RSF will lower the number of frames to meet
the desired throughput. In addition, we observe that the
number of frames will be constant at intervals and the
best value in each period is the first value of RSF that
make the number of frame constant. At the same number



of frame, the increment in the RSF will increase the
delay in each frame.

B. UNI+LA Scheme
1) Performance of UNI+LA Technique in condition 1

Fig. 9 shows the relationship between the average
delay per packet and the value of RSF of UNI+LA
scheme using fixed and optimal access probabilities. We
notice that the delay of the system using the optimal
access probability is the lowest one compared to other
systems in all values of traffic load. This is because the
system can limit the number of accessing users to the
appropriate value in each frame. Conversely, the system
with fixed access probability can give the good
performance only at a specific value of traffic load. For
example, the setting of low access probability yields the
good performance when the value of RSF is low, since
the system has to limit the higher number of accessing
users because of less value of RSF. In addition, if the
value of RSF increases, the system with low access
probability will have the higher delay. This is because
users have to wait for a long time before accessing to the
channel even though there are a lot of idle slots.

In later discussions, the optimal access probability is
used to obtain the numerical results shown in Figs. 10-

12. Since it gives the lowest delay in all values of traffic
load.

Using the optimal access probability, the delay of
UNI+LA scheme is similar to the delay of UNI scheme
as previously shown in Fig. 5 and 6. Thus, the results of
UNI+LA scheme are not shown. Instead, we discuss the
comparison between UNI and UNI+LA using optimal
access probability as illustrated in Fig. 10. It is clear that
the UNI+LA scheme gives higher performance than that
of the UNI in all conditions especially at low value of
RSF. The performance of these two schemes will be less
differentiated at the higher values of RSF. Finally, there
will be no differences when the number of users equal to
the RSF value as the results from these two schemes is
identical.

2) Performance of UNI+LA Scheme in condition II

The results from Fig.11 and 12 show that the delay
of UNI+LA scheme is lower when decreasing the
number of RSF. This is due to the same reason shown as
described in the previous section. In addition, we can see
that the delay and number of frames which are needed in
order to satisfy the desired requirement are lower than
that of UNI scheme.

V. CONCLUSIONS

This paper proposes the mathematical analysis of
the new channel reservation schemes namely UNI and
UNI+LA. The numerical results show that RSF is the
important parameter to justify the performance of the
system in terms of delay and throughput. The higher
value of RSF leads to the higher chance of idle. On the
contrary, the lower value of RSF gives higher probability
of collisions. In addition, the appropriate value of RSF is
the parameter which gives the highest slot efficiency.
Therefore, the best value of RSF suitable for multiple
frames depends on the tradeoff between 2 events, the
high traffic loads compared to RSF at the early frames
and the low traffic loads compared to RSF at the end of
frames. This is because the traffic loads changes with the
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increment of the number of frame. On the contrary, the
suitable RSF for UNI+LA scheme is equal to 1
slot/frame because this scheme is use optimal access
probability to avoid the chance of collision at high
traffic load. Therefore, the most significant parameter in
this system is the number of idle slots in each frame.
Finally, the paper also analyzes the performance of the
systems in terms of throughput and delay from other
parameters such as RSF and access probability.
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Figure 5 The average delay per packet (Time Slot) vs.
the frame number in UNI system at 16 users.
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the average throughput in UNI system at 16 users
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Figure 8 The average delay per packet (Frame) vs. the
RSF in UNI system at the 99.99% successful users.
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Figure 9 The average delay per packet (Time Slot) vs.
the frame number in UNI+LA system at 16 users.
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Figure 10 The average delay per packet (Time Slot) vs.
the average throughput in UNI+LA system at 16 users
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Figure 11 The average delay per packet (Time Slot) vs.
the RSF in UNI+LA with optimal access probability
system at the 99.99% successful users.
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