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Abstract—Medium access control protocols are at the
core of man){ wireless communication systems with
shared channe] resources. Newly MAC protocals tend to
divide bandwidth into 2 Parts. The first part is used to
contend among all users Tor channel reservation and the
second part used for actual data transmission for users
who succeed in reservation. From the significant role of
the first part, the access probability used™by all users for
determining whether or not to access the request slot for
channel reservation, is an important factor effectm? on the
system performance. Therefore, this paper presents a full
analysis, for deriving a new access technique that an
ap[oroprla,te access probability used in the system is
selected in accordance with the present system Condition
taking the number of users and number of request slots
into Consideration. It is shown by the simulation that in
the system which each user has only a single access per
framé the new technique outperforms all” conventional
techniques in all tested traffic and system environments.
Keywords—Access  Probability,  Slotted-ALOHA,
MAC, and Wireless Communication

[, Introduction .

_Due to the mobility and access flexibility features in
wireless _ communications, the demands for wireless
communication Services are ?rowmg at rapid pace. A
wireless access system _consists of one hase station and
several wireless sers. The hase station is part of a fixed
backbone network and the wireless users are mobile users
or computerized devices. 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 base station is a unique transmitter using the
downward channel, the base station can appropriatel
schedule the transmission of its traffic. On the other hand,
the qua_rd channel is shared among all users, who are
usual K distributed over the service area. It is not possible
for these users to synchronize their transmission,
Therefore, some means of multiple 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 and contention-based
In contention-free protocols, each user has its own

18

gzlneermg, Faculty of Engineering,
Ity, Bangkok, Thailand 10330
91 Email: lunch@ee.eng.chula.ac.th

dedicated slot for sending their traffic. Therefore, packet
collision never occurs and access delay is basically
deterministic. Although no collision is encountered in the
information transmission, these techniques are inefficient
when user is in the silent phase as this portion of unused
channel capacity cannot be transferred to or utilized by
other users. Examples of these protocols are FDMA and
TDMA. Conversely in the contention-based scheme, such
as random access”protocals, all users have to make it
own decision redgardlng when to access the channel. The
contention-based” scheme is rather simple to implement
and can Dbe adaptive to varying traffic_ demand
characteristics. Therefore this scheme is suitable for
multiplexing many burst data sources with a light traffic
load. However, at hl?h traffic load the channel bandwidth
utilization is wasteful due to frequent and excessive
collisions. In addition, the unpredictable delays
encountered in  packet transmission make packet
contention appear unattractive for voice transmission,
which is a delay-sensitive service. Examples of these
%rotoc,ols are Pure-ALOHA 1% Slotted-ALOHA [1],
elective-Reject ALOHA [1], CSMA [1]. To overcomie
the limitation of these conventional MAC protocols
newly develoged protocols tend to take advantages of
each"scheme by organizing the channel bandwidth into a
frame structure that'is composed of two parts, reservation
part and information part, see Figure 1 The reservation
Eart consists of a number of request slots, which is used
y 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
ma%nltude. Examples for_this type of protocol are
ALOHA Reservation [2], Round-Robin Reservation [3],
PDAMA [4], DQRUMA 5], PRMA [6],

| Reservation Part | Information Part |

Figure/ Frame tract re

In order to achieve the maximum throughﬁut of the
system, it is found that the vital part effecting the system
performance is the reservation part. In the reservation
process, each user accesses the request slots with a certain
probability. In this paper, we propose a new access
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technique use to select an appropriate access probability
for channel reservation considering, both the number of
active users and the number of available request slots in
the reservation part. It is also assumed that all users in the
system are allowed only one sm?Ie access per frame.

The paper is organized as Tollow. Section 2 presents
the variation of the access tec_hnlqgues used for selecting
the access probability. In Section 3, we analyze the new
access technique proposed to improve the throu?hpu,t of
the system. Next, In section 4, the performance of various
techniques will be predicted and compared. Finally,
conclusions are given In section 5.

2. Conventional Technique

There are many access techniques for selecting an
access probability of users. With the or!?mal scheme, all
users use aconstant access probability for request
channel, But it is very difficult to choose ‘an appropriate
value of access probability that can achieve a good system
performance under dynamic load conditions. Therefore
various techniques have been developed to improve the
system performance. An inferesting, one is an exponential
backoff-scheme [7]. In this techm?ue, we assume that
each user can know the outcome of their request within
the same slot. Also it is supposed that there Is a ternary
feedhack (idle when there is no user access in that request
slot, success when only one user access, and collision
when there is more than one user access in the same slot)
for a slot. When traffic load is low, the request slots aré
mainly idle. In such a situation, each user increases an
access probability, by g, contributing to increase in
channel  utilization. ~Conversely, under high load
conditions, most of the request slats are occupied. Thus, it
IS better to reduce the access ;‘J(robablljty, by 1/g, in. order
to decrease the chance of packet collision. In addition, if
there s a successful user in the previous contention, it
means that an access probability Is suitable.” Another
technique is to use a fixed access probablllt){ equal to IN 1
(N,, = total number of users in the system). 1t is found that
the use of access probability equal to I/N for each user is
much appropriate since the total access probability of all
users equal to L The modified scheme of this teChnique
use a dynamlcallfy adjusted access probability according
to the riumber of active users in contention at that time.
With the adaptive access probability, all users in
contention use the access probability edual JN;, (N, =
number of users contend in that request slof). This
technique is true from the fact that if the number of users
in contention is_large, each user should access with lower
ac0ess Rrobablllty. f,heoretlcallg, this scheme is always
better than the previous one Decause It concerns only
active users, not all users. However, in reality, we can not
estimate the number of users in contention at each access

slot.

. All these techniques described above are only
suitable for the system that users can know the outcome
of their request ‘within the same slot and can access
immediately in the following slot if it is not successful
owing to collision. This assumption may not be realistic
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for some practical system where the forward and
backward propagation dela)( between hase station and
users are relatively much Targer than_ the ,req&uest slot
length. This is partially the case with high bitrate system
when users maybe obtain the outcome of their request
after the end of the request slot. It is not clear whether
these known techniques are effective when apply to the
system which allows all users to access on_I}/] once_in the
frame, Therefore, we_propose a new algorithm using for
selection an appropriate access probability for. channel
request which concerns hoth the number of active users
and the number of request slots which are available. In the
next section, we shall derive an a?proprlate acCess
probability from a simple system when there are only one
and two users. Then we continue to derive this techmque
into general cases.

3. AppropriateAccessProbabilityFor

. Request Channel

It is assumed in this study that all users in the s;‘stem
are allowed to access O”JF once per frame and they all use
the same access probability for request. If more than one
user accesses at the same time in any request slot,
collisions will result and none of these users succeed in
reservation. We shall first give definitions of all terms
used in the access probability derivation.

p : Access probability that each user uses for all request

slots

N : Total number of users in the system

Nau - Total number of successful users in the system

NIL Number of active users that access simultaneously in
the same request slot (this is defined for use in the first
request slot that contains access) ,

At - Total number of request slots in the reservation part
Ns ¢ Total number of slots that receive accesses from
users

P\NILN 1 ,A,N,1L/v3 - Probability that the system with
Al users has Ns1 users succeed in reservation by using
Nes request slots and there are Nm users accessing at the
same time

ond ¥y =y
Where 1= ( - 1(7-2..(0) JI6C

A Onlk/)on.e.userin thesystem .

} Pro ab|I|t¥ that the” user will not access in anr
reﬁuestJ slots of Nsslots in each frame is P [N,,= I,
n =

f FTroba%iIity that the_user will access onlg once  one
ofthe request slots isp/N,, =/ Nm=|

=pH1-p)xp +(L-p)2xp +...+ -p) V,~ Xp
=Y(1-p)'xp
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Thus the average number of successful users is
Oxp[ ,=/ " =Q¢Ixp[ ,=/ =/l

3.2 System with 2 users o
In the sz_stem with 2 users, there are 3 situations that
can happen. First, one user accesses at the first slot, so no
collision occurs and another user remains in the System.
The remaining user may or may not access in remaining
slots of the frame. If that user accesses immediately in the
next request slot, that user will succeed and the number of
request slots required for reservation is onlﬁl two. But if
that user does not access in the next slot, the number of
request slots used for reservation will increase until that
user access or until the end of the reservation period.
Second, both users access. simultaneously in the same
request slot, causing collision and no_‘one will ever
succeed. Third, no one accesses in the first request slot.
For the fO||0W{,r\1/q slots, similar situations will repeated as
stated above. We summarize all possible, situations that
may arise and their corresponding probablllt?; Tablel
[From Table 1, we can now calculate the i)robablllty
of different number of successful accesses as follows,
t Probability that no user succeeds in the reservation in
all re,(i,ues slots of the frame is p[N,, -2, ,, = 0/
13 kprobabl ity that no user accesses in all request slots (P

+ probability that 2 Users access at the same time in a slot
[ " :2 7] :O) ’111,,:2/)
=i\-p) 2 +12 +(! -PYP2+L-p)*p2+...+u-1>)Ixty' ~'F2)

=-p)w'+ -p)2p2

t  Probability that only one user succeeds in the
reservation Is p/Nu-2, ', = _

= probability that only one user succeeds in the

reservation (P, =2 *, =1 ,-J))

S2UL-INX(1-11) e +1-pY X2p(l - X (1-yn =2

+(L-T)Ax2(0-p)x (1-1)'v A+ +0-p) 2%V x2(1-1])

= X (L-p)Zx2p(t -p)x (I-Hp ®

t Probability that there are 2 users successful in the
reservation ISp[ =2 ,,~2 . ,

= probability that both users succeed in the reservation

because they do not access at the same time slot (P[ ,, =

:’2p’(’| -_p)xP’f’,vj =1, =1V, = AtL-1]
(t-p)2x2p(\ - p) yPLY, = LALL= 1N, =AL, -2]
i-p

[ X2/7(1'p)yp :lA'm:lN’ :/V1'3]
(L-17)260" ) XL PAPL, =N, =1V, =]
-p)2X2p(I-P)XP[A, = LASU=1 V.=V, -1-1]

Hence the average number of successful users of the
system can be calculated from Oxp[ ,, =2 X
p L1 .:2 L = //+ 2XP 11 :2 ’ :/[ The
appropriate access probability can now be defermined by

+
+
+
+

128

choosing the value of p that gives maximum number of
successful users.
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3.3 Systems with more than 2 users
or the system with more than 2 users, the access

probability can be calculated in a similar fashion as the
revious two cases. Steps for calculation the value of p
F e o Ayareas follows,

1) 1f no users access in any reservation slots ( , =

- =0and ,, =() then probability of this event is

.20 .20, ,,=20, 1=(-pY™®

2) Otherwise, there is one or more users attempting
access. To_derive the probability of this event, consider
Figure 2. The reservation part is divided into 3 sections:
first, second and third sections.

b -

T M kel I \

24

Figure2 Resenationpart

FirstSection, represents the period that no users hegin to
access. The probability that no users commence accessing
In the first / slots is

(1_//)III*I
Second Section: represents the first slot that at least one
user starts to_access the request slot, i.e. slot number i+1.
The Probablhty that there are ,, USers accessing
simultaneously n slot i+ I is

, Xt -PY
a

Third Section, represents the period after the second
section. Consider slot number 1+2 until the end of the
reservation part, the probability that there are  left in

the system with  remaining slots and , slots being
accessed in the third section and there are ,, USers

SlIJ(IJDCGS[SfU| in the third sectilon IS expressed as

Where , .
- Number of users left in the system after the first

aCCess o :
,» - Number of users that succeeds in during the third

section
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Nas : Number of request slots that are accessed in the third

section o . .
VC: Number of request slots available in the third section

TN

=T R *¥1

e !

a oo =0

s 1

= S-fl
. |,—ﬂJ» 3,, llza..l+2...,e1m —1,£ 1
rac=0 ifp =
K. =0 ifK, =0

*L%:*, 2X(K, A1) ian/Od//dA-‘,, =0
A z* if*1 %0 " *0andN.,s =NV,

ifK, *0
<TIZAL | A\,

£, =(v; - Iv;,) - 2X(vif - v, - 0)

Thus,
AKLINVLALL an]E vt (1-]9rex

MR TR (R

[[N <. AN

The initial condition ofp IN,, = OJis defined from
*' :O,H,,.AI,,.SO., l =

We can now calculate the term PfN,, N>" N J from
A }A/,,,,YV[]: I /1[Au12\NV>21A1IAT]

Finally the average number of successful users is given by
\ * 1**[*1 * * \4

4 ResultsAMDD /scuss/on N

We shall first illustrate how the access probability
has an effect on the system performance, which is
measured in terms of the average number of successful
users in each frame. By using thé last equation previously
derived in section 3, it is possible to obtain a relation
between the average number of successful users and the
access probability;” this is depicted in Figure 3. In this
Figure, the number of slots () is fixed at 50 and the
number of users ({\) varied from 1to 10. As we can sge,
at small values of access probability the average number
of successful users increases with the access 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 access
probability will reduce the number of idle slots and thus
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improving the system throughput. When increasing the
access probability up to a certain valug, the number of
successtul users™ begins to decline. This performance
deﬂ[a_datlon IS due to an increase in the number of
collisions caused by too many access attempts. A further
increment of the access probability bez/ond this will only
generate more collisigns and resulfs  the reduction of the
number of successful users. For example, the maximum
number of successful users for the System of 5 users
occurs at the access probability. of 0.06. Approximately
4.2 users on average succeedin accessing the request
slots, an equivalence of 84% throughput.

Aver 300 it of maccovAS usors
B v  So T Y 2]
N '

Figure 3 Theavera enumt'Jelrlb fé'qu‘cessfulusers vsthe access
probability with the number (fusers variedfrom J to 10andthe number
0 frequestslotsfixedat SO

Consider Figure 4 that shows the relation between
the average number of successful users and the access
probablllt¥ for the system of 10 users using different
number ot slots, i.e. 5, 10, 15, 20, 25 and 30. Its apparent
that the average number of successful users rises as the
number of request slots increases. An interesting point to
highlight here is that the maximum number of successful
users for different number of available slots occurs at
different value of access probability. The maximum
number of successful users for Iarﬂe number of slots
appears at lower access probability than the system with
smaller number of slots. This is because when there are
larger number of request slots, the users can lower the risk
of ollision by reducing the access probability. On the
contrary, when there are few slots available, all users
should attempt access at greater probability.

Avwags ramow of
e e g—

Figure 4 Thea: e_ragenumbe?b fs‘u‘c'cessfulusers s the access
probability with variousnumbero frequestslotsfrom 5,10, 1S. 20. 2
and30for asystem (fill users
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All the above mvestu\;atlons indicate that the access
Probablllty_ Is a key factor 1o the system performance and
0 determine an " appropriate access probability it is
essential to take account of both the number of users and
the number of slots available into consideration. Figure 5
summarizes an appropriate access Probabllllty for a
various number of users and request slots.. This"graph is
derived ,dnectly from last equation by takln(\; the access
probability that give the maximum throughput for a given
number 0f users and request slots. Notice that when
number of request slots is large, the appropriate access
probability tends to be small and will approach zero in the
extreme case where the number of slots is infinite. This is
because when there are increased number of request slots,
users gam greater opportunity for access. Therefore, they
can access using the lower access probability to avoid
collision. In othér word, in the system which 'has a little
number of request slots the users must attempt to increase
their success opportunity by increasing their access
probability. . —_—

Usirig the appropriate access probability in Figure 5,
we can now obtain the maximum System pefformance for
systems with different number of Users and request slots
and this is depicted in Figure 6. As we can see, the
number of successful users clearly increases with the
number of slots.

| EESEY TS SPR IS T SR i St M ekt
5 . . ? 3 ) YO TR

Figure APpropriate access-pro.b;fii:lli‘t;‘with flie number ofre?uestslots
variedfrom Jto SOandthe numbero fusers variedfrom / to JO

For a given number of slots, the more the users access the
system the greater the number of successful users.

owever, its corresponding system throughput which is
defined as the average number of successful users divided
by the total number of users becomes degraded.
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Figure 6 Thenumbero fsuccessfulﬁse[s vsthe numberofrequestslots
using the accessprobabilityfrom Figure5
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Although we have completely analyzed and obtained
the approBrlate access probability when _?l_ven both the
total numner of users and request slots, it is intuitive to
further develop a more effective access system that can
dynamically adjust the access probability in each slot
based on the present system condition. Instead of usmgna
fixed, access probability for all the request slots, the
remaining active_ users change their access probability
each slof according to the number of remaining request
slots and the number of active users using the appropriate
access probability in F,quure 5, For comparison purpose
the fixed access probability and the dynamic schemes will
be referred to as Method 1 and Méthod 2 respectively.
Note that Method 2 is not fully applicable to our system
assumption, as it requires the system to know the number
ofactive users in all slots. o

The remainder of this section will compare the
system performance of these two proposed access
schemes ‘with three other known techniques. The other
techniques considered are as follows:

1 JNuntechnique: this technique changes the access
probability in according with thé number of
remaining users, 1. using the access probability of
JN,, ‘whére N,, 'is the number of remaining users.

2. INUtechnigue: this technique uses a fixed access
probability of I/Nufor all request slots.

3. ExRonentlaI Backoff technique (EB): this is a
technique  that dynamlcaIIY adapts” the  access
probability ~eachrequest slot hased on the access
outcome. 0f the previous slot. If the previous request
slot is_ idle, success or collision then the access
probability used is made double, kept the same, or
reduced by half, respectively. In this simulation the
initial value of the access probability in the slot is set
to JN,, {N,, = the total number of users in the system)
and q'15 set to 2.

Figure 7 illustrates the througfhput performance of all
access techniques as a function ot the number of users in
the system using 15 request slots. It appears that amon%
these five techniques the EB technique offers the, lowes
throughput, despite this technigue is found effective and
widely adopted for many studies.on MAC protocols that
users can access more than once in each frame. When the
access attempts are limited to only_once per frame, the
Performance becomes rather poor.” This IS because users
hat encounter collisions in their access attempts will no
longer take part in the remaining slots. C,onsequentlz/, the
access probability that has been consecutively updated to
fit the channel "condition_ will affect only users that
remain. This means that if a lot of users” crease, their
access attempts before the appropriate probability is
acquired through the dynamic adjustment of access
probability, such an access mechanism will no longer be
effective Or useful.

_For the JN,, ‘technique, the throughput performance
of is sllﬁhtly better than the EB technique, whereas the

IIN,, technique offers further increase in throughput. This
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implies that the IIN,, technique can determine a more
proper access probabifity than the IN,, technique.

For the proposed technique, Method 1, the simulation
results illustrate that the performance of this scheme is
better than all above access techniques. With closer
examination, it is observed that in all previous schemes
frequent colfisions occur at early few request slots and no
active users are left  the System at later slots. As
opposed. to this behavior, Method 1 chooses access
Probablllty by considering both the number of users and
he number request slots."As a consequence, the protocol
uses relatively low access probability to avoid earl
collisions and tends to distribute thé access attempis
equally over the available slots. _

Consider the throughput of Method 2, which
dynamlcally adjust the access probability in every request
slots based"on the number of remaining request Slots and
active users. It is apparent that Method 2 gives the highest
throughput among all techniques.

3v23><!”m;uftﬂ'7e9\
Figure 7 Throughput vsthe number o fusers withN .= /Sslots

To farther highlight some keP/ points of these various
system performances, the results of similar systems with
increased request slots to 50 are depicted in Figure 8. It
can be seen that no significant improvement of system
throughput is observed for the EB and the "JIN1'
techniques when compared to the system with 15 request
slots. These results indicate that these two protocols are
unable to utilize the additional request slots. This is as
expected because a large portion of users end their
accesses in earlk{ few re(T;uest slots due to collision or
success as mentioned before. Therefore, the remaining
slots are mostly left unused. On the contrary, the system
throughputs of Method 1 and Method 2 are increased
noticéably, meaning that these proposed schemes are able
to make "effective Use of these extra request slots. The
performance improvement is achieved b}/ lowering the
access probability of users and hence in effect distributing
the access attempt over a larger number of request slots
and ,reducmﬁ the chance of collision. For the I/Nu
technique, the system throughput |mProv_es with the
number of slots available, but the amount of improvement
is relatively less at high number of users. This is to say
that this ‘technique may appear effective but good
performances may not always be achieved.
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Figurea Tiiroughpu/vs/hé'r.lﬁ'rﬁ ber o fusers wih Ns=S0gloks

_ . Conclusons

This paper has introduced a new access protocol for
channel reservation in wireless communications and
provided a full analysis of its throughput performance. It
IS revealed that the System throughput depends largely on
the access probability used by each user. Simulation
results show that the prog_osed schemes, Method 1 and
Method 2, offer much higher level of throughput in
comparison to the other three known techniques, the EB,
the LN1"and UNr This is because aPproprlate access
probability is determined bY taking both the number of
users and'the number of slots into Consideration and thus
these two techniques can distribute the access attemﬁts
{)roperly over the entire request slots whereas the other
hree téchniques do not pose such a feature.
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New Channel Reservation Techniques for Media Access Control Protocol
in High Bit-Rate Wireless Communication Systems
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aver%%e number of successful users as a_fonction of the
num ro active users and the number of available slots.

T[m, ] be the average number of successful users of
the system with m users and  request slots and b[nt.i,p]

the binomial probability that i out of  users access a
particular request slot with transmission probabrlrtyp which
IS expressed as:

i[m E rl
eacl’rJ uﬂst slot, on ét Uskr can succeed in
reservatron nd this occurs when 0 other users except that
user makes access to the slot. We can formulate T[m,n\ in a
recursive form as follows.

T[m, ] b[m,(),p] T[m, '/]
F L]+ Tm -1 -1)

+ N b[m.ip] Tm-in-/]

where m>0, >0.
The boundary conditions of (1) are T[a,0] = T[0,b] = 0 where
a=0l...mand b=0[.. .

We can then fing an approPrrate transmission probability
pal,[ , ] ofeach frame by differentiating (1) with respect to

p, Setting it to 0, ie. T T[m, ]=0and determining p that

gives the maximum average number of successful users
Tell[m, ].

B. Cascade Adaptive Prob (CAP)

In the CFP scheme It is gn that an appropriate value oté)
exists and can ﬁe ormu}ate s function o t e number
active users af the start of each frame (M) and the number o
?Io in each frame ﬂ:tg It is Interesting to fu]rther explore thrs
to |mProve sI){ stem_ performance yrntro crn&;
dea ada tve groba Ity ere the CFP sth eme all sers
still use th aue of ro habil W at each slot, but the
Eransmrsséon A)ro ability may cagg Pm one slot to anothe
cons! the cu rent nym elmarnrn USers an
slots. Att e%mnrn gach re uestsot gach user must
som how acqurr the present ssystem conditions i.e. the current
number o remarnrg user sots Note that this
requirement  contradicts  with ~tne damental system
assu J)tron made here. N%vertheJess its aﬂ SIS provides aH
Intere trnP % aspectt? IS stuay Once ser knows bot
Earametes the user WI| choose “the value of p_based these
alues Hsrng the formulation d?rlved In the CFP_ sche e
Since the fransmission [proba ity 1S prop erY selecte
(es onse to the curren system ~ scenarios nt Ifivel an
rm rove szvstem performance can he exgecte |s sC egte
be known as Cascade Ada?trve ro The mode
for ave[ rqe number of successfu Hsersa atjsr ofthrs sﬂteme
a eme, they dirter In

|sesa||rry to that of the CFP sc

Let THL[ , ] be the average number of successful users of
the CAP system with ~ users and  request slots and
Plf[ ] is the optimal transmission probability derived
orm the CFP system with  users and  request slots.
Tcd[m, ] is computed as a recursive formula.

Where

(1)
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Tcr[mn]  =hb[m,0,pa,.[m, ]]TA[m, -1 2)
+him,Lpc[ , ]+ Tcir[m-1, -/])
+£  b{m,ipon[ , ] Tetr[m-i, -1
The s érme boundary conditions as in the CFP system are

applie
¢. Cascade Optimal Prob (COP)

The adaptive scheme descrrbed above can mdeed enhance
the system performan%e see the comﬁaratrve results In the
next ectron Nevertheless, If the fsfyste assumptron IStop
violated, .there ex|s is a more effective waa/ to adapt the
transmrssron roba |t maccor ncewrth th I_{Present stem
saus an It |n fact of er? truly optimal system perfornance.

This_bette sche e IS re erre to'3s C sclade ptimal Prob
(COP) an its fol anaI%/srswr be given

Let f] be the fransmission probabrlrty as a function of

the numbero available request and remaining users .
Tm, 1 =0[ 0,p[m, ]IT[mn-1] (3)
+o[m,, p[m, JJ(1+ T[m-1, - )

Yy b[m,i,p[m, JIT[m-i, -1]

The boundary conditions of (31 are the same as in the. CFP
system. We can now find" the appropriate transmission

probability - . ] of each frame by differentiating (3)
with respect to p[m ], setting it to 0, and determining
p[m, ] that gives the maximum average number of successful
users Teor[m, ].

D. Cascade Optimal Prob + Split (COP+SPL)

This scheme rs further developed fr?m the COP. scheme.
The concept of this scheme |Brtra I%/ arises from the
observatron that the average number o successfu users of
the s stem wrt small numper of users and sots ten s to be
u lor to the Wstem with rPcreased number 0 uses an
roportionalfy. As g resuft, we Telt |t may be useful an
?ntectwg tos Irst t0 ne nurrétb rofsltstltg ”l]Jt(s)ePsalrf gnedrvrétle users
(f<e res rvatPon |n ahe Prst ha ofr uestsots angJ J)ers in
teother %rou[p ufilize the second Each user etermrnes
which ro eon stob simp| |n acorn Notetat
benu ero uLp can an ar tr Bt USers can
rouP t[y . eua split etween the tw
9 rvemen oft e overa system erformance er
estu ever, since users ares |t| ran om manner ItIs
no

at ttern of rou a ar Intewr
case PtaYV Mh rts are avr avged a userswh
the otherh are le I Under J is condition, t
overa performance er e degraded. The uncertainty
arious grouﬁrng ﬁoss |t es raisés the concern whether
suc an 1de really offer ene torrtma a}cﬁ“ y. make
r}seven worsF To nswe ll Jurob em, we shall derive Its
per rmance anaytrcalzas
be the ‘number of ﬁroups and n/g .is the number
request slots In ea% u Ich must be an_ integer number.
The average number o SLW ssful users of the”COP+SPL
system can be expressed as follows:
(4)

TtVMm, ]=gJ 1bim.ij-] Tror[iA]
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E. Cascade Fixed Prob + Split (CFP+SPL)
This scheme rfgsnc be considered as a srmplrfred version of

the previous| rhe COP+SPL scheme It functions, In
the amf manner as.the COP+SPL eXCEP or the transmissjon
The transmrssron

T

Ftechl?u ue %s the
FP+SPL sc eme. T eavera%e
the CFP+SPL scheme can De

ropapility used. in each grou
Brobabrht? for t?ns new (?cp r%e r?
gcroqu notoptrmrze or rndrvr fl
OP+SPL scheme. We s a call
CascadeFrxedProb + Split (G
number of successful users o
expressed as follows:

"1'] =g £ b[m iAniA] (5

where 77— is the recursive formula as in (1).

The ma>gmum system average number of successful users
Tc7.3U[m, ]of the' CFP+SPL scheme can be determined in a

similar fastilon as, in the CFP. scheme. The same boundar
conditions as in ? 1) can be applied here. !

F. Uniform (UNI)

All five. revrous schemes have one feattire in common;
ers consider reservatron on each request slot in sequence.
This ﬁacom on methog a ogt ost well- known access

contro algorrt ms, as It fits well with th conventrona system

environment where USers can re eate % make reservation
attempts on consecutive requests ts. In rqh speed srtuatron
users will not recelrlve such a chance, j.e. on asrngole attemﬁ

I possihle at each frame. Under thrf systém condition, the

order of re uest slots becomes hrre evant. Users need not

consider each slot in sequence T e\y % 3) Sy select one
slot for reservation ouf of ttﬁ ara e slots uniforml

T ere ore hhrs new tec nrquew be called the Uniform (UN1)

% | scheme oses some |nterestrnge r? erty.

Frrst the stem no Ion fr] ngeds to n&wt he number of active

users, at_the staré of edch frame, maki % this scheme more

E{actrcal Second, unlike the Prevrous S gemes where earl
ots tends to support greater reservation demands than Iatr

Blots all req(tjrest slots ¢an now be unrf%rm g loaded ?nd thus

etter utilized. The s \em average number of successtul users

can be computed as fo

Twim.n] =b[m0-~]TW[ , -] (6)
+bm./,-] (1 rtyin-l <-1))
+ X [T m-d, -]

The boundary conditions of (6) are the same as in the CFP.

G. Uniform + Limited Access (UNI+LA)

One proh(lerrhassocr ted |th the. Uniform scheme IS hat it

does not ta enum ero ers rnto ceount. ccor In

|ts er ormance can es ni rcahnthy ete rorate when te
umber 0 Ufers Ir]s re atrve t nter]um er of

sIots avallabJe. This 1s beca(se aI tﬁ swr efrnrteY cea

Lese vation .In one o tesg f rsron will most 1jke

ard tq avoid. F?re le, 1T only two slots are avarla or

ten active users £ 15 betfer for most users not to ma erequest
nurse col rlsrons will inevitably take glace In both sots

As a users will access the slots, the maximum number of

successful users is one and this occurs with a very small
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chance, ie. nine users access one slot and one of them
%cesses the other slot. CIearIg the UNI scheme IS nof at all
ective. In thrs situation. To rmrnate such shortcomings, It
rs essential to mﬂ some means to limit the user at\emps in
acco ance rthtenum erofuer nd avara le slpts* This
IS ac leved grntro ucrngvapro H/rg atassr ts each
userto decide whether it will reﬂuestte [of. serstat nd
emselves not to access the req dt ts will do noth rng and
¥v't till tenext reservatronH Whereas other user
ollow e>?]act the same step as the Uniform scheme, We s a
refer to this scheme as Unrform + Limited Access UNI+LA

ée“refovr%t%%é’e B e ol ét‘? & o Sé%t%heafhsatue
()

fp can be analytically determrne

TonuK»] =x *[ L2 rty,[in]

We can identify the appropriate transmission probability
Pusi-ulm’n] of the UNI+LA scheme b¥ differentiating (7)
with respect to p Lsetting it to 0,and finding p that gives
maximum average number of successful users TVNML[m, .

lyseeboundary conditions of (7) is the same as in the CFP

[V. Numerical Results and Discussion
A. Performance ofthe CFP, CAP and COP schemes

Fig. 2. show's the appropriate transmijssion_probability of the
CFP scheme asﬂfu ction of the numbey of re%ue t stots, we
can now ohfain emaxrmums” 8? ormance for the CFP
scheme undgr different total number 0t users an reﬂuest slots
and thrs IS Prcte In Fig. 3. As we an see, the number of
successu USErs ¢ fea“( Ingreases with the number of slots. For
grven num ero os the more the ysers access the system
gsreater the number of successfu use ds %wever Its
corre onding Success rate which Is defiped as the ayerage
numboer of sucgessful (users divided by the total number Of

usersbecomes egrade
ansmission robab# der%
the num

0. 4 shows the opti a lity
fromte OP scheme In (3 orvarrousvaueso

H%rs R and slots (N). q the 0 Etrmal transmission
P ability in Fig. 4we cano tain the Kst% per ormance
orthe C Psch eunderdrfferenttotaln er of users and

re uest ?]Iots and this 1s deprﬁte In E% 5, As vvec P see, the
P scheme can Im rove the nu of successtu Hsers In
com arison o t e C P sc eme IS rs as expect

ecau
étwo reasons. Firstly, % ?P sce e can P/namrca?%
gust thelr transmission’ Hro abi rty at eac sIotrn esponse t
the actual system condjtion. ?con . the transmission
proba]brr |sotrmal calculateq for eachy system state.
rt) rrn% ese two ¢ emes with’the CAP scheme,
|t IS fouH tha th% umber of successful u?ers hes between the
COP schemes. Note that no results of CAP are ?rven
%re at this ta e. This b%havror can be explajned as fol ows
eCAP sc € poses the same eature as the COP sche
m that the trﬁns IsSlon proba ||t}/ can eb namrca
ruste at eac huttetransm ssign pro ]a rsnt
aasraosrom Erorers

[J rmance IS strI elow the COPscheme ut IS better than
he CFP scheme.

B. Performance ofthe COP+SPL and CFP+SPL schemes

We shall first examine the performance of the COP+
and then the CFP+SPL schemes The numerrca\ results o? the
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OP+SPL schem T mmarized | 'ﬂ Fi 6areotarned from he ~ When comParrn aII the glr sed schemes with the eﬁg g
G TR R RE o SR R S
rsrlrJ esrestrtn Iorheceregsat t}g ran\%rr)guctron% roF Mec gartrcua p smaII nymper o users sgas
an% %?Le rmgrove en% Fs]rncreas%ggv en erri
0 eeaseo 3 usersvr%t nos It

e/ num ero USers, he exr fin ue
Ir t0_make use of these ad rrona %t (h/?(

Nl ue
s cess?inhscears Xisting technjqu rnc e enurﬁh ar
m P%roug a aIa%ﬁe 51? chon oleﬁron Wh ere ar rve?
sg rexample, int ar E ar’7
ers og aé(er e succeed In reservation n lisere res rt un ? %
rto gro ps]jr (Yeé%qe number succ accessrir the reunstsosa esame rate re ard ess 0f ho&
rease r} ane rvaeneeo man ﬁfavar ab Iea Ing to lo sste Verage number o
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