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3. ApproPrlate access probability for

channel request

In this paﬁer, three distinct access schemes are presented.
In the first scheme, it is assumed that base station can acquire
the total number of users attempting to gain_access at the
beginning of each frame. For the second and third schemes, it
is assumed that base station know the total number of active
users at the begmnm%_of each request slot, The first scheme
Is perhaps more realistic, as it requires much less information
associated with the system status than the other two.
Nevertheless if the extra information required by the second
and third schemes can be obtained, the access performance
are expected to be better. This issue will be c_omPrehensn(er
discussed in the next section affer the anal¥3|s Ot appropriate
probability for each scheme is described below.

The first scheme (Method 1) |
Let N* 1the number of active users at the start of each
fr

ame
N1 :the number of request slots per frame

There are VL« situations that can happen for the

system with v, 6 and N, request slots. The calculation
of probability for each case is below.

Case 1: The probability that no user accesses the request slot
- ("jlo-cr--"

Case 2: The probability that 1 user accesses the request slot
L [fv']p'(l-P)N"'

Case 3 The probability that 2 users access simultaneously
the request slot = " *Jp2( -

Case NIL The probability that 1-1 users access
simultaneously the request slot = §/j 1-1(i-py

Case N.*x- The probability that N, users access
simultaneously the request slot = *jp - (I-p)°

If there is only one user accessing that request slot, the
user will succeed in the reservation and wait for the
information slot assignment from the base station. Therefore,
%hrouthut can e calculated by the following recursive
ormula!

T A ) pel-pNE T -

*(flpC-pN (H W -7
+(*}/>2(L-p) N-1T

(e )
b (NI N-(L-p)" tan 1)

r (i.j) is defined as the throughput of the system with i
users and j request slots where i=0, 1, ... IN, and j =0,
1. N1.

142

The throughput of some specific cases are obtained
as follows: o

T(i,0),r(0,y) =0 andr(i.;)=i
These specific cases are useful for obtaining the throughput
of other more general cases through the recirsive, formula in
equation (). "We can then find an, appropriate access
probability of each frame by d|ff_ere_nt|at|ng equation (1) with
trﬁspecth to P setting it to 0, and finding p that gives maximum

roughput.

The second scheme (Method 2) _

As for the second scheme, ‘all mobile users know about
the number of active users at the beginning of each request
slot. Intuitively it is more efficient for all users to
dynamjcalli/ adjust the access probability at each request slot
according fo the present system states (i.e., the number of
active users and the nuniber of remaining request slots)
instead of using a fixed value as in Method I. Indeed, it is
possible and useful to adopt the table of an appropriate
access probability obtained from Method 1 for use in
choosing appropriate access probability at each request slot.
This technique will be referred to as Mathod 2

The third scheme (Optimal method) _
Although Method 2 described abgve may appear superior
to Method 1, this scheme does not offer true optimum system
throughput. In fact, there exists a technique that can achieve
optimal access performance. Such a technique can be derived
as follows. The same recursive formula in equation (1) can
be_used for derivation with some modifications. Instead of
using a fixed value of p for all request slots, p - must be

determined opt|_ma||¥ for each slot according to the present
system status;, in other word it must be a function of the
number of active_users at each request slot and the number of
remaining slots, ie. plwherei- 0,1 ..1 andj=0 1

.y JV; +To determine a proper value of p  for each case, a

recursive formula is applied in the same manner as in
equation (1).

4. Results and Discussion

We shﬁll first |||ustr?te how the access probability has an
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of the %vera g number ofsch ssful users In.each frame. | Sy
us’!]ngnt £ equation Erewousy erjved In ?ecuon 3ofthe fl[wt
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rof successtul users and. the access
Rro B |I|t¥; his eFthe In Figure 2. In this Figure, the
um */ slots (Ns) Is fixed at 50 and the total n mber of
u?ers ) varied from 1to 10. As we %an sefe, at small values
0T access probability the average num %r.o succefs | users
Increases, with the. access Pro ility. This I mmg ecause
¥n er this condﬂhon us?s 0. not” access the request s!ﬁts
requently enqugh; a lot of time th%se Slots _ﬁre é )
Therefor¢, an r?ase in the élccess probability will reduce
the nym er\xl Idle slots. and. thus improving. the system
throu pulI nmcre%smg tpe aCCess Lﬁroba |||tB/u 10 2
aer in "value, the number "o auccessf users begins to
ecline. Eper omﬁmce degra atjon 15 due to an increase
In the numper of colljsions Causeq by too many acce slng
ttempts. A further increment o t?_access roba ||t¥
eyond this wi ﬂnlmﬁerat? more col|isions and results |
the reduction of the humper of su (iessu L%sers. Forexamgle
the maximum n%m ero succesB users for the system 0t 5
USErs occurs at the access propabi

Vitx 0f.0.06 APg)?Iomme\tel
4.7 Usgrs On average succeed In accessing the request slots,
an equivalence ot 84% throughput.
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Figure 2 The average number ofsuccessful users vs the access
probability with the total number of users varied from 1-10 and the
number of request slots fixed at 50
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Figure 3 The average number ofsuccessful users vs the access
probabrlrty with varrous number of request slots from 5,10, 15, 20,
25 and 30 for a system of 10 users
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and this s depicted in Figure 5. As we can see, the
mber 0t suc ess?o\ users Tearly increases with tﬁe number

For a] iven nun}]ber of slots, the more Itt\e USers access the
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Figure 4 ApProprrate access probabrlrty with the number of request
slots varied from 1-50 and the totebl number of users varied from I-

tddig|

rrrrreeees |

gee~vansun-

Ay & (el eiel B

B

- S AR S 8 8 B @O S
P

° - - - . .
° 5 0 13 20 3 XN ¥ 0 & 0
Number  Slots

Figure 5 The number of successful users vs the number of request
slots using the access probability from Figure 4

The remarnder of thrs section Wé” compare the systrﬂ
erf orman]ce of these three proposed access schemes’ wit
reg. other ofwﬁ techniques.  The other techniques

considered are as follows

LN, echmque this technrde chan%es the access
robability in accHrdm with u r of remaii g
ers, he usr ?ac £S5, [bro abr ity of /N, wher
" IS the num ero remaining Users.

llr’d‘bat?crpnb F rrr atﬁcrhnrltjtue ustgs a fixed access
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stu rotocos that Users can access
[nore n 0nce In eac fra the ccess attempts are
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Figure 6Throughput vs the number of users with Ns=15 slots

For the .UN,' and LN, technrﬁue the througho
erFormance IS ?tter than the EB tec r(}gue However, the
er ormance stil owerthﬁn our roﬁose chemes,

. ort e rpro oseri tec nrq case of Method % L
simulation es fs Iustrﬂ e that the Eer ormance 0
cheme IS better than all above access technrﬂues Wrth
closer examination, rt IS observe thfrt in a prevrPus
sc emes frequent coll rsron&occ rat ear% requestsots
no actrve Hsers are left In the sa/é at ater slots. As

Pgose % ehavior, %ooss acees

Ha bab |ty ){consr emg oth the total number ot users an

e UMOET 150 est slots, As a CONSEQUENCE, the rotoc
Uses ¢ atrver{ feess prode iy 16 avoid T
collisions an ?stiott(s) Istribute the accéss attempts equa

over the availab
onsai der %te thro hﬁut of Method 2, which d namrcallx
ustteacc s |t3/ in eve reHHest sIot nased 0
num rofre amrn request s active users. It 1 3
a parent that Methodz IVes h| erthrou hput t an Meth
1 For the optimal_method, th e system t rouq ut Is the
hr%het Note that Froure?summ rrzest og CCESS
ﬁ Brrt as a function of the number of slots for dr erent
umber of users from 1to 10.
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Figure 7 Access probability for the optimal method

To further highlight some ke oornts of these varrous
sstem Her ormances;” the_results” o rém ar ﬁste s with
Increase re Uest slots t05 are de icted In Fi It can
he seen tat no significant [oro emmt\] system
if oughgut |soservd or the EB a ' techrliques

n Pare to t e seystem with 15 request’ slots These
results Indicate that these' two protocosare unable to utilize
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the additional requfest slots. This is.as expected becau
a large Fortr no fers end their accesses rn ({a g
requets?ts ue to collision orsuccess as for
Therefore teremamh slots are ost¥ unuse
the contrary he system throu utso hod 1 Methe 2
Method 3 are mcrease ce(abg anml? thatt ese
gro 0sed sch emef are able to ffective Use of these
ﬁ uest 0ts. Te erformanc rmpr vement '3
ﬂ leve r¥ 0 ermg the acess groba ilit user? an
ence In effect distri utm% £ acess attem tove zﬁarger
numb ero k? uestsots an re ucing the chance of collision
Fortﬁ I/ tecn ue tesF throu gut IMproves
with the numb e[ ots. available, hut amount of
Improvement Is also reIatrver ess than our schemes,
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Figure 8 Throughput vs the number of users with Ns=50 slots
5. Conclusion

hrs aper has mtroduced a new access, protocol fog
channie IJt]mtron In_ wireless communrcatrons an

e

e R e

acces roba ||ty se eac uer atronr how
ro 0sed €S etho

o trma et od ofer much | er Ieve 0 throu ut rn

c parrson 10 eoth%rt ree known techniques, te B, the

IS eca I0 rrate CCess
obahr?n IS determrnea b% takrng %é) a%o th ber o?users
umber of s (ots Int ration and thus thef
three techni Ugs can Istrib te the access atte DIMJFO er
over the entire request S ts whereas the ot hree
techniques do not pose such a teature.
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Abstract

We consider a sln?_le-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 Iguarantee the satisfaction
to all users regarding different Quality of Service
(QoS). ~ Thus in this paper, we pr_0ﬁose two new
channel reservation schemes which taken into
consideration priority service to more delall-sensmve
traffics, namely, UNI+DS and UNI+DS+MLA
schemes, an exténsion of our recently proposed UNI
schemefor single-class traffic. The goal is to achieve
the highest sYstem performance and enable each
traffic "types 1 meet their QoS requirements. We
evaluate’ the performance of each scheme b
mathematical analysis. The numerical results show
that our proposed schemes are effective in enabllnq
different traific users to achieve the best successfu
rate possible in this kind ofenvironment.

1. 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., ple%y 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, s¥stem capacity, and
hardware complexity. A successtul 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

alongkom University, Ban
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ofa reservation and an information parts, as shown in
Fig. L 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 usmg
much lower ratio of reservation period an

transmission period by several orders of magnitude,
these protocols has been shown to improve efficiency.
Examples for this tﬁpe of Srotocol 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.

reservation  information transfer
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Figure 1 Frame structure under relatively long
propagation delay

We have studied and proposed a channel
reservation schemes for single-access systems,
namely, Uniform (UNI), Uniform as in [9]. Tn UNI
scheme, users can choose to reserve one slot out ofall
available slots with equal probability. The scheme is
Pracncal in the sense that the system no longer needs
0 know the number of active users at the start of each
frame and all request slots can now be uniformly
asmPned. However, one problem associated with the
UNI scheme is that it does not take the number of
active users into account, _ _

In this Faper, \we extend our previous work m&g
to be namely, Uniform and Divided Slots ﬁUN_I+_ N
and Uniform with Divided Slots and Mulitple Limitec
Access $UNI+DS+M_I_A2_ schemes, to handle multi-
class trarfic. 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
?enerallzed form and “numerical results. In the
0||OV\/IH? sections, we discuss reservation techniques
for single-access systems we proposed and show
numerical results and discussions.

miE



2. Proposed Channgl Reservation
SchemEs ?or Mu?tnl-c ass Tra? ICS

~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 reguest 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, as
shown in Fig. 2, which are suitable for the systems
with different classes of users, are developed and their
comﬁlete 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.

(ds) : Dividing request slots to each service class
®  Limitin numbe,r,ofaccessinf; users through the use
|

of multiple limiting probabifity for each Service class

gure 2 Relations among two proposed channel
reservation schemes with UNI.

~ Let we first define the following variables which
will be used correspondingly in the mathematical
analysis:

c = the number of priority classes in the system.
,= the number of request slots for priority class
N =total number of request slots in the frame.
, =the number of users in priority class
k, = the number of successful users in priority class i.

2.1. Uniform and Divided Slots Scheme
(UNI+DS)

The UNI+DS scheme is a strai%htforward scheme
and easy to implement. Each class of users will
receive 1ts own portion of request slots according to
its 808 requirement, i.e., more delay-sensitive traffics
tend to receive higher portions of the number of slots.
All active users in each class will later randomly
select one ofthe , available request slots in its group
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for requesting a slot of transmission. By doing
this, prioritized users will have higher chance to
successful request and transmission.

In terms of performance analysis, we can
calculate Punitds  [kik2..kc | , 2
..... 0, 2., the probability that K successful
users of pnonti/ class 1 with the number of users
and , request slots, by using the equation below:

PUNIDS T K2V ¢ IML"2V . I, 2w4e
= n YA ] 0)

wherepum [k,\ , ] is the probability of k
successful users of priority class / given that each of
,users randomly selects one ofthe , request slots in
its group and can find by using the recursive formula
as follows:
PunAK 1"l ,1=6["i 0,/r¢ JPUNI[KiH . ,- 1
+&[iot | IPYIVITAY-Ip>t-1,re-1]

; UNIF(I 1-0.'t-'1) Q)

where b[ Jix] = (! XL(\-x)m~*

The boundary conditions of this equation are:
0 ifk<0,M>0,N>0
1 ifk=0,MZ0,N =0

Pusl[k\M ,N] =

In this case, the average number of successful
users of the frame (Tuni.ds[[] w by Gy 2uttd]),
system throughput, is calculated b¥ the summation of
the average number of successful users of each
priority class and is given by the following equation:

TUNIDS[' \. 2. mc, ,, 2..,nel

=z B PUNME |, \m\m2w* ¢’ V' 2... Cl)
where PUNI+US |, \mum2...mc ,n\,ri2...A 1
z E_ ZPUNIWS [kh. k,.kc\n\, 'u\. . t]
0 k=2 ke

2.2. Uniform with Divided Slots and Multiple
Limited Access Scheme (UNI+DS+MLA)
For  UNI4DS scheme, the performance is
achieved by assigning different number of request
slots to each traffic class according to its QoS
requirement. However, when number of users is



higher than the number of slots, the performance of
each group will be degraded. Therefore, we also
include the different limiting Froba_b|l|ty_ in
accordance with the traffic classes. Intuitively, it is
possible to adjust both parameters simultaneously so
that the resource allocation can be more flexible and
hence potentially Ie_adm% to more effective
reservation. Thus, in this scheme, each priority class
has |ts_s_eparat|ng request slots and its own limiting
probability used in its group. Therefore, the
pr_obab|lltg that k, successful users of priority class /
with number of users ,, number of request slots in its
group , and limiting probability Pi, PuNoDS+MLA

o KC R N A c]v, is defined by the
equation as follows:

Puxi»os [k 1. kcim 1, mc, 10, c]

=x\p [k\m,, 0] (4)

where P[k, Im,, J="Y1(b[ Lip] putfk\i, ])

In addition, the average number of successful users
of the frame (Tuniddsmla [ /, 3., O [, ...« is
calculated by Using the equation as follows:

PUNUDS+MU[n\ p\ 12, ]

Yoy (jxp

3. Numerical Results and Discussions
For conveniences, these notations will be used in
the following discussions:

MI =Total number of users of service class 1
M2 =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
N2 =Number of request slots for service class2
pl = Limiting probanility of service class 1

D = Limiting probability of service class 2

Ts. = Average number of successful users

Tsl = Average number of successful users of

service class 1

TR = Average number of successful users of
service class 2

100

= Total a_veraPe number of successful users
0f 2 service classes = Tsi + Ts2
y = QoS Controller = (Ts, IMI) / (TR/ M2
Note that we define service class 1to have higher
priority than service class 2 and the number of request
slots is fixed at 16 for all results.
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3.1 Performance of UNI+DS scheme

Now we will discuss the performance of
UNI+DS scheme. Fig 3 shows the characteristics of
the basic UNI+DS 'scheme when considering the
average number of successful users of each service
class %75_/ and Tsz) on different number of request slots
for service class 1 SN]). As one_ma¥ expect, TS
increases proportionally to N/ while Tgj decreases.
The value of Tsi and T<2 depend on the number of
users in each class, i.e., M1 and mI. The more users in
the service class, the more request slots are needed to
support high traffic load. Therefore, if there are only a
few number of request slots for that service class, the
averﬁ\ge number of successful users (7)) tends to be
small.

Fig 4 shows the relationship between the number
of request slots for service class 1 and the total
average number of successful users of 2 service
classes (7,00). By looking at a specific example, when
there is only one user of service class 1and 15 users
of service class 2, the increment of the number of
slots ,assmined for service class 1 results in the
significantly reduced of T.Q& This is because only
one slot is sufficient for resolving contention of one
user i.e., no collision and it reduces the remaining

(5) slots available for service class 2. The similar
» [jM, L.Lc.n\ni-fic

bfehavior occurs in the case of 15 users of service
class 1and one user of service class 2, but in reverse
order. This is because at high traffic load, there is not
enough number of request slots for service class L
For other cases, different characteristics_can be noted.
When N, is less than MI, the value of T (It increases
according to the number of slots asmgned and reaches
the maximum value when the number of users of
service class 1 equals the number of request slots.
After that, when increasing the number of request
slots for service class 1 than this point, the value of
Tioidt starts to decrease as there are more request slots
than needed. These results imply that it_is nearly
impossible to achieve the highest value of T.A if the
different ratio of classes is to be met i.e., the tradeoff
700 can be decreased or changed_ if J)rlonty of service
class 1 over service class 2 is desired.

Fig. 5 shows the relationship between y and

700, From this figure, there are different
combinations of the number of users of class | and
class 2. It appears that, for all cases, the 7,00
decreases at high value of y . This means that, if the

%OS is to be greatly differentiated, the overall system
throughput will be affected considerably.  We also
notice that the overall system throughput is de%raded
more severely when there are small numbers of class
1 users. The reason is as follows: in order to achieve
high value of y, it is necessary to allocate

sufficiently high number of request slots to class 1
users. Unfortunately, for small number of class 1



users, these allocated slots are not utilized effectively
(this Is due to underlymg performance characteristics
of UNI system). On the other hand, there are not
enough slots left for large portions of class 2 users
resulting in less number of successful class 2 users.
As a result, the T suffers throughput degradation
when there are small numbers of class 1 users.

Fig. 6 shows the relationship between N, and the
QoS controller y among five choices of different
proportions of the number of users of service class 1
and 2. We can see from the results that by increasing
the number of available request slots for service class
1, the probability of success for users of service class
L'is increased. The value of y increases with the

number of request slots assitf]ned to service class 1
But if the number of users of service class 1is high,
the system has to assign more slots for service class 1
to be able to maintain the same level of y. For
example, if the number of users of service class 1is
15, it is very difficult for the system to maintain y at

the desired level since the maximum number of
request slots given to service class 1is limited to 15
slots. Thus, this scheme has weakness in controlling
y , as there are a limited number of feasible values of

y-
3.2. Performance of UNI+DS+MLA scheme

The UNI+DS+MLA scheme is the most flexible
and complicated scheme among the algorithms we
proPosed. Fig. 7 illustrates the ~ throughput
Per ormance of the UNI+DS+MLA scheme as a
unction of y . We also observe the similar results as

of UNI+DS scheme. In addition, figs. 8, 9 and 10
show the values of pi and P2 and the number of
request slots for service class 1 :
From Fig. 8, we can see that the system tries to
set most values of pi to 11in order to meet the highest
Tsl at every y except some points where y -1 and

where the number of users of service class 1 is
relatively low such as 1or 4 users. This is because at
this point of y there is no p 2to satisfy such condition

y including maximize 7s/. We also observep2in Fig.

9 and see that in general the value of P2 decreases as
the 'y increases. In addition, the value of p2 varies

according to the changing of N/. - Another factor that
affects the performance is the number of request slots
Nt. As we can see in Fig. 10 that the number of
request slots for service class 1 needs to be increased
to support more users of that service class. In the case
of y, we found that an increase in y makes the

service class 1require more request slots. In addition,
more request slots given to support service class 1
rTes_uIt in"the increment of TSI and the decrement of
sl.
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4. Conclusions

In this paﬁer, we have presented two.new chanpel
reservation schemes for su ortmrg multi-class tratfic
with quaranteed different” QoS requirements. The
mathematical anal 5|? derived in this pa erenabIFsL?
to numerically évaluate the performance of al
Proposed schemes, T rog\gh numerical results, we
ound. that the UNI+DS¥MLA scheme is more
effective and flexible 1n adjusting the ssterré
Earameters to meet QQS reﬂmrements than UNI+D
chemet because of 1ts ability t? _ctontroTI system
arameters even with more _complexity. - Thus, our
Broposeg U I-_I-rbgvﬁbflL[R schemepcan gontroq QoS
and yet maintain the through utrPe_rformance s high
as the scheme used In pracfical environment. This 15.a
necessary step toward the deagn 0f multimegia
deliver sgs em that supports ditferent QoS
requirements.
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