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Abstract—In this paper, we present a simple and accurate simulations to evaluate the cell throughput performanae fo

analytical model for performance evaluation of WIMAX net-  different number of users while considering possibility of
works with multiple traffic profiles. This very promising access multiple modulation schemes

technology has been designed to support numerous kinds of . . . .
applications having different traffic characteristics. One of the ~ AS far as analytical modeling is concerned, multi-class

QoS parameters considered by the standard for traffic classe processor-sharing queues based models have been proposec
is the maximum sustained traffic rate (MSTR), which is an in [7]-[9]. In these models, variability of radio channelnco
upper bound for user throughput. Taking into account MSTR  ({itijons, an important property of wireless medium, has been
implies the implementation of a throttling schedullng policy that taken into account. On the other hand. the idea of MSTR has
regulates the user peak rate. Our models take into account . . -
this policy and provides closed-form expressions giving hithe  NOt been touched in these articles. Earlier we have pregente
required performance parameters for each traffic profile at a analytical models for mono-traffic [10], [11] and multi-tiia
click speed. The model is compared with extensive simulatis [12] BE without considering the parameter MSTR. Three
that show its accuracy and robustness. generic scheduling policies: slot sharing fairness, thhmput
fairness and opportunistic scheduling were taken into @aco
In contrast to our existing work, models proposed in this
paper are based on a fourth scheduling scheme, the thgottlin
WIMAX (Worldwide Interoperability for Microwave Ac- policy, in which maximum achievable user data rate is lichite
cess) is a broadband wireless access technology whichesbas MSTR. This in turn affects the resource utilization. The
on IEEE standard 802.16. The first operative version of IEERodels proposed in this paper will offer the flexibility to
802.16 is 802.16-2004 (fixed/nomadic WIMAX) [1]. It wasnetwork operators to dimension the WiMAX networks.
followed by a ratification of amendment IEEE 802.16e (mobile The organization of this paper is as follows. Modeling
WIMAX) in 2005 [2]. A new standard, 802.16m, is currentlyassumptions are presented in section Il. The analyticaktsod
under definition for providing even higher efficiency. On theor mono/multi profile traffics are given in sections Il and
other hand, the consortium WIMAX Forum was foundegl/. validation of models is presented in section V. At the

to specify profiles (technology options are chosen amoe@d, section VI gives a conclusion of this work.
those proposed by the IEEE standard), define an end-to-end

architecture (IEEE does not go beyond physical and MAC

layer), and certificate products (through inter-opergbiésts). [I. MODELING ASSUMPTIONS
In order to accommodate various traffic types, different . . . .

service categories have been introduced for WiMAX networks In _thls se<_:t|0n, we discuss the assumptions that have peen

For example, best effort (BE) is a service category thatd:ou('fons'dered in development of the model. Wherever required,

handle web traffic. Each service category is characterized rlsalated details of WIMAX system are also specified. Various

its quality of service (QoS) parameters. One of the paramethtat'qns are_ also .|n_tr.oduced in this section. )
associated with BE service is the maximum sustained traffic™ WIMAX time division duplex (TDD) frame comprises of

rate (MSTR). As defined in [2] (section 11.13.6), this is no?'OtS that are the smallest unit of resource and which oesupi

the guaranteed rate but an upper bound. The procedure?‘?&ce both in time and frequency domain. A part of the frame
implement this rate has been left open in the standard. IS used for overhead (e.g., DMAP and ULMAP) and the

Taking into account this limited achievable user data rate fiest for user data. The duratidi of this TDD frame is equal

an important challenge while dimensioning a wireless nétwo to 5 ms [2]. i

Existing literature does not speak much about this subject. SYStém assumptions

detailed account of simulation based BE traffic performancel) We consider a single WiMAX cell and focus on the
evaluation in WIMAX networks can be found in [3], [4] and downlink part which is a critical portion of asymmetric
[5]. However, MSTR has not been considered in these papers. data traffic.

Mean information rate (MIR), a notion similar to MSTR, has 2) We assume that amount of overhead in the TDD frame
been introduced in [6]. Authors have studied the perforreanc is fixed. As a consequence, the total number of slots
of multi-profile internet traffic in presence of different Rl available for data transmission in the downlink part is
values for a WIiMAX cell. They have used packet level constant and will be denoted hYs.

I. INTRODUCTION
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3) The number of simultaneous mobiles that can be mul:
tiplexed in one TDD frame is not limited. As a conse--- @‘6‘@ EZ\/)
guence, any connection demand will be accepted and ne
blocking can occur. K H(m) Hin+1) HN)
One of the important features of IEEE 802.16e is link
adaptation: different MCS allows a dynamic adaptation ef tkhg.
transmission to the radio conditions. As the number of data
subcarriers per slot is the same for all permutation schemes
the number of bits carried by a slot for a given MCS is
constant. The selection of appropriate MCS is carried ocihain would be a precise description of the current number
according to the value of signal to interference plus naagior nj, of mobiles using coding schemg&/CSy, 0 < k < K
(SINR). In case of outage, i.e., if the SINR is too low, no dat@.e., including outage). The derivation of the transisoof
can be transmitted without error. We denote the radio cHanisech a model is an easy task. However the complexity of the
states asMCS,, 1 < k < K, where K is the number of resolution of this model makes it intractable for any realis
MCS. By extensionM C'S, represents the outage state. Thealue of K. In order to work around the complexity problem,
number of bits transmitted per slot by a mobile station (MSye aggregate the state description of the system into aesingl
using M C'Sy, is denotedmy. dimensionn, representing the total number of concurrent
Channel assumption active mobiles, regardless of the coding scheme they use. Th
4) The coding scheme used by a given mobile can changsulting CTMC is thus made oV + 1 states as shown in
very often because of the high variability of the raFig 1.
dio link quality. We assume that each mobile sends a
feedback channel estimation on a frame by frame basis,
and thus, the base station can change its coding scheme
every frame. We thus associate a probability with
each coding schem&/C'Sy, and assume that, at each
time-stepTr, any mobile has a probability, to use

1. General CTMC with state-dependent departure rates.

« A transition out of a generic state to a staten + 1
occurs when a mobile in OFF period starts its transfer.
This “arrival” transition corresponds to one mobile among
the (N — n) in OFF period, ending its reading, and is
performed with a ratd N — n)\, where\ is defined as

MCS,. the inverse of the average reading time:
Traffic assumptions N b (1)
5) We assume that there is a fixed numBérof mobiles torf

that are sharing the available bandwidth of the cell. « A transition out of a generic state to a staten — 1

6) Each of the N mobiles is assumed to generate an  occurs when a mobile in ON period completes its transfer.
infinite length ON/OFF elastic traffic. An ON period  This “departure” transition is performed with a generic

corresponds to the download of an element (e.g., a web rate ;u(n) corresponding to the total departure rate of the
page). The downloading duration depends on the system frame whenn mobiles are active.

load and the radio link quality, so ON periods must be
characterized by their size. An OFF period correspondsObviously, the main difficulty of the model resides in
to the reading time of the last downloaded element, aggtimating the aggregate departure rat¢s) that strongly
is independent of the system load. As opposed to Od¢pend on the chosen scheduling policy. Focusing in thispap
periods, OFF periods must then be characterized by their the throttling policy, we now explain how to do so when
duration. considering this particular policy. Note that our previousks

7) We assume that both ON sizes and OFF durations &t®]-[12] have considered “full-capacity” policies (skitaring
exponentially distributed. We denote by,, the average fairness, throughput fairness and opportunistic schegpind
size of ON data volumes (in bits) and by;; the derived for them very different expressions of thg).

average duration of OFF periods (in seconds). 2) Departure rates:In order to estimate the average depar-

Scheduling assumption ture ratesu(n), we first define the following quantities.

8) At each frame, the scheduler tries to allocate the right-l-O compensate losses due to outage, we consider a slightly

pumberof slots to egch a(_:tlve mob|l_e in order to ach|.e eater instantaneous bitrate than the MSTR, the Delivered
its MSTR. If a mobile is in outage it does not receiv itRate:

any slot and its throughput is temporarily degraded. If DBR — MSTR @)
at a given time the total number of available slots is not o 1—po
enough to satisfy the M.STR of all active users (NOt IR qpije usingM C'S;, needs a mean number g slots per
outage), they all see their throughputs equally degradq%me to reach it BR:

I1l. M ONO-TRAFFIC ANALYTICAL MODEL i = DBR Ty ©)

1) Model description: A first attempt for modeling this _ . 1k o -
system would be to develop a multidimensional Continuo§2PVviously, no slotis allocated to a mobile in outaggyse= 0.
Time Markov Chain (CTMC). A statgno,...,nk) of this From this, we then deducg the average number of slots



per frame needed by a mobile to obtain its MSTR: and the mean number of slots they obtain:

K N _
_ _ = ng
g ;pkgk ) Z:jl A AL (12)
Knowing g, we can now express the aggregate departureLastly, note that whemaz (Ng, Ng) = Ng, i.e., when the
ratesu(n) as follows: resources of the system are sufficient to satisfy A&7 R
Ng MSTR even if all the N mobiles of the cell are in active transfer,
p(n) = n———. (5) we can easily demonstrate that the average throughput of

g N on . . . . =
maz (ng, Ns) = & each active mobile (obtained from relation 11) beconies

The last part of this expressionf('fisﬂ) corresponds to the M STR.
rate at which any of the active mobiles completes its transfer,
assuming that there are always enough available slots in the
frames to satisfy the MSTR. The first part of this expression
(m) represents the ratio of the global departure rate We now consider that users are divided ifRoclasses of
achieved by the: concurrent active transfers. Indeed, whetraffic with specific traffic profile§M ST R, z,,,t; ;). Each
there aren active mobiles, they needg slots in average to mobiles of a given class thus has a maximum instantaneous
obtain their MSTR. throughputM ST R, and generates an infinite-length ON/OFF

The steady-state probabilities(n) can easily be derived traffic, with an average ON size af},, bits and an average

from the birth-and-death structure of the Markov chain (d&FF duration off] ;. seconds.

IV. MULTI-TRAFFIC EXTENSION

picted in Fig. 1): We assume that there is a fixed numk€ér of mobiles
NI o belonging to each class in the cell. Finally, mobiles ofefint
m(n) = N =& ~ 7(0),  (6) classes may have different channel models. A mobile of class
s

r thus has a probabilityy,. of using M CS}.

We saw in the mono-trafic model, when expressing the
steady-state probabilitiegn), that these probabilities as well
as all performance parameters mostly depend on the traffic

ol Jr
" U maz (ig, Ns)

where is given by:

p= ﬂ, (7) profile (MSTR,Zon,tors) through a single aggregated pa-
tors MSTR rameterp given by relation 7. The key assumption of this
and(0) is obtained by normalization. multi-traffic extension is to suppose that all the perforoen
The performance parameters of this system can be deriy@fameters of the resulting multi-class model are still de-
from the steady-state probabilities as follows. pendent of the traffic profiles through a set of aggregated
The average numbep of active users is: parameterg, given by:
N = _L 13
Q= Zlnw(n). (8) Pr =% MSTR, 8=

_ ] . As a consequence, we can transform any class-
Theaveragenumbe@ofdepartures(|.e.,mob|lescomplet-proﬁ|e (MSTRr,f?Zn,fof) into an equivalent profile

ing their transfer) per unit of time is given by: (MSTR, :-Comg,sz)’ such that:
N s ~T
— €z xZ
D= . 9 _ on == i . 14
;u(n)ﬁ(m (9) 7 MSTR T, MSTE, (14)
From Little’s law, we can derive the average duratign By doing so for all classes, we transform the original system
of an ON period (duration of an active transfer): into an equivalent system where all classes of traffic hage th
~ same maximum instantaneous throughpfs7 R, the same
ton = %’ (10) average ON sizer,,, and different average OFF durations
.
_ . of f
and compute the average throughpiit obtained by each  With this transformation, the equivalent system can be
mobile in active transfer as: described as a multi-class closed queuing network with two
N stations (see Fig. 2):
B Zon Y p(n)m(n) 1) An IS (infinite-server) station that models mobiles in
X = Zon _ n=1 . (11) OFF periods. This station has class-dependent service
ton a rates\, given by:
Z nm(n) )
n=t Ar = =73 (15)
Finally, we can express the average utilizationof the Pors

TDD frame, as a weighted sum of the ratios between the mear?) A PS (processor sharing) station that models active
number of slots needed by themobiles to reach their MSTR mobiles. This station has class-independent service rates



A with
a.(N) — a,(1)

Station 1: 1S a = T, (22)
and
- Na,(1) = a,(N) (23)
N N-1 '
Swton2:PS (1) Lastly, we express the average paramgter) as:

R
=C g(n) = nay(n)g,. (24)

Fig. 2. Closed-queueuing network. r=1

Note that thev,.(n) probabilities can alternately be obtained
by considering a multi-dimensional Markov chain which sgat
p(n) that in turn depend on the total number active,, . y.) correspond to the detailed distribution of the
mobiles (whatever their classes). current active mobiles of each class in the system. From the

However, we cannot directly use the same expression y¢{merical resolution of thls chain we can derive the exact
the average departuge(n) obtained in the mono-traffic casevalues of then,.(n) probabilities. We ha_v_e_ checked on several
(Eq. 5). Indeed, if we look at the expression of the steadjest €xamples that the exaet,(n) probabilities are very well
probabilities derived for the mono-traffic model (Eq. 6), w&Stimated by the linear approximation we propose above. In
can see that they not only depend on the traffic profile througfdition, the impact of this approximation is very limiteslia
the aggregated parameterbut also through the parametgr ONly matters states such thatng(n) < Ns (see Eq. 16).

that represents the average number of slots per frame neeG@!ly it is important to emphasize that the use of this
by a mobile to obtain its\/ ST R. We thus propose to use a@Pproximation enables to avoid the exponential complexdity
very similar expression fog(n): solving a multi-dimensional Markov chain.

A direct extension of the BCMP theorem [13] for stations
Ng MSTR _ : :
)n ) (16)  with state-dependent rates can now be applied to tms closed
gueueing network. The population vector is denoted\oy=

in which MSTR and z,, are the common values of the(;, . Np). The detailed steady-state probabilities can then
equivalent multi-class profiles, agdn) is the average number o expressed as follows:

of slots per frame needed by mobiles to obtain their 1

maximum throughput. (") =n(ni,nz) = afl(ﬁ{)ﬁ,(@’), (25)
In order to derive an expression fg(n) that takes into _ .

account the different classes of traffic, we first expiegsR,, Wheren; = (nii,...,nir), nir being the number of class-

the actual bitrate needed by a mobile of clasi order to Mobiles present in statio)

uln) = maz (g(n), Ns

:fon

reach itsM ST R, (while compensating losses due to outage): f() 1 1 (26)
1\n1) =
nil.nir! (M) (Ag)™MR
DBR, — MSTRT. (17) 11 1r! (A1) (Ar)
1 — por and (o1 o bmag)l 1
We then defineg,, the mean number of slots needed by a fa(nz) = f121 "" nfR - , (27)
mobile of class- to obtain itsM STR,, as: Ma1:..-N2R: (k)
K k=1
DBR, Tr
Gy = T 18 , o
g ;pk my (18) and G is a normalization constant:
Secondly, we estimate the probabilities(n) that an active G= Y [)fs(3). (28)
mobile belong to class knowing thatn mobiles are active =N

(i.e., n customers are in the PS station). These probabilities

are obvious whem = N All the performance parameters of interest can be derived

from the steady-state probabilities as follows. The averag

a,.(N) = &, (19) number of customers of classin station2, i.e., the average
) N number of class-active mobiles, denoted ky,., is given by:
and closely approximated when= 1 by:
> i1 Nipi 43 =N

Knowing «,.(1) and «.(NN), we then suppose that the.(n)

are a linear function of.: Let D, be the average number of classustomers depart-

ing from station2 by unit of time, i.e., the average number
ar(n) =an+ b, (21) of class¥ mobiles completing their download by unit of time.



D, can be expressed as: model assumptions. Although well adapted to Markov theory
based analysis, exponential law does not always fit thetyeali

Dy = Z o () (21, 723), (30) for data traffic. This is the reason why we consider truncated
i +is=N Pareto distributions in the robustness study. Recall that t
there aren; active mobiles: ab
N MSTR Ton = 1 [1 - (b/q)a_l} ) (36)
oy _ s r 31) _ - . .
pr(12) max (g(rTQ’),NS)nQT . ( where « is the shape parametér,is the minimum value of
with pareto variable ang is the cutoff value for truncated pareto
R distribution. Two values of are considered: lower and higher.
g(n3) = an@r- (32) These have been taken as hundred times and thousand times
r=1

the mean value respectively. The mean value in both cases
The average download duration of classaobiles,?”,,, is (higher and lower cutoff) i8 Mbits for the sake of comparison
nothing but the average sojourn time of classustomers in with the exponential model. The value of= 1.2 has been

station2, and is obtained from Little law: adopted from [14]. The corresponding values of parameter
o) b for higher and lower cutoff are calculated using Eq. 36.
tr == (33) Pareto parameters, used in simulationsafgy = 3 Mbps, are
Dy - summarized in Tab. II.
We can then calculate the average throughputobtained 3y Channel Models:A generic method for describing the
by customers of class during their transfer as: channel between the BS (Base Station) and a MS is to model
7 Z 10 (73) (707, 73) the transitions betwe_en MCS by a finite state I\_/If’;\rkov chain
, = (FSMC). The chain is discrete time and transitions occurs
X, = Lon _ nitna=N . (34) everyL frames, withL T < .01, the coherence time of the
ton Z nor m(R1,13) channel. In our case, and for the sake of simplicity= 1.
mi+as=N Such a FSMC is fully characterized by its transition matrix

Pr = (pij)o<i,j<r- Note that an additional state (state 0) is

as: introduced to take into account outage (SINR is below the

PN minimum radio quality threshold). Stationary probabélitp,,
U= g_(n_{) (g, n3). (35) provide the long term probabilities for a MS to receive data
== maz (g(n2), Ns) with MCS k.
ni no=
In our analytical study, channel model is assumed to be
V. VALIDATION THROUGH SIMULATIONS memoryless, i.e., MCS are independently drawn from frame to

In this section we discuss the validation of our analyticdfame for each user, and the discrete distribution is giyeinb
models through extensive simulations. We also study treeeff (Pi)o<i,j<x . This corresponds to the case wherg= p; for
of more complex traffic and channel models. We start witdl! - This simple approach, referred as themoryless channel
details of simulator followed by results for mono/muliatiic Medel is the one considered in the validation study. Pg{(0)
models. be the transition matrix associated to the memoryless model

In the robustness study, we introduce two additional chianne
models with memory. In these models, the MCS observed for
a given MS in a frame depends on the MCS observed in the

1) System ParametersSystem bandwidth is assumed {Greyious frame according to the FSMC presented above. The
be 10 MHz. The downlink/uplink ratio of the WIMAX TDD ransition matrix is derived from the following equation:

frame is considered to be approximately 233 OFDM sym-
bols on the downlink andl5 on the uplink). We assume for the
sake of simplicity that the protocol overhead is of fixed léng
(2 symbols) although in reality it is a function of the numbér where! is the identity matrix and parameteris a measure
scheduled users. Considering subcarrier permutation RWSCof the channel memory. A MS indeed maintains its MCS for
the downlink, there arg0 sub-channels and a slot is defined aa certain duration with meaf.,, = 1/(1 — a). With a =
2 OFDM symbols and one subchannel. With above parametdisthe transition process becomes memoryless. On the other
the total number of data slots (excluding overhead) per TD&treme, witha = 1, the transition process will have infinite
downlink sub-frame isNg = 30(32 — 2)/2 = 450. memory and MS will never change its MCS. For simulations
2) Traffic Parameters:Values of MSTR, mean ON datawe have takem equal t00.5, so that the channel is constant in
volume (main page and embedded objects) and OFF permcrage2 frames. This value is consistent with the coherence
(reading time) for both mono and multi-traffic are given idime given in [15] for45 Km/h at2.5 GHz. We call the case
Tab. I. where all MS have the same channel model with memory
In the validation study, we assume that the ON sizes aje= 0.5), theaverage channel modd\ote that the stationary
exponentially distributed as it is the case in the analyticarobabilities of the average channel model are the same as

A. Simulation Details

Pr(a)=al + (1 —a)Ppr(0) 0<a<l,



TABLE | TABLE Il

TRAFFIC PARAMETERS. STATIONARY PROBABILITIES FOR THREE CHANNEL MODELS
Parameter Mono-traffic Multi-traffic Channel Memoryless Average Combined
Class 1 Class 2 model
MSTR [Kbps] || 512 & 2048 || 1024 || 2048 50% MS good | 50% MS bad
S_Con [MbpS] 3 3 3 a 0 05 05 05
toss [S] 3 3 6 Do 0.225 0.225 0.020 0.430
D1 0.110 0.110 0.040 0.180
TABLE I P2 0.070 0.070 0.050 0.090
PARETO PARAMETERS FORTon, = 3 MBPS. D3 0.125 0.125 0.140 0.110
D4 0.470 0.470 0.750 0.190
Parameter Value
Shape parameter | 1.2 TABLE IV
Lower cutoffg 300 Mbits CHANNEL PARAMETERS.
Higher cutoffg 3000 Mbits i
b for lower cutoff | 712926 bits Channel state| MCS and | Bits per slot
b for higher cutoff | 611822 bits {0,... K} outage Mk
Outage mgo =0

those of the memoryless model.

As the channel depends on the BS-MS link, it is possible
to refine the previous approach by considering part of the 16QAM-1/2 ms = 96
MS to be in a “bad” state, and th_e rest in a “good” s_tate. 16QAM-3/4 | my, = 144
Bad and good states are characterized by different stagiona . : X
probabilities but have the same coherence time. In the &edcaShOWn in Fig. 4. As can be noticed on Fig. 4(a), our model
combined channel modetalf of the MS are in a good state, WOrks well for different values of MSTR.
the rest in a bad state, ands kept t00.5 for both populations. _ It 1S @lso clear (see Fig. 4(b)) that considering a truncated

For the sake of comparison, the overall MCS probabilities Pareto distribution has little influence on the design param

the combined model are the same as those of the memory&&8: The average relative error between analytical esuild

and average models. simulations stays below 10% for all sets. This is mainly due

Three models are thus considered: the memoryless, Rethe fact that the dist_ributio_n is truncated and is th_us not
average, and the combined channel models. Correspondiy vy ta”ed‘ BUF even with a high cutoﬁvglue:the exporant
stationary probabilities are given in Tab. Ill. Stationgmpb- distribution provides a very good approximation.
abilities for the combined model are obtained by averaging SiMilarly. the results illustrated on Fig. 4(c) also probat

corresponding values of good and bad model stationary préy" for a pomplex wireless cha!”nnel, our analyt|cal_model
abilities. Considered MCS and for each of them. the numb&fowWs considerable robustness with an average relatioe err

below 7%. We can thus deduce that for designing a WiMAX
network, channel information is almost completely incldde
in the stationary probabilities of the MCS.

B. Simulation Results 2) Multi-Traffic: In multi-traffic scenario, we consider two

. . ) L different classes of traffic. Each class is characterized b
In this section, we first present the validation/robustness y

) S articular values of MSTRz,,, andt, s (see Tab. I). Fig. 5
study results for mono-traffic model and then validatiordgtu - ) : Ryon andt,y; (see Tab. ). Fig
. , . shows that simulation and analysis provide similar resudis
results for multi-traffic model. The output parameters im-co

. : R . only for the overall system performance but also for eachscla
sideration ard]%rX., @, arlu_?jw(n)h(see Secnor;rg ! agdl IV?' (maximum difference is below 6%). As expected, users obtain
1) Mono-Traffic: To validate the mono-traffic model, sim-y, o, respective MSTR at low load and when load increases,

ulations take into account the same traffic and channel as- . . :
ey see their throughput proportionally degraded (Fig))5
sumptions as those of the analytical model. However, ?ﬁ y gnput prop yced (Fig)S(

simulator, MCS of users are determined on per frame basis
and scheduling is carried out in real time, based on MCS at
that instant. The analytical model on the other hand, cemnsid As deployment of WiIMAX networks is underway, need
stationary probabilities of MCS only. Distributions of OM&  arises for operators and manufacturers to develop dimensio
and OFF period are exponential and the memoryless chaningl tools. In this paper, we have presented an analyticaleinod
model is considered. for WIMAX networks taking into account multiple data traffic
Results from performance validation are shown in Fig. profiles and the QoS parameter MSTR defined by the standard.
For different number of users in the cell, the values abur model, based on a product-form closed queueing network,
analytical model and simulation differ only by 2% at most. is able to instantaneously provide Erlang-like perfornganc
We now move to the robustness study, where assumptiggagameters such as throughput per user for each profile or
concerning traffic and channel models made by the analystsannel utilization. Therefore it will render possible e#nt
are relaxed in simulations. The results for this analyses aand advanced dimensioning studies. Moreover, the simple

QPSK-1/2 | my =48
QPSK-3/4 | my =72

A WNEFLO

of bits transmitted per slot are given in Tab. IV.

VI. CONCLUSION



0 10 20 30 40 50 0 10 20 30 40 50
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(a) Average number of active users. (b) Average utilization.

Fig. 3. Validation study with MSTR= 512 Kbps, Z,» = 3 Mbits andt,;; = 3 s.
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Fig. 4. Robustness study with,, = 3 Mbits andt,¢f =3 s.
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Fig. 5.
MSTR = 2048 Kbps, Zon = 3 Mbits andt, ;s = 6 s.

nature of our model makes it flexible to be customized tqg2]
scenario specific requirements. Extensive simulationse hav

validated the model’'s assumptions and showed its robustnes
towards more complex traffic distributions and channel mod-
els.

2005.

ING, 2008.
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