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Abstract belong to the second generation technology, they share

distinguishing characteristics. These wireless LANs are designed
A dynamic Time Division Multiple Access (TDMA) polling- with much higher capacities when compared to the voice-
based scheme is proposed for an indoor broadband wireless Aldlented systems, and are an attempt to provide service to
LAN. The protocol attempts to bridge the existing and rapidlymultimedia capable terminals, so that they can be easily

growing ATM technology to that of personal communicationsintegrated or be an extension to a Broadband Integrated Services
systems and should be capable of handling variable bit rate Bggital Network (B-ISDN).

well as constant bit rate connections. The system assumes a )
micro-cellular architecture with a low frequency reuse such as 3  NéW standards have been developed for wireless LANs
or 4. To combat the severe co-channel interference, which {der the IEEE 802.11 in the United States and under ETSI/
expected to be the dominant transmission impairment, switchddF>10 or High Performance Radio LAN (HIPER-LAN) in

sector-beam antennas are used on both portables and bE&OP€ [3]. Japan is also considering standardizing two types of
stations. wireless LANs: one for rates less than 2 Mbps and the other for

rates greater than 10 Mbps. The IEEE 802.11 and the HIPER-
~ The chosen polling scheme is Gated-Limited where serviceAN are going to support different network architectures
limits are imposed by the central server or base station. Thiscluding point-to-point, point-to-multipoint, and broadcast
service discipline, with fixed TDMA frame length, is not optimal o pyices. Examples of existing wireless LANs include NCR

in terms of overall traffic delay, but it provides to the Wireles%aveLAN Motorola’s ALTAIR. and EiRLAN
terminals controlled access to the available capacity and is ’ ' '

appropriate for the transport of delay sensitive traffic. In this paper we present a concise recounting of the wireless
Analytic evaluation of the embedded queueing system isystem proposed in [1] together with the analysis of the
performed under some assumptions, and expressions relating albgested multiple access scheme. The system provides
loss probability, frame length and structure, and the input traffibroadband service at a rate of 155.52 Mb/s in an indoor
statistics to the mean and variance of the buffer size of the serveflvironment for wireless terminals of various traffic rates. The

wireless terminals are obtained. The analysis considered typicgjstem attempts to bridge the gap between the ATM technology
discrete-time renewal models such as simple Bernoulli, batched § the wireless LANS by providing transparent medium of
Bernoulli, and periodic models. The analysis shows hoVléommunication between multimedia capable terminals and a

increases in traffic cell loss probability, which is assumed to bg. .
the polling token loss probability, lead to longer survivorﬁIgh speed ATM backbone network [4]. The second section of

(complementary cumulative distribution) function that in turnthiS Paper describes briefly the overall system and the procedures

impacts adversely the buffer size distribution. The analysi¥Sed in combating errors on the wireless link. The multiple

supplements the simulation results published previously in [1]. access scheme is discussed in the third section. This section also
To consider Markov-renewal traffic models such as th&repares the ground for the analysis that is conducted in the

Batched Markovian Arrival Process (BMAP), the matrix analyticfourth section. Finally conclusions are presented.

technique is used to obtain the buffer size distribution. The

BMAP model possesses correlation in the number of arrivin@ N m-waveband Cellular Architecture for

traffic cells from one polling cycle to the next and thus is mor
bursty than typical renewal models. WLAN[l]

. Multiple base stations or servers are deployed in a cellular
1. Introduction fashion to provide service in an indoor environment such as

. . . . factories, hospitals, computer laboratories, etc. with each base

The last decade witnessed a rapid growth in the area of wireless .. . : .
o o . Sfation covering a microcells or a domain of up to 50 meters
communications systems, and new applications are belnl%

! : dius. On the ground wireless workstations or terminals

spawned at a great rate. One emerging technology is thé : : . . ;
- . communicate with each other or with the outside world via the
specialized low-peak power wireless Local Area Networks . o .
. . . I central switch which is connected to the base stations. Due to the
(LANs) with various data rates ranging from few kilobits per, . . : :
second to several mega bits per second. Although these Wirelé“gh bandwidth of the system and the wide frequency allocation
9 P i 9 f is expected to operate in the 20-60 GHz band. With a large

LANs are considered as an interpretation [2] of the many th%andwidth allocated to each cell, a low frequency reuse factor
* This work was supported by a grant from the Canadian Institutéu?h as 3oré4is gxpgcted .and .thUS co-channel interfgrenpe is
for Telecommunications research (CITR) under the NCE prograrg0ing to be the main signal impairment. To cope with this high
of the Government of Canada. interference environment, both base stations and terminals are




equipped with sectorized antennas to reduce outage probabiliBolling schemes have been suggested for other broadband
The system also supports handoff and power control to furthepplications [9] and [10].
interference levels and facilitate the operation of error control .
. . . Polling has been around for many years and many
procedures. A fixed-length Time-Division Multiple-Access _ . . . .
variations have been analyzed and studied. A comprehensive

(TDMA) fra”_"'e which is divided into sector segments_ Is used forstudy of polling schemes and their performance can be found in

ground. The order of the sector segments is randomized fro fl][lZ][13][14]. In general there are three main types of service

frame to frame. The system uses Time-Division Duplex (TDD) té)ollues:_exhaus_twe, 9?“.60" and limited. Th? f|r§t two are non
. . . : : preemptive service policies whereas the limited is a preemptive
multiplex up link and down link traffic on the same wireless

. . golicy. Using the exhaustive service, users are allowed to empty
channel. The system relies on error control procedures to provi

. . . aﬁ their buffer contents, while for the gated service only traffic
the necessary transparency required for augmenting the wireless

link with the wireline backbone network. In [1] it was shown eX|_st|_ng prior to_the pollmg instant is served. Although th_ese two
. . . olicies are optimal in terms of the over all average traffic delay,
through simulation that a selective repeat request protocol . : o i
. . - X . . : . they do not provide a fair service; When a heterogeneous traffic
suitable in providing error free link while not incurring excessive_. : . .
c ; : ._[mixture is served, the available capacity tends to be captured by
retransmissions Other enhancements like hybrid ARQ [5], which. : : , X
L igh data rate users, increasing the traffic delays for the low bit
employs a combination of Forward Error Control (FEC) an

retransmission, may help increase utilization. A detailed'SE"S: In the limited service, only a specified number of traffic

description of the system and the multiple access accompanicgl!S are se_rved every polling cycle. We bropose the_ use Of_ ga'fed-
imited service discipline where only traffic present in terminal’s

with simulation study are found in [1], [6], and [7]. Reference [7] o : . .
) ) ; burfer at the polling instant is served up to a maximum service
is a more comprehensive reference that contains also the matepa

in this paper. Reference [8] describes the overall context of th'énlt of cells per visit.

broadband indoor wireless system. The following two subsections prepare the ground for the
section in which the queueing analysis is conducted. The first
3. M uItipIe Access Method describes the TDMA frame and characterizes the intervisit time,

an important parameter that reflects the structure of the frame.
One of the most obvious requirements for this system is tdhe second subsection introduces the basic queueing model
provide service for both non real-time and real-time traffic and tembedded in the chosen multiple access method.
be a_lble_ to utilize the ava|lat_)le capacity optimally. Non real-time Throughout the coming sections it is assumed that the time
traffic like computer data, file transfers, etc. generally are very . . =~ . .
. : . is is divided into equal length slots. For analysis purposes we
tolerant to delays (relative to real-time traffic) where the expecte ; ) -
o assume also that aldlireless envelopes, the units of transmission
response time is on the order of one second or so. However, the ; . . :
. on the wireless link, have the same size whether they are traffic or
are not tolerant to bit errors and/or packet loss. On the other hand, .
) . : . . .~ control (beacons, polling tokens, etc.). Furthermore, the server
real-time traffic, such as voice, real-time video, etc., has stringen . . .
X ) . . -and the wireless terminals are synchronized at the slot level.
delay requirements; usually a maximum delay figure is

associated with the traffic stream and is compared against a time L
Stamp (generation Ume) of each packet_ 3.1 TDMA Frame StrUCture and | nterV|St Tlme

In general there are different types of services each with Bhe fixed-length TDMA frame dfL  time slots is divided iro
different set of service requirements. This suggests that tisector segments or subframes not necessarily of equal lengths.
multiple access method should be able to prioritize service amluring thei ! subframe the base station uses onlyi thantenna
effectively isolate traffic streams so that adverse effects from ong@ctor. This serves to reduce the impact of interference.
stream to another are minimized or neutralized. This leads to thrthermore, the order of these subframes is randomized from
preference of centralized multiple access. The other requiremegite frame to the next to average co-channel interference

is the bounded delay or access time. This suggests thategnerienced by users and facilitate the operation of error control
preemptive type of multiple access is required. This manifesigrocedures.

itself in the choice of a fixed-length frame. Based on these ) )
arguments, contention based methods like ALOHA and CSMA/  Each sector segment starts with a beacon envelope which
CA in their original forms are ruled out because they do not me&g'fies  information  specific to that segment such as

the centralized and bounded delay criteria. CDMA and FDMASYnchronization word for the antenna sector, power level, traffic
are also ruled out by complexity considerations. condition, etc. Then a number of registration slots are provided

) ) ) for new users to contend on using a slotted Aloha protocol with
A dynamic TDMA polling based method is chosen. Thepackoff procedures to minimize collision probability. The
basic model in polling schemes assumes that a central sery@maining part of the sector segment is used for down link and up

polls every user before service commences. Then according [ifk traffic to or from users registered to that particular subframe.
the service policy used, traffic from each user is served. When th@ye frame structure is depicted in Figure 1.

service time is completed, the server moves to the next user.
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sectors of a service port: 2,0
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1 2 s sector segment.
subframe on sec/ \ 3.2 Queuel ng M odel
e MiSos g The server cycles through the wireless terminals, sending a

Ji=kO,+0,k=0,1,..25-2.

polling token to each, signalling permission to receive down link

[l] |:| |:| |:| E |:| |:| |:| @ |:| D and/or transmit uplink traffic. In the remainder of this paper we
g Rregistrationsiots g traffic fl“’m user 3 “afﬁCKf@m user will concentrate on the uplink assuming that the down link can be
S a a ! dealt with in a similar manner. That is, the server queues traffic
§ § destined for a particular terminal in a separate buffer and

transmits it in groups of up to a maximum number of cells each
Figure 1: Frame structure and polling cycle. time the wireless terminal is polled.

As mentioned in the previous subsection, from the point of

Let us assume that wireless envelopes (traffic or otherwsg/}ew of the terminal, the token is received at intervisiv,of  time

are incorrectly received with probabilityx and this loss . o R
probability is independent from one time slot to the next. Thislots. Assuming that the terminal is allocated a service limit of
independency claim is justified by assuming that co-channé&glls per polling cycle and following the gated-limited discipline,
interference is different from frame to frame, if the order ofthe number of traffic cells to be served or transmitted on the up
sectors and slot occupancy is randomized from frame to framink in thei ™ polling cycle,b; , is determined by

and also the bit/packet-level interleaving that may be applied as a

requirement for FEC. A user registered in a particular segment is b = min(x;, Y) (3)

sent a polling token every time its turn is reached when that

particular segment is served. The user may or may not correcthere x, is the number of traffic cells present in the terminal

receive the polling token. THe" intervisit time,v; , is defined as ey upon the receipt of the token. The terminal transmits those
the duration in time slots between the" and the(i—1)St b, cells but does not discard then from the buffer; a copy is kept
Correctly received pOlllng tokens. To characterize intervisit timqor ARQ purposes. When the terminal is po”ed in the next Cyc|e7
two distinct situations are recogniZEd. The first is when the Sectﬂris informed of which cells were Corrupted by RF interferenCE,
segments are equal in length. This is the case when traffic loaddfowing the terminal to discard cells that were correctly
spatially symmetric or uniformly distributed in the service areareceived. Let the number of cells that are Corrupted by

i.e all sectors of space are equally utilized. The second casgierference bé. . Then the new buffer size,, follows from
assumes that only one sector segment is occupied while the

remaining ones have very little or no traffic. This may represent a an i=0

case where a high bit-rate user is occupying most of the frame. Xsq =0 0 _ (4)

Let the probability generating functions of the intervisit random G —bi+1i+n =12..,

variable for the two cases bé,(2) ang(z) , respectively.

These are given by wheren; is the number of cells that arrive during the 1)
V1(2) = M(EL(2)) (1) intervisit time. The above describes the buffer size evolution

equation and it is the mathematical representation of the

and gueueing model shown in Figure 2.

The number of retransmissions, (dropping the polling
cycle index) is a binomial random variable of the following
parameters: the total transmissions, , and the cell loss
whereM(z) = (1-a)z ,forlazl <1 andE,(z) = S €m iz for probability,a . This is a consequence of the independent cell loss

1-az o probability assumption stated earlier. The number of traffic cells

Va(2) = M(Ex(2)) )

m = 1,2. e,; is defined as arriving during an intervisit timen , is not only a function of the
S— Ik traffic source characteristics but also the randomization of the
e = % i = k(FL/S),k =1,2,...,25-1 or  subframes. That arrival stream is modulated by the polling token

arrival. In terms of PGFs, one can write



consider a generalized Bernoulli model, where at any time slot a
batch of (one or more) cells may arrive. Let the PGF of the batch

ARQ: probability 0 . } .
size be given byG(z) an® be the mean batch size. For a

terminal of bit rate equal tB  b/s, then the following holds
_ R
Queue Bp - Rtotal (6)
. wherep is the probability of batch arrival aRy, is the total
, capacity of the link. From the above, the PGF of the total arrivals
Arrival Process queue length . ) - o
n; |<_ X _,| Server in a time slotsA(z) is given by
\(2) = 1-p+pG(z @
igure2: ‘ del.
Figure 2 Queueing mo For a Bernoulli model where batches arrive in fixed {ize,
~ cells per batchG(z) is equal vy , while if the batch size is
A(z) = V(A(2)) ) (1-0)z
geometrically  distributed then G(z) = 11z and
whereA(z) is the PGF of the variahte V(2) is the PGF of the ) ) )
(= 1/ . Another model of interest in this category is the

|nt9ry|3|t_ tlme_ andA(z) is the PGF of the number of traffic CeIISconstant bit rate or the periodic model. According to this model,
arriving in a time slot.

only a fractionr (r <1) of a traffic cells is generated during any
4. Queuei ng Analysis time slot. Hence&(z) is given by

Before we embark on analyzing the queue evolution equation, we A(z) =7 (8)
consider two types of thgn;;i =0,1,...} series. The first
corresponds to eenewal model [15] where the arrivals ‘s are Examining the evolution relation of the queue ((4)), one can

independent from one |nterV|S|t duratlon to the next; i.e. there Irecogmze that the sequence of buffer su{eqsn =12}

function},(k) = E[n;,,n;] is only non zero at the origia[]  is probabilities are given by

the expectation operator. For the second type of model however, Pk = Probabilityfx;,; = k/x; = |]

R,(K) is non zero for non zero lags. These models are known as K .

. 03 = 0%-mbkjm k=0,j<Y
non renewal models. Examples of these models include Markov _g=m= ©)
and Markov renewal models. Because of the temporal - %H”a ' L K> i—Y>0 m<Y
dependencies amongst arrivals usually these models are méo K=j+Y-m=Ym =] T

mathematically less tractable than renewal models and thus the

lack of closed form solutions for many queueing cases involvingﬁ] — lim Probabili - L is th bability of
the non renewal models. It should be pointed out that it has be erea, = i'[nm robabilitylm; = k] Ly is the probability o
recognized that the main contributors to thestiness of &  p5ing to retransmitm  cells when  are served. Let the steady

particular model are the shape of the probability mass function l f th ff h lli
the arrivals and the temporal dependencies [16]. By deflnltlogtattgnfrggabl lty distribution of the buffer size, at the poliing

the non renewal models possess both components (contrary to the

renewal models) and thus lead to greater queue lengths andq, = lim Probability x; = K] ,k=0,1..,0 (10)
delays than that caused by a renewal model for a given traffic toe
load.

and the corresponding PGF 16%z) 0 can be rewritten in
4.1 Analysis For Renewal M odel terms of the transition probabilities as

Renewal models have been the basis for most of the results in 2
classical queueing theory [17] for their mathematical tractability. A = g
In discrete time queueing theory the Bernoulli model [18] and its B

derivatives are typical models to consider. We are going tgubstituting (9) into (11), rearranging terms and applying the z-

a;Pj, k=01, .., (12)



transform yields rate of the channel is 155.52 Mb/s and the TDMA frame is
divided intoS = 6 sector segments each 34 time slots in length.

Y-1
A(z)[zY Y qiLi(2) _QY(z)LY(z)J The terminal is allocated = 29 time slots. It can be noticed that
Q(2) = i=0 (12) the curves increase exponentially as the traffic load approaches
2"~ AZ)L(2) (1—a). Furthermore, for both the mean and standard deviation

figures, the batched Bernoulli model leads to the highest values
The new terms in (12)L;(z) and)y(2) are given by while the constant bit rate is the lowest.

j )
Y LimZ" = (1-a+az)’, the generating function describing

m=0 00 10

Y-1 .
the ARQ process ang q;z respectively.
i=o0
{0,1=0,1,...,Y-1} are the firstY points or boundary
probabilities of the required distribution. They are solved for%
exploiting the analytic property €(z) in the region enclosed by%
7 =1 The Y roots {z,m=0,1,..Y-1 of 2

160

160 n

il
1

10

buffer siz

zY—A(z)LY(z) can be found using Lagrange’s theorem or morec
conveniently using packages like matlab. The numerator of (12%
also vanishes at these roots resulting in a s¢ét of  linear equations
which can be solved for the boundary probabilities. "

standard deviation for buffer size (cells)

On the stability issue, one can show by applying Rouche’s S S SR
001 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

theorem on the expression@fz) , the condition traffic load traffic load

a a) mean b) standard deviation
- <Y (13)

Figure 3: Mean and standard deviation of buffer size at polling instant
for cell loss probability of 1% (solid line: batched-geometric Bernoulli

is necessary for the existence @{z) a.= lim AY(z) , the With mean batch size equal to 5, dashed line: batched-constant
z-1 Bernoulli with mean batch size equal to 5, dashed-dotted line: simple

mean number of arrivals during an intervisit time. The Bernoulli, dotted line: constant bit rate).

superscript(n) over a PGF functioX(z) indicates th#

derivative with respect ta . This condition translated to the fact  Another figure of comparison between the traffic models
that the mean arrivals plus the retransmitted traffic each pollingat Is indicative of burstiness is the complementary cumulative
cycle should be less than the allocated bandwidth for the buffer iStribution function for the buffer occupancy. This is shown in

be stable. Let us define the traffic load to be the ratio of the me4i@ure 4 for two different cell loss probabilities. It can be noticed

arrivals rate to the capacity allocated to the terminal. Using (13jhat the batched Bernoulli source has the longest tail, especially,

it can be seen that the load is always less than or equatm) when the t_)atch sizes are geometrically distributed as opposed_ to
constant size bursts. The slope of the complementary cumulative

Expressions for the mean queue length  and standafdnction decreases as the batch size increases. The shortest
deviationo,, can be easily, albeit tediously, obtained using distribution corresponds for the case of a constant bit rate source.
q 1 1

Regarding the second case of traffic spatial distribution, the
g = lim Q(l)(z) (14)  service limit for the terminal occupying the busy sector is very
z-1 large compared to the previous case. Hence, most of the time, if
not all, the terminal does not use all the allocated capacity.
Writing the buffer evolution equation for this case and the state
e — transition probabilities of the Markov chain describing the buffer
Oq = A/Z“[“lQ (2+9-q (15)  occupancy, one can show that the buffer size PGF satisfies the
functional form

and

Figure 3 shows the mean and standard deviation for Q(2) = Q(1-a +a2)A(2) (16)
different traffic models. These results assume 10 Mb/s terminals
which are generating traffic that is packetized as 500 bits per

wireless envelope, 48 byte of which is actual payload. The bit Through direct substitution the solution Q(2) 'S given



by follow a Markov process with a finite number of states. The states

in this chain correspond to the number of arrivals and the

’A\(ak(l—z)) 17) transition probabilities from one state to another characterize the

0 second order statistics, the covariance, of the source in addition to

the first order statistics, the marginal traffic arrival distribution. In
—_ ) ~__ other words, the system considered here is the BMAP/G/1 queue.
where A(z) = A(1-2) . Invoking the geometric distribution 14 golve this queue a very powerful technique called “Matrix
approximation of the intervisit time, the mean queue length andeometric” is used. This technique was introduced by M. Neuts
the variance are given by in [19] and then it was applied to BMAP/G/1 by Neuts in [20]
and Lucantoni in [21].

Q2 = n
K=

18
(18) Ahmadi and Guérin [22] present the solution procedure to a

problem very similar to ours except that their queue evolution
equation does not contain the ARQ term (refer to (4)). To solve
the resulting queue they apply the theory of the matrix geometric
ao(2a+1—a) 3° technique and obtain the stationary buffer size distribution. Here
+ - (19)  their model is extended to include the retransmissions incurred
because of the ARQ strategy and a new queue transition matrix is
- built. The queue transition matrix is the key matrix required for
respectively.a’ is the second moment of the modulated arrivaolving complex queueing problems using the matrix geometric
process. method.

and

O_2 - a2
Y -0®) (1-a)(-0®) (1-a)

Consider our queue evolution equation, namely,

Xiv1 = Max(Qx—Y)+I;+n, (20)

: which is rewritten here in a different form than the one in (4). Let
) n, be generated through a Markov chain with a finite number of

states{0, 1,..., N-1}

where th&™ state corresponds to the
o’ event of k traffic cells arrivin*g Furthermore, letp;;

be the
transition probability between staie apdO0<i,jsN-1
Using these definitiongx;, n,) forms a discrete-time Markov
chain. The transition probability matrix of this chain has a block-

complementary cumulative distribution function

X

\
I L I L S I

complementary cumulative distribution function

K I L I I L

\

1 I I
0 0 o 60 & 100 10 4 10 18 W

partitioned structure similar to that of an M/G/1 queue, which is

of the form

0 20 & 60 8 00 120 40 10 1280 20 -
buffer size (cells) buffer size (cells) BO Bl Bz BM—l 0 0 0
a)a = 0.01 b) a = 0.1 Ay AL A, Ay 0 0 O.
Q=10 Ay A Ay_1Ay 0 O. (21)
Figure 4: Complementary cummulative distribution function for the
buffer size (solid line: batched-geometric Bernoulli with mean batch size 0 0 A A Av-10 .
equal to 5, dashed line: batched-constant Bernoulli with mean batch size

equal to 5, dashed-dotted line: smple Bernoulli, dotted line: constant bit - ) ’ ) oA
rate).

where A, forO<i<M andB; for0<i<M-1 are square

nonnegative submatrices. This is true when the following

4.2 Analysisfor BMAP M odel mapping is used: the transition probability from statej,) to

Departing from the classical renewal models model where onlstate (i, j,)
the marginal distribution is of significance, many studies

considered the effect of correlation on the queue statistics.
Assuming the same model in Figure 2 applies and the input
process is modeled by a Batched Markov Arrival Process
(BMAP), a solution for the distribution buffer size is described.

The BMAP model assumes that arrivals during an intervisit times

is the entry in th¢Ni, +j,)" row and the

* The study in [22] considers a more general definition of the
Markov chain in the sense that sthte  corresponSg 300 traffic
cells arriving. However, since our arrival process will vary from 0 to
N — 1 traffic cells, we chose the definition that state  corresponds
to the arrival ofk traffic cells.



(Niy+ j,) column of the matrix Q . i.e the states same traffic load.

(1,]);0<i,0sj<N-1 are ordered lexicographically as tap|e1: Mean and standard deviation resultsfor buffer sizeusinga
{(0,0),(0, 1),...,(O,N=-1),(1,0),(1,1),...,(1, N=-1),...} . Markov traffic model (servicelimit =5 cells per polling cycle, cell

) ) loss prob. = 10%)
From the evolution equation one can deduce that th

transition probability is given by Terminal | Traffic Analytical Simulation | UsSna(14) &
Rate R | Intensity (15
L Epjl'jZLil’k i, = max(Qil—Y)+j2+%<22) Mb/s p q 04 q aq q o,
Hivin) G2 [0 else 05 0.29 T1 | 12 | 11 | 12 | 11| 11
1.0 0.48 23 [20 [ 23 | 20 | 11| 18
k=01, ...,min(iy, Y), andY is the service limit every polling |1.5 0.67 47 | 44 | 47 | 46 | 39| 29
cycle. As before, the variablg , s the probability tkat  cells |20 0.86 144 | 161 | 165| 178 84| 6.8

are in error when are transmitted. Substituting in (22) and
g (22) The traffic model used to produce the results in the above

building the matrixQ , and after recognizing the block structuréyapje has the marginal distribution of a simple Bernoulli source.
one finds out that the submatrice§ aB are of sizghe correlations were generated using the Transform-Expand-

YNxYN and M is equal to(\_'\” +1 , wheréx| is the Sample (TES) method [23].

smallest integer greater or equakto . 5. Conclusions

It should be noted that the matr@@  is stochastic and its  This paper presented a study of a multiple access method
invariant probability vectorg can be obtained through solvindor broadband wireless ATM LAN. The proposed TDMA
- . polling-based scheme accommodates relatively high levels of
IS @ 'OWnterference through the use of switched sectored antennas and
of ones. However, since the dimensions@f  are infinite, ththe random scheduling of subframes within the fixed-length
matrix geometric technique relies on the submatrices to obtaffa@me. Other procedures such as handoffs, power control, and
the vectorq . ARQ collaborate to reduce the impact of the radio interference on
- the performance of the wireless link. Given the various polling
Applying the matrix geometric technique to our queueingschemes, we opt for the preemptive gated-limited method due to
problem and considering the same bit rate and service limiis suitability and flexibility in providing a controlled access to
namely, 10 Mb/s and 29 cells per polling cycle, will result inthe available capacity. The queueing model embedded in this
mystem is analyzed and results for the buffer size at polling instant

manipulating tens of these matrices is beyond the capability e obtained. The analysis considered classical models such as

the available computational resources. Thus we resort to Sca"%%ernoulli and generalized Bernoulli models in addition to
down the problem. Below we show the results for up to 2 Mb/3 tched Markovian arrival process model. Results give an insight

terminal with a service limit of 5 cells per polling cycle, Themto the bandwidth (service limit) required by different traffic

mean and standard deviation figures of buffer occupancy f Sources and relates cell loss probability, frame structure, and

some traffic loads are listed in Table 1. The table serves also as'&gQ to the performance of the multiple access scheme. These

) . : . . -Tesults can be used in call admission procedures in wireless or
comparison between simulation and analysis results. Simulation

5 even wireline systems.
results are averaged ovid iterations. It can be noticed that
numerical errors are more evident as the traffic jpad  increasegck nowledgement
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