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Abstract

Wireless Asynchronous Transfer Mod&ATM systems are becoming an important field in recent days due to their increasing use and
applications. A WATM system is the result of synergy betweéreless networks and asynchronous transfer m@iEV) technologies
Designing arefficient mobile communication system is considered as a challenging task, given its complexity and operation environments. A
major task activity related to these systems addresses the call admission control and resource management.

In this paper, we consider these issues in wireless ATM networks integrating the Code Division Multiple &iakbs) technology. An
approach for a dynamic resource management is proposed using heterogeneous traffic descriptors as well as the concept of signal-t
interference rate, computed at the base station receivers. An adaptive monitoring scheme that is based on an estimation algorithm ar
driven by a measurement of the signal-to-interference and predicted traffic parameters of the admitted connections is established. Th
Dynamic control that we propose at the user network interface, UNI, provides information about the instantaneous bit rate of a source
allowing more effective flow control and achieves a good match in terms of predicting the congestion of any switch. It is able to police
implicit resource management, which is used for both Constant Bit R:B&(and Variable Bit Rate\(BR) traffics as well as explicit
resource management that is used for Available Bit RABH] traffic. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction less users might need during their mobility. Moreover, they
tend to be susceptible to congestion with mobile environ-
In recent days, there is an increasing interest in integrating ment. Congestion may, in that case, reduce the ATM’s high
mobility to Asynchronous Transfer Mod&TM) networks. QoS by increasing the cell loss and delays to unacceptable
However, researchers and developers are facing severalevels. Effective policing of traffic can prevent congestion
problems that complicate the task of integration. One of from occurring; and therefore, a policing function that can
these problems is handoff and rerouting of connection control traffic to the necessary reliability level (i.e. a conges-
with Quality of Service QoS guarantees. This problem tion probability close to zero) is crucial requirement. One
has become critical in the inherently connection-oriented such policing requirement, known as the leaky bucket poli-
ATM systems and is the major concern of this paper. cing function, has the potential to control the critical
Recent advancement in communications and computersdemand for traffic at the UNI interface [1-5]. There are a
technologies have enabled high-speed networks to supportvariety of leaky bucket algorithms, each is suited to a parti-
real-time constraints and have encouraged the implement-cular traffic type of those depicted by the ATM Adaptation
ation of sophisticated applications. Next generation wireless Layers AAL1-5, [1,2,5]. The most interesting schemes are
networks will support not only data and voice services but those algorithms that can be used for bursty traffics. The
also multimedia applications that will need sophisticated present challenge for any one of these algorithms is the
error control, efficient synchronisation control, and flexible ability to be adapted to the varying characteristics of bursty
resource allocation and management. Existing ATM traffic in wireless environment, particularly when the Code
networks are designed to support wireline-users with fixed Division Multiple Access CDMA) technology is used for
locations, and offer no capability of connection setup, hand- wireless systems.
off, cell forwarding, and re-routing functions that the wire- The growth of wireless communications paired with the
rapid developments in ATM networking technology fore-
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5202. demand for cellular communications has placed a heavy
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network resources available. The success of cellular mobilethe source traffic declarations and the channel characteris-
communications has helped the implementation of Personaltics measured at the local base station. The main objective
Communications Service®CS. PCS will provide voice, of this paper is to design both optimal Call Admission
text, video and data, and as a consequence, demand foControl and DLB algorithms, with respect to physical
higher transmission speed and mobility is even greater. resources utilization, and channel characteristics (BER,
Congestion in Wireless ATM systems is becoming an and interference magnitude) under QoS constraints.
important issue, particularly when the CDMA technology = To make an admission decision based on the estimated
is used. interference parameters, one needs to establish the relation
In this paper, we propose to develop a dynamic monitor- between the interference and the information of BER for
ing scheme of traffic that provides information about the which the constraint is imposed. In our approach, we use
instantaneous bit rate of a source, allowing more effective the adaptive signal-to-interference threshol&,,, that
flow control and achieving a good match in terms of predict- corresponds to the bit information, which ensures that the
ing the congestion state of the connection source. We showBER constraint is met if signal-to-interference samples is
that our scheme is able to police implicit resource manage- smaller than the threshold. We assume that if the signal-to-
ment (which is used for both CBR and VBR traffic types) as interference ratio is greater than its threshold, then the recei-
well as explicit resource management for Available Bit Rate ver will not demodulate exactly the bit. According to the
(ABR traffic and Unspecified Bit RatdUBR) traffic. Our QoS requirements. We can assume that each base station is
approach is based on the large deviation techniques thatallowed to loose a number of bits, for each connection
have been developed in a general mathematical study ofthat is handled, and depending on the traffic ckads< s <
the tail of the steady-state queue length distribution. The S The admission decision of requesting additional resources
general framework of the theory that we develop in this is based on the computing of the effect of additional
paper includes the computation of the effective bandwidth, resources on the signal-to-interference ratio, for the connec-
which was first proposed in Refs. [6—8]. Our prime objec- tions that have the number of lost bits close to their thresh-
tive in this work is to develop a theory for dynamic and old, as shown below.

predictable traffic regulation. N )
o If ¥'= V¥, then the request for additional resources is

authorized @ is the new value of the signal-to-interfer-
ence ratio when the additional resource is considered).

2. The request for additional resources
o If < Vin, andb = bg, whereb denotes the number of

Many publications have dealt with bandwidth utilization ~ 10St bits corresponding to the most critical connection
in CDMA ATM networks [9—12]. Most of them have (i.e. the connection that has the number of lost bits
focused on monitoring traffic without considering effec-  Cclose to its threshold), when the request of additional

tively the ATM resources. In our paper, we develop a resources is considered then the request for additional
control monitoring scheme that takes into consideration ~resource is authorized. -
the information about channel characteristics pertinent to ® f ¥ < ¥min. andb > b then the request for additional
CDMA, and the information about connection traffic para- resources is rejected or partially accepted (later we will
meters pertinent to ATM resources (bandwidth and buffer ~ Show how the second decision can be made).
storage).

Consider a set of base stations providing access to a
network. When a certain connection needs more resources
for a certain period of time, the Dynamic Leaky Bucket 3. Traffic description and resource allocation
(DLB) algorithm has to determine whether this request
can be accepted or not. The decision criterion is to accept We assume that we allow statistically identical traffic
the request if, in the new network state, the expected infor- types with the same QoS requirements to share buffers
mation Bit Error RateBER), across all existing connections and bandwidths. Each traffic type, characterized by some
will not exceed the QoS threshold, and if the amount of QoS requirements, belongs to some traffic cess= s =
requested resources (bandwidth and buffer) are available.S whereS denotes the total number of classes. We denote
Two categories of information flow can be considered for by Ng(t) the number of traffic connections, which belong to
the DLB algorithm. The first category is concerned with the sth class of traffic at time. At each base station, we
information about connection traffic parameters. We will assume that the network supervisor attributes to ghe
show later, how it is possible to establish relationships aggregate traffic a bandwidth equal bg and a capacity
between the traffic descriptors and the BER. The secondbuffer equal toms. Later, we will show how to compute
category concerns information about channel characteristicsboth resources.
pertinent to BER. Such information is available in the local  Now, consider a connection requesting a QoS require-
base station. One possible information is the interference toment of classs. Our preliminary QoS goal is to limit large
signal ratio value. The admission decision is based on bothdelays or ensure that cell loss probability is quite small. In
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order to do so, we require that
PX(t) > my) = &

whereX4(t) is a stochastic process distributed as the buffer's

stationary workload of theth aggregate traffic, ané is a
positive small real number that is fixed by the network
supervisor. WhemNg(t) connections are handled by a base
station at some timé, each one is requesting a buffer
storage equal tons. The constraint - P(X(t) > my) =

1-¢ is equivalent to [TV P(X () >mge =1—

& where X 4(t) is a stochastic process distributed as the

buffer's stationary workload of thé&h connection ofsth
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where

4 — ETy k
& = lim E{[x.s(t) — ElX.s®I} '

t—oo t

We denote byb; o(A; s(Ns(t))) the instantaneous effective
bandwidth ofith connection belonging to theth aggregate
traffic. It is given by:
Bi,s()\i,s(Ns(t)))

Ais(Ns(®)

The probability density function of théth connection

bi,s()\i,s(Ns(t))) =

aggregate. Assuming that the set of stochastic processe®elonging to thesth aggregate traffic is given by:

{Xi s(O} 1=i=n1). have similar statistical characteristics, we
can easily deduce that:

£ _ oMkt

PGS > M) = 7

where the parametex; ((Ng(t)) depends on timéandNq(t),

Pisr,t) = e B0,

In order to investigate the performance evaluation of the
system, we need to characterize the number of cells related
to theith connection belonging to theth aggregate traffic,
and present at time The following relation explains this.

determines the instantaneous stringency (strictness) of the

QoS requirement corresponding to flle connection of the
sth aggregate.
We propose to view each source traffitike a particle in

Xi s(Ai s(Ns(1))) = max(0, (r — by s(A; s(Ns(H)NY),

Oncep;«(r,t) is computed, we can deduce the probability

statistical mechanics, [9-11]. We assume that this sourcethat there are at leasts cells from thesth aggregate traffic,

traffic behaves as a constant rate flow with a nafer a
period of timet with probabilityp; (r,t). Using the results of
the large deviation theory, the probability density function
pis(r,t) can be shown to have the form of Gib’s distribution,
say e %" where /() is the “entropy functiof, [9], of
the ith connection belonging to theth aggregate traffic.
This entropy functioris obtained from the Legendre trans-
form of the energy functio; «(A; s(Ns(t))) :

Biis(r) = max(rx — B; (X))

The instantaneous energy functi@s(A; s(Ns(t))) can be
determined by using the principle of large deviation of Gart-
ner—Ellis, [9—-11]. Using the results mentioned in [13], we
can easily prove that:

2. [As(Ns))] ek
> s |

k=0

Bi,s()\i,s(Ns(t))) = |Og [

where

k

S = fim {EXSO

t—oo t ’

and X;«(t) denotes the number of cell arrivals of thid
connection belonging to theth class, in the interval of
time [Of]. Note that ,uﬂs corresponds to the bandwidth
needed for theCBR traffic, which is indicated in the QoS
contract of theith connection. Fok = 2, we can easily
prove thatM}fs can be deduced in terms qm’ﬁs as shown
below:

k « k 1 \k—j gk
Mis = Z (] )(Mi,s) - 6i,s,

j=0

present at time in the buffer of theith base station:

PO s s(N(D)) = a.9) = & B0 g

0
J Qs
r:T + bl,s()‘l,s(Ns(t)))

There are three parameters to specify the quality of service.
It turns out that all of them are related to the probability
distribution of the queue lengP(x; s(A; s(Ns(1)))) = a;5). A
certain quality of service is maintained if all three para-
meters are below the bounds specified by the user of the
network. The three parameters are:

e Cellloss ratio CLR): This is the fraction of cells that are
lost due to buffer overflow. This obviously relates to the
probability distribution of the queue length.

e Mean cell delay MCD): This is the average time each
cell spends in the queue. The mean delay is therefore
directly related to the expected value of the queue length
E{ Xi,s(Ai,s(Ns(t)))} :

e Cell delay variance GDV): This is the square of the
standard deviation of the cell delays from their mean. It
is related to the variance of the queue length.

The instantaneous CLR corresponding toitheconnection
that belongs to theth aggregate, is defined as the expected
number of cell losses due to buffer overflow divided by the
expected number of the arriving cells:

(o)

e B0 gr.

CLR, 4(A.s(Ng(t))) = j
+ by 5[ Ai s(Ns(1))]

The instantaneous MCD corresponding toitheconnection
and belonging to theth aggregate is simply the length of the

queue divided by the service rate. The MCD, is the expected
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value of this delay: e Tis the bit period,
Erx(n (NL(t o w,{1t) is the instantaneously spreading wavefornuthf
MCD; o s(Ne(ty)) = s user,

Bis(Ai.s(Ns(1)) e wcis the carrier frequency, and
where e ¢sis the carrier phase afth user.

m—1 The spreading waveform of theéh user is given by:
EIXAi s(NsOD] = D> qPIX(A; s(Ns(t)) = g,

g=0
andP[x(A; s(Ns(t))) = ] is given byP[x(4; s(Ns(1))) = q] —
PIx(Ai s(Ns(1))) = q — 1]. We can easily prove that:

N
Wus(t) = D WMt — nTo),
n=1

wherew,{n) is thenth element of the sequence fath user,

ms—1 7(t) is a unit pulse of lengtfic, andN is the processing gain
D> PIX(Nis(Ns(t) = q] given byN = T/Tc.
MCD: (A «(N(D)) ~ =2 . Due to the fading phenomena, the received signal in the
15N b1.s(A; s(Ns(1)) channel at the base station is given by:
By the same procedure we can find that the CDV, is given S N
by: r=> > aRd + @),
%} — {EDA ) e
E{[X(A; - X(A
CDV, 5(Ai s(Ns(1))) = {Ix I’S)[]b-} (/\_{)]2 L wherea s is the attenuation coefficient due to the Rayleigh
1,S\“M,S.

fading, and w(t) is the white Gaussian noise. Theh
sample, 1= n = N, of the uth user belonging to theth

2
-1 m -1 class, at the output of the filter is given by:
Z (29 + DPIXA9) = gl — {Z PX(Aig) = q]} P gien by

9= q=0

n+ DT
rus(n) = \/EJ r)m(t — nTe) coSwet + o dt,
nTe

[bi,s(/\i,s)]
We now compute the stringency paramete,s= where the above signal has been converted to baseband via
Ais(Ns(1)). The relationship betweem o(A; s(Ns(t))) and filters.
bi s(Ai s(Ns(1))) is simply given by: In a conventional matched filter detector, these samples

are multiplied by the spreading sequence for the desired

M s(A; s(Ns(1)) = by s(A; s(Ns())MCD; s(A; s(Ns(1))). . .
user, and are given by:

Using the constraint given earlier, we can easily prove that:

+ o0
Ng(t) My s(hi s(Ns(H) Xys[N] = Wus[n]{aug\/Puswus[n]TC Z bus(}) + w[n]} + /2w,dn]
|s(Ns(t)) = |Og ( : ) . j=1
+00 S Ng
Therefore, the following procedure can be used. x{ Z Z Z 0, Pty COL s — bro)
j=1 s=1 z=1
z#U

Algorithm 1:.  while |x, — X,_1| > €, (n+DTe
xJ Wys(t — JT) co92wct + dys + dus) dt}.
s (5]
computex, = — _LAN® /] : : .

" ms(X—1) Thus, we can deduce the expression of the signal-to-inter-
ference ratio related to the bit information, of théa user
belonging to thesth traffic class:

4. CDMA system description W, = aysy/PusWusTe ’

We will consider a CDMA system where the received B
signal in the channel is the sum of the transmission due to ; ; 2z V/P2stzs COAhzs = bus)lzs

all users and additive white Gaussian noise. The received z#U
signal at timet, due to theuth user which belongs to thsth

class, is given by, Rt) = /2P0 codwc + where

bus) X =1 bus( Wt — jT), where:

Wyg[N
e P,(t) is the instantaneously power signaluth user, nZl el
e b's € { — 1,1} is theith bit of uth user, Wos = —
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and

= |

n+ DT¢

W,dt — jT) cO2wct + s + ¢y dt.

nTc

M.S. Obaidat et al. / Computer Communications 23 (2000) 942—949

which is equivalent tal (NL(t)) < A (NL(0)). When a viola-
tion is detected, we begln to adapuvely determine the token
rate, Ji(t) such asdy (M (Ns(1))) = 3 (D).

This dynamic mechanism may take place, by identifying

We need now to express the instantaneous power of theall other connections belonging to the same traffic ciss

signal of a connection, belonging to thesth class, in
terms of the instantaneous stringency of the QoS require-
mentA; s(Ng(t)). First, we need to compute the autocorrela-
tion function of the stochastic procegs(); s(Ns(t))) given

by:

RS(Ai s(Ns(t1)), Ai s(Ns(t2)))

= B s(Ai s(Ns(t1))% s(Ai s(Ns(t2)))),

Let R (t;,t) = E(r(tpr(ty)), be the autocorrelation
function of the process(t), and p,(t) = E(r(t)) be its
instantaneous mean. Therefore, we can easily prove that:

Ris(Ai s(Ns(t1)), Aj s(Ns(t2)))
= it { R (t1, o) — bis(Ai s(Ns(t1)))bis (A s(Ns(t2)))

X /~Lr(tl)bis(/\i,s(Ns(tl)))Mr(tz)bis(Ai,s(Ns(tz)))} s
The Fourier integral of the stochastic processA; ((Ng(1))),
is a stochastic process in the variablegiven by:

Nis(w, -

“= J J REOis(Ns(t), Ais(Na(t2))) €71ty dly,
Ll

Thus, the instantaneously power signal of fitke user,
Pii(t) = Pit(bis(Ais(Ng(1)))), when it is requesting bandwidth
bis(Ais(Ns(1))) at timet, is given by:

1 Jbs()hs(Ns(t)))

Pis(t) = 5 —w) do.

Ni,s(w,

5. Usage parameter control

In order to prevent gross misuse of network resources, it
is reasonable to include a mechanism for peak rate policing
at all access points for a public ATM network. However, as
ATM provides bandwidth on demand, peak rate policing
will not suffice to ensure QoS and fairness to other users
sharing buffers and bandwidth. Consequently, connections
violating agreed upon traffic descriptors must also be
throttled into compliance or penalized accordingly. We
now describe an approach to accomplish this task.

Let bis()\'i,s(N‘S(O))) be the user specified bandwidth of a
connectioni, 1 = i = N§(0), that belongs to traffic class
and passing through base statjpat time 0. LetN.(0) be the
number of connections belonging to tlh class and
handled by thejth base station at time& = 0), and

IS()LIS(N (t))) the effective bandwidth of the departure
process from the leaky bucket policy at titné\ connection
j is said to have violated its contract at tirpef:

bis(AL (K1) > big(M(NL(0)))

and satisfying the following condition:
bis(Al SNLby) < bis(Alg(NK(0)))

which is equivalent to\i’s(N'S(t)) > M (NK0)).

For each connection requesting additional amount of
resources, the DLB proceeds as explained by algorithm 2
discussed below.

Algorithm 2:.  Step 1:Compute the following parameter:
xis(n:Minl{ > (Ms(NKD) — X (NS (t)))}
|ERoutHi,s)

which is the smallest policegositiveleaky bucket that can
be offered to the connection for which a violation has been
detected at timé, where Routei(s) designates the route of
connectioni which belongs to traffic class

Step 2:Repeat the following:

e Compute

iy
LY AL (NL())

AW, =
iks |k<,s_ d /\Jis( N]s(t))
I

IS’

where AlIfka designates the interference caused by
conn_ectlon i for the connectionk, and AN =
Mg(N&(D) — S(N 0)).
If max s (], s+ AlIf’ks) = Wyin OF MaX Js(‘I’.ks
AWIJKS) < Yin @nd the total number of lost bits will not
exceed its threshold for the most critical connection, then
the request is accepted.
If maxy s (¥, s + AW, ) < Wi and the total number
of lost bits exceeds its threshold for the most critical
connection, then replaa&)\is by AAis/(n + 1), (nis an
arbitrary positive real number in ]0,1[, fixed by the
administrator). S
When reaching the exact value dff (N4(t)), the value
of JI could be set equdl; 5 (Mg(Ns(h) — xis(1)).

This adaptive leaky bucket policy can be used to manage
dynamically both CBR and VBR traffic. FOABR flow
control that has a mechanism for explicit allocating
resources, we suggest to use this policy that can achieve a
good match in terms of predicting the congestion state of the
network.

Let us assume that akBRsource requests some amount
of resources (bandwidth, and buffer) for a certain period of

time P. We choose to decompose this periodDosmall

interval of time [0, P[= U| —0 L, t+4[ such that we can
predict on each interval of time during which the amount of
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resource is guaranteed with a certain accuracy. This dynamicwhich states that the mean squared error is minimum if the

policy enables us to maximise the resource utilisation.

To do this, we assume that a connectjieothat belongs to
classsis transiting oveiM base stations. Each base station
m1=m= M, is assumed to hold\N'(t) connections of
classs at time t. Also, we assume that this connection

formulates the need for additional resources for a certain g — Ry(D)

period of timeP. The leaky bucket algorithm at the access

point (1st base station), will compute its stringency para-

meterA(N4(t,)) at each timey 0 < k < D, using algorithm
1 explained earlier. Giver (N4(t,)) then using algorithm 2,
we can readjust the cell rate during the peritd 1, t. o[-

6. Real time measurement and implementation of the
dynamic leaky bucket

Cell Delay Variation Tolerance is a problem in statistical
multiplexing. It greatly impacts bandwidth determination,
and it is difficult to specify accurately. In addition CDV

generated in the network may affect the amount of band-

width needed. The existence of CDV makes it difficult to

constants andb are such that:
E{[qt) — q®]qt — 1)} =0.
Using this principle, we can prove easily that:

_ Ry
R{(©0)

Ry(0)’

whereR,(1) =E(q(w, t)g(w, t— 1)) andR,(0)=E((q(w, t)?).

Now, we describe a real time approach that estimates the
true value ofAl,(N(t)), which represents the true supported
QoS at timet. A good estimation can be given using
Kulback—Leibler formula [4], that enables us to reduce
the distance between the exact value/\tgtN‘S(t)) and its
estimation:

ms—1
1— ) fwt)
el =log| 1+ e
DWW —mg > iw.b)
W=myg w=0

derive an accurate reference model, and so the control of theThe method we propose is as follows. At titgeve have the

respect of the terms of the QoS contracts.

set {{(w, t,) according to the aggregated values. We predict

Now, we need to characterize the aggregated traffic of {{(w,t),t, = t < t,, using the following formula:

classs transiting over base station, 1 < m < M, without
considering the connectignRoughly speaking, we need to

compute the probability that this aggregated traffic at node

m, behaves as a constant rate fluid with nafer a period of
timet. Let P{r,t) be this probability, then:

-t 2 éiTs(ri)
Pms(r,t) = jg(; e ¥ d
Sri=r

re.dry .

One way to overcome these difficulties is to implement a
DLB algorithm that uses the observation of cell streams and

counts the number of cells arriving to the input buffers. Let
X, be this number counted during thith measurement
period. We have:

L
D> 1% =w,t)

qw, t) = =2 . w=0,12 ...

L

During eachL measurement period,(4, = w,t) =1 if
X, = W, otherwise, it is 0.

Within the interval of time[(t — 1)L, tL], the DLB algo-
rithm predicts the probability distributiorg{w, t)} based on
{a(w,t — 1)}. Let this prediction be §(w, t)} . The prediction

hw,t) = S fms(w - r(t —t - mnTS ),tk>Pm5(r,t).

Then we compute the estimatiapﬂs(t) at timet and use
algorithm 2 in order to readjust the cell rate during the

period [ty 1, t o[-

7. Guaranteed QoS continuity

In this section, we develop a strategy for addressing
the problem of guaranteed QoS continuity in ATM
CDMA network. We define the functionNi(t) =
H(QLt), where Qyb) = (G5(t)1=i=n,», indicates the
instantaneous guaranteed QoS vector for the connections
handled by thgth base station, at timg in terms of the
number of mobilesNi(t). Our approach is based on the
development of an instantaneous indicator that first predicts
the algebraic value of additional number of mobide(t),
which will be handled by each base corresponding to each
traffic class station. This is equal to the number of mobiles
leaving minus the number of mobiles arriving to the base
station. Then it establishes the relationships between this
algebraic value and the instantaneous QoS of different

problem can be stated as follows. Given the random variable connections.

q(w, t-1), predict
dgw,t — 1)
dt ’

such that the mean squared vak|gw, t) — q(w, t)|? of the
resulting errore = §(w, t) — q(w, t) is minimum. The solu-

qw,t) =agw,t — 1)+ b

tion is based on the result known as the orthogonal principle, Nt)

We can now determine the new valmé(t) + ANg(t) =
H(QJ(®) + AQL(1)), when the number of mobiles at tinte
change fromNL(t) to Ni(t) + ANL(t). Using the results we
developed in Ref. [3], we can prove easily that:

ANL(D)

= AZLH6 QL)
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where mum if the constantK(k)} o<x<n are such that:

. J E{INL(t, . ) — Nict, . )INL(E)} = O VOo<i=n.
AEs,(t):(Aq.s(t)) e {[Ng(tr 1n) = Ne(tr )INg(t)} = O, i=n
1=i=Ni)

Gis(D) Using this principle, we can prove easily th&(K)} o=y=n is
_ a solution of:
= A 1 dH@Qiw)
@10l = = 1) n
(LU= Mo “andy RyMm+1n =3 hkRyim-k, Vo=m=n
o k=0
is a column vector and? /(Ql(t)) is called the Relative
Increase Ratio of Mobiles (RIRM). whereRN (m) is the autocorrelation function of the stochas-

tic processN'(t) Given the set |fl(k)}0<k<n, we can deduce
7.1. Computing the Relative Increase Ratio of Mobiles  the expression o ANJ(t/NL() as (Rt + r) — N()
(RIRM) metric J(NJ(1))).With (ANL(1))/(NL(t)) in hand, the network admin-
istrator can predict the value of the stringendy(N(t + r))
The QoS criterion is governed by the CLR, MCD, and that designates the QoS contracted by the existing connec-
CDV. All these parameters depend on the instantaneoustions at timet + r. Then:
stringency of the QoS requiremenfs(NSJ(t)). Since

. NO[ dgiy T du, AN
=i ANI(H) = is s s
le(t) % =2 {[ dAJs<Ns<t)>] aNI(D) qi'sa))f .

we can easily deduce that:

dQlty _ [ d(ak() k) ]
1=i=Nl(t)

Ol Q) =

(Ags)lsisNg(t) € QoSContract

d(N(t)) d()\is(t)) d(NS(t)) 8. Conclusion
whereq(t) describes the CLR, MCD, or CDV. The compu-  To conclude, we defined dynamic monitoring schemes of
tation of traffic that provide information about the instantaneous bit
L Aq_j t) rate of a source. This allows more effective flow control and
AE{n = (J'—S) can achieve a better match in terms of predicting the conges-
Gs(® / 1=i=No tion state of the connection source. We also proposed an

adaptive approach for the call admission and request for

is easily given by: P >
additional resource management, as well as a predictive

dq,s(t) scheme that enables us to maintain the continuity of the
- dAL(NI(t) J QoS guarantee. Our approach is based on the determination
AW = TA)\ L(N(t) of a signal-to-interference rate and uses the large deviation
Gis theory. Both DLB, and guaranteed QoS continuity algo-
1=i=Ns() rithms can be considered to achieve a good match in
terms of predicting the performance indices to monitor
7.2. ComputinqAst(t)/st(t)) and control connections dynamically. Our approach

requires monitoring the parameter that helps determining
In order to guarantee the continuity of QoS, it seems very the stringency of the QoS.
natural to predict periodically the number of handled
mobiles given their present values and past behaviour.
The problem can be stated as follows. Given the set of References
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