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Abstract

Cluster Connection Admission Control (Cluster
CAC) schemes for wireless cellular networks are dis-
cussed. After reviewing the basic admission schemes for
single-cluster network architecture, new more realistic
multiple-cluster schemes are defined. Unlike single clus-
ter schemes, such new multiple-cluster environment takes
into account the hand-off events between different clus-
ters. Two thresholds are defined in order to guaranteein
the multiple-cluster network architecture the same per-
formance level of single-cluster schemes. Computer sim-
ulation has been used to evaluate the main performance
metrics assuming a Wireless ATM network environment.

1 INTRODUCTION

Next generation cellular networks have some certain
new evolution trends [13]. They are shifting towards in-
creasingly greater carrier frequencies (at SHF frequen-
cies, 3-30 GHz), necessary to achieve new transmission
capability on theradio channel. They are shifting towards
network architecture with smaller cells (pico-cells with
radii around 50 m), necessary to counter the high at-
tenuation at SHF frequencies and to achieve high reuse
factors of the limited radio spectrum. They are shift-
ing towards packet switching technologies, which en-
able statistic multiplexing of different traffic types (voice,
video, and data) for multimedia applications. Finaly,
they should shift toward a maximum technological com-
patibility with the network backboneto reduce processing
at the wireless-wireline interfaces.

Connections Admission Control (CAC) assumes
greater importance in this context. The shift at SHF
frequencies causes a greater impact of multipath fading,
which requires connection QoS efficient control, begin-
ning in the admission phase and continuing in the ex-
ecution phase. The shift towards pico-cell network ar-
chitecture gives rise to greater hand-off rates, which re-
quire optimum management that has to be in strict re-
lation with the admission procedure. The shift towards
packet switched technol ogies requires an efficient control
of the traffic conditions on the network from the admis-
sion phase to obtain high utilization coefficients of the

limited radio resource.

This paper develops cellular networks CAC schemes
based on cell cluster concept (Cluster CAC), proposed in
[3, 4] and developed in successive works [4, 5, 6, 15, 10,
11]. All these works analyze such Cluster CAC schemes
on a single-cluster network model. We will develop
Cluster CAC analysis adopting a more realistic multiple-
cluster network model. New secondary metrics will be
defined to measure the hand-offs between cells belong-
ing to different clusters. The analysis will be carried on
using the cellular Wireless ATM (WATM) network simu-
lator developedin [7].

The paper is organized as follow. Section 2 containsa
general description of CAC schemes for wireless cellular
networks. In section 3, Cluster based CAC schemes are
analyzed on single-cluster and multiple-cluster model,
while section 4 presents the simulation environment used
and section 5 discusses the simulation results. Finally,
section 6 contains our conclusions.

2 CAC FOR CELLULAR NETWORKS

The CAC function aims at optimizing the network re-
source utilization, allowing the largest number of connec-
tions into the network, to which it is possible to ensure
their QoS requirements.

In cellular networks, the CAC procedure managesthe
admission of Mobile Terminal (MT) connections to in-
dividual cells, each one covered by its own Base Station
(BS). The CAC schemes for wireless networks must dif-
ferentiate new connections from hand-off connections to
ensure agiven level of priority to the already active hand-
off connections. Furthermore, they must be simple, so
as to be sufficiently fast in the management of the hand-
off events (transparent to users) and capable of managing
pico-cell network architecture.

Therefore, the CAC function controls the network
QoS in terms of optimizing resources utilization; further-
more, it controls the connection QoS in terms of their
blocking, dropping and forced termination probability.
The main metrics that measure the performance of CAC
schemes for cellular networks are defined as follows [8]:
new connection Blocking Probability (P,..g) is the prob-
ability that anewly arriving connection cannot access the



network, defined by the ratio between the number of new
connections blocked by the CAC function and the num-
ber of new connections requested to the network; hand-
off connection Dropping Probability (Pp.p) is the prob-
ability that an hand-off attempt fails, defined as the ratio
between the number of hand-offs dropped by the CAC
function and the number of hand-offs attempted by active
connections; forced connection Termination Probability
(Pyrcr) is the probability that an existing connection is
dropped because of hand-off failure; it is a function of
Py.p and py, (probability of executing an hand-off, i.e., a
mobility parameter).

Several CAC schemes for wireless cellular networks
have been proposed. The first solutions proposed the
guard channel CAC schemes[16, 18] and devel oped them
with several variations and optimizations (e.g., [17]). In
general, these schemes reserve a part of the cell band-
width exclusively for the hand-off connections, so that
high connectivity is ensured. Cell cluster CAC schemes
were later proposed [3, 10]. Both guard channel schemes
and cell cluster schemes adopt a Fixed Channel Alloca
tion (FCA) architecture, without any adaptive mechanism
to control network traffic, without any predictive CAC
algorithm, and without any terminal mobility estimate
mechanism. We will maintain these assumptions because
we are focusing on the difference between elementary
single-cluster architecture and realistic multiple-cluster
architecture. Anyway, sophisticated CAC schemes based
on adaptive or mobility estimate mechanisms may be
applied to cell-cluster schemes in a later development
phase.

3 CELL CLUSTER CAC

Figure 1 illustrates a cluster CAC scheme based on
Virtual Connection Tree (VCT) concept, which is a col-
lection of BS (the Cluster of cells) and wired network
switching nodes and links; the root is a fixed node linked
to the ATM network backbone (assuming a Wireless
ATM environment) and the leaves are the BSs.

When a mobile connection requires admission to the
network, the Cluster CAC procedure is executed in two
steps. In thefirst step, the cluster CAC controller makes
the cluster admission decision, by taking into account the
cluster bandwidth available and some connection require-
ments (bandwidth, hand-off rate, and call duration) so as
to guarantee connection QoS metrics (cluster admission
phase). In the second step, the requiring connection has
to gain access to its base station (BS access phase); the
BS access phase will be successful if and only if the BS
has free bandwidth enough for the incoming connection.

Oncean MT is admitted to acell cluster, it can freely
hand-off to all the other BSs in the same cluster (cell
hand-off), without involving the cluster admission con-
troller (it is executed just the BS access phase because,
remaining in the same cell cluster, the cluster admission
phase is not necessary). Whenever an MT seeks admis-
sionto anew cell cluster (cluster hand-off) becauseit is
executing a hand-off between two adjacent cells belong-
ing to different clusters, the admission controller must
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Figure 1: Cluster CAC scheme.

again becomeinvolved: both the cluster admission phase
and the BSaccess phase must be executed. Sincetheclus-
ter geographical coverage is larger than the radio cells
size, the cluster hand-off rate is much smaller than the
cell hand-off rate.

The following new auxiliary metrics are defined
alongside the main metrics defined in Section 2 to mea-
sure the performance of Cluster CAC schemes: new con-
nection Admission Blocking Probability (P,.4g) is the
probability that a newly arriving connection can not be
admitted in the cluster (cluster admission phase failure of
anew connection), defined by the ratio between the num-
ber of new connections blocked in the cluster admission
phase by the CAC function and the number of new con-
nections requested to the network; connection Cell Drop-
ping Probability (P.cp) is the probability that a generic
connection (coming from a new request or from a cell
hand-off or from a cluster hand-off) can not access the
destination cell (cell access phase failure), defined by the
ratio between the number of dropped access requests to
the BS (due to bandwidth saturation) and the total num-
ber of access requests to the BS (equivalent to the fail-
ure probability of a cell hand-off); hand-off connection
Admission Dropping Probability (Pp.4p) is the proba-
bility that a cluster hand-off arriving connection can not
be admitted in the new cluster (cluster admission phase
failure of a cluster hand-off connection), defined by the
ratio between the number of cluster hand-off connections
dropped in the cluster admission phase by the CAC func-
tion and the number of cluster hand-off connections re-
guested to the network.

These secondary metrics are necessary since they de-
fine different connections blocking or dropping causes,
by which it is possible to express the main metrics. New
connection blocking probability is given by the following
equation:

P,cB = PpecaB + Pecp — PrcaPecD (1)

The equation expresses the operating mechanism of the
Cluster CAC scheme towards new connections, which
can be blocked either in the cluster admission phase
by the admission controller when the cluster admission
threshold is reached or in the cell access phase by the BS



when cell bandwidth saturation occurs. The main prob-
abilities P,.p and Py are functions of the auxiliary
probabilities with expressions depending on the partic-
ular Cluster CAC policy adopted (Section 3.1.1, 3.2.1).

3.1 SINGLE-CLUSTER CAC MODEL

The single-cluster analysis proposed in [4] does not
incorporate explicit cluster hand-offs. This approxima:
tion considers a homogeneous system, in which the ag-
gregate hand-off traffic leaving a cluster is statistically
equivalent to the aggregate hand-off traffic arriving at the
cluster from all the other adjacent clusters. In this way,
the model implicitly incorporates cluster hand-off traffic,
assuming the cluster outgoing traffic exactly balanced by
the cluster incoming traffic; thereisno possibility of clus-
ter hand-off drop due to cluster admission phase failure
(Pheap = 0).

The main analysis points are here reported. New call
arrivals are Poisson with rate \,,, the call duration is ex-
ponentially distributed with amean 1/ 4 and thetime be-
fore handing-off is exponentially distributed with amean
1/ny: the probability of executing a hand-off is found to
be pr, = nn/(pa + nr) [8]. Then the analysis develops
a mono-class traffic model on a single cluster of D¢y
cells (Cluster Dimension), each cell being modeled as a
Markovian system of N = Bps/bcpr Servers (where
Bpggs is the BS bandwidth and b~ g is the connection
bandwidth in the hypothesis of a Wireless ATM network
loaded by a mono-class CBR real-time traffic). Finaly,
the overal model is described anayticaly by a multi-
dimensional system, whose state is defined by the number
of serversreserved by the active CBR connectionsin each
cell of the single-cluster.

3.1.1 Sngle-Cluster QoSmetrics

The expressions of the main metrics as a function of
the auxiliary Cluster CAC metrics are simple under the
Pyr.ap = 0 hypothesis. P,.p maintains the same ex-
pression of equation (1): PpeB = PpeaB + Peop —
P,.aBP:.cp, Since new connections do not depend on
hand-off hypothesis. The hand-off connection dropping
probability Py.p is smply Pn,.p = P.cp, since hand-
offs can fail only due to saturation of the destination cell
under the cluster hand-off balance assumption. Finaly,
the probability of forced connectiontermination P ;.7 has
the following expression

Prop = PrPreD _ Pyep @
fe 1 —[pa(l = Puep)] pa/Mn + Prep

analogous to the guard channel schemes expression [§],
since the cluster admission phase is executed just for the
admission of new connections under the cluster hand-off
balance assumption.

3.2 MULTIPLE-CLUSTER CAC MODEL

The assumption adopted in the single-cluster model
in astrict sense presupposes that all cluster hand-offsare

instantaneously balanced by an equal number of equiva-
lent cluster hand-offsin the opposite direction, so that an
instantaneous, as well as a statistic, balance is achieved
between the incoming and outgoing cluster hand-offs.
It follows that: cluster hand-offs are completely disre-
garded; all hand-offsare just cell hand-off, never involv-
ing the cluster admission phase; the probability of cluster
hand-off drop due to cluster admission phase failure is
null (PhcAD = 0)

This assumption would be justified in case the num-
ber of cluster active connections were high; in this case
the instantaneous balance would tend towards the aver-
age statistic balance value, verified according to a gen-
eral assumption of homogeneous system. In reality, this
assumption does not appear to be particularly justified,
since the number of active connections in a cluster con-
sisting of pico-cells will not be high, due to the limited
dimensions of the cells and the wide bandwidth reserved
for new multi-media connections.

By removing the hypothesis Py.4ap = 0, we nhow
analyze the Cluster CAC schemes implemented on a
multiple-cluster architecture.

3.21 Multiple-Cluster QoSmetrics

In aMultiple-Clusters architecture the expressions of
the main metrics as a function of the auxiliary Cluster
CAC metrics are different when compared to the expres-
sionsthat are used under the Single-Cluster hypothesis.

P,.p aways maintains the expression of eguation
(1) since it does not depend on hand-off events. To ex-
press the other two main QoS metrics (Pp.p, Ps.r) asa
function of the auxiliary cluster specific metrics (Pp.45,
P.cp, Preap) new auxiliary metrics are necessary.

We define the new metric Probability of executing a
cluster hand-off p.;_; by making a distinction between
cell hand-offs and cluster hand-offs. Then, we split the
genera probability of executing a hand-off, p, into the
sum of the probability of executing a cell hand-off (1 —
pei—n )P, @nd the probability of executing a cluster hand-
Off per—npn: Ph = (1 = Per—n)Ph + Pet—nPh -

Now we define the Probability of cell hand-off Drop-
ping P..;—np (P for brevity), which is equa to the
probability of cell saturation, since such hand-off can
only fail due to saturation of the BS bandwidth (P =
P.ci—np = P.cp). Finadly, we define the Probability
of cluster hand-off Dropping () for brevity), as follows:
Q = Poy—np = Pheap + (1 = Preap)Pecp . Infact,
with an expression analogousto (1), the cluster hand-offs
execute the complete CAC procedure and may fail in the
cluster admission phase with a probability Pn.ap (8sa
result of the CAC procedure, due to cluster hand-off ad-
mission threshold limit) or in the cell access phase with a
probability P.cp (asaresult of the BS, due to its band-
width saturation).

We can now express Pp,.p as weighted mean of the
two hand-off failure probabilities:

Phep = (1 = pei—n)Pecti—np + Pei—nPer—np =

= I'cC'D +pcl7h(1 - PCCD)PhCAD é Pigil[)) (3)



obtained by introducing the probabilities defined above.
P\*) is the hand-off failure probability specific for
Multiple-Cluster CAC schemes: a hand-off may fail due
to saturation of the destination cell or due to admission
cluster threshold, in the case of cluster hand-off and not-
saturated cell.

The forced connection Termination Probability Pg.r
can be calculated by taking into account the fact that each
hand-off event may be of the cluster type (with a proba-
bility of (1 — pe—r)pr and with afailure probability of
P = P..;_np) or of the cell type (with a probability of
Pei—npr, @nd with afailure probability of Q = P.;—rp);
it isfound that [2]:

Pch =
_ Pr[(1 = per—n) P + pa—nQ)] _

1= pr{[(1 = per—n)(1 = P)] + [per—n(1 — Q)]}

(el)

= %(1 4
:U/d/nh + thl))
where the last expression (obtained by introducing p;, =
nn / (ra+nr)) isanalogousto the expression (2) for guard
channel CAC schemes, when considering the P,Eill)) de-
fined in eguation (3) as the hand-off failure probability
specific for Multiple-Cluster CAC schemes.

3.22 Sngle-Threshold Cluster CAC (C',)

In the single threshold option, the Cluster CAC func-
tion alows both new and hand-off connections (from ad-
jacent clusters) up to saturation of the same cluster band-
width percentage of the overall cluster bandwidth, i.e.,
a common threshold T'¢; for both types of connections.
This scheme does not give priority to cluster hand-off
connections with respect to new connections.

In this option the admission probabilities of new
connections P,,.4p and of cluster hand-off connections
Py.ap have similar values, since they are managed by
the CAC function based on the same threshold T';:

Prcap = Preap (5)

behavior may be potentially dangerous with high input
traffic conditions. In fact, under these conditionsthe busy
cluster bandwidth will be next to the admission threshold:
P,.4p Will have high average values and therefore also
Py.ap (having comparable values), this condition will
generate high asymptotic values of Ps.r [2]:

An = AL Pel—h
- Wd/Mh + Pei—n ©)
These Py 7 high values depend on terminal mobility
(ua/mn) and on clusters dimension, indirectly expressed
by the cluster hand-off executionterm p ;5. Toimprove
Pyt it is possible to adopt architecture with greater
cluster dimensions D; that decrease p.;_5 and, conse-
quently, the probability of cluster hand-offs. A different
approach to overcomethis problem consistsin foreseeing
some form of priority mechanismfor the cluster hand-off
connections, which decreases P4 p and differentiatesit
from P,.ap , asachievedinthe doublethreshold Cluster
CAC schemes.

Pch

3.2.3 Double-Threshold Cluster CAC (Cl5)

The simplest solution to achieve a priority approach
for the cluster hand-off connections consists in adopting
two admission thresholds: one threshold 7', for the new
connections and a second threshold 7' graduated to a
greater degree for the hand-off connections (7', < T%),
in accordance with the analogous guard channels princi-
ple. This simple solution can differentiate the new con-
nections admission blocking probability P,.4p from the
cluster hand-off connections admission dropping Prcap:

PhCAD < PncAB (7)

Moreover, by suitably selecting the second threshold,
it is possible to obtain very low values of Pp.4p, from
which one obtains a behavior of the cluster hand-off ap-
proximately equal to that of the cell hand-offs(P;—np ~
P.ci—np = P.cp); thereby it ispossible to obtain an ex-
pression of the forced termination probability P . anal-
ogousto the expression (2) for the guard channel schemes
and for cluster schemes under the cluster hand-off bal-
ance assumption [2]:

Preap—0F P.cp (8)
pa/nn + PecD

Pch

4 SIMULATION ENVIRONMENT

The simulation model adopts a cellular network ar-
chitecture of 49 regular hexagonal cells with a toroidal
topology. The following arrangements have been taken
into consideration asregardsthe topology of the cell clus-
tersutilized to simulate the Cluster CAC schemes. 7-cells
cluster adapts perfectly to the 49-cell network, without
rounding off; the probability of executing a cluster hand-
off isfoundtobe: pej—p =1/7-04+6/7-1/2=3/7 ~
0.42857 . 12-cells cluster adapts to the 49-cell network
with a remainder of 1; by disregarding the non-regular
cluster, the probability of executing a cluster hand-off is
foundtobe: po—p =2/12:04+6/12-2/6+4/12-4/6 =
7/18 ~ 0.38889. 16-cells cluster adapts to the 49-
cell network with a remainder of 1; by disregarding the
non-regular cluster, the probability of executing a cluster
hand-off isfoundtobe: p.;—p, =4/16-0+7/16-3/6 +
4/16-2/6+1/16-1/6 = 5/16 ~ 0.3125.

The simulation model has been developed starting
from the model implemented in [7], based on a cellular
Wireless ATM network.

Theradio channel has been realized with the Marko-
vian two-state model (good state and bad state) proposed
in [19]. The bursty type behavior of errors on the wire-
less transmission channel is summarized by the parame-
ter abl (averageburst length), averagetime of the channel
in the bad state (block errors mode). All other physical
layer transmission (such as modulation, coding, ratesand
power) and reception (such as recognition of the carrier
signal, synchronization, optimum reception, demodula-
tion) aspects are summarized using the simulator param-
eters cer (channd cell rate), BS bandwidth capacity (a



simulator time slot is equivalent to a WATM cell trans-
mission time), and cer (cell error rate), transition prob-
ability from the good state to the bad state of the radio
channel.

DQRUMA (proposed in [9]) has been chosen as the
reference protocol to realize the MAC layer; only its
main aspects are realized. In particular, the transmis-
sion of scheduling request messages from MTs has been
realized via the request packets (REQ) on an ideal out-
of-band channel and the transmission of scheduling per-
mission messages from BSs has been realized via the
permission packets (PERM). The transmission of WATM
cells has been realized in the uplink direction by a BS
controlled dynamic TDMA-TDD. The scheduling algo-
rithm for the CBR connections is of the GCRA type
([1]). Simulator LLC layer transmits ATM cells hav-
ing a non-specified structure (the WATM header, the
compressed ATM header and FEC fields are not imple-
mented). There-transmission SR-ARQ protocol has been
implemented via the reception acknowledge (ACK/NAK)
packet. The lost cell re-transmissions have been imple-
mented with possible different return delays via the pa-
rameter fd (feedback delay) and possible different error
rates of the ACK/NAK packets via the simulator param-
eter fer (feedback error rate).

Among the network layer procedures, the localiza-
tion management function has not been realized, while
the admission management and handover management
functions have been implemented according to the differ-
ent bandwidth reservation schemes presented. Signalling
protocolsto manage the admission and handoff eventsare
reduced to their main form with communication assump-
tions on an ideal out-of-band channel.

The simulation parameter values adopted in the
simulated WATM environment are based on the European
Project Magic WAND [14, 12].

The parameters of the Markovian two-state channel
model cer and abl are the same for all MTs active on the
network. The value of the cer = 1072 is equivalent to
BER less than 10~* ([7] for more details). The average
sojourn timevaluein acell is7, = 40 s. Finaly, thera-
dio channel has atransmission capability of 50,000 slot/s
per cell, where 1 dot is equivalent to the transmission
time of 1 WATM cell (always at 53 bytes), and therefore
has a transmission capability of approximately 20 Mbit/s,
always analogous to the capability of the Magic WAND
prototypes.

Simulations have been executed with a single class
of active connections on the network, in order to under-
stand the behavior of the different Cluster CAC schemes,
in fact we are focusing on the difference between ele-
mentary single-cluster architecture and realistic multiple-
clusters architecture and we are not focusing on the mul-
timedia issues that impact on the CAC procedure. The
simulated traffic is a real-time ATM Constant Bit Rate
traffic (C BR;) at 32 kbit/s, i.e., a generic low compres-
sion voice service.

The most suitable independent parameter to evaluate
the performance of the CAC schemes is the new connec-
tion request rate, represented by the mean A, of single

cell Poisson input process Poi(A,,). On a network level
the aggregate new connections request rate is the mean
A, =49-), sumof the49 singlecell processes (whichis
the independent parameter Input Rate [regst/sec] in the
graphs). A, isvariedin aninterval including the signifi-
cantvalue AMaz = 49. \Maz (maximum nominal rate),
representing the maximum traffic nominally manageable
by the network, according to the nominal duration of the
connections 7y = 1/u4 = 40 s. We can calculate the sig-
nificant reference value A M%*(cBR;) by the expression:

AMar(CBRy) = 49 - Boslbosn  _ ggs5 4 regst/s.

Td,CBR;

5 SIMULATION RESULTS

5.1 MULTIPLE-CLUSTER CAC WITH SINGLE-
THRESHOLD (Cly)

511 P,.B, P.cp Vs Cluster admission Threshold T;

In the graph shown in Figure 2 it is possible to ob-
serve the increase in P.cp for increasing T¢; values
(fromT¢; = 0.9 upto thelimiting valuesT¢; = 1). Itis
possible to observe a constant regul ar increase of the sat-
uration level of P.cp (the bold lines with black squares
m). At the same time a slight decrease of P,,.p can be
observed in the upper section of the graph for increasing
Ty vaues. Auxiliary metric P45 = 0 holdsat thelim-
iting value T, = 1, since the aggregate bandwidth occu-
pied by all the connections active on a cluster is always
less than the cluster bandwidth Bo; = D¢ - Bgs: conse-
quently Py = PpeaB+Pecp — PreaBPecp = Pecop.
Namely, the new connection blocking probability con-
verges to the cell dropping probability, as illustrated in
the highlighted bold continuous line in the graph of Fig-
ure 2.
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512 Pycr vs. Cluster Dimension D¢

In general, an increase of the cluster dimension de-
termines a growth of the cluster bandwidth Bo; = D¢y -
Bpg, onwhichthe CAC procedure executes admission to
the cell cluster: statistic multiplexing of the connections
ismoreefficient. Moreover, the probability of executing a
cluster hand-off p.;_;, decreases (by 25% for cluster sizes
from 7 to 16 cells) due to the greater cluster dimensions
(the mobiles will remain inside their own cluster for a



longer time), which will cause a significant improvement
of Ps.r. In Figure 3 it is possible to appreciate the de-
crease of Pr.r as D¢y increases. Therefore, by directly
reducing p.;— 5, through a cluster dimension increase, we
are ableto achieve a Py, improvement.
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We may summarize the following aspects on
Multiple-Cluster CAC with Single-Threshold schemes:
on the positive side, we can highlight the saturation of
P.cp a the desired values as a function of the admis-
sion threshold T'¢; adopted (see Figure 2); on the nega-
tive side, we highlight the relatively high values of Py r
that saturate above 10 !; these valuesimprove by adopt-
ing clusters with a greater dimension D ~; even if not to
the desired extent (see Figure 3).

5.2 MULTIPLE-CLUSTER CAC wITH DOUBLE-
THRESHOLD (Cl3)

The simplest solution to give admission priority to
cluster hand-off connections consists in the adoption of
Multiple-Cluster CAC with Double-Threshold scheme.
A threshold T} = T is used to admit new connections
to the clusters and a new threshold T > T; is defined
to admit cluster hand-off connections, so as to achieve
Pheap < Ppeap and then reduce Py.r to desired val-
ues.

Simulation results of the double threshold scheme are
shown in Figure 4. The decrease of P;.r (the curves
shown with black squares m in the graph) compared with
P;.7 for the single threshold scheme C1;, even if pe-
nalized by a dlight deterioration of P,.p, is found to be
significant even for the threshold values Ty = 94.03%,
T = 94.06%, and T = 94.09%, marginally above the
T, threshold, set at 94%.

Suchanimprovementin Py 7 isadirect consequence
of the decreasein Pp,.4p generated precisely by the dou-
ble threshold mechanism and highlighted in the graph of
Figure5.
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6 CONCLUSIONS

Cell-Cluster based Connection Admission Control
analysis has been developed in the framework of cellu-
lar networks. In general, Cluster CAC schemes are dis-
tributed and make the admission decision exploiting a
kind of global information (the traffic on the cell clus-
ter) compared to the strictly local information (the traf-
fic on the cell) exploited by the traditional guard chan-
nel schemes. Moreover, Cluster CAC schemes are sim-
ple and consequently do not present significant difficul-
ties for their redlization. In fact, they are not based on
complex algorithmsthat estimateterminal mobility. They
are not dynamically adaptive to the congestion state of
the network and therefore do not require complex mon-
itoring procedures. They are not based on dynamic re-
source assignment to different network cells, which re-
quire heavy duty centralized control. Finaly, Cluster
CAC schemes conform to the structure of cellular net-
works, since they adapt well to the general architecture
of cellular networks. In fact, cellular networks have nor-
mally several cells that refer to the same switch, which
may be taken as the root of the cell cluster, where the
admission procedureis executed before the routing func-
tion within the cluster and before the access function to
the cell and to the medium (Figure 1).

In the performance analysis carried out in [3, 4, 6]
dealing with networks loaded by real-time or data traf-
fic in a proper mix it has been shown how cell cluster
schemes are more efficient compared to guard channel



schemes (taken as reference schemes) in terms of new
connection blocking probability; in fact, executing the
admission phase on a cluster of cells they achieve an
improved traffic statistic multiplexing. Moreover, it has
been shown how cluster admission simultaneously main-
tains under control the dropping probability (i.e., the ac-
cess to individual cells) and hence a so the forced termi-
nation probability at desired target levels.

All these works have been performed on a single-
cluster architecture which does not consider hand-off
events between different confining clusters. In this work
we have devel oped the study of cluster schemes on more
realistic multiple-cluster architecture.

We have shown how Cluster CAC schemes continue
to operate well after a more realistic analysis based on
a multiple-cluster architecture: cell dropping probabil-
ity and forced termination probability saturate at desired
target levels, by only giving priority to cluster hand-off
connections compared to new connections. In fact, Clus-
ter CAC schemes with double-threshold, besides having
better new connection blocking probability due to clus-
ter admission and maintaining cell access drop probabil-
ity under control, are able to decrease cluster hand-off
admission failure (with an appropriate second threshold)
and consequently succeed in decreasing the forced termi-
nation probability.
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