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Abstract: This paper presents a novel and efficient analytic framework for the performance analysis and
capacity-assignment optimisation of a wireless GSM cell employing the Re-Use Partitioning (RUP) policy. RUP
splits hierarchically the available bandwidth into multiple layers of frequencies and allows tighter frequency re-
use in order to achieve a higher network capacity. In this context, a queueing network model (QNM) of a
wireless cell is proposed consisting of a hierarchical layer configuration which is decomposed into individual
GE/GE/c/c loss systems each of which is analysed in isolation via a more general maximum entropy (ME)
state probability solution, subject to appropriate GE-type flow formulae and mean value constraints. Moreover,
a new performance optimisation index is proposed as the weighted average non-blocking probability of traffic
over all frequency layers. For illustration purposes, the proposed index is utilised to formulate and solve two
capacity-assignment optimisation problems. Numerical examples are included to validate the relative accuracy
of the analytic GE-type performance metrics against simulation and assess the optimal re-use partitioning policy
of the available bandwidth.

Key Words: Wireless GSM cell, Re-use partitioning, Queueing network model, Generalised exponential distri-
bution, Maximum entropy principle.

1 INTRODUCTION sures of existing GSMs are still of great importance

to both mobile users and network operators. Such
solutions can be based on the reduction of the cell
size, the optimisation of the frequency allocation and
the enhancement of the frequency re-use. However,
the former two solutions have inherent limitations
due to interference.

Performance issues are being increasingly experi-
enced by mobile network operators due to the lim-
ited capacity of Global Systems for Mobile Com-
munication (GSM) [Mouly and Pautet 1992] which
combine frequency and time division techniques

(FDM/TDM). It is widely envisaged that these is- The re-use partitioning (RUP) principle (otherwise
sues will be resolved by the introduction of third known as concentric cell or intelligent underlay-
generation mobile systems, such as the Univer- overlay - TUO) can be used to improve the re-
sal Mobile Telecommunication System (UMTS), usability frequencies in a wireless GSM cell and en-
based on Wideband Code Division Multiple Access hance its overall performance. RUP splits the avail-
(WCDMA) [Dahlman et al, 1998]. Nevertheless, this able bandwidth into multiple layers of frequencies
technological transition is going to take place grad- and allows a tighter frequency re-use in order to
ually as major changes and investment are required achieve a higher network capacity. The RUP prin-
in the infrastructure of mobile networks. Thus, cost- ciple has been widely applied in the literature(e.g.,
effective solutions to improve the utilisation of the [Pattavina et al, 1999, Halpern, 1983, Kanai, 1992,
available bandwidth and other performance mea- Furukawa and Akaiwa, 1993, Frodigh, 1995, Zander
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and Frodigh, 1992, Papavassilliou et al, 1994, Begain
et al, 2002, Begain et al, 2001, Begain et al, 2001a]).

An RUP study, including dynamic channel allocation
and an assessment regarding the effect of mobility,
has been presented in [Pattavina et al, 1999]. The
reported numerical results show that the capacity of
the proposed scheme is higher than that of a dynamic
channel allocation without RUP. [Halpern, 1983] has
shown that RUP has the potential for increasing the
system radio capacity with minimal impact on the
base station architecture. An interference adaptive
dynamic frequency allocation exploiting RUP is pre-
sented in [Kanai, 1992], where the performance of a
simple decentralised algorithm with fixed and uni-
formly distributed users was evaluated. A more so-
phisticated algorithm is devised in [Furukawa and
Akaiwa, 1993] to achieve frequency re-use at the
expense of an increased interbase signalling load.
A dynamic channel assignment is investigated in
[Frodigh, 1995] for a mono-dimentional cellular sys-
tem with RUP. [Zander and Frodigh, 1992] focus
on a static capacity allocation and channel assign-
ment for cellular systems with RUP based on K dif-
ferent re-use capacity patterns. [Papavassilliou et
al, 1994] consider a cellular system with different re-
use profiles and a fixed channel allocation for bal-
ancing uniformly the blocking probability through-
out the cell. A detailed analytical model to investi-
gate the effect of RUP mobility parameters on the
blocking and handover failure probabilities was sug-
gested in [Begain et al, 2002]. Moreover, [Begain et
al, 2001] proposed an operational expression to calcu-
late the spectrum efficiency index of a GSM cell with
RUP and carried out a numerical study for the band-
width partitioning via MOSEL language [Begain et
al, 2001al.

The quantitative analysis of earlier proposed per-
formance evaluation models for a wireless GSM cell
with RUP has been restricted to a limited number
of layers and was mostly based on either costly dis-
crete event simulation or numerical solutions subject
to simplified Markovian assumptions. As a conse-
quence, the impact of bursty mobile traffic on the
performance of the cell has not been adequately in-
vestigated. Moreover, there is further need to to
search for more advanced analytical methods to iden-
tify optimal RUP corresponding to a maximum per-
formance gain.

In this paper a novel and efficient analytic frame-
work is devised for the performance modelling and
evaluation of a wireless GSM cell employing RUP
policy. A queueing network model (QNM) of an
GSM cell is proposed consisting of a hierarchical
layer configuration which is decomposed into indi-
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vidual GE/GE/c/c loss models with generalised ex-
ponential (GE) interarrival and sevice time distribu-
tions. Each model can then be analysed in isola-
tion via the principle of entropy maximisation (ME)
[Kouvatsos, 1994]. Moreover, a new performance op-
timisation index (POI) is proposed as the weighted
average non-blocking probability of traffic over all
frequency layers and, for illustration purposes, two
two capacity-assignment optimisation problems are
presented. Numerical examples are included to val-
idate the relative accuracy of the analytic GE-type
performance metrics against simulation and assess
the optimal re-use partitioning policy of the avail-
able bandwidth.

The principle of re-use partitioning is described in
Section 2. The ME analysis of a QNM of a wireless
GSM cell with RUP is presented together with GE-
type flow formulae in Section 3. The GE/GE/c/c
loss system is analysed, as a cost effective building
block, via entropy maximisation in Section 4. Nu-
merical tests on the credibility of the proposed algo-
rithm and the performanc impact of bursty external
GSM traffic are presented in Section 5. Section 6 de-
fines a Performance Optimisation Index and presents
two capacity-assignment optimisation problems with
numerical results. Conclusions follow in Section 7.

2 THE PRINCIPLE OF RE-
USE PARTITIONING

The RUP is a feature designed to allow a tighter fre-
quency reuse for some of the available radio frequen-
cies and therefore achieve a higher network capac-
ity. It implements a multi-layer network structure
with a different reuse factor for each layer. As a par-
ticular solution based on RUP, Nokia [Nokia, 2002]
proposed a special implemetation with two-layer net-
work structure called Intelligent Underlay-Overlay
(IUQO). The underlay adds capacity, the overlay pro-
vides coverage. To maintain optimum capacity, the
base station assigns mobile traffic to either layer of
the network according to actual interference levels.
The IUO solution splits the available frequency spec-
trum into two bands. One band consists of frequen-
cies that can only be used when a high C/Iratio is en-
sured, the super frequencies, where C/I denotes a ra-
tio of carrier (C) over interference (I). Super frequen-
cies are usually used only near the Base Transceiver
Station (BTS). The other band contains frequencies
that can be used throughout the whole cell, the reg-
ular frequencies. Note that the calculation of C/I
ratio is based on measurements carried out by the
mobile station.
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Every IUO cell has regular and super Transmitter
Receivers (TRXs). Regular frequencies completely
cover the cell. These frequencies can be reused by
conventional criteria, using safe hand-over bounds
to provide low probabilities for interference. Mobile
stations are assigned to regular frequencies at the
boundary where C/I ratio is under a specific level.
Figure 1 shows the principle of the layer structure of
IUO.

Super layer

C/I bad
C/l good

Regular layer

Figure 1: TUO principle

Super frequencies provide services in heavy traffic ar-
eas (downtown) of the cell, where C/I rate is good
(interference free area). Using different C/I ratios,
the coverage of the super layer (super frequencies)
can be controlled. If TUO is combined with down-
link power control, even better interference condi-
tions can be maintained resulting in better call qual-
ity. A detailed performance analysis of a GSM cell
using IUQ was presented in [Begain et al, 2002] based
on numerical solution (Markov Chain).

In this paper, the work is extended in three ways.
First, the limit on the number of layers is removed
which allows to study the RUP princple for any
finite number of layers. Second, the performance
modelling is based on an analytical solution involv-
ing bursty GE-type traffic and Maximum Enthropy
(ME) principle. Finally, the investigation is extended
to capacity assignment optimization by introducing
a new performance optimization index.

3 A QUEUEING NETWORK
MODEL (QNM)

Consider a queueing network model (QNM) of a
wireless GSM cell with RUP which splits the avail-
able bandwidth into L + 1 (L > 1) layers consisting
of different frequencies corresponding to a sequence
of descending thresholds {R; < ... < Rp}. The ¢tk
layer (¢ = 1,2,...L—1) is called super layer-£ contain-
ing ‘super’ frequencies which can be used by the mo-
bile station over the ¢t" layer if R, < C/I < Ry + 1.
The layer with the highest ‘super’ frequencies is

I.J.of SIMULATION Vol.3 No. 1-2

called ‘super’ layer-L and can be used if C/I > Ry.
Finally, the first layer with the lowest frequencies is
called ‘regular’ layer. The ‘regular’ frequencies cor-
responding to £ = 0 can be used over the entire cell
when ratio C/I < R;. Fig.2 shows the operation of
a wireless GSM cell under RUP.

Super Layer-L

CII>R.

Super Layer-1

Figure 2: Wireless GSM cell with RUP

A QNM of the wireless GSM cell with RUP is dis-
played in Fig.3 and is based under the following as-
sumptions:

. No movement is considered in the mobile sta-
tion.(The C/I ratio for each user remains con-
stant during the duration of the call)

. Traffic over the network is homogeneous and uni-
formly distributed.

. The interarrival times follow a generalised expo-
nential (GE) distribution with mean value, 1/\
and squared coefficient of variation (SCV), C2.

. The call duration follows a GE distribution with
mean value, 1/p and SCV C2.
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| 2
T L

n,Cs,

Figure 3: The QNM of the GSM cell with RUP

3.1 Definitions and Notations
A: External mean arrival rate of calls in the system

C2: SCV of external interarrival time of calls in the
system.

For each layer-¢ (£=0,1,2,...,L)
¢¢: Number of available channels
1/pe: Mean call duration
C?2,: SCV of the transmission time

covg: Ratio of the area covered by layer-£ over the
entire area covered by regular layer 0 (n.b.,
covg = 1 with cov = (covy, covs, . .., covp)).

Ao:External arrival rate of calls at layer-£
Ag: Overall arrival rate of calls at layer-£

C2,: SCV of the overall interarrival time (splitting)
distribution of those calls entering to the super
layer-£.

C2,: SCV of the overall interarrival time distribu-
tion of the merging calls attempting to enter
the layer-/

m¢: Probability of an arriving call to find all chan-
nels in layer-£ busy

p¢: Probability of an arriving call to atempt to enter
in layer-¢

pe =covg —covgy; (£=0,1,...,L—1), (1)

I.J.of SIMULATION Vol.3 No. 1-2

pL = covp, 2)

satisfying >, pe = 1.
For each super layer-£,¢ =1,2,... L, let

Ape: Overall arrival rate of calls being blocked at
layer-£, and

C%: SCV of the overall interarrival time distribu-
tion of the calls being blocked on the layer-£.

3.2 ME Product-Form Approxima-
tion

The principle of ME has been used as in ear-
lier works (e.g., [Kouvatsos, 1994, Kouvatsos and
Xenios, 1989]), to characterise a product form ap-
proximation for arbitrary QNMs, subject to appro-
priate GE-type queueing theoretic constraints. More
specifically, the form of the ME joint state probabil-
ity P(n),n = (ng,n1,n2,...,nr), where ng is the
number of calls in regular layer and n, is the num-
ber of calls in super layer-¢, £ = 1,2,..., L, can be
established by applying the method of Lagrange’s
undetermined multipliers and is given by

L
= H Pf(nl)a (3)
=0

where {P;(ng),n¢ = 0,1,...,c¢} are the exact
marginal state probabilities of the GE/GE/c¢;/c; loss
system at layer-¢ (¢ =0,1,...,L).

Viewing the GE/GE/c;/c; loss system as a build-
ing block queue within the decomposition process,
the Py(ng) state probability is a trivial case of
the exact ME solution of a stable GE/GE/c¢/N,
(ce < Ny) queue with finite Ny, subject to the nor-
malisation and the constraints of server utilisations
{1 = pe(0),1 = pe(0) — pe(1),...,1 = pe(0) — ... =
pe(ce—1)}, the mean number of waiting calls (i.e.,
ngzw (ng—cg)Pe(ne)) and the full buffer state prob-
ability Pp(N;). For more details see [Kouvatsos and
Xenios, 1989].

The ME product form approximation allows the de-
composition of the QNM into L + 1 GE/GE/¢;/c;
loss systems, each of which can be solved in isola-
tion. This can be achieved in conjuction with GE-
type flow formulae relating to the mean and SCV
of the merging and splitting GE-type flows (c.f.,
[Kouvatsos, 1994, Kouvatsos and Xenios, 1989]).

The GE distribution and GE-type formulae are pre-
sented below.
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3.2.1 The GE Distribution
The GE distribution is of the form

F(t) P(X <t

= 1—7e ™t >0,

(4)

where 7 = 2/(C? +1), X is the interevent time ran-
dom variable and {1/v, C?} are the mean and squred
coefficient of variation (SCV) of the interevent time
distribution, respectively (c.f.,[Kouvatsos, 1994]).
Note that the underlying counting process of the GE
distribution is a compound Poisson process with ge-
ometrically distributed batch sizes and mean batch
size 1/7 = (C* + 1) /2.

3.2.2 GE-Type Flow Formulae

e Splitting Formulae

For £=0,1,...,L
Al = )‘pla (5)
Ch = (1—p)+pCs, (6)
Cp = (1—me) +mCy. (7)
e Merging Formulae
For £=0,1,...,L—1
Ape = Apameqa, (8)
Ao = M+ Ape, 9)
~ )\g -1
Cc:, = -1+ (A_z (C2,+1)
-1
W (Chat)T) L o)
A = AL, (11)
égL = CL%L' (12)

4 PERFORMANCE ANALY-
SIS OF GE/GE/c;/c, LOSS
SYSTEM

This section applies entropy maximisation to deter-
mine the state probability distribution of a typical
GE/GE/c/N queue with ¢ > 0 servers and finite
capacity N(> ¢) and, subsequently, analyses, as a
special but trivial case, a GE/GE/c,/c; loss system
(£=0,1,...,L). The latter system plays the role of
a cost-effective building block in the decomposition
process of the proposed QNM.
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4.1 The ME Solution of the
GE/GE/c/N Queue
Consider  a  first-come-first-served ~ (FCFS)

GE/GE/c/N virtual queue with finite capacity
N(> ¢) and GE-type interarrival and service time
distribution with mean rates and SCVs (A, C?) and
(u, C2), respectively.

4.1.1 Prior Information

Suppose, in context of entropy maximisation, the fol-
lowing mean value constraints about the state prob-
abilities {P(n),n = 0,1,...,N} of a GE/GE/c/N
queue are known to exist:

(i) Normalisation,

(13)

(iil)  The probabilities (or, server ‘utilisation’)
{U(k)}, ie.,

where U (k) € [0,1].
(ili) The mean number of waiting calls L(n — ¢),
ie.,

N

L(n—c) =) h(n)P(n), (15)
n=0

where h(n) =n —¢, for n > c or 0, ow.

(iv) The state probability of a full queue, P(N) = ¢

(satisfying the flow balance condition) i.e.,

¢=>_ f(n)P(n), (16)

where ¢ € [0,1] and f(n) =0,forn=0,1,...,N -1
or 1forn=N.

Although at this stage the mean value constraints
{U(k), k=1,2,...,¢}, {L(n — ¢) and ¢ are not ex-
plicitly known in terms of input parameters (such as
A, C2 1, C? and N), nevertheless they can be incor-
porated into the ME formalism in order to determine
the form of ME solution.

4.1.2 Entropy Maximization

The form of the ME state probability {P(n), n =
0,1,..., N} can be completely characterised by max-
imising the entropy functional

N
H(P)=-Y P(n)logP(n),  (17)
n=0
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subject to prior information expressed by constraints
(13)-(16). By employing Lagrange’s method of unde-
termined multipliers, the maximisation of (17), sub-
ject to constraints (13)-(16), leads to an exact ME
solution, namely

1 c
k=1

(18)
where Z = 1/P(0) is the normalising constant and
{9(k), k = 1,2,...,c}, z and y are the Lagrangian
coefficients corresponding to constraints (14)-(16),
respectively. It can be verified by inspection that
ME solution (18) reduces to that of the classical
M/M/c/N queue. Indeed, the a priori knowledge of
the exact solution of the later queue provides the mo-
tivation for the choice of the mean value constraints
(13)-(16). It is interesting to note that the form of
the ME solution (18) can be generalised to an ex-
tended ME solution for a more complex queue orig-
inally proposed in [Kouvatsos and Xenios, 1989].

4.1.3 The Lagrangian Coefficients

The Lagrangian Coefficients z, {g(k),k = 0,1,...,c},
y can be determined by making asymptotic invari-
ance connections to the infinite capacity GE/GE/c
queue [Kouvatsos, 1994] and are given by

tep _
s(lft)+t’ k=1

gk) =  macgre kE€Re-1  (19)
s(1—t)+t
tp((l—s))—i-stp’ k=c
tp+s(1—1)
—_—. 2
v tp(l—3s)+s (20)

Finally, the Lagrangian coefficient y can be de-
termined via the flow balance condition of the
GE/GE/c/N queue and is given by

_ 1
y_l—(l—s)a:’

where p= )\/M, t = 2/(02-‘1—1) and s = 2/(03 +1)

(21)

4.2 The GE/GE/c;/c, Loss System

The GE/GE/c¢/c; (¢ = 0,1,...,L) loss system is
a special case of the GE/GE/c/N queueing system
with N = ¢;. Clearly, the ME solution of the GE-
type loss system is trivial since ¢, + 1, the total num-
ber of states, is equal to the number of constraints
of the type (13)-(16) (n.b., constraint (15) is not ap-
plicable i.e., N = ¢g, Ly(ng — ¢g) = 0Vng > ¢y).

The marginal ME state and blocking probabilities
of a GE/GE/cy/cg loss system, respectively, can be
determined as follows:
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4.2.1 The Marginal ME Queue Length Dis-

tribution

The marginal state probability, {Py(ng),n, =

0,1,...,¢e}, of a GE/GE/ci/ci queue (¢ =
0,1,...,L) can be determined by utilising ME so-
lution (18) and are given by
Py(ne) = { Py(0)Gy(ng), forng=1,2,...,¢c,—1
e Pg(O)G@(ng)yg, for Ng = C¢
(22)
where
ce—1 -1
P(0) = (1 + Z Ge(ne) + GcW) ; (23)
n=1
ne
Gé(nf) = Hgf(k)a ne = 1127"'7015- (24)
k=1

with go(k),(¢ = 0,1,...
(19).

,L) being determined by

4.2.2 The Blocking Probability

By using GE-type probabilistic arguments, it can be
verified that the blocking probability, 7, is given by

ce—1

=3

se(1 —tg) )Cl_m
— Py(ne) + Pe(ce),
g <8£(1 —te) e
(25)
¢ =0,1,...,L, where t, = 2/(C?, + 1) and s, =

2/(C?,+1).

5 QUEUEING NETWORK
MODEL VALIDATION

This section presents some typical numerical exper-
iments in order to illustrate the credibility of the
ME closed-form expressions of the proposed QNM of
the GSM cell with RUP against simulation using the
Queueing Network Analysis Package QNAP-2 [Veran
and Potier, 1985] at 95% confidence intervals and
also assess the optimal re-use partitioning policy of
the available bandwidth.

The wireless GSM cell considered in this section com-
prises from 4 layers (L = 3) with coverage values for
the three super layers given as cov; = 0.8, covs = 0.6,
and covz = 0.3, respectively. It is assume that
each layer operates one frequency carrier which give
8 GSM channels for each layer according to the
FDMA/TDMA scheme [Mouly and Pautet 1992].
For all figures 4-9, the following input data are as-
sumed: gy = p = 0.011/s and C?, = C2 = 5
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(£=0,1,2,3). Figures 4-8 show the impact of vary-
ing the input call rate, A, with C2 = 10. Moreover,
Fig. 9 shows the effect of varying the SCV, C2, with
fixed rate A = 0.15 call/s. The comparative study fo-
cuses on the three important measures of utilisation,
mean queue length (number of calls in the system)
and call blocking probability.

It can be observed (c.f., Fig. 4-8) that the ME so-
lutions are very comparable in accuracy to those ob-
tained by corresponding simulation results. More-
over, it can be seen (c.f., Fig. 9) that the analytically
established call loss probability increases rapidly
with increasing external interarrival-time SCVs (or,
equivalently, average batch sizes).

Utilisation

1
0.9 —
08h -0 Maximum Entropy i

—+ Simulation

0.7 -
0.6 =
05 —
0.4 B
0.3 —
0.2 —
0.1 i

o I I I I I I

0 0.03 0.06 0.09 0.12 0.15 0.18 0.21
A
Figure 4: Utilisation of the layer 1
Utilisation

1
09 —
08F —0 Maximum Entropy i

—+ Simulation

0.7 4

0.6 —

05F —

0.4 b

031 i

0.2 —

01f —

I I I I I I
0.03 0.06 0.09 0.12 0.15 0.18 0.21
A

Figure 5: Utilisation of the layer 3
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Mean Queue Length

6

-0 Maximum Entropy

—+ Simulation

L L L L L L
0.03 0.06 0.09 0.12 0.15 0.18 0.21
A

Figure 6: Mean number of calls at layer 1

Mean Queue Length

6

-0 Maximum Entropy

—+ Simulation

Figure 7: Mean number of calls at layer 3

Loss Probability LY
T

107

—0 Maximum Entropy

—+ Simulation
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L L L L L
0.06 0.09 0.12 0.15 0.18 0.21

Figure 8: Call Loss Probability
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Loss Probability LS
T

10 —0 Maximum Entropy

107

, , , , , , , ,
5 10 15 20 25 30 35 40 45
c?

Figure 9: Effect of varying degrees of C2 on Call Loss
Probability

6 CAPACITY-ASSIGNMENT
OPTIMISATION

This section defines a new performance optimasation
index (POI) for studying two capacity-assignment
optimisation problems for wireless GSM cells with
RUP. The optimisation problem 1 involves the max-
imisation of the POI with respect to an exhaustive
set of coverages {cov}, subject to specific values for
the input parameters. Moreover, the optimisation
problem 2 focuses on the maximisation of POI with
respect to an exhaustive set of coverages {cov}, sub-
ject to specific values of input parameters other than
A satisfying a fixed value for loss probability mg.

6.1 Optimisation Problem 1

Given L, X\,C2,c = (co,c1,---,cL), e, C2(0 =

0,1,...,L)

L
max{POI = sz(l - )},

cov
£=0

subject to

covr, < ... < covgyy < covg < ... < covg = 1.

e Example 1: L=1

Input data {\ = 0.1,C? = 10,c = (8,8),u¢ =
0.01,C2 = 4(£ = 0,1)}

I.J.of SIMULATION Vol.3 No. 1-2

Maximizing POI with respect to cov indicates that
the optimal value of coverage is cov;=0.4641 (see
Fig.10).

0.9

05 I I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Coverage

Figure 10: Example of problem 1 for an (8-8) system

¢ Example 2: L=2
Input data {A\ = 0.1,C? = 10,c =
(87878)7/1’6 =0.01, CSQZ = 4(£ =0, 172)}

Maximizing POI with respect to cov reveals that
the optimal pair of coverages is (covi,covs) =
(0.65,0.33) (see Fig. 11).

POI

covi

0 o

Figure 11: Example of problem 1 for an (8-8-8) sys-
tem
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6.2 Optimisation Problem 2

Given L,C%c¢ = (co,c1,---,c0),pe,C3(L =
0,1,...,L);

L
max{POI = Zpg(l — )},
=0

A,cov
subject to the solutions of the non-linear equation

mo(cov,A) =k, (26)

with respect to A and for a given cov satisfying
covp, < ... < covpqr < covg < ... < covg = 1. Note
that the solutions {A} correspond to an exhaustive
set of coverage values {cov}, where g is the call loss
probability at the regular layer £ = 0 and € is a small
% value (e.g.,e = 0.02).

e Example 1: L=1
Input data {e = 0.02,C2 = 10,c = (8,8), ¢ =
0.01,C%, =4(£ =0,1)}

Maximizing POI with respect to {A,cov} indicates
that the optimal value of coverage is cov,=0.3787
(see Fig. 12).

POI
1

0.95

0.9

0.85

0.8

0.75

I I I I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Coverage

065 : ‘ ‘ ‘
0

Figure 12: Example of problem 2 for an(8-8) system

e Example 2: L=2

Input data {¢ = 0.02,C2 = 10,c =
(87878))/~M = 00170,3[ = 4(£ =0, 1)2)}

Maximizing POI with respect to {\,cov} reveals
that the optimal pair of coverages is (covy,covs) =
(0.54,0.27) (see Fig.13)
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POl 1
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0.1 02 03 0.4 05 0.6 07 0.8 0.9
cov1

Figure 13: Example of problem 2 for an (8-8-8) sys-
tem

Finally, assuming without loss of generality, that all
frequency layers have the same C?, = C?, Figs 14,
15 and 16 illustrate the impact of A and the variabil-
ity effect of C2 and C?, respectively, on the POI of
the GSM cell with RUP. It can be observed that the
performance of the cell detiorates for larger values
of C? corresponding to smaller values of C2. This is
attributed to the fact that the smaller C2 is the less
the average size of the departing bulk and, thus, the
larger the number of calls in the system.

POI

0.9 q

0.85 q

0.8 q

0.7 L L L L L
0 0.02 0.04 0.06 0.08 0.1 0.12
A

Figure 14: L = 1,c = (8,8),cov; = 0.6,C? =
10,02, = 5,110 = 0.01,£= 0,1
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LRERLT LRI o,
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SN,
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Figure 15: L = 1,

l,e = (8,8),covy = 0.6,A =
0.12, e = 0.01,£=10,1
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X
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Figure 16: L = 2,¢ = (8,8,8),(covi,covy) =
(0.7,0.4), A = 0.12, up = 0.01,£ = 0, 1,2

7 CONCLUSIONS
FURTHER WORK

A novel and efficient analytic framework is devised
for the performance modelling and evaluation of a
wireless GSM cell with RUP policy. A QNM of a
wireless GSM cell is proposed consisting of a hierar-
chical layer configuration which is decomposed into
individual GE/GE/c/c loss models each of which is
analysed in isolation via the principle of ME. A com-
parative study is included to validate the relative
accuracy of the derived ME closed-form expressions
against simulation and also assess the effect of ex-
ternal GSM bursty traffic upon the performance of
the cell. It is shown that traffic burstiness has ad-
verse implications on the performance of the mobile

AND
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cell. Moreover, a new performance optimisation in-
dex (POI) is proposed as the weighted average non-
blocking probability of traffic over all frequency lay-
ers and, for illustration purposes, it is utilised to for-
mulate and solve two capacity-assignment optimisa-
tion problems. Numerical examples are included to
assess the best RUP policy of the available band-
width and determine the optimal values of super
layer coverages corressponding to the maximum per-
formance gain.

The new analytic results provide simple and prac-
tical means for credible performance modelling and
prediction studies involving mobile GSM networks.
The work is currently extended towards the perfor-
mance modelling and analysis of arbitrary networks
of GSM/GPRS cells and 3G mobile systems.
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