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2 From the Editors’ Desk
‘MOSAIC’: A New Section Is (re)Born

 

 

 

The members of the Editorial Team of UPGRADE announce the inauguration of a new section called 
MOSAIC, and the issues that will be covered in the monographs of year 2004.
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3 Presentation
Wireless Access: Towards Integrated Mobile Communications 

 

– Vicente Casares-Giner 
and Jordi Domingo-Pascual 

 

In their presentation the guest editors introduce the monograph, giving a brief historic outline of 
Telecommunications and explaining the present situation of Wireless Access technologies, where four 
families coexist: Cellular Systems, Cordless Systems, Wireless Local Area Networks (WLAN) and Satellite 
Systems. As usual, a list of Useful References is also included for those interested in knowing more about 
this subject.

 

8 VoIP Services for Mobile Networks

 

 – Ai-Chun Pang and Yi-Bing Lin

 

This paper describes the UMTS all-IP solution for voice environments over IP (VoIP). The paper is 
centred on the functionality of IMS nodes (IP Multimedia Subsystem) and on SIP (Session Initiation 
Protocol) as a support for registrar and call generation operations.

 

12 WLAN Tracker: Location Tracking and Location Based Services in Wireless LANs

 

 – 
Can Komar and Cem Ersoy

 

The authors present the WLAN Tracker, a product developed jointly by two laboratories. Its purpose is to 
enable users (portable computers, PDAs, etc) to be tracked throughout the entire coverage area of a 
WLAN.

 

15 Dissemination of Popular Data in Distributed Hot Spots

 

 – Mehmet Yunus Donmez, Sinan 
Isik, and Cem Ersoy

 

This article describes the WIDE (Wireless Information Delivery Environment) system, whose purpose is 
to distribute stored information in the so called hot spots, making use of an IEEE 802.11 infrastructure.

 

20 What is the Optimum Length of a Wireless Link?

 

 – M. Ufuk Çaglayan, Fikret Sivrikaya, 
and Bülent Yener

 

The authors offer solutions to power assignment in the form of two algorithms based on linear 
programming. 

 

26 Capacity in WCDMA Cellular Systems: Analysis Methods

 

 – Luis Mendo-Tomás

 

The authors offer solutions to power assignment in the form of two algorithms based on linear 
programming. 

 

31 A Perspective on Radio Resource Management in Cellular Networks

 

 – Oriol Sallent-
Roig, Jordi Pérez-Romero, and Ramón Agustí-Comes

 

The authors believe that a plethora of technologies will emerge and coexist on the road towards 3G, and 
they discuss the need for interconnection and interoperability among them, and the demand for a global 
and common concept, RRM (Radio Resource Management). 

 

38 Location Management Strategies in Next Generation Personal Communications Services 
Networks

 

 – Pablo García-Escalle and Vicente Casares-Giner

 

This paper is a study of the techniques and algorithms used in location management in present and future 
cellular mobile communication systems.

 

49 IP Mobility: Macromobility, Micromobility, Quality of Service and Security

 

 – Josep 
Mangues-Bafalluy, Albert Cabellos-Aparicio, René Serral-Gracià, Jordi Domingo-
Pascual, Antonio Gómez-Skarmeta, Tomás P. de Miguel, Marcelo Bagnulo, and Alberto 
García-Martínez

 

This article deals with aspects related to mobility at IP level and above, placing special emphasis on 
macro-mobility mechanisms using the Mobile IP solution, micro-mobility mechanisms using the Cellular 
IP solution, quality of service and security issues. 

 

56 On the Use of Mobile Ad Hoc Networks for the Support of Ubiquitous Computing

 

 – 
Juan-Carlos Cano-Escrivá, Carlos-Miguel Tavares-Calafate, Manuel-José Pérez-
Malumbres, and Pietro Manzoni

 

Based on a practical case (the experimental application UbiqMuseum) the authors discuss the use of 
Bluetooth and IEEE 802.11 as likely technologies of choice to provide network access to ubiquitous 
computing applications. 

 

63 WPANs Heading towards 4G

 

 – Ramón Agüero-Calvo, Johnny Choque-Ollachica, José-
Ángel Irastorza-Teja, Luis Muñoz-Gutiérrez, and Luis Sánchez-González

 

The authors of this article outline their vision of 4G wireless systems and look into the role WPAN may 
play in the 4G of the future. 

 

69 Integration of Application Data Using Static Variables and Multi-Threading

 

 – Yauheni Veryha, 
Eckhard Kruse, Jens Doppelhamer, Zaijun Hu, and Werner Schmidt

 

The paper presents a method for integrating applications data, aimed at data aggregation and transfer in software 
applications when integration of those applications has to be fast and should be done with minimum source code 
modifications.

 

74 News-Sheet: European Initiative for Growth. News from CEPIS, EUCIP and ECDL. 

 

* This monograph will be also published in Spanish (full issue printed; summary, abstracts and some articles online) by 
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Capacity in WCDMA Cellular Systems: Analysis Methods

Luis Mendo-Tomás

This paper surveys the available methods for analysing the capacity of the radio interface in WCDMA
(Wideband Code Division Multiple Access) cellular systems, and the related aspects of power control, base-
station assignment, load control, simulation and planning. 

Keywords: Capacity, Cellular Systems, Code Division Mul-
tiple Access, Power Control.

Introduction 
The WCDMA (Wideband Code Division Multiple

Access) radio interface is based on DS-CDMA (Direct
Sequence Code Division Multiple Access) with an approxi-
mate bandwidth of 5 MHz. The performance of the radio inter-
face in cellular CDMA systems is difficult to analyse, due to the
trade-off between coverage and capacity, caused by the inter-
ference-limited nature of these systems. As a result, power con-
trol takes on a fundamental role. Power control is closely linked
to the assignment of mobile users to base stations, load control
and congestion control. For a description of the general charac-
teristics of DS-CDMA cellular systems and the WCDMA radio
interface the reader is referred to [13]. Furthermore, because of
the inherent complexity of these systems, it is often necessary
to resort to simulation in order to obtain meaningful results.
The remainder of this paper provides an overview of existing
literature on these concerns, before closing with an outline of
available techniques for capacity analysis and planning. 

For simplicity’s sake, CDMA network analyses or simulation
studies are usually split into two stages: 
• Link Level: Analyses the link between a mobile terminal and

its serving base station or stations (soft hand-off) 
• System Level: Using the characterization obtained at the link

level, this models the functioning of the cellular network,
taking into account the environment, radio network configu-
ration and traffic distribution. 

At link level, aspects such as modulation, coding, closed-
loop power control, channel estimation and diversity are
considered, while the system level is concerned with required
transmit powers, base-station assignment, load control, cover-
age, traffic and capacity.

Power Control 
Early works on power control in radio networks were

oriented towards systems with orthogonal channels and
frequency reuse. 

Power control in CDMA, which is achieved by open-loop,
closed-loop and outer-loop procedures [13], can be studied
from two different viewpoints: link-level and system-level. In
the former, the performance of the closed loop is analysed,
usually by means of simulation. Initial studies considered

received level based power control. More recent work focuses
mainly on signal/interference ratio (SIR)-based power control
[1], which is more effective, in spite of stability problems. 

System-level effects of the closed loop are analysed in [25]
and [24] by means of simulations. These effects are caused by
the interaction of the closed loop with the fast variations in the
channel attenuation produced by multipath propagation, and
can be characterized by a small set of parameters, described in
[13]. This characterization is important when assessing system
capacity; nevertheless, many capacity analyses ignore these
effects. [23] examines power control in conjunction with trans-
mit diversity. 

The system-level approach to power control is essentially
aimed at determining the optimal power values as a function of
the state of the cellular network. A simplified model which does
not take into account the previously mentioned closed-loop
effects is commonly used. In these conditions the power control
problem is equivalent to a linear equation system. Power
control in the uplink of a cellular network with conventional
(mono-user) receivers using this type of simplified model is
analysed in [9]. This work also shows that the dimension of the
equation system can be greatly reduced in the uplink of a
mono-service network, and [11] applies this idea to multi-serv-
ice networks by means of an approximation valid for high
processing gains. [20] shows that dimension reduction can be
achieved in multi-service networks without the need for such
an approximation, in both the uplink and the downlink. A
downlink power control algorithm based on dimension reduc-
tion is proposed in [16] for a mono-service network, and in [20]
it is generalized to the multi-service case. [10] and [32] consid-
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er an uplink power control algorithm, combined with optimal
base-station assignment (see Section 3). The convergence rate
of this algorithm is investigated in [14]. [29] and [33] propose
methods to accelerate this convergence. [31] unifies most of the
previous algorithms in a common theoretical framework. 

Consideration of closed-loop effects transforms the power
control problem into a non-linear equation system. In [18] two
power control algorithms are proposed for the uplink and the
downlink respectively, valid in the general case with the afore-
mentioned closed-loop effects. These algorithms generalize
those in [31] and [20], and their convergence is demonstrated
under mild conditions. 

The impact of multi-user receivers on power control and
capacity is at an early stage of study. [26] presents an algorithm
which uses the simplified uplink model to jointly determine
transmit powers and the optimal linear multi-user receiver. 

A recent line of research addresses the issue of power control
for data communications, taking into account the fact that user
satisfaction does not depend solely on achieving the required
SIR, but depends also on other parameters such as transmit
power (which impacts on battery duration) or transmission
delay [2]. [22] provides an overview of this line of research.

Base-station Assignment 
The assignment of users to base-stations in CDMA

systems has a great influence on capacity. In most capacity
analyses, an assignment based on minimum attenuation is
assumed. The notion of adapting assignment to system load
conditions in order to increase capacity was first introduced in
[9]. This idea is developed in [10] and [32] for a system with
conventional receivers, using the simplified model without
closed-loop effects. A simple characterization of optimal
assignment is obtained, and a decentralized iterative algorithm
is derived that converges to that assignment and its associated
transmit powers. [19] proposes a non-iterative centralized algo-
rithm that determines optimal assignment and transmit powers,
the complexity (number of required operations) of which is a
polynomial function of the number of users and base stations,
and which shows the resulting capacity increase by means of
simulation. [30] studies the optimal assignment and transmit
powers considering the latter as discrete variables. 

The optimal assignment in the downlink, or in the uplink
with closed-loop effects, has been far less studied due to the
fact that characterization is not as simple as in the case of a
simplified uplink.

Admission and Congestion Control 
Admission and congestion control in Third-Generation

networks is more complicated than in voice-only oriented
cellular systems, due to the introduction of packet-switching in
the radio interface, and also due to the fact that, being interfer-
ence-limited, CDMA does not have a “hard” capacity limit. 

Several admission control techniques have been proposed for
CDMA systems. Most studies consider memory-less control
methods, based solely on observing the network when a new
call arrives.

Simulation 
The simulation of the cellular network is accomplished in

two steps; at link and system levels. The main parameter acting
as an interface is the average value, in terms of multipath vari-
ations, of the bit energy to noise spectral density ratio (EB/N0),
or of the equivalent SIR, necessary to achieve a desired link
quality under a given set of conditions. (It can be demonstrated
that, irrespective of the quality parameter used, achieving a
given quality is, under mild conditions, equivalent to achieving
a certain EB/N0 value at the receiver, or a permitted combina-
tion of EB/N0 values at the receivers in the case of diversity
reception [18, sect. 3.3.2 y 3.4].) In systems with closed-loop
power control, in order to characterize the link from a system-
level point of view it is also necessary to take into account the
instantaneous transmit power distribution [13, sect. 8.3.2]
because of the aforementioned effects. 

System-level simulations are classified as dynamic or static
depending on whether time-evolution is modelled in the system
or not. Static simulations, while providing less information, are
more commonly used in both capacity analyses and radio plan-
ning tools [17] due to their shorter simulation time.

Capacity Analysis Methods

6.1 Early Studies 
The first capacity analyses in DS-CDMA cellular systems

considered a single service class, focusing on transmission and
propagation aspects while assuming a fixed spatial distribution
of users with an ongoing call, thus ignoring load variability. 

The classical capacity analysis [7], oriented toward the
American IS-95 CDMA system, assumes a uniform determin-
istic user distribution, modelling the random variability of
shadow fading and voice activity (a user only speaks during
approximately 40% of the call duration, which is exploited to
reduce transmission power in the inactivity periods). Base-
station assignment is carried out on a minimum attenuation
basis, and it is assumed that the power control sets the received
signal level (not the SIR) at the same value for all users, regard-
less of transmit power restrictions. Similar hypotheses form the
basis of other studies. [15] considers shadow and multipath
fading, modelling IS-95 coding, modulation, diversity and
power control by means of a combination of theoretical devel-
opment and simulation.

6.2 Load Variability and Multiple Services 
Load variability is considered in [27], modelling the number

of users with an on-going call in each cell as a Poisson distrib-
uted random variable, but making the slightly unrealistic
assumption that this number is the same in all cells [6]). This
constraint is removed in [5], which extends the analyses of [7]
and [27]. Load variability is also modelled in [6]. Both studies
limit themselves to the uplink with minimum-attenuation
assignment and a single service. In [4] the outage probability is
calculated in an analytical manner, modelling traffic as a
Poisson spatial point process, and making significant simplifi-
cations.

3
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6.3 Capacity with Multiuser Receivers 
Existing studies on the capacity of networks with multiuser

receivers rely on significant simplifications, such as consider-
ing a single isolated cell, assuming symbol-synchronization or
performing an asymptotic analysis for very large processing
gains [12].

6.4 Capacity Analysis Based on Simulation 
System-level static simulations are normally employed to

assess CDMA capacity. The simulation consists of a number of
independent ‘snapshots’ or realizations. In each realization
active users are generated according to a traffic model; their
attenuation matrix is computed, and the base-station assign-
ment and power control algorithms are run, considering any
admission or load control policies to be applied. Attenuation is
computed with the usual propagation models and a random
shadow fading component is added. Several studies [3] have
shown the importance of adequately modelling the shadowing
correlation. The traffic characterization in Third-Generation
networks is complicated by the existence of multiple service
classes, both circuit-switched and packet-switched. This results
in a large number of traffic parameters that must be defined in
order to characterize the load offered to the network [18]

The system is said to be in outage when not all users can be
served with the required quality. Alternatively, outage can be
defined as an individual concept related to each particular user.
In principle this is more attractive, because it provides local
information, but this approach needs to consider load admis-
sion and load control criteria which are not standardized and
thus may vary significantly from one network to another. For
this reason, some simulations consider only overall outage [18]
[21]. 

In each realization key parameters are recorded in order to
estimate outage probabilities and other relevant performance

indicators in a final processing stage. Usually the main goal of
the simulation is to characterize the traffic capacity region,
defined as the set of all combinations of values for the traffic
parameters such that a given outage probability is not
exceeded. 

Figures 1 and 2 show how some examples of the kind of
results that can be obtained from static simulations. The simu-
lation scenario is an urban microcellular environment [18]. The
first figure represents the probability of a user being in hand-off
as a function of position. Note the hand-off areas between two
sectors, and the more diffuse ones involving different sites. The
second figure shows transmitted power (dBm) histograms in
the uplink for different bearer-service classes. The services
considered are voice, circuit-switched data or LCD (Long
Constrained Delay) and packet-switched data or UDD (Uncon-
strained Delay Data) with different binary rates. The microcel-
lular nature of the network can be seen in the existence of two
lobes, corresponding to line-of-sight (LOS) and non-line-of-
sight (NLOS) areas; and higher rate services are seen to require
larger transmit powers. A peak is also observed corresponding
to the minimum transmit power. 

Radio Planning 
The radio planning process in CDMA cellular systems is

significantly different from classical planning, mainly due to
the relationship between coverage and capacity. 

CDMA soft hand-off has an important impact on planning
tasks. The number of mobiles in soft hand-off has an influence
on the number of channel elements that are required at the base
station. On the other hand, soft hand-off brings diversity recep-
tion in both uplink and downlink, which reduces the necessary
reception margins and extends coverage, although it may
increase downlink interference. System-level closed-loop
effects also vary according to the hand-off state of the mobile

7

Figure 1: Probability of a User Being in Hand-off as a Function of Position.
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[24]. The proportion of mobiles in a soft hand-off state can be
controlled by means of system parameters, and must be select-
ed as a trade-off value. 

Sectorization techniques and hierarchical cell structures can
also be applied in CDMA. Usage of the same frequency band
in both cell layers is possible but requires network parameters
to be adjusted accordingly. 

Radio planning significantly affects system capacity. To
maximize the latter it is necessary to optimise various parame-
ters such as site location, antenna tilt or antenna beamwidth
[28].

7.1 Stages of Radio Planning 
Classical planning methods based on link budgets do not

adequately describe such aspects as the random nature of
system load or the effect of a combination of several simulta-
neous services on the network. This analysis is even more
difficult in the downlink and therefore requires further approx-
imations. This type of technique, or more elaborate ones [8],
can be applied for an initial, approximate dimensioning, but
detailed radio planning based on simulation is required in order
to obtain more precise results [17, sec. 3.3]. The results of the
simulation process must be detailed enough to indicate which
parameters should be changed, and in which direction. Since
almost all the parameters involved in radio planning belong to
the system level, simulations are carried out at that level, using
results from link level simulations as input.

Unsolved Problems 
The influence of certain aspects such as smart antennas,

multiuser detection or transmission-reception diversity (Multi-
ple-Input Multiple-Output systems, or MIMO) on capacity has

yet to be sufficiently studied. Similarly, research on more
elaborate admission control algorithms is still required.
The problem of optimal assignment has not been studied in
the downlink, in spite of its importance when dealing with
highly asymmetric traffic.
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