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Abstract. This paper deals with simulations of a radio in-
terface of third generation (3G) mobile systems operating 
in the WCDMA FDD mode including propagation predic-
tions in macro and microcells. In the radio network plan-
ning of 3G mobile systems, the quality of coverage and the 
system capacity present a common problem. Both macro 
and microcellular concepts are very important for imple-
menting wireless communication systems, such as Univer-
sal Mobile Telecommunication Systems (UMTS) in dense 
urban areas. The aim of this paper is to introduce different 
impacts – selected bit rate, uplink (UL) loading, allocation 
and number of Nodes B, selected propagation prediction 
models, macro and microcellular environment – on system 
capacity and quality of coverage in UMTS networks. Both 
separated and composite simulation scenarios of macro 
and microcellular environments are presented. The neces-
sity of an iteration-based simulation approach and site-
specific propagation modeling in microcells is proven. 
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1. Introduction 
Third generation mobile systems (UMTS) are desig-

ned to support multimedia services, e.g. speech and video 
telephony, access into data networks, etc. In the radio net-
work planning of third generation (3G) mobile networks 
problems of capacity and coverage cannot be separated. In 
the UMTS systems the base station sensitivity is not cons-
tant (as is the case for the GSM system), but depends on 
the number of users and the used bit rate in each cell. In 
WCDMA systems all users share the same interference 
resources and therefore they cannot be analyzed indepen-
dently. Each user has impact on the transmission power of 
others, thus influencing them. These changes then iterative-
ly have an impact on the user etc. To get realistic results of 
the quality of coverage analysis in the real scenarios, where 
different users employ different services, an iterative si-
mulation approach, rather than  an analytical one should be 
used. The coverage prediction process for third generation 

systems is specific due to the interference estimation that is 
crucial already in this phase of network planning, and so an 
application of iteration-based simulations seems necessary 
in order to study 3G networks behavior in realistic scena-
rios. For that reason, the whole prediction process should 
be done iteratively. The simulations were performed in 
NPSW – a static radio network planning tool for WCDMA 
[1]. This tool is implemented in Matlab and it is based on 
the computational methods of iterative loops. The tool is 
open to further development by a user so that an arbitrary 
network topology and parameters as well as propagation 
models can be employed. 

2. Propagation Prediction 
Empirical models for propagation prediction in 

UMTS networks could be successfully used in case of a 
macrocellular environment. Deterministic ray tracing tech-
niques are usually used for propagation prediction in mic-
rocells. The results of deterministic methods are very ac-
curate, but require very complex input. For propagation 
prediction in microcells the classical empirical model and 
the semi-deterministic site-specific Berg’s Recursive Mo-
del [2] were utilized. For calculation of building penetra-
tion loss methods recommended by [3] could be easily and 
successfully implemented. All of the simulations were exe-
cuted for a town plan with a dimension of 3 × 2 km. For 
the penetration of a signal into the buildings the external 
wall attenuation of 15 dB, the internal wall attenuation of 
5 dB and internal walls distance of 15 m were considered. 

2.1 Macrocellular Environment 
For macrocellular environment, the empirical model 

for UMTS macrocells [4] was chosen. The classic empiri-
cal model converts a maximum allowed propagation loss L 
(dB) to a maxim cell range d (km) as 
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where f is the frequency in MHz, ΔHb the height difference 
between the base station antenna and the mean building 
rooftop level in m, d is the distance between the mobile 
station and base station in km. According to the basic mac-
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rocell definition the base station antennas are situated abo-
ve the rooftops. Fig. 1 shows the uplink path losses calcu-
lated by the empirical model applied to a real town plan in 
the city centre of Prague for 33 Nodes B (11 third-sectored 
sites). For these simulations ΔHb of 5 m was selected. 

2.2 Microcellular Environment 
The basic definition of microcells is that the antennas 

of the base stations are mounted below rooftop level. For 
the propagation prediction the classic empirical model and 
the semi-deterministic site-specific Berg’s Recursive Mo-
del were utilized. Suitability of the two models was inves-
tigated. 

 
Fig. 1.  Uplink path losses of macro layer. 

2.2.1 Empirical Model 
The NPSW offers the empirical propagation model 

for the microcellular environment [4]. 

 
Fig. 2. The uplink coverage probability for the 144 kbps service 

and 50% uplink loading (best servers). 

Path loss can be calculated as 
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where f is frequency in MHz. It will be shown that the use 
of the empirical propagation model is unsuitable for a mic-
rocellular environment. Without the margin for the pene-
tration into the buildings 10 Nodes B (with 15 dBi omni 

antennas) in a homogenous hexangular deployment were 
needed for full coverage of the target area (Fig. 2). 

2.2.2 Berg’s Recursive Model 
Another way of a site-specific propagation prediction 

in microcells was introduced by Berg. Berg’s Recursive 
Model was recommended for UMTS by ETSI [4] and was 
successfully used to determine the path loss in the micro-
cells with reference to a 2D plan of buildings. Based on 
this model, a software tool was implemented for propaga-
tion predictions in UMTS microcells [5]. The Berg’s Re-
cursive Model was applied on the real town plan in the 
centre of the city of Prague. Fig. 3 shows the path loss 
calculated by Berg’s Recursive Model, which takes into 
account a surrounding built-up area. 10 Nodes B covered 
about 55 % of target area for 144 kbps data service by 
50 % uplink loading (black color depicts no coverage 
area). From comparison with Fig. 2 the necessity of a site-
specific propagation model usage is obvious. 

 
Fig. 3. The uplink coverage probability for the 144 kbps service 

and 50% uplink loading (best servers). 

3. Simulations 
All of the simulations were carried out for four diffe-

rent services independently (speech 12.2 kbps and three 
data services 64, 144, and 384 kbps). The simulations of 
mixed services with dominance of speech service (appro-
ximately 90 % of all users utilized the speech service) were 
also undertaken in order to approach a real-life situation. 
The mobile stations utilized OMNI antennas with a gain of 
0 dBi situated at a height of 1.5 m. The users were random-
ly distributed in the target area. The maximum transmission 
power of the mobile stations was 125 mW. As overall No-
de B transmission power, 5 W in the microcellular and 
20 W in the macrocellular environment were selected. The 
simulations were executed for different uplink loading: 
50 % and 80 %. 

3.1 Macrocellular Environment  
The  macrocellular  base  stations  used sectored  sites 
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 with 3 sectors and 17 dBi gain, 65 degrees horizontal 
beamwidth antennas with 6 degrees tilt. Fig. 4 illustrates 
the coverage probability as a function of service for 50 % 
uplink loading and for speech service. Fig. 5 shows the 
same for 384 kbps data service. 

 
Fig. 4. The uplink coverage probability of the macro layer for 

speech service and 50% uplink loading. 

 
Fig. 5. The uplink coverage probability of macro layer for 384 

kbps data service and 50% uplink loading. 
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Fig. 6.  The number of served users per cell. 

From Fig. 5 the problem of the signal penetration into the 
ground floor of buildings for high-speed data services is 
evident (black color means no service inside buildings). 

This problem could be solved with the assistance of micro-
cells. Fig. 6 interprets the average cell capacity as the num-
ber of served users per cell.  

3.2 Microcellular Environment 
Microcells were used in order to cover the ground 

floors of extensive buildings and to increase the system 
capacity in the city streets. The base stations used the 
OMNI antennas with a gain of 15 dBi situated at a height 
of 4 m. The simulations were executed for different uplink 
loading: 50 % and 80 %. 

3.2.1 Simulations Based on Empirical Model 
The Nodes B were situated as shown in Fig. 2 – in a 

homogenous hexangular deployment in order to reach full 
coverage of the whole target area for 144 kbps data service 
and 50% uplink loading. Fig. 7 illustrates the uplink 
coverage probability as a function of uplink loading and 
service based on the path loss calculated by the empirical 
model. The problem of breathing of the cell is evident. It is 
necessary to remark that these simulations reflected rather 
idealized conditions! 
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Fig. 7.  The uplink coverage probability. 

Fig. 8 illustrates the average number of served users per 
cell as a function of bit rate and uplink loading. The incre-
ase of the system capacity at cost of the decrease the cove-
rage area is visible. 
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Fig. 8.  The number of served users per cell. 

The average ratio of the other-to-own cell interference i 
was equal to about 55% (it did not take into account the 
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effect of cell isolations due to buildings). The number of 
Nodes B was raised to 43 including a reserve for the buil-
ding penetration of 15 dB. 

3.2.2 Simulations Based on Berg’s Recursive 
Model 
The following scenarios were analyzed based on the 

path loss calculated by Berg’s Recursive Model. For full 
coverage of the whole target area for 144 kbps data service 
and 50% uplink loading 59 Nodes B were deployed (cove-
rage of the ground floors of extensive buildings was requi-
red, for the coverage of streets around 30 Nodes B would 
be sufficient). The best server areas for 144 kbps data ser-
vice and 50% uplink loading are shown in Fig. 9. Full co-
verage of the target area is obvious from this illustration. 

 
Fig. 9. The best server areas for 144 kbps data service and 50% 

uplink loading. 
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Fig. 10.  Uplink coverage probability. 

The average number of served users per cell as a function 
of uplink loading for a simulative scenario for full covera-
ge of the target area is shown in Fig. 11. The services were 
simulated independently. 

Fig. 12 illustrates the average number of served users 
per cell for the simulative scenario with mixed services. 
Mixed services were utilized in order to approach a real-
life situation when 90% of all users were using speech ser-
vice, and 10% any data service. 
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Fig. 11.  The number of served users per cell. 

The average ratio of the other-to-own cell interference i 
was equal to about 22 % for the simulation scenario with 
mixed services. This corresponds to the recommendation 
[6]. 
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Fig. 12.  The number of served users per cell. 

The asymmetry of the bit rate in uplink and downlink 
(a combination of the data services 64, 144 and 384 kbps) 
was simulated as well.  The results of these simulations in a 
form of the average number of served users per cell are 
shown in Fig. 12 for uplink loading of 50 % and for uplink 
loading of 80 % in Fig. 13, respectively. 
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Fig. 13. The number of served users per cell for the asymmetry of 
bit rate and uplink loading 50 %. 

From Fig. 13 it is obvious that the capacity of the network 
is limited by the uplink in case of 50% uplink loading. 
From Fig. 14 it is obvious that in case of 80% uplink 
loading the network capacity is limited more by the 
downlink. 
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Fig. 14. The number of served users per cell for the asymmetry of 

bit rate and uplink loading 80%. 

3.3 Combination of Macro and Micro-
Cellular Environment 
The allocations of Nodes B for macrocellular layer 

from the presented scenarios were utilized. The microcellu-
lar base stations (27 Nodes B) utilized the OMNI antennas 
with a gain of 12 dBi. Their deployment is shown in Fig. 
15, which illustrates the uplink path losses for the speech 
service and uplink loading 80 %. 

 
Fig. 15.  Uplink path losses of micro layer. 

For UL loading of the macro layer 50% was allowed, for 
the micro layer 80%. Micro layer and macro layer utilized 
different carrier frequencies f1 and f2. Average ratio other-
to-own cell interference was equal to 13% for microcellular 
layer and 48% for macrocellular layer. Tab. 1 summarizes 
results of simulations. 

4. Conclusions 
In this paper, the iteration-based simulation approach 

for the study of different impacts on the system capacity 
and the quality of coverage in urban UMTS macro and 
microcellular environment of UMTS was presented. The 
simulations based on the path loss calculated via the empi-
rical model for macrocellular environment and Berg’s Re-
cursive Model for microcells were executed for a real map 
of the centre of the city of Prague. 
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Tab. 1. Simulation results for combination of macro and micro 
layer. 

From the simulations it is clear that in microcells, unlike in 
macrocells, a propagation model that takes into account the 
site specific information on the built-up area must be used. 
An empirical model cannot accurately capture the problem 
in a microcellular environment. In microcells a higher up-
link loading is possible without the critical impact on the 
coverage area. A suitable choice of antenna positions of 
Nodes B can increase the system capacity. The suppression 
of breathing of the cells in the microcellular environment 
can be distinguished from the results of the simulations. 
While the signal fluctuations are of the order of tens of de-
cibels due to diffractions, refractions or penetrations, cell 
breathing causes variations in the order of only units of de-
cibels. 

Our future work will be concerned with simulations 
of UMTS networks implemented with HSPDA, and with 
an alternative for providing 3G services via High Altitude 
Platforms Stations [7] and their coexistence with terrestrial 
UMTS networks. 
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