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Abstract 
The methodology for the sufficiently accurate DVB-H 
coverage estimation is one of the most important topics in 
the network planning of the system. The final coverage area 
depends on the planned capacity, i.e. the bit stream per 
channel, as well as the number of the channels. Also the 
surrounding geographical area has a big impact on the 
coverage, as well as the antenna height. This paper shows a 
case analysis about the coverage estimation as a basis for 
the initial radio network planning in large urban 
environment. The study was carried out for Mexico City, 
which is one of the most populated areas in the world. 
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INTRODUCTION 
The coverage area of a single DVB-H transmitter site 
depends on the provided capacity and thus on the radio 
parameters that provides the required bit pipe. Logically, 
higher total capacity demand in the given band width results 
smaller cell sizes. 

The environment has a big impact on the radio wave 
propagation. According to the Okumura-Hata [8] prediction 
model, the dense urban area attenuates the signal 
considerably compared to the other environment types. 

This paper shows an example of the coverage planning in 
Mexico City, which is considered as one of the largest urban 
and dense urban environments. Despite of the challenges of 
the presented environment type, the definite advantage of 
DVB-H can be seen most clearly in this case as big amount 
of potential customers can be served in reduced area. In 
Mexico City alone, the estimated total population is about 
20-25 million from which the number of the potential 
customers can be estimated to be considerable. 

The study presented in this paper compares the accuracy 
and usability of the basic Okumura-Hata model and more in-
depth coverage planning tool with respective terrain height 
and area type information included. 

THE PLANNED ENVIRONMENT 
Mexico City is situated in 1.4 miles (2.2 km) of height from 
the sea level, and it is surrounded by the mountains with 
about 1.9 miles (3 km) of height compared to the sea level.  

Figure 1 shows an overview of the city. As can be 
observed, the area consists of urban buildings in large area. 

 
 

 

 
Figure 1. An overview of Mexico City, near the center 

area. The city is in general tightly built and large in size. 
 

The following Figure 2 shows the area cluster type of 
Mexico City. As can be seen, the dense urban and urban 
type is very large with the respective cluster type proportion 
of roughly 420 square miles (1000 km2). 
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Figure 2. The area type, i.e. cluster map of Mexico City. 
This map shows the area of about 30 × 30 miles (50 × 50 

km) from which half is urban and dense urban area. 
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THEORETICAL COVERAGE ESTIMATION 
The assumption for the analysis was to use 16-QAM 
modulation, which provides about two times more channel 
capacity compared to QPSK. On the other hand, the link 
budget of 16-QAM produces about 6-7 dB smaller coverage 
than QPSK. 

For the sufficiently robust channel coding and error 
recovery, the Code Rate (CR) of ½ and MPE-FEC rate of ¾ 
was selected. With 16-QAM modulation and 17.5 dB C/N 
requirement, this results a total channel capacity of 6.2 Mb/s. 
Using the basic SFN network, this combination would be 
possible to use e.g. for 1 ESG (electrical service guide, 
about 200–300 kb/s) and for 10–12 high quality audio-video 
channels of about 450 kb/s each, or for about 20 good 
quality A/V channels of about 250 kb/s each. 

In the initial phase of the planning, an Okumura-Hata 
based rough estimation about the needed amount of sites can 
be carried out using the respective area correction. For the 
estimation of the cell size (radius), a link budget is a proper 
tool. In this specific case, the link budget shown in Table 1 
can be created. 

 
Table 1. An example of the DVB-H link budget. 

General parameters
Frequency f 680.0 MHz
Noise floor for 6 MHz bandwidth P n -106.4 dBm
RX noise figure F 5.2 dB
TX
Transmitter output power P TX 2400.0 W
Transmitter output power P TX 63.8 dBm
Cable and connector loss L cc 3.0 dB
Power splitter loss L ps 3.0 dB
Antenna gain G TX 13.1 dBi
Antenna gain G TX 11.0 dBd
Eff. Isotropic radiating power EIRP 70.9 dBm

EIRP 12308.7 W
Eff. Radiating power ERP 68.8 dBm

ERP 7502.6 W
RX
Min C/N for the used mode (C/N) min 17.5 dB
Sensitivity P RXmin -83.7 dBm
Antenna gain, isotropic ref G RX -7.3 dBi
Antenna gain, 1/2 wavelength dipole G RX -5.2 dBd
Isotropic power P i -76.4 dBm
Location variation for 95% area prob L lv 5.3 dB
Building loss L b 14.0 dB
GSM filter loss L GSM 0.0 dB
Min required received power outdoors P min(out) -71.1 dBm
Min required received power indoors P min(in) -57.1 dBm

Min required field strength outdoors E min(out) 62.8 dBuV/m
Min required field strength indoors E min(in) 76.8 dBuV/m
Maximum path loss, outdoors L pl(out) 142.0 dB
Maximum path loss, indoors L pl(in) 128.0 dB  
 

According to the link budget, the outdoor reception of this 
specific case with 2,400 W transmitter yields a successful 

reception when the radio path loss is equal or less than 142.0 
dB. 

The Okumura-Hata model [8] can be applied in order to 
obtain the cell radius (unit in kilometers) in large city type. 
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The following Figure 3 presents the estimated cell range 

calculated with the large city model and by varying the 
transmitter antenna height and power level. 
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Figure 3. The cell range calculated with the Okumura-
Hata model for the large city, varying the transmitter 

power levels. 
 
According to the Figure 3, it is clear that higher the 

antenna is located and higher the transmitter power is, lower 
is the transmitter site number. In practice, though, it is not 
always possible to obtain the site locations and antenna 
heights in the technically best locations. The access for 
already existing towers might be limited as well as the 
available heights in the towers, and rooftops might be 
challenging to obtain. In many cases, the antenna height is 
limited to 65–100 feet (20–30 m). In some cases, it could be 
possible to obtain a higher antenna location in broadcast 
tower near the city center, or even better, in skyscraper’s 
rooftop in the downtown area. 

On the other hand, the transmitter type is important to 
select correctly. In case of high-power transmitter type, the 
respective power consumption increases. It can be estimated 



 
 

that the power consumption might be about 6 times the 
produced power level fed to the antenna cable. Also the 
complexity rises among the higher power levels, and e.g. 
liquid cooling is needed instead of air cooling, affecting on 
the maintenance. These might be limitations for the highest 
power classes when selecting the optimal power levels. 

In this analysis, a 2,400 W transmitter type was selected 
due to the above mentioned reasons. According to the Figure 
3, it provides a cell radius of 1.9–2.5 miles (3–4 km) with 
the transmitter antenna installed to 65–130 feet (20–40 m) of 
height. As a comparison, the antenna height of 330 feet (100 
m) provides about 4.4 miles (7 km) cell radius, and 660 feet 
(200 m) antenna yields about 6.2–6.8 miles (10–11 km) 
radius. If possible to install, one or two high antenna 
locations would provide a good basic coverage in the city 
area whilst the sites with lower antenna heights fills the rest 
of the area. 

If only the urban and dense urban areas are to be covered, 
the following theoretical coverage map can be created by 
selecting 2 sites with antenna height of 660 feet (200 m) and 
cell radius of 6.8 miles (11 km), and the rest of the sites 
could use antenna heights of 100 feet (30 m) which provides 
a cell radius of about 2.2 miles (3.5 km). The map represents 
the Okumura-Hata estimated coverage for the outdoor 
assuming the sites can be selected without restrictions. 
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Figure 4. Theoretical coverage plan when using 

Okumura-Hata model for the cell radius estimation. 
 
The drawback of the above presented coverage plan is 

that the prediction is inaccurate depending on the actual 
terrain type. Nevertheless, it gives an idea about the rough 
cell number. In any case, this analysis shows the importance 
of the antenna height as with only two high antenna 
locations, it looks possible to cover about half of the given 
area whilst the low antenna locations results a need of about 
15 sites. 

PLANNING TOOL ANALYSIS 
In order to compare the theoretical Okumura-Hata approach 
with the more realistic methods, Nokia NetAct Planner was 
used as a basis for more in-depth analysis of the coverage 
planning. The tool consists of the digital maps of Mexico 
City, with respective clutter data. A total of 7 sites were 
selected for the analysis based on the practical site 
considerations, i.e. the selected sites could possibly be real 
candidates with realistic antenna heights. 

The NetAct consists of several propagation models. 
Extended Okumura-Hata prediction model with respective 
digital cluster maps was used in the analysis. The initial 
parameter tuning for the DVB-H plan was made based on 
the estimated local clutter attenuation factors. The final 
clutter values and other propagation model parameterization 
for the estimated coverage area should be adjusted by 
carrying out field tests as each area type differs from the 
others. 

The coverage map was plotted for outdoor and indoor 
environments based on the previously used DVB-H link 
budget, taking into account the relevant parameters 
(bandwidth, modulation scheme, code rate, MPE-FEC rate 
and receiver antenna gain). The same 2,400 W transmitter 
type was used in all the sites like in previous analysis, with 
EIRP of about 69–71 dBm, depending on the site 
configuration, i.e. cable lengths and losses. In this analysis, 
2 or 3 directional antennas with the horizontal beam width 
of 65 degrees and vertical beam of 27 degrees was used, 
with respective antenna gain of 13.1 dBi. In some cases of 
high antenna installations, a slight antenna element down-
tilting was used in order to optimize the coverage. 

Other essential global parameters for the link budget 
were: Code rate (CR) ½, MPE-FEC rate ¾, radio channel 
TU6 (with 30 Hz Doppler), channel bandwidth 6 MHz and 
680 MHz operating frequency. The average building 
penetration loss was estimated to be 14 dB.  With the area 
location probability of 95 %, the link budget yields a 
minimum requirement of -71.1 dBm for the received power 
level in this specific case. 

The following Table 2 presents the selected sites with the 
antenna height hant, direction (degrees), down-tilt (DT) and 
the final EIRP (dBm) values. The EIRP shown in the Table 
includes the transmitter filter, cable, connector and power 
splitter loss. 

 

 

Table 2. The DVB-H site configuration. 
Site TX P hant deg DT EIRP 

Tres Padres 2400 W 60 m 140/220 2/2 70.5 
WTC 2400 W 190 m 0/150/240 2/2/2 69.3 
Iztapalapa 2400 W 30 m 0/120/240 0/0/0 69.3 
Santa Fe 2400 W 20 m 0/120/240 0/0/0 69.5 
Tlalpan 2400 W 20 m 330/90 0/0 71.3 
Vallejo 2400 W 30 m 0/120/240 0/0/0 69.3 
Azteca 2400 W 30 m 120/240 0/0 71.1 



 
 

The coverage plots indicates the functional areas for 16-
QAM in outdoor and indoor environments. As a reference, 
also QPSK outdoor coverage is presented, with the colors 
shown in the following Figure 5. In the following coverage 
maps, the raster size is 3.1 × 3.1 miles (5 × 5 km). 
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Figure 5. The meaning of the plotted colors. 

 
Two possibilities were identified for the high antenna 

installation; the “WTC” (skyscraper) and “Tres Padres” 
(mountain). The WTC site (with 623 feet / 190 m antenna 
height) provides a good basic coverage with more than 6.2 
miles / 10 km radius (NetAct) in main beam, or 5.5 miles / 
8.7 km (Okumura-Hata). It is worth noting, though, that the 
used prediction model does not take into account the 
variations of the obstacles like detailed building heights, so 
there might be holes in the presented map especially in the 
street canyons. 
 

EIRP: 69.3 dBm
Ant: 0/150/240 deg, 190 m
Downtilt: 2/2/2 deg

 
Figure 5.  “WTC” site. 

 
The other high antenna site, “Tres Padres”, was planned 

with 2 sectors pointing south-east and south-west in high 
mountain tower (about 1.9 miles / 3 km from sea level, 
whilst the average value of the city area is about 1.4 miles / 
2.2 km). It provides a large basic coverage. Depending on 
the obstacles in LOS and observed direction, the outdoor 
coverage varies within 3.1–15.5 miles / 5–25 km of radius. 

Okumura-Hata is not valid in this case as the radius is more 
than 20 km, but e.g. ITU-R P.1546 model yields 9.4 miles / 
15 km with the parameter values of this example which is in 
align with the estimation shown in the Figure 6. 

 
EIRP: 70.5 dBm
Ant: 140/220 deg, ~3km above sea level
Downtilt: 2/2/2 deg

 
Figure 6. “Tres padres” site. 

 
“Tlalpan” was planned with 2 sectors in a tower (antenna 

in 65 feet / 20 m), which provides only local coverage. The 
outdoor coverage is about 1.9 miles / 3 km (1.8 miles / 2.8 
km via Okumura-Hata) of radius in the main beam of the 
antennas. 
 

EIRP: 71.3 dBm
Ant: 330/90 deg, 20 m
Downtilt: 0/0 deg

 
Figure 7. “Tlalpan” site 

 
“Iztalapa” was planned with 3 sectors in a tower (antenna 

height 100 feet / 30 m). It provides only a local coverage. 
Depending on the obstacles in LOS, the outdoor coverage is 



 
 

about 2.5 miles / 4 km (1.9 miles / 3.1 km via Okumura-
Hata) of radius in main beams. 
 

EIRP: 69.3 dBm
Ant: 0/120/240 deg, 30 m
Downtilt: 0/0/0 deg

 
Figure 8. “Iztalapa” site. 

 
“Vallejo” contains 3 sectors (antenna height 100 feet / 30 

m). It provides a local coverage due to the low antenna 
height, but nevertheless, it increases the indoor coverage in 
“Tres padres” sector. Depending on the obstacles in main 
beams, the outdoor coverage is about 2.1 miles / 4 km (1.9 
miles / 3.1 km via Okumura-Hata) of radius. 
 

EIRP: 69.3 dBm
Ant: 0/120/240 deg, 30 m
Downtilt: 0/0/0 deg

 
Figure 9. “Vallejo” site. 

 
“Santa Fe” with 3 sectors in a tower (antenna height 65 

feet / 20 m) provides relatively small local coverage for the 
low antenna height and non-uniform terrain. Depending on 
the obstacles in man beams, the outdoor coverage is about 

1.6 miles / 2.5 km (1.6 miles / 2.5 km via Okumura-Hata) of 
radius. The challenge of this site is the variations of the 
mountain heights nearby. 

 
EIRP: 69.5 dBm
Ant: 0/120/240 deg, 20 m
Downtilt: 0/0/0 deg

 
Figure 10. “Santa Fe” site. 

 
“Azteca” with 2 sectors (antenna height 65 feet / 20 m) 

provides relatively good local coverage in the directions 
without obstacles. Depending on the obstacles, the outdoor 
coverage varies in range of 1.9–6.2 miles / 3–10 km (2.2 
miles / 3.6 km via Okumura-Hata) of radius. 
 

EIRP: 71.1 dBm
Ant: 120/240 deg, 30 m
Downtilt: 0/0/0 deg

 
Figure 11. “Azteca” site. 

 
The following Figure 12 presents the complete network 

coverage with the 7 sites. The plot shows the network 
coverage with 16-QAM and 95 % area location probability, 
code rate of ½ and MPE-FEC of 2/3. 



 
 

 
Figure 12. The complete network coverage prediction. 

 

RESULTS 
The cell size estimation obtained by calculating with pure 
Okumura-Hata prediction model has relatively good average 
correlation with the results that can be obtained with NetAct 
Planner when the general limits of the models are taken into 
account. 

The results of the NetAct Planner shows that the used 
prediction takes well into account the terrain heights and 
cluster types, which would be challenging to do with using 
only theoretical Okumura-Hata approach. When sufficiently 
good line of sight is found in the planned sector, the useful 
cell size may be considerably better that obtained with the 
use of Okumura-Hata. 

The number of identified site number was relatively low 
in the NetAct analysis. More sites are obviously needed if 
the same area should be covered as shown in Okumura-Hata 
analysis in Figure 4. By observing the Figure 12, about 4–6 
additional sites might be necessary for the full coverage. 
Okumura-Hata estimated well the relatively low antenna 
installation sites, but the model estimated the coverage area 
of the high WTC site in pessimistic way which affects on the 
final estimation of the sites.   

It is worth noting that especially the indoor coverage in 
selected areas requires the use of repeater type of solution, 
e.g. in shopping centers and other centralized locations, 
where the potential customers are typically using the service. 

CONCLUSIONS 
The results of the case analysis shows that the theoretical 
Okumura-Hata prediction model with DVB-H link budget 
gives a good first-hand estimate about the cell sizes and thus 
about the needed amount of the sites in the planned area. 
Taking into account the characteristics of the model, this 
method can be applied especially in the initial phase of the 

network planning. 
Due to the restrictions of the Okumura-Hata ranges as the 

antenna height and maximum estimated cell radius are 
considered, the methodology applies for the relatively 
decent radiating power levels. When the cell radius exceeds 
the maximum predictable value of 12.4 miles / 20 km, as the 
case is for the “Tres Padres” site, the model is not feasible 
and adjusted models should thus be used. Especially for the 
high antenna locations, one of the most logical models at the 
moment is the ITU recommendation P.1546, which is based 
on the curve mapping and is valid practically for all the 
environments where DVB-H can be constructed. On the 
other side, the power levels are limited due to the EMC and 
human exposure regulation resulting sufficiently small cell 
ranges in order to be estimated with Okumura-Hata in mayor 
part of the cases in urban areas. 

The advanced planning tool with respective digital maps 
including the terrain height and correct cluster attenuation 
information is essential in the detailed network planning. It 
is also worth noting that the predictions presented in this 
paper gives indication only about the coverage areas. 
Especially in the case of Single Frequency Network, the 
correct balancing of the FFT size and Guard Interval values 
is important in order to avoid too high level of the possible 
inter-symbol interferences in large single frequency network 
areas. 

The results shows that the coverage estimation presented 
in this paper can be used in the first phase of the DVB-H 
radio network planning for the initial estimation of the 
transmitter sites. As the clutter types vary in practice, the 
more detailed prediction estimations with respective model 
tuning via the field tests are thus needed in the following 
phases. 
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