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Abstract 

 
The correct estimation of the DVB-H (Digital Video 

Broadcasting, Handheld) coverage area is essential 
part in the pre-planning of the network. In addition to 
the coverage and respective capacity planning, the in-
depth work also requires an estimation of the quality 
of service levels, which depends mainly on the radio 
related parameters. This paper presents a simulation 
method in order to predict the interference caused by 
the Single Frequency Network (SFN) mode of DVB-H 
in dense urban area type. Mexico City was used as a 
basis for the investigations and case results. 
 
1. Introduction 
 

The link budget and theoretical radio propagation 
models can be used in the pre-planning and initial 
estimation of the DVB-H radio network size with the 
given capacity requirement. If the assumptions are 
tuned accordingly with the special characteristics of 
the planned area, this type of coverage estimation can 
be accurate. Nevertheless, these methods provide only 
a limited view to the practical network performance 
especially when a large Single Frequency Network is 
used as the interference level may increase. 

This paper describes a method to simulate the SFN 
interference levels in a realistic network environment. 
A simulation tool was developed for the investigation 
of the interferences both geographically as well as by 
cumulative distribution of the power levels. 

 
2. SFN limits 

 
As defined by the ODFM principles, the GI (Guard 

Interval) and FFT mode defines the maximum delay 
the DVB-H mobile terminal is able to handle in SFN 
mode [1]. Table 1 summarizes the maximum time 
delays with the respective maximum functional 
distances of the site when the single frequency 
approach is applied. 

 
 

The FFT size has impact on the maximum velocity 
of the terminal, and the GI affects on the maximum 
velocity of the terminal and on the radio capacity. As 
for the interferences only, the following parameter 
combinations results the same C/(N+I) performance 
due to their same requirement for the safety distances: 
• {FFT 8k, GI 1/4}: only one set 
• {FFT 8k, GI 1/8}, {FFT 4k, GI 1/4} 
• {FFT 8k, GI 1/16}, {FFT 4k, GI 1/8}, {FFT 2k, GI 

1/4} 
• {FFT 8k, GI 1/32}, {FFT 4k, GI 1/16}, {FFT 2k,GI 

1/8} 
• {FFT 4k, GI 1/32},{FFT 2k, GI 1/16} 
• {FFT 2k, GI 1/32}: only one set 

The required C/N depends on the code rate (CR), 
MPE-FEC rate (multi protocol encapsulator, forward 
error correction) and modulation. The minimum carrier 
per interference and noise C/(N+I) level requirement 
for e.g. {QPSK, CR ½, MPE-FEC ½} is 8.5 dB and  
for {16-QAM, CR ½, MPE-FEC ½} 14.5 dB [1]. 

 
3. SFN simulator 
 

The dense and urban area of Mexico City was used 
as a basis for the simulations by applying suitable 
propagation prediction models. The city is located on 
relatively flat ground level with high mountains 
surrounding the center area which was taken into 
account in the radio interface modeling. The Figure 1 
presents the location of the selected sites, and the 
Table 2 shows the site parameters. 

Table 1. The guard interval lengths and 
respective SFN safety distances. 

GI FFT = 2K FFT = 4K FFT = 8K 

 µs km µs km µs km 
1/4 56 16.8 112 33.6 224 67.0 
1/8 28 8.4 56 16.8 112 33.6 

1/16 14 4.2 28 8.4 56 16.8 
1/32 7 2.1 14 4.2 28 8.4 
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Fig. 1. The site locations and informative site 

sizes of the simulator.  
 

 
 

The height of the antenna was 60, 190, 30, 20, 20, 
30 and 60 meters from the tower base, respectively for 
the sites 1-7. The site number 7 represents the 
mountain installation with the tower base located 800 
meters above the average ground level, resulting the 
effective antenna height of 860 meters compared to the 
city center level. Site number 4 is also situated in 
relatively high level, but in this case, the surrounding 
area of the site limits its coverage area. The rest of the 
sites are in base ground level of Mexico City center. 

As the cell radius of the investigated sites is clearly 
smaller than 20 km, the Okumura-Hata [3] is suitable 
for the path loss prediction for all the other sites except 
for the mountain site number 7.  For the latter case, 
ITU-R P.1546 (version 3) [2] model was applied for 
the simulations by interpolating the path loss for each 
simulation round, using antenna height of 860 meters. 
The frequency was set to 680 MHz. 

The link budget of the simulator takes into account 
separately the radiating power levels and antenna 
heights of each site as seen in Table 1. During the 
simulations, the receiver was placed randomly in the 
investigated area (45km × 45km = 2025km2) according 

to the snap-shot principle and uniform geographical 
distribution. In each simulation round, the separate 
sum of the carrier per noise and the interference per 
noise was calculated by converting the received power 
levels into absolute powers. The result gives thus 
information about the balance of SFN gain and SFN 
interference levels. Tables of geographical coordinates 
with the respective sum of carriers and interferences 
were created by repeating the simulations 60,000 
times. Also carrier and interference level distribution 
tables were created with a scale of -50…+50 dB. 

The long-term as well as Rayleigh fading was taken 
into account in the simulations by using respective 
distribution tables independently for each simulation 
round. A value of 5.5 dB was used for the standard 
deviation. The area location probability in the cell edge 
of 90% was selected for the quality criteria, producing 
about 7 dB shadowing margin for the long-term 
fading. Terminal antenna gain of -7.3 dBi was used in 
the calculations according to the principles indicated in 
[1]. Terminal noise figure of 5 dB was taken into 
account. Both Code Rate and MPE-FEC Rate were set 
to ½. 

 
4. Simulation results 
 

The usable coverage area was investigated by post-
processing the simulation results. The simulations were 
carried out by using QPSK and 16-QAM modulations 
and all the possible variations of FFT and GI. 

As expected, the parameter set of {QPSK, FFT 8k, 
GI 1/4} produces the largest coverage area practically 
without interferences (Figure 2). The results of this 
case can be considered thus as a reference for the 
interference point of view. 

When the GI and FFT values are altered, the 
interference level varies respectively as can be 
observed from the figures 2-7 (QPSK) and 8-13 (16-
QAM). It can be seen that in addition to the parameter 
set of  {FFT 8k, GI1/4}, also {FFT 8k, GI 1/8}, {FFT 
4k, GI 1/4} produces useful coverage areas, i.e. the 
balance of the SFN gain and SFN interferences seem 
to be in acceptable levels, whilst the other parameter 
settings produces highly interfered network.  

The 16-QAM produces smaller coverage areas 
compared to the QPSK as the basic requirement for the 
C/(N+I) of 16-QAM is 14.5 dB instead of the 8.5 of 
QPSK. The SFN interferences tend to cumulate to the 
outer boundaries of the planned coverage area. 
Nevertheless, in case of high interferences, the 
investigated parameter settings would obviously still 
function in the Multi Frequency Network because the 
adjacent site of this mode uses different frequencies. 

Table 1. The site parameters. 
Site Coord, km EIRP Radius, km 

nr x y dBm W QPSK 16-
QAM 

1 7.2 11.0 70.5 11258 4.1 2.8 
2 19.0 4.4 69.3 8481 5.6 3.8 
3 20.5 5.8 69.3 8481 4.6 3.2 
4 26.4 12.7 69.5 8860 5.0 3.4 
5 21.2 16.1 71.3 13411 15.5 9.8 
6 16.6 27.0 69.3 8481 5.0 3.4 
7 23.0 36.4 71.1 12837 26.3 15.8 
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Fig. 2. The geographical distribution of the 

C/(N+I) values for QPSK, FFT 8k and GI ¼, with 
the respective minimum limit of 8.5 dB. 
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Fig 3. The parameter setting of QPSK, FFT 8k 
and GI 1/8 results small outages compared to 

the previous case. 
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Fig. 4. The parameter setting of QPSK, FFT 8k 

and GI 1/16 affects on the coverage clearly 
due to the increased interference levels. 
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Fig. 5. Parameter setting of QPSK, FFT 8k and 

GI 1/32 produces highly reduced useful 
coverage. 
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Fig. 6. Parameter setting of QPSK, FFT 4k and 

GI 1/32 reduces further the useful coverage 
area. 
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Fig. 7. The simulation results show that the 

parameter setting QPSK, FFT 2k and GI 1/32 is 
practically useless in the planned area. 

 

85



 
Coverage, C/(N+I)

0

10

20

30

40

0 10 20 30 40 km

km
(C/I)<=1.5dB
14.5dB<=(C/I)<35dB
(C/I)>=35dB

 
Fig. 8. The Coverage estimation for 16-QAM, 
FFT 8k and GI ¼. This case shows a clean 

noise limited coverage area. 
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Fig. 9. 16-QAM, FFT 8k and GI 1/8 reduces the 

useful coverage area, but the case is still 
feasible. 
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Fig. 10. 16-QAM, FFT 8k and GI 1/16 provides 

clearly reduced coverage area due to the 
increased interference levels. 
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Fig. 11. 16-QAM, FFT 8k and GI 1/32 is 

practically useless for the coverage area due 
to the high interference levels. 
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Fig 12. 16-QAM, FFT 4k and GI 1/32 provides a 

minimum coverage due to the very high 
interference levels. 
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Fig. 13. 16-QAM, FFT 2k and GI 1/32 is useless 

for the coverage in the planned area due to 
the extremely high interference levels. 
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The following Figures 14-19 summarizes the results 

of the interference level simulations, showing the non-
interfered areas (when I is 0), lightly interfered areas 
(when I is between 0 and 5 dB), and highly interfered 
areas (when I is greater than 5 dB), depending on the 
selection of the FFT and GI values. 

It can be seen that the parameter setting of {FFT 8k, 
GI 1/4} as well as {FFT 8k, GI 1/8} and {FFT 4k, GI 
1/4} produces a network without or with only few 
interferences. 

The difference between the other parameters is clear 
as the Figures 16-19 shows a very high rise of the 
interference levels. The results indicate that the 
parameter sets of {FFT 8k, GI 1/16}, {FFT 4k, GI 1/8} 
and {FFT 2k, GI 1/4} increases considerably the 
interference level reducing the useful coverage, and the 
rest of the parameter values are practically useless. 
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Fig. 14. The interference level simulation 

shows that the FFT 8k and GI ¼ provides a 
non-interfered network in the planned area. 
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Fig 15. the FFT 8k and GI 1/8 still provides 

with a clean network as the interference level 
is considered. 
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Fig. 16. Parameter setting of FFT 8k and GI 

1/16 interference level makes large part of the 
original coverage area useless. 
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Fig. 17. Parameter setting of FFT 8k and GI 
1/32 interferences level is considerable in 

major part of the network. 
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Fig. 18. Parameter setting FFT 4k and GI 1/32 
produces a heavy interference level almost 
everywhere in the original coverage area. 
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Fig 19. The simulation shows massive 

interference levels in the whole planned area 
with FFT 2k and GI 1/32.  
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Fig. 20. The cumulative C/(N+I) distribution of 

different modes. 
 
The Figure 20 shows a summary of the cumulative 

C/(N+I) distribution of different modes. By observing 
the 90% probability in the cell edge (about 95% in the 
cell area), i.e. 5 % outage probability of the Figure, the 
mode {FFT 8k, GI1/4} provides a minimum of about 9 
dB and the set of {FFT 8k, GI1/8} and {FFT 4k, 
GI1/4}gives about 5 dB in the whole investigated area. 
It is worth noting that these values are calculated over 
the whole map of 45km × 45km which includes both 
overlapping areas as well as outages. 

It seems that the QPSK mode would provide a good 
performance in the investigated area when using the 
non-interfering {FFT 8k, GI 1/4} parameters, whilst 
16-QAM gives smaller yet non-interfered coverage 
area. The advantage of the latter case is the double 
radio channel capacity compared to the QPSK with 
greater coverage area. 

The parameter set of {FFT 8k, GI 1/8} and {FFT 
4k, GI 1/4} looks to be still useful in this specific case, 

providing the possibility to either rise the maximum 
velocity of the terminal (FFT 4k), or to give more 
capacity (GI 1/8), but with the cost of useful coverage 
area due to the increased interference levels. 

As for the rest of the parameter settings, the optimal 
balance can not be achieved due to the very high 
interference levels. 

 
5. Conclusions 

 
The presented simulation method provides both 

geographical and cumulative distribution of the SFN 
gain and interference levels. The method can thus be 
used in the detailed optimization of the DVB-H 
networks. The principle of the simulator is relatively 
straightforward and the method can be applied by 
using various different programming languages. In 
these investigations, a standard Pascal was used for 
programming the core simulator. 

The results show that the radio parameter selection 
is essential in the detailed planning of the DVB-H 
network. As the graphical presentation of the results 
indicate, the effect of the parameter value selection on 
the interference level and thus on the quality of service 
can be drastic, which should be taken into account in 
the complete planning of DVB-H. 
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