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Abstract 

 
The maximum size of the Single Frequency Network 

(SFN) of DVB-H depends on the guard interval (GI) 
and FFT mode. The distance limitation between the 
extreme transmitter sites is thus straightforward to 
calculate. Nevertheless, there might be need to extend 
the theoretical SFN areas e.g. due to the lack of 
frequencies. This paper describes a simulation method 
for obtaining information about the effect of parameter 
settings on the error levels caused by the over-sized 
DVB-H SFN area. The functionality of the method was 
tested by programming a simulator and analysing the 
variations of carrier per interference distribution. The 
results show that the limits can be exceeded e.g. by 
selecting the antenna height in optimal way and 
accepting certain increase of the error level that is 
called SFN error rate (SER) in this analysis.  
 
1. Introduction 
 

The DVB-H network can be deployed with Single 
(SFN) or Multi Frequency Network (MFN) modes. In 
SFN, the transmitters can be added inside the allowed 
area without inter-symbol interferences. Furthermore, 
the overlapping signals increase the performance of the 
network due to the SFN gain. 

Sites located within the SFN area minimises the risk 
of the interferences as the guard interval (GI) protects 
the OFDM signals of DVB-H. If certain degradation in 
the quality level of the received signal is accepted, it 
could be justified to even extend the SFN limits. 

This paper presents a method to simulate the 
respective quality level of DVB-H by observing the 
variations of carrier-to-interference levels in function 
of radio parameters in over-sized SFN. The additional 
error rate caused by the exceeding of SFN is called 
SFN error rate, or SER, in this paper. The impact can 
also be investigated by calculating a ratio of SER 
events over the total simulation area. In the latter case, 
the term can be called SFN area error rate, SAER. 

2. Theory of SFN limits 
 
According to [1], the GI and the FFT mode of 

DVB-H network determinate the maximum delay that 
the mobile can handle in order to receive correctly the 
multi-path propagated components of the signals. The 
Table 1 summarises the SFN distances. 

 

 
 
As long as the distance between the transmitter sites 

is less than the maximum allowed, the difference of the 
delays between the signals originated from these sites 
never exceeds the allowed margin excluding strong 
multipath propagated signal. 

If the site distance is greater than the theoretical 
limitation allow, the situation changes. As an example, 
the GI of ¼ and 8K mode provides 224 μs margin for 
the safe propagation delay. Assuming the signal 
propagates with the speed of light, the SFN size limit is 
300,000 km/s · 224 μs yielding about 67 km SFN 
distance. If any distance combination of the sites using 
the same frequency exceeds this value, they start 
producing interference in spots where the difference of 
the signal propagation delays is higher than 224 μs. 

If the level of interference is greater than the noise 
floor, and the minimum C/N value that the respective 
mode requires is not any more complied, the signal in 
that specific spot is interfered. The interference thus 
increases the required received power level of the 
carrier up to C/(N+I). 

Even if the C/(N+I) level gets lower when moving 
from one site to another, the situation is not necessarily 
critical as the effective distance Deff of the signals 
(difference of the delays) might be within the SFN 

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

GI FFT 2K FFT 4K FFT 8K 
1/4 56 μs/16.8 km 112 μs/33.6 km 224 μs/67 km 
1/8 28 μs/8.4 km 56 μs/16.8 km 112 μs/33.6 km 
1/16 14 μs/4.2 km 28 μs/8.4 km 56 μs/16.8 km 
1/32 7 μs / 2.1 km 14 μs/4.2 km 28 μs/8.4 km 
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limits e.g. in the middle of two sites, although their 
distance from each others would be greater than the 
maximum allowed. The otherwise interfering site 
might thus not be considered as interference in the 
respective spot, but instead, it produces SFN gain. The 
interference increases especially when the terminal 
moves away from the centre of the SFN network. 

 

Noise floor Interference from TX1

Carrier from TX2

Noise

C/TX2I/TX1

SFN limit Extended SFN area  
Fig. 1. The principle of interference when the 

site is out of the SFN limit. 
 
The sum of thermal noise floor and noise figure of 

the terminal is the reference for C and I, and it depends 
on the bandwidth. As an example, the combined noise 
floor and noise figure value is -100.2 dBm for the 8 
MHz case. The original minimum received power level 
C/N of the signal raises up to C/(N+I) when the 
interference is present. For the multi-site network, the 
distance between the terminal and the sites determines 
if the signal of individual site is carrier or interference. 
The total C/(N+I) consists of the sum of separate 
components of C and I. 

The required C/N for some of the most commonly 
used parameter setting is seen in Table 2. [1] 

 

 
 

3. Methodology for the SFN simulations 
 
In order to estimate the error level of multi-sites that 

is caused by extending the theoretical geometrical 
limits of the SFN network, a simulation can be carried 
out. The investigated variables can be e.g. the antenna 
heights, radiating power levels of the site and the GI 
and mode that define the SFN limits. 

The setup for the simulation consists of area type 
and geometrical area where the cells are located. The 
cell radius is dimensioned according to the minimum 
C/N requirement. When estimating the total carrier per 
interference levels, both total level of the carriers and 
interferences are calculated separately by the following 
formulas, using the respective absolute power levels 
(W) of C and I components: 

 
22

2
2

1 ... ntot CCCC ����  (1) 
 

22
2

2
1 ... ntot IIII ����  (2) 

 
In each simulation round, the site with the highest 

field strength is identified. In case of uniform network 
and equal site configurations, the site with the lowest 
propagation loss corresponds to the nearest cell TX1 
which is selected as a reference in each round. Once 
the nearest cell is identified, the task is to investigate 
the propagation delays of signals form the nearest and 
each one of the other sites, and calculate if the 
difference of arriving signals Deff is greater or lower 
than the SFN limit Dsfn. In general, if the difference of 
the signal arrival times of TX1 and TXn is greater than 
GI defines, the TXn is producing interfering signal (if 
the signal is above the noise floor), and otherwise it is 
adding the level of total carrier energy (if the signal 
level is above the minimum requirement for carrier). 

In order to obtain the level of C and I, the path loss 
can be estimated e.g. with Okumura-Hata. The total 
path loss can be calculated by the following formula: 

 
normpathlosstot LLL ��  (3) 

 
Lnorm is the fading caused by the long-term 

variations in the path loss. For the long-term fading, a 
normal distribution is commonly used in order to 
model the variations of the signal level. The formula is 
the following [5]: 
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The term x represents the loss value, and x  is the 

average loss (0 in this case). In the snap-shot based 
simulations, the Lnorm is calculated for each arriving 
signal individually as the different events does not 
have correlation. The respective PDF and CDF are 
obtained by creating a probability table for normal 
distributions. Figure 3 shows an example of the PDF 
and CDF of normal distributed loss variations. 

Table 2. The  minimum C/N for the selected 
parameter settings. The terminal antenna gain 

(loss) is taken into account in the values. 
Parameters C/N (dB) 

QPSK, CR 1/2, MPE-FEC 1/2 8.5 
QPSK, CR 1/2, MPE-FEC  2/3 11.5 

16-QAM, CR 1/2, MPE-FEC 1/2 14.5 
16-QAM, CR 1/2, MPE-FEC 2/3 17.5 
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Fig. 3. PDF and CDF of normal distribution 

representing the variations of long-term loss. 
 

4. Simulator 
 
The block diagram of the SFN simulator is shown 

in the Figure 4. The simulator was programmed with 
standard Pascal code. It produces the results to text 
files, containing the C/N, I/N and C/(N+I) values 
showing the distribution in scale of  -50...50 dB and 
with 0.1 dB resolution. Also the MS coordinates and 
respective C/N, I/N and C/(N+I) is produced. A total of 
60,000 simulation rounds per each case were carried 
out. It corresponds to an average of 60,000 / (50 dB · 
10) = 120 samples per C/I resolution. 

The terminal was placed in 100 km × 100 km area 
according to the uniform distribution in function of the 
coordinates (x, y) during each simulation round. The 
raster of the area was set to 10 m. Small and medium 
city area type was selected for the simulations. The 
total C/I value is calculated per simulation round by 
observing the individual signals of the sites. 

 
Inputs: Geographical and simulation area, radio parameters.

Tables: Create CDF of lognormal distribution for long-term fading
and optional CDF for Rayleigh fading.

Initialisation: Calculate the single cell radius with Okumura-Hata
and place the sites on map according to the hexagonal principles.

Simulation: Place the mobile station on map. Calculate the
respective C/I levels. Repeat the simulation rounds until the
statistical accuracy has been reached.

Data storing: Save the C/I PDF and CDF distribution (-50..50 dB, 
0.1 dB resolution), coordinates of MS in each simulation round
and respective C/I value.  
Fig. 4. The block diagram of the simulator. 
 
The nearest site is selected as a reference during the 

respective simulation round. If the arrival time delay 

difference �t2–�t1 is less than DSFN defines, the 
respective signal is marked as a carrier C, otherwise it 
is marked as an interference I. In generic format, the 
total C/(N+I) can be obtained in dB units from the 
simulation results by comparing the level of the carrier 
(C / dB) with the level of interference (I / dB), having 
the noise floor (i.e. the sum of thermal noise floor and 
terminal noise figure) as a reference for both values. 
The final C/(N+I) is the difference between C and I. 
The noise figure depends on the terminal, but in these 
simulations, it is estimated to 5 dB as defined in [1]. 

Each simulation round provides information if that 
specific connection is useless, e.g. if the criteria set of 
1) effective distance Deff>DSFN in any of the cells, and 
2) C/(N+I) < min C/N threshold. If both criteria are 
valid, and if the C/N would have been sufficient 
without the interference in that specific round, the SFN 
interference level is calculated. 

The Figure 5 shows an example of the site 
locations. The simulator calculates the optimal cell 
radius according to the parameter setting and locates 
the transmitters on map according to the hexagonal 
model, leaving the overlapping areas in the cell border 
areas. The size and thus the number of the cells 
depends on the radio parameter settings without 
interferences, and in each case, a result is a uniform 
service level in the whole investigated area. 

The behaviour of C and I can be observed by the 
probability density functions, i.e. PDF of the results. 
The Figures 6 and 7 gives indication about the overall 
quality of the network with two different parameter 
settings. The first one does have only moderate 
interference level whilst the interference of the latter 
case is considerably higher. 
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Fig. 5. Example of the transmitter site 
locations the simulator has generated. 
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PDF, C and I, QPSK, FFT=8K, GI=1/4
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Fig. 6. Example of the PDF for C and I with 

antenna height of 200 m. 
 

PDF, C and I, QPSK, FFT=4K, GI=1/4
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Fig. 7. The C and I distribution for 4K. The 

interference level is considerably higher with 
4K than with 8K. 

 
CDF, QPSK, GI=1/4
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Fig. 8. Example of the CDF of C/(N+I) for QPSK 
4K and 8K modes with antenna height of 200 

m and transmitter power Ptx of 60 dBm. 
 

The specific values of the interference levels can be 
obtained by producing a CDF from the simulation 
results as shown in the Figure 8. 

 
5. Results 

 
By applying the principles of the DVB-H simulator, 

the C/I distribution was obtained. The variables were 
the modulation scheme (QPSK and 16-QAM), antenna 
height (20-200 m) and FFT mode (4K and 8K). 

The following Figures 9 and 10 shows the resulting 
networks that were used as a basis for the simulations. 
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Fig. 9. The network dimensions for the QPSK 

simulations. 
 

Site number and cell radius for 16-QAM
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Fig. 10. The network dimensions for the 16-

QAM simulations. 
 
The simulator locates randomly the mobile terminal 

on the map and calculates the C/I by taking into 
account the long-term fading. This is repeated 60,000 
times. One of the results is the estimation of the errors 
due to the interferences from the sites exceeding the 
SFN distance (i.e. if the arrival times of the signals 
exceed the maximum allowed delay difference). This 
event can be called “SFN error rate”, or SER. 
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Fig. 11. An example of the SER for QPSK in 
geographical format. The plots indicates the 

locations where the events results C/(I+N) 
level corresponding less than 8.5 dB. 

 
It can be assumed that when the SER level is 

sufficiently low, the end-users will not experience 
remarkable reduction in the quality due to the extended 
SFN limits. The respective interferences tend to 
cumulate to locations outside of the centre of the 
network as can be observed form the figure 11. 

According to the simulations, the SFN interference 
level varies clearly when the radio parameters are 
tuned. The following Figures 12-15 summarises the 
obtained cumulative C/(N+I) for outage probabilities 
of 2, 5 and 10 %. In order to have a uniform reference 
for the performance comparisons, the outage level of 
10 % was selected. It is logical point, corresponding to 
the location probability of 70% in the cell edge in the 
single cell case. 

 
C/I w ith outage of 2…10%, QPSK, 8K,100x100km2
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Fig. 12. The summary of the case 1 (QPSK, 

8K). The results show the C/(I+N) with 2%, 5% 
and 10 % SER criteria. 

C/I w ith outage of 2…10%, 16-QAM, 8K, 100x100km2
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Fig. 13. The summary of the case 2 (16-QAM, 

8K). 
 

C/I w ith outage of 2…10%, QPSK, 4K, 100x100km2
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Fig. 14. The summary of the case 3 (QPSK, 

4K). 
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Fig. 15. The summary of the case 4 (16-QAM, 

4K). 
 
The Figures 12-15 shows that with the uniform 

radio parameters and by varying the antenna height, 
modulation and FFT mode, the functional settings can 
be found exceeding the theoretical SFN limits. 
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The analysis shows that the 8K mode provides with 
sufficiently low SFN interferences for both QPSK and 
16-QAM when GI of ¼ is used. For the QPSK, the 
minimum required C/(N+I) requirement of 8.5 dB with 
the outage probability of 10 % is achieved with all the 
antenna heights of 20…200m . If the mode is changed 
to 4K, the respective antenna height should be lowered 
down to 35 m. 

16-QAM provides with smaller cell sizes and 
higher capacity compared to the more robust QPSK 
cases. The effect of FFT mode can be seen clearly also 
in this case. For the 16-QAM and 8K, and with the 
minimum C/(N+I) requirement of 14.5 dB for this 
specific case, there seem to be no limits for the antenna 
height as the SFN interference limits are considered. If 
the mode of this case is switched to 4K, the antenna 
should be lowered down to 30 m in order to still fulfil 
the maximum of 10 % outage criteria.  

The following Figure 16 summarises the previously 
presented cases presenting the outage percentage of 
different modes in function of transmitter antenna 
height. As previously, 8.5 dB C/(N+I) limit was used 
for QPSK and 14.5 % for 16-QAM modulation.  
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Fig. 16. The summary of the simulations, 
showing the outage-% in function of the 

transmitter antenna height. 
 
The 60 dBm EIRP that was used in the simulations 

represents relatively low power class for DVB-H. The 
higher power level raises the SER level accordingly. 
For the mid and high power sites the optimal setting 
depends thus even more on the combination of the 
power level and antenna height. According to these 
results, it is clear that the FFT mode 8K is the only 
reasonable option when the SER should be kept in 
acceptable level in over-sized SFN areas. According to 
the results, the over-sized SFN network could be 
planned using initially QPSK, FFT 8K and GI of ¼ 
providing large coverage areas but lowest capacity. On 

the other hand, when the capacity requirement 
increases, the switching to the 16-QAM modulation is 
the most logical solution. 

In practice, the SER level can be further decreased 
by minimising the propagation of the interfering 
components. This can be done e.g. by adjusting the 
transmitter antenna down-tilting and using narrow 
vertical beam widths, producing thus the coverage area 
of the carrier and interference as close to each others as 
possible. Also the natural obstacles of the environment 
can be used efficiently for limiting the interferences far 
away outside the cell range. 

 
6. Conclusions 

 
The controlled extension of the SFN limit might be 

interesting option for the DVB-H operator. The 
simulation method and results presented in this paper 
shows logical behaviour of the SFN error rate when 
varying the essential radio parameters. The results also 
show that the optimal setting can be obtained using the 
respective simulation method. As expected, the 8K 
mode is the most robust when extending the SFN 
whilst 4K limits the site antenna height considerably. 
16-QAM provides suitable performance for the 
extension, but according to the results, even QPSK is 
not useless in SFN extension when selecting the 
parameters correctly. 
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