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Abstract—A study of DVB-T (Digital Video Broadcasting - 

Terrestrial) signal variability for indoor reception environments 

is stated in this paper.  A commercial signal was measured and 

analyzed in order to obtain C/N threshold values that account 

time and space fluctuations. In this way, results increase the 

accuracy of the values provided by the ETSI (European 

Telecommunications Standards Institute) standard and other 

studies that assume static propagation channels. On the other 

hand, the fading influence due to people walking near the 

reception antenna has been proved as critical for correct 

reception.  Characterization of this effect has been made in terms 

of its depth and duration. Obtained results improve DVB-T 

network planning and could be considered for other technologies 

sharing similar frequencies and bandwidths. 

 
Index Terms - DVB-T indoor portable reception, C/N 

thresholds, space variability, time variability, channel 

propagation, ESR5, BER before Reed Solomon. 

I. INTRODUCTION 

n the early 90`s DVB-T came up as the first system based on 

OFDM (Orthogonal Frequency Division Multiplexing) 

modulation for digitalization of television when considering 

terrestrial propagation. This technology was proposed by the 

DVB Consortium and standardized by the ETSI [1].  The 

robustness of its modulation means an improvement for this 

type of service overcoming the limitations of the analogue 

system.  

 

Several studies that analyze the digital signal’s quality for 

outdoor and indoor reception have been performed. In both 

cases the reception is influenced by multipath effect and is 

especially critical for indoor environments where obstacles 

such as walls or windows increase the signal variability.. This 

situation deserves a more exhaustive study.  

 

The standard provides criteria for correct signal reception 

and includes threshold values of the carrier to noise ratio for 

all the possible configurations. However, these threshold 

values have been obtained assuming static situations. That is, 

no signal fluctuations occur during the observation period. 

Such assumption is not realistic since signal variability exists 

due to the multipath effect, as previously commented. Under 

 
A. Martínez, I. Peña P. Angueira, A. Arrinda, M. Velez , D. de la Vega and 

J.L. Ordiales are with the Dpt. Of Electronics and Telecommunications at the 

Bilbao Engineering Faculty[contact email: pablo.angueira@ehu.es] 

Mrs. D. Zabala is with Dominion Engineering. Bilbao, Spain. 

such circumstances, ETSI thresholds are too optimistic 

because real reception conditions are worse than the supposed 

ones. This is verified by the laboratory tests of the German 

institute IRT (Institut für Rundfunktechnik) that conclude the 

necessity of higher C/N thresholds [2].  

 

Previous laboratory results should be supported by field 

trials based on signal measurements in order to consider 

realistic conditions for indoor reception. Specifically, signal 

reception when people are walking near the receiver antenna 

must be studied since critical fading exists in this case. Such 

effect has not been previously analyzed neither the IRT nor 

other studies which suggest threshold values without including 

time variability of the signal [3]. 

 

An analysis of DVB-T signal for indoor reception, 

providing C/N threshold values and fading characterization is 

stated in this paper. The study is based on a measurement 

campaign where typical situations for this type of reception 

have been gathered. The measurement system, methodology, 

and data processing, as well as the corresponding results are 

described in next sections.  

II. OBJECTIVES 

Since fluctuations of the DVB-T signal must be taken into 

account when defining the quality of the digital service, the 

main objective of this study is to analyze this effect providing 

realistic quality parameters for correct reception. To this end, 

three phases have been considered. 

 

 Analysis of DVB-T signal spatial behavior and the 

corresponding C/N threshold values related to space 

variability. 

 Time variability study and derived C/N values for both 

public and private buildings. 

 Fading characterization due to people walking near the 

receiver antenna. Specifically, duration and depth of this 

type of fading has been calculated  

 

The corresponding results will improve those included in the 

ETSI standard or provided by other studies that have not 

considered the dynamic nature of the DVB-T signal and will 

further help the planning of future digital networks.  

Analysis of the DVB-T signal variation for 

indoor portable reception 

A. Martínez, D. Zabala, I. Peña, P. Angueira, M. Vélez, A. Arrinda,  

D. de la Vega, J. L. Ordiales 
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III. SIGNAL CHARACTERIZATION  

This section introduces the factors taken into account when 

studying the DVB-T indoor reception behavior. Specifically, 

the propagation channel assumption, the signal space and time 

variability and Quality of Service threshold criteria are 

described. 

 

Traditionally, two propagation channel models have been 

considered when planning portable DVB-T services: Rician 

and Rayleigh channels [4]. The first one has a dominant 

component that is much higher than the remaining multipath 

components, so their influence does not significantly affect the 

reception. Fig. 1 shows an example of Rician channel impulse 

response at one of the locations of the measurement campaign 

associated to this paper. 

 

 
Fig. 1. Impulse response for a Rician channel. 

 

On the other hand, a Rayleigh channel implies strong 

multipath components, close in amplitude to the main path and 

even higher. Fig. 2 shows a real impulse response recorded at 

one of the measurement locations. 

 

 
 

Fig. 2. Impulse response for a Rayleigh channel. 
 

ITU-R Recommendations [5] and ETSI documents provide 

system thresholds for a variety of reception situations, which 

are based on the assumptions related to the above mentioned 

channel types. This way, minimum carrier to noise C/N values 

are provided in the literature in order to plan DVB-T services. 

As previously mentioned, some studies [2] have suggested that 

today’s assumptions are optimistic and both time and space 

variability might have to be also considered relevant factors 

for network planning. The impact of variability on the C/N 

thresholds will be different depending on the channel. 

 

The study of appropriate C/N thresholds requires a previous 

definition of correct vs. incorrect reception. This issue is not 

trivial and has also been studied in the definition phases of 

several broadcasting systems [1], [6], [7]. During the last 

decade, two criteria have been applied widely: TOV 

(Threshold of Visibility) and QEF (Quasi Error Free) 

condition [8], [9]. The TOV is based on the subjective 

evaluation of the audio and video signals during intervals of 20 

seconds. The Quasi Error Free criterion implies that the quality 

of reception is good if no more than an error per hour in the 

MPEG data occurs. This corresponds with a BER before Reed 

Solomon of 2·10
-4

 [1]. Those evaluation criteria are no longer 

valid if the channel is time varying and error bursts occur [2], 

which, as will shown in following sections, is the case for 

indoor portable reception. 

 

More recently, an additional quality assessment method, the 

so called ESR5 (Erroneous Second Ratio), has been proposed 

in order to take into account reception situations that are likely 

to suffer from sudden bursts of errors [10] , [11], [12]. 

 

The ESR5 is based on a division of the measurement interval 

into 20 second blocks. If a block presents no more than one 

erroneous second in MPEG data, the block is tagged as 

correct. If not, it is tagged as incorrect. This erroneous second 

within the 20 second block represents the 5% of the time, 

hence the name of the criterion. Anyway, these errors only 

correspond to MPEG-TS packet errors, severe transmission 

errors, such as synchronization loss, are not allowed.  
 

The ESR5 value is the ratio between the number of correct 

blocks and the total number of blocks.  
 

blocksofnumberTotal

blockscorrectofNumber
ESR5

      (1) 

 

The reception will be considered as correct when the ESR5 

criterion is fulfilled at least with a value of 0.99, that is, the 

99% of the time. Similar methodology, parameters and criteria 

such as frame error rates (FER and MFER) [13], [14] are 

being used for mobile television standards (DVB-H).  

IV. MEASUREMENT CAMPAIGN 

This study has been based on a measurement campaign, 

developed in three different phases in 2006 and 2007. Tests 

were designed and planned as a function of the objectives 

described in Section II. Details of the planning, equipment and 

methodology of each phase are described in this section. 

 

1. Measurement Planning  
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Two different commercial DVB-T signals broadcasted from 

the two major transmitter sites serving the city of Bilbao 

(Spain) on the upper UHF band have been considered as the 

basis for this study. The first one, Artxanda, operates at 

810 MHz and the other one, Ganeta, at 794 MHz. In both 

cases, the signal is modulated in the 8k mode with 64 QAM 

modulation, code rate of 2/3 and guard interval of 1/4. Both 

transmitters’ locations are shown in Fig. 3. 

 

The objective of the first measurement phase was to study 

the influence of the space signal variability on minimum 

required C/N values and determine the corresponding 

threshold for correct reception. This phase took place in the 

Bilbao Engineering Faculty of the University of the Basque 

Country.  

Tests consisted of measurements at 45 indoor reception 

points within the faculty building, located in Bilbao 

downtown, 2.5 km away from the Artxanda transmitter. In this 

case, due to the existence of unobstructed line of sight path, 

the signal from this transmitter centre was the one with highest 

levels inside the building. 

 

 
 

Fig. 3. Transmitter and test points locations. 

 

The C/N threshold associated to the time signal variability was 

obtained from data of a second measurement phase.  

Measurements were taken at 11 locations of the same previous 

building. Some of them are a subset of the first campaign 

points. Nevertheless a different methodology was followed.  

 

A third phase was planned to generalize time signal variability 

results. In this case a set of 22 locations distributed in 7 

different buildings of Bilbao were measured. Six of them can 

be described as residential houses located in an urban 

environment and surrounded by other ones made of brick or 

concrete (following the classification and terminology from 

ITU-R BS.1203-1 Recommendation [15], [16]). The 

remaining one was placed in a rural area. Locations inside this 

building have been used to make a comparison with results 

corresponding to urban environment. During this phase, the 

existence of line of sight determined which signal was 

recorded, Artxanda or Ganeta.  

 

Taking into account the three phases, the reception indoor 

was tested at a total of 78 locations.  

 

2. Measurement System 

 

For indoor portable reception, also called class B reception, 

there is not a dominant path, but multipath is predominant. 

Thus, an omnidirectional antenna is needed. Planning 

guidelines reports provided by standardization bodies, such as 

TR 101 190 [17] recommend the use of this type of antenna 

for indoor portable reception. Considering that the regular 

DTV transmission was horizontally polarized, the receiving 

antenna was one of the key issues when defining the test 

system.  

Several omnidirectional commercial TV antenna models 

designed for portable reception were tested. None of them 

showed the required uniformity in the radiation pattern. On the 

other hand, other non-commercial designs exist for DVB-T 

indoor reception but they were not proper for the DTV signals 

under study [18]. With this in mind, it was decided to design 

specifically an antenna for these tests, as shown in Fig. 4. After 

several versions, the model with better frequency and gain 

responses was a microstrip dipole antenna.  

 

  
 

Fig. 4. Microstrip antenna used during the measurement campaign 

 

The operation frequency range of this antenna is from 

768 MHz to 900 MHz. For this band, a value of the VSWR 

(Voltage Standing Wave Ratio) ≤ 2 characterizes it. The 

maximum gain at the frequencies of the measured DVB-T 

signals (794 MHz and 810 MHz) is 2 dBi which corresponds 

with an antenna factor value (also called K factor) around 24.5 

dB [19]. Fig. 5 depicted the normalized radiation pattern of the 

antenna.  

 

 

 
 

Ganeta Tx 

Artxanda Tx 

Measured building 
Faculty of Engineering 
Transmitter 
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Fig. 5. Simulated Radiation pattern of the antenna:  

  High omnidirectional grade. 
 

Nulls in the radiation pattern have been considered to have a 

small influence on the results. All measurements were carried 

out after locating the antenna in the best possible way at each 

of the measurement locations, so that maximum power level 

was received. 

 

Two degradation sources that increase the noise figure at the 

receiver must be taken into account: the impedance mismatch 

between the antenna and the front-end, and the noise added by 

the equalizer of the receiver [20]. After several experiments, 

the noise level introduced by the equalizer has been proved to 

be about 6 or 7 dB; value in line with data provided by the 

FCC. On the other hand, the VSWR value due to the 

impedance mismatch between the antenna and the input of the 

tuner is equal or lower than 2. This implies an increase of the 

noise figure smaller than 5 dB, which is within the margin 

proposed in [20]. A schema of the measurement system for 

signal reception during the first campaign is depicted in Fig. 6. 

 

Fig. 6. Measurement system for space variability analysis. Noise 

introduced internally by the DTV professional receiver. 

 

The signal received by the antenna was divided by means of 

a splitter and delivered to a professional DVB-T demodulator 

(Rohde & Schwarz EFA-T) and a field strength meter 

(Rohde & Schwarz ESPI). The field meter provided accurate 

values of received power levels, whereas the EFA 

demodulated the DVB-T signal and stored a set of different 

quality parameters, such as BER, impulse response and MPEG 

stream data errors. C/N measurements were provided using the 

noise generation source of the DTV professional receiver, 

which was able to introduce different noise levels internally. 

After demodulating, the EFA-T delivered the MPEG 

Transport Stream (MPEG TS) to a decoder in order to display 

the video signal in a monitor. All the equipments were 

controlled by software developed specifically for this trial. 

This system is very similar to those used in experiments [19] 

[21] 

 

The previous configuration is not appropriate when studying 

time variability since the noise introduced by the EFA 

equipment varies with the DVB-T signal. Consequently, the 

C/N ratios at the input of the receiver stage are influenced by 

the response time of the internal noise variable amplifier. To 

avoid the influence of this internal source, it was decided that 

the C/N ratios would be created externally using a noise 

generator. After combining the received signal with the noise 

signal, both were amplified to work with high enough levels at 

the receiver input in order to make the internal noise of the 

DTV receiver negligible.  

 

 
Fig. 7. Measurement system for time variability analysis. Noise introduced 

by the external noise generator module 

 

The difference between this system and that performed for 

the previous phase, that is, the external noise generation 

module is highlighted in Fig. 7. The rest of the measurement 

system remains the same as in the previous case. 
 

3. Measurement Methodology 

 

The test points have been planned according to different 

criteria such as distance to the wall facing the transmitter, 

number of walls between the previous one and the 

measurement location, existence of windows, amplitude of the 

room, level floor in the building, and density and frequency of 

people walking close to the test point. The measurement 

database was wide enough to represent a wide range of 

receiving situations and avoid any strong correlation between 

the final results and any of the above mentioned factors. 

 

During the time of measurement several DTV quality 

parameters were recorded, being the following the most 

important ones: 

 

 Channel (7.61 MHz). Power level (dBm) [20]  

 Impulse response 

 TS erroneous packets 

 BER before Reed Solomon 

 Noise at the receiver input (dBm) 

 

In addition to these parameters, data and descriptions of fading 

occurrences were logged during the measurement campaign. 

The most frequent source of fading occurrences that was 

registered during the field trials was the people walking near 

the receiver antenna; a typical situation of indoor 

environments. 
 

Procedures for obtaining data describing the space 

variability and time variability had some differences. Their 

details are explained in next two subsections. 

 

A. Space variability measurement methodology 

At each location, the C/N ratio was adjusted by means of the 

internal noise source of the DVB-T receiver in order to 
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achieve a BER value close to the QEF threshold (2 10
-4

). 

When this rough estimation is found, several measurements 

were carried out around this value. The first measurement 

began at a C/N value 2 dB over the previous estimated C/N 

threshold. Following measurements were made reducing this 

parameter in 0.3 dB steps. This step is small enough to provide 

a reasonable accuracy. With smallest values random 

scintillation associated to the received signal would be 

measured. 

 

For each step, the duration of the measurements was 5 

minutes. The signal parameters were sampled every second 

excepting the impulse response, which was stored every 

30 seconds. This one was later very useful to determine the 

propagation channel type. 

 

The process stopped when the video synchronization loss 

was visible on the monitor, due to the low C/N ratio. 

 

B. Time variability measurement methodology 

 In this case, the external noise level was adjusted to a value 

that provided a C/N ratio well above the failure point (4 dB 

higher than the approximate threshold value). Then, the C/N 

value was decreased in steps of 1 dB, making a measurement 

each time, down to the C/N value associated to the failure 

point. This methodology is similar as the one used by the 

IRT [2].  

 

 
Fig. 8. Measurement methodology for time variability analysis. 

 

The signal parameters were recorded during a period of 

30 minutes for each C/N adjustment. In this case, the 

measurement time was increased significantly with respect to 

the previous ―spatial variation‖ methodology. This increase 

ensured a number of time measurements large enough to 

provide accurate time variation statistics. It should be noted 

that the DTV quality time goal is close to 100 % and thus the 

number of data samples to provide a reliable result had to be 

high. 

 

The system recorded each parameter every second, 

excepting the impulse response, which was measured every 5 

minutes.  

V. DATA PROCESSING 

To analyze the data, three steps were established. First,  the 

spatial variation of the signal was studied. In this case, time 

variability was removed eliminating all the fading occurrences 

from database. To this end, each time event was identified on a 

file by file inspection basis (i.e. fading occurrences due to 

scattering produced by people walking near the receiver 

antenna). Consequently, a probability curve of the minimum 

required C/N ratio as a function of the percentage of locations 

was obtained. Such curve was later analyzed to obtain the 

system threshold for a 99 % of the locations. 

 

Secondly, time variability related to measurements was 

processed, so that the number of erroneous MPEG packets was 

analyzed. The C/N threshold was obtained as the minimum 

ratio that ensured the fulfillment of the ESR5-criterion for 

more than 99 % of time.  

Finally, fading occurrences were characterized. Each one of 

them was well documented during the measurement phase and 

a fading shape database was obtained from the identification 

made during the previous studies. This data include the 

corresponding depths and durations of each occurrence and 

were very useful for characterizing their statistical features. 

Such events have a high relevance as they were found to be the 

main reason of reception failure. Also, a fully correlation with 

people moving close to the receiver antenna was obtained.  

 

The fading depth was calculated by means of a 9 second 

window that was shifted along the recording samples of each 

measurement file. At each position, the median and minimum 

values were calculated within the window so that a fading 

occurrence was considered if the difference between both 

values was higher than 0.5 dB. The width of the window was 

empirically chosen considering that it must be wide enough to 

compare the samples and locate the minimum value of the 

field strength level for the occurrence, but also, narrow enough 

not to change the actual value of the sample due to the median 

applied within the window. On the other hand, a threshold of 

0.5 dB was chosen to determine fading occurrences after 

searching a common pattern among the different events. Also, 

it has been considered that other signal fluctuations are less 

severe than this value. An example of the computation process 

is shown in Fig. 9.  
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Fig. 9. Example of fading occurrence: The median of the values inside 

the window must be 0.5 dB greater than the minimum value. 

 

After having calculated the corresponding depth of each 

fading occurrence, the duration was obtained following a two 

step methodology. First, a 20 second window was centered at 

the minimum value of the event. Then, the median value 

within the window was computed. In this case, the width of the 

window was also empirically chosen in order to detect large 

enough fading occurrences. The fading duration is defined as 

the time while the signal remains below the 85 % of the 

difference between the median received field strength and the 

fading depth. Again, this percentage was empirically obtained 

after searching a common pattern considering that small signal 

fluctuations at the limits of the event may influence them.   

VI. RESULTS 

In this section, results from the field trials will be compared 

with thresholds proposed by the ETSI. The standardized 

minimum C/N values are 18.1 dB for a Rician channel and 

20.3 dB for a Rayleigh one. However, these values are too 

optimistic due to the reasons explained in section I and they 

are expected to be several dB higher, as demonstrated in the 

following subsections. 

1. Spatial variability  

 

Fig. 10 shows the statistical cumulative distribution of the 

C/N ratios as a function of the percentage of the locations. 

Data are depicted on a normal paper. 

Two different sets of points can be observed around the 18 

and 20.5 dB values. The shape of a hypothetical interpolation 

curve suggests two groups of test points with different 

characteristics.  

 

The first one, close to 18 dB, corresponds to those locations 

where a dominant propagation component exists (Rician 

channel), whereas the second data set comprises measurement 

locations where the impulse response showed a significant 

amount of multipath propagation components (Rayleigh 

channel). 

 
Fig. 10. Cumulative distribution of minimum C/N values 

 

A Gaussian distribution fits with each set of points. The 

mean value and the standard deviation for C/N thresholds are 

shown in Table I.  

 
Table I. MINIMUM C/N VALUES AS A FUNCTION OF LOCATIONS                                   

FOR RICIAN  AND RAYLEIGH CHANNELS 

 Rice Rayleigh 

Standard deviation 0.89 0.66 

C/N (dB) 50% 18.09 20.38 

C/N (dB) 99% 20.16 21.93 

 

Also, the 99% location values have been obtained using the 

standard formula: 

 

   Min C/N (dB) 99% = m + 2.33 ·  

 

Being m the median value and  the standard deviation of 

the measured values of a normal distribution. 

 

Results are in line with those obtained at the IRT lab and 

suggest that the mean value proposed by the standard is not 

high enough to cover most of locations.  

 

A comparison between all the data available so far is shown in 

Table II. If a planning for 99% coverage inside a building is 

desired, the C/N thresholds should be higher than those ones 

recommended by the ETSI (data in the table include 1dB of 

receiver implementation losses [2]). 

 
Table II. COMPARISON BETWEEN MINIMUM C/N VALUES                                              

FROM DIFFERENT STUDIES 

Propagation 

channel 

ETSI values 

C/N50 (dB) 

IRT values 

C/N99(dB) 

Field Data 

C/N99 (dB) 

Rice 18.1 -------- 20.16 

Rayleigh 20.3 23.5 21.93 

 

IRT laboratory tests provided results only for a Rayleigh 

channel. Unexpectedly, results of the field trials found that a 
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significant amount of indoor measurements presented a Rician 

behavior and therefore thresholds were lower than expected. 

Later on, five additional locations of the second measurement 

phase were analyzed obtaining minimum C/N values between 

18.9 dB and 20.6 dB. Such values are coherent with the 

previous one. 

2. Time variability 

In this section results corresponding to the study of the signal 

time variability are shown. These are presented separately for 

each propagation channel and two types of buildings: public 

(commercial, business) and private buildings (residence flats). 

To obtain the corresponding results the ESR5 criterion has 

been used. 

 

A. Public building results  

Table III shows minimum C/N values for each location in the 

studied public building: the Bilbao Engineering Faculty. These 

values are separately represented as a function of the 

propagation channel 

 
Table III. MINIMUM C/N VALUES FOR A TIME-VARYING CHANNEL                                       

IN A PUBLIC BUILDING  

Point test Minimum C/N Point test Minimum C/N 

Rayleigh Channel 

P202 27.70 P203 29.30 

P205 28.70 P206 26.60 

P301 28.20 P307 21.30 

Rice Channel 

P204 21.20 P302 21.10 

P303 21.80 P304 22.50 

P306 20.80 -- -- 

 

It is observed that locations corresponding to a Rayleigh 

channel are very sensitive to time variability. In this case, 

minimum C/N values can be as high as 29 dB. This value 

differs significantly from the median one suggested by the 

ETSI standard. Such high thresholds are caused by fading 

occurrences that are always due to people walking near the 

receiver antenna (in the range of one to a few meters). 

 

The difference between the results from this study and the 

values proposed so far for indoor portable reception will imply 

that the coverage goal of 99 % of the indoor locations within a 

building will be a challenging objective to achieve in most of 

real networks 

 

B. Private building results 

Following the same methodology, values given above have 

been extended to private buildings. Table IV includes the 

results corresponding to those measurements taken in 

residential flats and, therefore, with different characteristics 

from the previous case.  

 
Table IV.  MINIMUM C/N VALUES FOR A TIME-VARYING CHANNEL                           

IN PRIVATE BUILDINGS  

Point test Minimum C/N Point test Minimum C/N 

Rayleigh Channel  

1002 25.37 4003 27.09 

Rice Channel  

1001 21.25 2001 21.99 

2002 19.85 2003 21.29 

3001 23.21 3002 22.42 

3003 20.90 4001 23.60 

4002 20.90 5001 22.69 

5002 22.05 6001 21.40 

6002 22.33 6003 22.28 

7001 18.72 7002 19.33 

7003 22.03 8001 18.00 

8002 21.22 8003 19.77 

 

It is remarkable that more points corresponding to a Rician 

channel than to a Rayleigh one have been obtained from these 

measurements. During building selection process, usual 

penetration losses were proved to be too high in buildings 

without line of sight with the transmitter, and thus most of the 

indoor locations of this experiment had Rician behavior. 

 

Here, results are consistent with those ones obtained for the 

previous public building.  A maximum value of 27 dB is 

obtained for the Rayleigh propagation channel, whereas in the 

case of a Rician channel values are around 23 dB. Once again, 

results are clearly higher than thresholds recommended by the 

standard, so they must be greater in order to assure correct 

Quality of Service. 
 

Also, we can make a comparison considering points located 

in an urban area with those locations corresponding to a 

building placed in a rural environment (locations 7001, 7002 

and 7003). It can be observed that the minimum C/N value for 

these points is lower in general than the rest of them, as 

expected (a maximum value of 22 dB). 

 

On the other hand, the minimum C/N values obtained from the 

field trials differ around 7 dB between static and time-varying 

Rayleigh channel respectively. However, if the propagation 

channel is Rician the difference is only approximately 2 dB. 

All this is summarized in Table V. 

 
Table V. COMPARISON OF C/N VALUES FOR DIFFERENT CHANNELS 

 Static Time-varying 

Rice 20.16 22.50 

Rayleigh 21.93 29.30 

 

Data corresponding with static channels are the results from 

the first measurement campaign after having applied the 

correction for the 99% of locations. These are compared with 

the maximum value obtained for time-varying channels, which 

also implies correct reception for most of the locations.  

 

From these values can be concluded that a Rayleigh channel 

is much more influenced by time variability than a Rician one.  
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To summarize, the proposed threshold values provided by 

the standard should be approximately 2.5 dB higher for a 

Rician channel and 9 dB higher for a Rayleigh one, which are 

the differences with the empirical results. 

Results prove that current planning factors have not 

considered deep fading produced by events such as people 

walking near the receiver antenna and any other potential time 

variability effects. Some of the techniques being applied in 

other recently developed systems (DVB-H and others) will 

have to cope with this fade margin. 

 

3. Fading statistics 

Bearing the relevance of the fading occurrences effects, it 

was decided to carry out a statistical characterization of the 

duration and depth of these events. 

 

A. Depth statistics 

 After having identified every event, all depth values were 

obtained and grouped in order to study their behavior. 

 

 More specifically, a histogram was depicted to see if a 

specific distribution exists. This task has been carried out 

using the dfittool of Matlab©. Results are showed in Fig. 11. 

Horizontal axis represents the fade depth in dB, vertical left 

axis show the number of times such fade depth is observed and 

vertical right axis indicates the cumulative frequency. It can be 

seen that fading occurrences follows an exponential 

distribution, being the 95 % of them lower than 6.5 dB with 

respect to the median received value. 
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Fig. 11. Fade depth histogram including the cumulative value 

 

B. Time statistics 

Similar analysis was performed to measure the statistical 

behavior of the fading duration. After obtaining the histogram, 

it was again observed that an exponential distribution was 

followed. The vertical axis of Fig. 12 represents the number of 

occurrences observed for certain fade duration. The horizontal 

axis shows the time duration scale and a secondary vertical 

axis (right) corresponds to the cumulative frequency of the 

sample. 
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Fig. 12. Fade duration histogram including the cumulative value 

 

From this figure, it can be concluded that the 99 % of the 

fading occurrences takes less than 12 seconds, which is a value 

apparently excessive. The reason could be the synchronization 

time that the demodulator needs, since most of the events 

entail receiver desynchronization. It must be also stressed that 

the 90 % concentrates below 6 seconds. 

VII. CONCLUSIONS 

The present study has involved a great effort in order to 

improve the accuracy of recommended C/N threshold values 

of the DVB-T system, following the developed work  not only 

for this standard but also for the ATSC one [22], [23]. 

Furthermore, it is an extension of several works that have been 

developed in this researching area [24],[25]Particularly, three 

different measurement phases were carried out and different 

data processing methodologies followed in order to provide 

results concerning the quality and variability of the digital 

signal.  

 

Such results suggest that threshold values proposed by the 

ETSI are optimistic, being only appropriate for static 

propagation channels. Nevertheless, C/N threshold value 

should be increased to ensure correct portable reception. 

Moreover, it must be updated when time variation effects are 

included.  

 

The study concludes that an increase of approximately 2.5 dB 

is needed when propagation is modeled by means of a Rician 

time varying channel. In the case of a Raygleigh one this value 

is 9 dB.  Both results are appropriate for public and private 

buildings made of concrete. Also, it was observed that time 

variability is mainly due to people moving within a range of 

one to several meters around the receiver antenna. This 

situation causes fading occurrences that have significant 

influence on correct reception and follow an exponential 

distribution. Most of them are characterized by a depth less 

than 6.5 dB and a duration of 6 s. 

 

Results of this paper are valid not only for DVB-T, but also 

for other technologies sharing similar frequencies and 

bandwidths such as DVB-H. Therefore, more research in this 

field is needed. Specifically, other modes of the standard 
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DVB-T, as well as the use of gap fillers should be studied in 

depth. 
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