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Abstract - This paper analyzes the reception of Terrestrial Digital 
Audio Broadcasting (T-DAB) signals at L-Band in mobile 
channels, where multipath fading, Doppler spread and noise 
effects degrade the received signal. Receiver power levels and 
DAB base-band parameters have been recorded in order to study 
real performance of DAB signals in mobile propagation channels, 
with different vehicle speeds and with different multipath levels, 
considering environment types with different degrees of building 
density. The degradation of the received signal is presented in 
curve showing relationships between the Pseudo-Channel BER 
and the Carrier to Noise Ratio. Threshold values for these two 
parameters are presented, considering different channel 
conditions (vehicle speed and environment type). The results 
presented in this paper contribute to a detailed characterization of 
the DAB signal degradation and the required C/N threshold 
values in mobile channels. 

Key words: Digital Audio Broadcasting, DAB, mobile reception, 
urban and rural areas, minimum C/N. 

I.  INTRODUCTION 
Reception of DAB [1] signals is highly influenced by 

multipath, caused by waves arriving from different propagation 
paths with different characteristics, due to reflections or echoes 
of the signal broadcasted from the transmitters. Besides, in 
mobile reception, the frequency shift resulting from Doppler 
spread also degrades received signal’s parameters. In this way, 
the mobile channel [2] is characterized by multipath fading, 
Doppler spread and noise effects. That’s why DAB signal 
parameters that characterize good quality reception are affected 
by the environment characteristics and vehicle velocity [3]. 

There are mathematical models [4] that simulate different 
types of environments for fixed and mobile reception. Such 
models consider the characteristics of the different and possible 
propagation paths used by the signal to reach the receiver. These 
mathematical models have been implemented in hardware 
channel simulators [5][6] that provide the tools to analyze the 
degradation of the received DAB signals under the mentioned 
mobile conditions [7][8][9]. Nevertheless there is a lack of 
available information about signal degradation due to specific 
parameters like speed and environment type based in field data 
obtained from measurement campaigns.  

Field trials carried out in former DAB L-Band networks [10] 
[11] provided additional information to improve mobile channel 
characterization in these frequencies, and the values obtained in 
these trials will be referenced and compared with the ones 
presented in the present paper. 

Previous work has been done analysing the performance of 
DAB reception in urban areas, in fixed and mobile reception [3]. 
This paper will be focused on the study of mobile channel 
degradations, analysing parameters, obtained from measured 
data that characterize this degradations. 

Threshold values for good audio reception in mobile 
channels obtained from measurement campaigns are a critical 
point in developing planning software for DAB services. These 
software packages are mainly based in topographical 
information obtained from digital terrain databases, where 
propagation models are combined to provide with simulated 
coverage areas. Some of them even include 3D information and 
are capable to take into account three-dimensional paths for 
propagation simulations [12] [13]. 

This paper analyses will also focus on providing with C/N 
values for planning purposes in specific planning software 
packages that can consider scattering and speed information. 

Summarizing, this paper will present the evaluation of 
velocity and environment influence in received signal 
degradation, in order to achieve the minimum C/N values for 
good mobile reception in DAB audio services for different 
transmission channels 

First in this paper, the experimental network and the 
measuring system used will be presented. After that, the data 
processing applied will be outlined and the results for signal 
degradation and threshold values obtained will be explained. 
Finally, some conclusions will be given. 

II. FIELD TRIALS 

A. Experimental Network 
Field trials were carried out in one T-DAB L-Band 

experimental network placed in Madrid (Spain). A low power 
transmitter (300W EPR) broadcasted a Mode-II [1] DAB signal 
in 1454.672 MHz. 
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Figure 1.  Mobile unit equipment 

Coverage area included the city of Madrid and surrounding 
urban and rural areas. 

The DAB multiplex consisted on six audio programs with 
different bitrates and error protection levels, providing a gross 
bitrate of 2.4 Mbit/s. The mobile reception tests presented in this 
paper, were made using one classical music audio service, 
delivered at 192 Kbit/s with error protection level 3 (0.5 average 
Code Rate in the convolutional encoder).  

A. Measuring system 
A mobile unit carried the necessary equipment to measure 

field strength level and DAB signal parameters (Fig. 1). Tests 
were made using two different systems, without (MS-1) and 
with (MS-2) amplifier. These systems are described in [3] and 
are based on a professional DAB receiver and a precise power 
meter.  

The DAB receiver provided with the two baseband 
parameters used as performance indicators in this tests: the 
Pseudo Channel BER (Pc-BER) and the Scale Factors CRC 
(SF-CRC) errors. 

The Pc-BER is calculated by comparing the re-encoded 
bitstream at the output of the Viterbi decoder in the receiver, to 
the actual bit sequence received [8]. It can be considered as an 
adequate parameter for assessing the degradation suffered by 
DAB signals in mobile reception because its value is related to 
the errors affecting modulated subcarriers due to multipath, 
Doppler spread and noise. Moreover, this parameter is very 
useful because coverage measurements can be performed using 
on-air DAB audio services with no need to feed the system with 
a PRBS. The main drawback of Pc-BER is the influence of 
speed and environment type in its threshold value [8]. 

The SF-CRC are the redundancy codes added to protect the 
factors that normalize the audio samples [1] and violations of 
this parameter can be used as an objective measurement of audio 
performance [14]. 

The power measurements were done integrating the power 
spectral density over the 1.5MHz signal bandwidth. 

The measurement system recorded, every 50 DAB frames, 
the received mean power, the Pseudo-channel BER, the CRC 
errors and the subjective audio quality. The GPS was used to 
record vehicle speed and the geographical coordinates related to 
that time period. 
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Figure 2.  Data recorded for rural reception at 50 Km/h 

Measurements were made at different vehicle speeds and in 
different environment types. Furthermore, the routes were also 
selected to cross the limit of coverage areas in order to obtain 
threshold values. 

DAB system operating in mode-II at L-band can sustain its 
performance for vehicle speeds up to 160 Km/h in urban areas 
and 240 Km/h in rural areas [15]. These field trials have been 
carried out with the mobile unit at velocities quite lower than the 
former upper limits. Therefore no Doppler spread limitations 
must be considered. 

II. DATA PROCESSING 
Recorded data was processed in order to obtain the 

information required for further analysis.   

The subjective analysis of the audio quality received, 
confirmed that the detection of SF-CRC errors in the audio 
frames was directly related to audio impairments. Therefore, in 
the absence of a PRBS for obtaining the Quality of Service value 
of a BER=10-4 [16], the detection of threshold values was based 
in the CRC error free condition, which ensures good audio 
quality reception. 

Geographical position information, provided by the GPS 
coordinates, has been used to classify measured routes into two 
main groups, urban and rural, allowing the study of environment 
dependence of the received signal. 

Received mean power measurements were corrected to 
obtain the equivalent C/N ratio, considering the different noise 
figures associated to both measuring systems [3]. C/N values 
lower than 7 dB were rejected for analysis because were 
obtained from power measurement values close to the noise 
level threshold of the power meter. 

The Pc-BER values recorded are only valid if the decoded 
bitstream in the receiver is error free. Otherwise, this error bits 
are re-encoded and the calculated Pc-BER produces inaccurate 
results. However, it has been tested [8] that for quantities around 
and below the threshold value for good audio reception, it can be 
measured with sufficient accuracy.  
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Figure 3.  Velocity influence in urban areas 

For analysis purposes, the information was processed as a 
five-tag record for each time period, containing the mean C/N, 
the Pc-BER, the number of SF-CRC, the velocity and the 
environment type. For instance, Fig. 2 shows the Pc-BER vs. 
C/N relationships in all rural routes where mobile unit’s velocity 
was 50 Km/h (± 5Km/h). 

III. RESULTS 

A. Signal degradation 
Doppler degradation was analyzed considering data 

collected at the same vehicle speed, with a velocity offset of 
±5Km/h (to cope with the GPS precision error, when obtaining 
coordinates and calculating unit’s speed, mainly in areas where 
the line of sight to the  GPS satellites were partially obstructed). 
Five different velocities have been considered, from 10 Km/h to 
90 Km/h in 20 Km/h steps, together with the information 
recorded in the time periods where the measuring unit was 
stopped (0 Km/h). Data corresponding to same velocity range 
was averaged, considering the mean Pc-BER and mean C/N 
values corresponding to all the data existing in non-overlapped 
C/N steps of 1dB. The resulting pairs of Pc-BER and C/N values 
are moving averages filtered to obtain the desired averaged 
relationship.  

The averaged relationships between the Pc-BER and the 
C/N, for odd speed values in urban and rural areas, are shown in 
Fig. 3 and Fig 4, respectively. 

Results confirm that the degradation performance suffered 
by received DAB OFDM subcarriers can be estimated with the 
Pc-BER parameter. Therefore, the Doppler degradation caused 
by mobile reception with different scattering profiles, can be 
defined as the increase in the mean C/N value caused by velocity 
increases, for a given Pc-BER. 

In rural areas the Pc-BER values are lower than the 
correspondent values in urban areas, for a given C/N value in the 
same velocity margin. This is caused because received 
multipath in urban areas is stronger than in rural areas, causing 
higher signal degradation. 
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Figure 4.  Velocity influence in rural areas 

If the results of Fig. 3 and Fig. 4 is compared to the ones 
obtained with hardware channel simulators [8] provide even 
lower C/N values for the same given Pc-BER and velocity 
values. These lower values are due to the intrinsic nature of the 
channel simulators. Such systems use very specific 
mathematical channel models for environment and speed 
characterization [4]. These channel models are unable to 
describe the variety of real channel parameters present in the 
tested rural and urban routes. 

Therefore, Pc-BER vs. C/N, curves presented in this paper, 
can be considered a more realistic channel description for DAB 
performance in mobile reception if compared with hardware 
channel simulators. It should be noted that a variety of rural (or 
urban) environments can be found under the coverage area of a 
transmitter. 

B. Threshold Values – Environment Influence 
The analysis of the required minimum C/N values for good 

mobile reception was made splitting all routes into smaller 
stretches of approximately 5 Km length. 

The influence of the environment in the minimum C/N value 
for good reception was analyzed considering the stretches where 
threshold reception was achieved, yielding to 25 routes in urban 
areas and 32 routes in rural areas. Considering the SF-CRC error 
free condition, previously stated, Fig. 5 and Fig. 6 show the 
minimum C/N and Pc-BER threshold values obtained in these 
stretches for urban and rural routes, respectively. 

It can be seen that the main difference between rural and 
urban routes is the existence of several rural routes where the 
reception of good audio quality is possible with lower minimum 
C/N values than the ones found in urban zones. However, the 
maximum C/N values obtained are almost the same in rural and 
urban areas, with a value close to 17 dB. 
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Figure 5.  Threshold values for urban routes 
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Figure 6.  Treshold values for rural routes 

Table I shows the minimum, median and maximum values 
obtained from Fig. 5 and Fig. 6. These results confirm that the 
C/N threshold value of 14 dB recommended for planning 
purposes [16] [17] [18] is an optimistic value to provide good 
quality for audio services received in mobile channels, because 
this threshold is valid for approximately only the 50% of the 
cases under study. A more conservative value of 16.8 dB should 
be considered to ensure the correct reception of audio signals in 
all tested routes. 

Fig. 5 and Fig. 6 also provide with the minimum Pc-BER 
value required for good audio reception. The threshold value of 
2·10-2 is adequate to ensure good reception in all, urban and rural, 
mobile tests carried out, although some routes have good audio 
reception with higher values, up to 1·10-1. No significant 
statistical difference in Pc-BER threshold values can be 
observed when comparing the rural and urban performance of 
DAB reception. 

C. Threshold Values – Velocity Influence 
Previous analysis of C/N thresholds was made considering 

the stretches of urban and rural routes with impaired reception, 
but no information can be obtained concerning the velocity 
influence in the minimum C/N values obtained. 

 

 

TABLE I.  MINIMUM C/N FOR MOBILE RECEPTION  

Minimum C/N Values (dB) Area 
Type 

No. of 
Routesa Lowest value Median Value Highest Value 

Urban 25 10.6 13.7 16.8 

Rural 32 8.9 14.2 16.5 

a. No. of stretches with threshold reception.  

TABLE II.  C/N PLANNING VALUES FOR  URBAN MOBILE RECEPTION  

Mean C/N (dB) for different speeds 
Pc-BER 

0 Km/h 10 Km/h 50 Km/h 90 Km/h 

2·10-2 14.4 15.2 17.2 22.2 

4·10-2 11.4 11.7 12.5 13.5 

TABLE III.  C/N PLANNING VALUES FOR  RURAL MOBILE RECEPTION  

Mean C/N (dB) for different speeds 
Pc-BER 

0 Km/h 10 Km/h 50 Km/h 90 Km/h 

2·10-2 10.7 12.8 16.4 18.5 

4·10-2 9.7 10.8 13.0 14.2 

 

Signal degradation caused by Doppler spread was presented 
in Fig. 3 and Fig. 4. With a known minimum Pc-BER threshold, 
these curves show the minimum C/N threshold corresponding to 
each speed. However, as stated in section II-B, the Pc-BER 
threshold value for good audio reception must be calculated for 
each reception speed and environment type. 

According to the results obtained in the previous section and 
having present that it is a conservative value that leads to good 
audio quality in all cases, we propose a value of Pc-BER=2·10-2, 
Former field trials carried out in the L-Band [10] consider that 
the threshold values vary in the range from 3·10-2 to 5·10-2, with 
a typical value of Pc-BER= 4·10-2. 

Table II and Table III show the minimum C/N values 
obtained from curves presented in section IV-A, for Pc-BER 
values of 2·10-2 (restrictive) and 4·10-2 (typical). These values 
are practical threshold figures to be included in coverage 
planning software that may include environment and speed 
effects. 

IV. CONCLUSIONS 
The performance of DAB signals in mobile channels was 

analyzed. The degradation of received DAB signal was 
presented in terms of curves of mean Pc-BER and the mean C/N 
values. 

In the absence of PRBS signals, the good audio quality 
reception can be based in the SF-CRC error free condition. 

The Pc-BER can be considered a very useful parameter for 
evaluating performance of mobile channels. A threshold value 
of 2·10-2 can be established as the minimum value required for 
good reception of audio services. More work should be done to 
provide with the threshold values associated to specific speed 
reception in urban and rural areas. 



For planning purposes, the C/N value of 14 dB 
recommended by international organizations should be 
increased in 3 dB, for good mobile audio reception in all tested 
routes. More specific C/N values have been presented for rural 
and urban areas at different reception velocities. 

On one hand, the results obtained are very useful when 
working with theoretical planning software for DAB services 
coverage, which include multipath and velocity effects. On the 
other hand, the threshold values presented in this paper can also 
be used for the verification of coverage quality in commercial 
DAB networks, where environment type and reception velocity 
are known. 

ACKNOWLEDGMENTS 
The authors would like to thank “Telefónica Sistemas 

Audiovisuales (TSA)”, which has made all this work possible. 

The authors would also like to thank all the people from the 
University of the Basque Country who collaborated in the 
measurement campaign. 

REFERENCES 
[1] ETS 300 401 (Third edition), “Radio Broadcast Systems: Digital Audio 

Broadcasting (DAB) to Mobile, Portable and Fixed Receivers”, European 
Telecommunications Standards Institute, Sep. 2000. 

[2] D. Parsons, “The mobile radio propagation channel”, ISBN: 
0-7273-1316-9,  Pentech Press, 1992. 

[3] M.M. Vélez, P. Angueira, D. de la Vega, A. Arrinda, J.L. Ordiales, 
“L-Band DAB Eureka 147 Field Trials and Coverage Measurements in 
Urban Areas”, IEEE Transactions on Broadcasting, Volume: 48 Issue: 2, 
June 2002. 

[4] "COST 207. Digital land mobile radio communications", Final Report. 
Commission of the European Communities, European Co-operation in 
Scientific and Technical Research Committee, Brussels 1989. 

[5] M. Zumkeller and W. Saalfranck, “FADICS Fading Channel Simulator”, 
Grundig Electronics publication, 1994.  

[6] Rohde & Schwarz Broadcasting Division, "Fading Channel Simulation in 
DVB", Application Note Nº 7BM05.,Oct-2001. 

[7] M. Lever, J. Richard, N.H.C. Gilchrist, “EUREKA 147: Subjective 
assesment of the error performance of the DAB system, including tests at 
24 kHz audio sampling frequency”, BBC Research & Development 
Report No. 1996/7. 

[8] R. Schramm, "Pseudo channel BER. An objective quantity for assessing 
DAB coverage", EBU Technical Review, European Broadscasting Union, 
Winter 1997. 

[9] G. Chouinard, F. Conway, W.A. Stacey, J.R. Trenholm, "Digital Radio 
Broadcasting in Canada. A strategic approach to DRB implementation". 
EBU Technical Review, European Broadscasting Union, Winter 1994. 

[10] J.T. Zubrzycki, R.H. Evans, M.A. Shelswell, M.A. Gama, M. Gutierrez, 
“Experimental Satellite Broadcast of Eureka 147 DAB from 
Solidaridad-2”, BBC Research & Development Report No. 1996/5. 

[11] ITU - Radiocomunications Bureau, “DSB Handbook. Terrestrial and 
satellite digital sound broadcasting to vehicular, portable and fixed 
receivers in the VHF/UHF bands. Edition 2002”, International 
Telecommunication Union, 2002. 

[12] R. Grosskopf, “Terrestrial DAB at 1.5 GHz – comparison of predictions 
and measurements”, IEE 10th International Conference on Antennas ans 
Propagation, Conf. Pub. No.436, April 1997. 

[13] T.C. Becker, F. Küchen, W. Wiesbeck, “A new network planning 
approach for digital audio broadcasting”, IEEE Transactions on Vehicular 
Technology, Vol.48, No.2, March 1999. 

[14] M.C.D Maddocks, I.R. Pullen, J.A. Green, "Field Trials with a 
high-power VHF single frequency network for DAB. Measurement 
techniques and network performance", EBU Technical Review, European 
Broadcasting Union, Autumn 1994. 

[15] B. Breton, R. Voyer, D. Jacques, “Coverage design aspects of L-Band 
DAB with transmission modes II and IV”. IBC International 
Broadcasting Convention, Amsterdam, September 1997. 

[16] ETSI TS.101.758. (V2.1.1), “Digital Audio Broadcasting (DAB); Signal 
strengths and receiver parameters; Targets for typical operation”., 
European Telecommunications Standards Institute, November 2000. 

[17] EBU BPN 003, "Technical Bases for T-DAB Services Network Planning 
and Compatibility with Existing Broadcasting Services", Rev.1, 
European Broadcasting Union, Geneva., May 1998. 

[18] CEPT, “FINAL ACTS of the CEPT T-DAB Planning Meeting”, 
Conférence Européenne des Administrations des Postes et des 
Télécommunications. Maastricht, 2002.  

 


	cover
	Copyright page
	pag xxvi
	articulo 1 y 5
	Select a link below
	Return to Main Menu
	Return to Previous View


	paper.pdf
	Select a link below
	Return to Main Menu
	Return to Previous View





