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ABSTRACT 
A planning parameter of special interest for DRM broadcasting is the 
minimum carrier to noise ratio requirement (C/N) for achieving a threshold 
bit error rate (BER). Laboratory simulations of this minimum C/N ratio have 
been done for different DRM signal configurations, but these values must be 
contrasted with real ones measured under real environments with real 
transmission and reception systems. This paper presents a measurement 
campaign for minimum C/N requirements and the results obtained for 
different reception environments. 

INTRODUCTION 
DRM (Digital Radio Mondiale) is the standard adopted in Europe for digital sound 
broadcasting in the frequency bands below 30 MHz (1-3). Despite the successful launch of 
commercial emissions in June 2003, there is still a need for network planning parameter 
values measured on the field (4-5). One parameter of special interest is the minimum carrier 
to noise ratio (C/N) requirement for achieving a threshold bit error rate (BER). Laboratory 
simulations of C/N requirements have been done (6) for Gaussian channels using the 
different DRM signal configurations contained in the standard, but these values must be 
compared with real ones measured under different reception environments with real 
transmission and reception systems. 
This paper first presents a measurement campaign carried out in Spain using the ground 
wave propagated DRM signal transmitted during day-time from the MW station at Arganda 
del Rey. This measurement campaign is the continuation to a much longer first one carried 
out in Spain for general DRM measurements (7), and the conclusions obtained there have 
been taken into account when selecting parameters such as DRM signal configurations. This 
new measurement campaign has been specifically designed for C/N and BER 
measurements and special care has been taken in human noise measurement and in 
different reception environments selection. The transmission infrastructure and 
measurement system is similar to the one previously used (7), but some key differences will 
be presented. 
After the measurement campaign description, the processing methodology applied to the 
collected data and the obtained results for different reception environments will be 
presented. The results will be compared to the ITU ones and the most relevant conclusions 
will be summarized. 

OBJECTIVES 
The two main objectives of this measurement campaign and the further study carried out 
have been the following: 



Transmitter 
station 

Arganda del Rey, 
Madrid (Spain) 

Broadcaster Radio Nacional de 
España (RNE) 

Transmission 
frequency 1359 kHz 

Power (EIRP) 4 kW 

Bandwidth 9 kHz 

Antenna system Vertical dipole 

Transmission 
timetable 8:30 – 14:00 

Table 1: Transmitter characteristics 

Mode/Config 1 5e 
OFDM 
robustness A A 

MSC 64-QAM 16-QAM 

SDC 16-QAM 4-QAM 

Interleaver short short 

Code rate PL1 – 0.6 PL0 – 0.5 

Bitrate 23.5 kbps 13 kbps 

Table 2: Tested signal configurations 

1. Check laboratory simulated values of minimum C/N requirement for DRM reception 
with field values measured using real transmission and reception conditions. These 
measurements are necessary for a system evaluation. 

2. Analyse the influence of different reception environments on minimum C/N 
requirements. ITU provides C/N reception requirements for the different DRM signal 
configurations, but different reception environments are not considered. 

MEASUREMENT CAMPAIGN 

Network 
The transmitter station is one of RNE (Radio 
Nacional de España) located at Arganda del 
Rey, which is 25 km in the south-east 
direction from Madrid. Table 1 summarises 
the transmitter characteristics. 
For this measurement campaign, it was 
decided to test two opposite DRM signal 
configurations usable for ground wave 
propagation in order to get the bounding 
requirements. These signal configurations 
have been selected from the previous 
measurement campaign and they have 
been summarised in Table 2. A code 
number has been assigned to them for the 
sake of briefness. 
Mode 1 is the least protected one but 
provides a higher bitrate, and Mode 5e is 
the most protected one but provides a lower 
bitrate. While Mode 1 offers good quality for 
music broadcasting, Mode 5e is more 
suitable for voice broadcasting and allows 
reception at longer distances since it 
requires a smaller minimum C/N. But for the 
tests performed in this measurement 
campaign, no audio signal has been 
modulated, instead a synchronous PRBS 
sequence has been used at the transmitter 
side. This bit pattern can be detected at the 
receiver side allowing it to provide precise 
BER measurements. 

Measurement Locations 
In order to fulfil the second objective presented, two opposite reception environments have 
been selected: open rural environments and dense urban environments. Within these 
reception environments, locations where the received signal had C/N or BER values near the 
theoretical threshold ones have been selected. 
For the case of rural environments, these measurement locations correspond to the edge of 
the coverage area. In these locations the signal level is too low and thus the carrier to noise 
ratio is also small. 



 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Measurement locations 

a) Rural environment b) Urban environment 

 

 
Figure 2: Antenna behaviour 

For the case of urban environments, the measurement locations correspond to narrow 
streets in Madrid, where both the signal level is low and the human noise level is high. 
Figures 1a and 1b show in a map the measurement points for rural and urban locations 
respectively where the C/N or BER values of the received signal were near the theoretical 
threshold ones. 

Measurement System 
The measurement system is very similar to the one already presented in the previous 
measurement campaign (7), but with some key differences. It is also composed of three 
different sections: signal acquisition, measurement and the control section. 
The key element of the signal acquisition 
section, and which differs from the one 
previously used, is a short monopole 
active antenna with a 40 MHz low-pass 
filter modification. The filter modification 
turned out to be necessary in order to 
avoid antenna saturation under noisy 
urban environments (5). Figure 2 shows 
an AM measurement with different 
antennas in a location near an FM 
transmitter. It can be seen how the 
original active antenna gets saturated 
and gives a noisy measurement, while 
the passive antenna has not any problem 
with the channel power level. This is 
because the active antenna has a 
frequency range from 10 kHz to 120 MHz, amplifying near transmissions in this band. This 
problem is solved with the 40 MHz limiter modification to the active antenna, thus amplifying 
only the DRM transmissions and not the FM bands. It was decided to use this modified 
active antenna instead of the passive one, because it is a characterised antenna allowing 
one to calculate field values from power measurements. 



 
 
 
 
 
 
 
 
 
 

Figure 3: Results for Mode 1 

a) Rural environment b) Urban environment 

The measurement section consists of a DRM demodulation system and additional 
equipment for RF analysis. The demodulation system is one of the three professional 
receivers (8) used for system evaluation purposes within the DRM consortium. An important 
difference with the previous measurement system consists of a special configuration of the 
field strength meter. This configuration consists of deactivating an input attenuator and 
activating an input pre-amplifier, which has decreased the noise floor of this equipment by 
almost 20 dB. This has allowed to perform reliable measurements of very low level signals, 
which has been necessary for achieving the minimum carrier to noise ratio requirements. 
The control section is in charge of configuration and control of all the equipment and also of 
providing a graphical user interface to the human user. The control section is based on a 
laptop, running a specifically designed software on a GNU/Linux platform and which controls 
the equipment via TCP/IP. 

Measurement Parameters and Methodology 
The BER measurement has been done using the rpb0 tag provided by the professional 
receiver via RSCI (9). This tag only contains data when a PRBS sequence is used at the 
transmitter and returns the number of both the errored bits and the total bits for each 400 ms 
frame. 
The field strength and the external noise have been measured every 400 ms during 3 min at 
each measurement location. The 400 ms integration period has been chosen since it is the 
DRM frame duration and, consequently, long enough to include more than one OFDM 
symbol. The 3 min interval has been chosen to take account of stochastic environmental 
effects like cars or motorbikes passing near the measurement unit. 

RESULTS 
Once the received signal parameters have been measured, the next step has been to 
remove from the study invalid measurements. These measurements are the ones in which 
the receiver lost its synchronization due to a low C/N value, in which case the BER 
measurement cannot be considered to be correct. This situation happened in 23 out of the 
83 fixed point measurements, resulting in a total set of 60 valid measurements to perform the 
following study. 



 
 
 
 
 
 
 
 
 
 

Figure 4: Results for Mode 5e 

 

a) Rural environment 

 

b) Urban environment 

Measured Value 
C/N (dB) Mode Lab. 

Value
Rural Urban Total 

1 15.3 14.9 15.5 15.0 
5e 8.6 10.2 10.6 10.2 

Table 3: C/N Requirements 

Figure 3 shows the BER versus C/N measurements and the corresponding Z-shaped curve 
fitting (applying a minimum mean squared error (MMSE) criterium) for rural and urban 
measurements using the Mode 1 DRM signal configuration. The dotted line represents the 
threshold BER agreed for DRM reception. The intersection of this line with the curve fitted to 
the measurements gives the resulting measured minimum C/N requirement for correct DRM 
reception. 
Figure 4 does the same for rural and urban measurements using the Mode 5e DRM signal 
configuration. 
Table 3 summarises the resulting measured minimum C/N requirement for the different 
signal configurations and reception environments used. This table contains the values 
required to fulfil the two objectives previously presented for the measurement campaign. 
The minimum C/N values recommended by 
the ITU for achieving a BER=10-4 using 
ground wave propagation and a 9 kHz 
spectrum occupancy are 15.3 dB and 8.6 
dB for Mode 1 and Mode 5e respectively. As 
table 3 shows, the minimum C/N 
requirement that has been obtained from 
field measurements is very similar to the 
one recommended by the ITU for the case 
of the total set of Mode 1 measurements, 
validating the theoretical laboratory simulations. But the obtained value for the case of the 
total set of the most protected mode measurements it is more than 1.5 dB higher than the 
laboratory simulated one. This could be due to the fact that real channels are not as 
Gaussian as theoretical ones and the robustness techniques applied improve the protection 
less than what simulations show. 
In relation to the reception environment effect, the ITU recommendation just provides one 
value for the C/N requirement without taking into account this distinction. From table 3 it can 
be seen that when doing a reception environment classification, the difference in the 
minimum C/N requirement is not very big, resulting in a 0.6 dB difference for both the signal 
configurations that have been tested. 



CONCLUSIONS 
This paper has presented the results of a measurement campaign that has allowed us to 
fulfil the two main objectives planned. 
First, laboratory simulated values of minimum C/N requirements for DRM reception have 
been tested with field measurements for two different signal configurations. These field 
measurements have shown very similar values to the theoretical ones for the case of the 
least robust signal configuration, but the measured requirements are over 1.5 dB higher for 
the case of the most robust signal configuration. 
Second, it has been shown that the effect of the rural/urban classification on the results is 
not very big leading to differences over 0.5 dB in the minimum C/N requirement. 
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