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I. INTRODUCTION 
Digital Radio MondialeTM (DRM) is a digital broadcast-
ing system for the broadcasting bands below 30 MHz. It 
has been adopted by the ITU, and is standardised as 
ETSI ES 201 980 [1]. The DRM consortium has recently 
extended this system to the broadcasting bands up to 
174 MHz. ‘DRM+’ is included as ‘Mode E’ in the DRM 
standard and allows radio stations in 87.5 - 108.0 MHz 
frequency range to broadcast ‘in digital’. Tab. 1 summa-
rises the key parameters of DRM+. 

Tab. 1. Key parameters of DRM+ [1] 

Parameter  Value 
Net MSC data rate range 37 – 186 kbit/s 

Audio coding MPE4 AAC plus 

# of channels / service 1 - 4 

Symbol duration w/o guard interval 2.25 ms 

Guard interval duration per symbol 0.25 ms 

# of carriers per symbol 213 

Subcarrier spacing 444 4/9 Hz 

Transmission frame (TF) duration 100 ms 

# of symbols per TF 40 

# of symbols per TF’s per super frame 4 

Subcarrier modulation 4/16 QAM 

RF system bandwidth 96 kHz 

 

The work presented in Part I is based on [2,3,4] and 
closes open working items. It presents recent work as 
well as results thereof and deals with ‘practical’ DRM+ 
coverage as compared to ‘practical’ FM coverage. 

II. OBJECTIVE, SETUP, AND MEASUREMENT 
PARADIGMS 

The objectives of the field measurements are easily for-
mulated: For DRM+, 
� assess the ‘real’, experienced coverage by measure-

ments – in contrast to ‘planned’ coverage – and  
� elaborate planning approaches and paradigms. 
Prior to starting the field trial, the complete DRM+ 
transmission chain was calibrated (for details as, e.g., 
receiver (RX) BER performance, RX sensitivity, RX 
noise figures and phase noise figures, the reader is re-
ferred to [4,5]). In a next step, as a prerequisite for any 
comprehensive coverage planning exercise, protection 
ratios FM into DRM+ were measured for different 
modulation schemes and reception conditions (stationary 

and mobile) based on two criteria: (a) coded BER, and, 
(b), audio failure, cf. [4,5]. The protection ratio figures 
were found to be nearly independent of the criterion used 
since the coded BER, but especially the MSC-FDR are 
nearly unit step functions, cf. [4, Fig. 5]. 
The well-tried setup used for the field measurements is 
discussed in detail in [2]. On the transmitter (TX) side, it 
consists of two independent TX: (a) a hybrid TX capable 
of radiating either DRM+ or conventional FM, denoted 
by TX FH, and, (b), a TX radiating a conventional FM 
signal, denoted by TX RB, cf. Tab. 2. TX FH generates 
‘useful’ test signals to rate audio quality. These signals 
can be intentionally degraded by a controllable interfer-
ence signal originating from TX RB, the ‘controllable 
interference’. 

Tab. 2. TX characteristics. 

Parameter TX FH  TX RB  

Signal type ‘useful’ 
‘controllable  
interference’ 

Geo. Loc. (PD), hasl, 
antenna height agl 

3107E4649/49N2710 
260 m, 30 m 

07E4619/49N2739 
260 m, 30 m 

License period until 31.12.2009 until 31.12.2009 

Modulation FM or DRM+ FM 

RF carrier frequency 87.6 MHz 87.6 … 88.1 MHz 

Power (RMS, ERP) 0 … 35 W 0 … 35 W 

Antenna Ground Plane (ND) Kathrein K 52 4017 

Polarisation Vertical Vertical 

Content Test signals Coloured noise 

 

In the case of FM, the ‘useful’ test signal was made up of 
a 500 Hz test tone (stereo, L=R) with 0 dBr MPX and 
26 kHz deviation to enable SINAD measurements. In the 
case of DRM+, the ‘useful’ test signal was made up of 
two services: (a) a service carrying a synchronous PRBS 
sequence, and, (b), a service broadcasting HE-AAC en-
coded audio material. In 4 (16) QAM, a SDC code rate 
0.25 (0.25) and MSC code rate 0.4 (0.33) was used. The 
‘controllable interfering’ FM signal carried two inde-
pendent coloured noise signals (stereo) with 0 dBr MPX 
power and 75 kHz peak deviation. On the RX side, the 
same RX frontend, an ATMEL ATR4262 [6], was used 
for both FM and DRM+ reception. It converts the RF 
input signal to an IF of 10.7 MHz. Then, for FM recep-
tion, this IF is fed to the FM modulation & NF spectrum 
analyzer Microgen TS 9085 [7], whose NF audio out is 
fed to the UPV audio analyzer [8] for SINAD measure-
ment.  



 
Fig. 1. TX locations, 19 points of stationary measurements, and, mobile measurement route (54 km) 

In the case of DRM+ reception, the IF signal is fed to a 
Perseus SDR [9] which (a) samples the IF signal with a 
rate of 80 MHz using 14 bits of resolution, and, (b), 
down converts it to the complex baseband (IQ domain) 
whilst decimating to a rate of 250 kS/s. The IQ samples 
are streamed with 24 bit of resolution via USB to a PC 
running a real time polyphase resampler. At it’s output, 
the sample rate is 192 kS/s as required by the subsequent 
FHG IIS software realtime DRM+ decoder. Finally, this 
decoder outputs the received MSC streams via the RSCI-
protocol to the audio decoder and other applications, 
enabling e.g. to record the current coded BER [4]. 

At the RX location, the RF input signal is assumed to be 
made up of three uncorrelated parts: the useful 
FM/DRM+ signal (TX FH), the controllable interfering 
FM signal (TX RB) with frequency offset ∆f and the 
inevitable background noise, accounting for both co-
channel interferers as well as other components. Their 
respective in-band RMS powers, measured in a band-
width of ±60 kHz around the center frequency of useful 
signal, are denoted as PU, PCI(∆f), and PN, respectively. 
From these measures, the SNRRF at the RX’s input can 
be derived as 
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In (1), the absolute value of frequency offset ∆f takes on 
the values [0; 100; 200]  kHz in the field measurements. 
Varying the power of TX RB from 0 W (i.e. 

PCI(∆f) = 0W) to 35 W (i.e. PCI(∆f) = PCI,max(∆f)), bounds 
the RF input dynamics (and, thus, in the case of FM, the 
achievable audio dynamics): 
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The objective measures to assess and to compare de-
modulated audio quality are SINAD (FM) and coded 
BER (DRM+). Like in [2,3,4], the approved principle of 
comparing measured FM and DRM+ audio quality fig-
ures for a given receiving location is adopted. SINAD 
was chosen for FM since, (a), SINAD has proven to be 
highly correlated to two other FM audio quality meas-
ures (psophometrically weighted (S/N) [10] and the 
Audemat quality classes [4]), and, (b), SINAD can easily 
be measured in both stationary and mobile reception 
scenarios. The broadcasted DRM+ services allowed, 
besides measuring coded BER, to listen to the decoded 
audio material and to subjectively rate the perceived au-
dio quality1. All measured RF and audio quality parame-
ters are recorded along with their geographical reference. 

                                                                 
1 Unfortunately, the audio decoder used did not provide adequate 

status information to define appropriate objective audio quality rat-
ing figures. Preliminary listening tests showed that the chosen coded 
BER of 10-4 is a quite good criterion to decide whether or not audio 
decoding is possible or not. 
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Fig. 2. Predicted vs. measured coverage for DRM+ with TX RB is switched off. Predicted coverage: 4 QAM light 

blue, 16 QAM dark blue. Assignment of measured coverage see Tab. 3. 

 
Fig. 3. Predicted vs. measured coverage for DRM+ with TX RB operating at 35 W in the first neighbouring channel 

(87.7 MHz). Predicted coverage: 4 QAM light blue, 16 QAM dark blue. Assignment of measured coverage see 
Tab. 3. 
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To define a RX location to be ‘covered’ or ‘not covered’, 
a quite simple ‘stop-light’ classification based on audio 
quality was used, cf. Tab. 3. 

Tab. 3. Mapping audio quality to coverage assertion. 

FM 

SINAD / dB 

DRM+ 

Coded BER 
Coverage 
assertion 

Colour 
representation 

(-∞ ... 20] > 10-4 No Red 

(20 ... 30] ---- Not really Yellow 

30 ... ∞) <= 10-4 Yes Green 

 

Two words to the wise: (a) in Tab. 3, the SINAD interval 
(20 ... 30] corresponds to a hardly tolerable audio qual-
ity, that is, this location is marginally (‘not really’) cov-
ered, i.e. audio quality is bad. In contrast, DRM+ shows 
the typical behaviour of digital transmissions: Either it 
works perfectly or not; (b), the protection ratio curves 
used for standard FM planning are based on a pso-
phometric (S/N) of 50 dB [10]. This figure translates – 
for ‘real’ MPX signals – to roughly 38 dB SINAD. Thus, 
setting the SINAD margin for coverage assertion to 
30 dB is indeed not in line with the planning rules [11], 
but it subjectively better relates experienced coverage to 
perceived audio quality. 

To conclude this section, the TX locations, the 19 points 
of stationary measurements, cf. Sec. III, as well as the 
route for mobile measurements, cf. Sec. IV, are shown in 
Fig. 1. 

III. STATIONARY MEASUREMENTS 
19 locations have been chosen for stationary measure-
ments as representative test points, cf. Fig. 1, based on, 
(a), a sequel of orienteering measurement runs, and, (b), 
on DRM+ coverage planning exercises based on 
FRANSY [12] for both 4 QAM and 16 QAM stationary 
reception in 10 m height above ground level (agl) with a 
directional antenna oriented towards TX FH. Examples 
of predicted DRM+ coverage areas are shown in Fig. 2 
and Fig. 3. Note that the map sections in Fig. 2 and Fig. 
3 only display the area predicted to be ‘covered’ (light 
blue (4 QAM), dark blue (16 QAM)). The rest of the 
map sections are the areas predicted to be ‘interfered’, 
i.e. those areas in which – on the one hand – PU is suffi-
ciently high, but, – on the other hand – PN is so strong 
that the needed SNRRF according to (1) for proper 
DRM+ decoding is not reached for interference reasons. 
Areas in which PU does not surmount the DRM+ RX 
sensitivity lie outside the map sections. This means that 
all DRM+ RX scenarios lie either within the predicted 
interference limited area or within the predicted covered 
area. 

All stationary measurements were carried out using a 
directional antenna in 10 m height agl, oriented towards 
TX FH. This situation is by far not the typical receiving 
situation, but it is in line with the valid procedures to 
plan and measure today’s FM coverage, and is the basis 
for the DRM+ coverage predictions shown in Fig. 2 and 
Fig. 3. For each location, the RF and audio parameters as 

described in section II were recorded for different fre-
quency offsets ∆f. 

For the sake of illustration, the evaluation of two inter-
esting scenarios is discussed in the sequel: The compari-
son of predicted DRM+ coverage vs. the measured cov-
erage (Fig. 2) and DRM+ coverage impairment by TX 
RB operating in the first neighbouring channel at 
87.7 MHz with full power (Fig. 3). For the sake of com-
parison, the measured FM ‘coverage’ as defined in Tab. 
3 is given, too. In Fig. 2 and Fig. 3, the following sym-
bolism is used: The symbol  is composed of three inter-
locked symbols, �, �, and, , corresponding to 
16 QAM, 4 QAM, and, FM, respectively. The colour of 
the symbols determine the coverage assignment accord-
ing to Tab. 3. For example, the symbol  denotes 
‘16 QAM not covered, 4 QAM covered, FM not really 
covered’. 

Inspecting Fig. 2 suggests that the predicted DRM+ cov-
erage matches the measured DRM+ coverage quite well. 
Furthermore, 4 QAM has a larger coverage as compared 
to 16 QAM. This effect stems from the different SNRRF 
according to (1) needed for 4 QAM and 16 QAM, 
namely roughly 5 dB and 13 dB, respectively [4]. Com-
paring the DRM+ coverage to FM coverage reveals that 
DRM+ has a - by far - greater coverage area (both 
4 QAM and 16 QAM). Again, this effect stems from the 
fact that DRM+ gets along with a substantially lower 
SNRRF according to (1) as compared to FM. On the other 
hand, perceived FM audio degrades more gracefully as 
compared to DRM+ audio quality. To complement the 
impression that DRM+ has a good coverage potential, 
the ‘absolute coverage reserve’ of DRM+ as compared to 
FM was determined in some locations as follows: First, 
the TX power of TX FH was lowered until the 20 dB 
SINAD was reached, and the corresponding RX power 
PSINAD was recorded. Then, switching the modulation of 
TX FH to DRM+, the TX power was further lowered 
until a BER equal to 10-4 was reached, and, again, the 
corresponding RX power PBER was taken. The dB differ-
ence PSINAD – PBER can readily be interpreted as ‘abso-
lute coverage reserve’ for the stationary reception. In all 
cases, this ‘absolute coverage reserve’ turned out to be at 
least 20 dB in favour of DRM+. As a consequence, 
DRM+ offers the potential of trading TX power vs. cov-
erage reliability which could help to ensure proper and 
stable DRM+ indoor reception. 

Next, inspecting Fig. 3 suggests that, as in the case of 
Fig. 2, the predicted and the measured coverage seem to 
coincide quite well. In contrast to DRM+, the FM cover-
age completely breaks down, cf. Fig. 3. This is due to the 
FM interferer, TX RB, operating at full power in the first 
neighbouring channel, thus completely ‘quieting’ the 
useful FM signal originating from TX FH. In other 
words: DRM+ is by far more robust to 1st adjacent chan-
nel interference than FM, fully in the line with the pro-
tection ratios measured. 

To round off this section, two further results from the 
stationary measurements shall briefly be expressed. First, 
looking at the case where TX RB operates at full power 



in the co-channel, i.e. both TX FH and TX RB radiate at 
87.6 MHz, then, DRM+ coverage as well FM coverage 
break down more or less completely. This is to be ex-
pected since in (1), PCI >> PN holds: The SNRRF accord-
ing to (1) is simply too poor. Next, the case in which TX 
RB is operated in the 2nd adjacent channel is considered. 
The results obtained for this scenario propose that both 
DRM+ and FM coverage are not substantially impaired 
as compared to Fig. 2, which, again, especially holds for 
DRM+. In any location, the 2nd adjacent channel inter-
ferer TX RB could not alter the coverage assignments for 
DRM+ given in Fig. 2! 

IV. MOBILE MEASUREMENTS 
As mentioned before, DRM+ coverage as compared to 
FM coverage for mobile reception was the second re-
ceiving scenario under investigation. The measurements 
described hereafter were carried out with a measuring 
van owned by the Fachhochschule Kaiserslautern. The 
van is equipped with an system allowing to trigger meas-
urements based on either time or distance. The measur-
ing route of about 54 km length, cf. Fig. 1, was also cho-
sen to represent the RX conditions met in the coverage 
area of TX FH for DRM+ reception. The route com-
prises a highway section as well as inner city parts incl. 
traffic lights and passes as many stationary test locations 
as possible. The speed of the van varied from 0 km/h to 
120 km/h, depending on traffic situation. A λ/4 dipole 
mounted on the roof of the van was used as RX antenna. 
As for the stationary case, mobile measurements for dif-
ferent frequency offsets ∆f along the route were taken for 
both FM and DRM+. The measurement system, triggered 
every 0.8λ of travelled distance to ensure uncorrelated 
samples, collects and stores RF and audio parameters as 
described in section II along with its GPS-based geo-
graphical reference, so that these can be analysed and 
cartographically displayed with any appropriate GIS 
software. 

As an instructive example of measurement data analyses 
editing, mobile coverage for the same frequency combi-
nations as used in Fig. 2 and Fig. 3 are presented in the 
sequel. Using Grass [13] and Quantum GIS [14], the 
recorded measurement data was rasterised to 
100x100 m2 pixels based on quartiles as follows: For 
FM, the coverage assignment according to Tab. 3 was 
done relying on the 50% SINAD quartile within the 
pixel. For DRM+, the assignment was based on the 75% 
BER quartile since this quartile subjectively matches the 
experienced audio failures in the best way. 

Fig. 4 and Fig. 5 show the measured mobile coverage for 
FM (Fig. 4) and DRM+ (Fig. 5) with TX RB switched 
off. In Fig. 4, the SINAD assignment from Tab. 3 was 
adopted, whereas in Fig. 5, the yellow colour indicates 
pixel in which only 4 QAM, but no 16 QAM coverage 
was observed. The converse case, i.e. a pixel being con-
sidered to be covered by 16 QAM but not by 4 QAM did 
not occur. Now, inspecting Fig. 4 and Fig. 5 supports the 
findings drawn from discussing Fig. 2, that is, DRM+ 
coverage is substantially greater as compared to FM 
coverage. The coverage situation as proposed by Fig. 5 

matches the subjective DRM+ coverage impression very 
well: Various test drives in the city area with HE-AAC or 
5.1 surround (MPEG surround sound, [15]) encoded 
audio material, broadcast in 4 QAM or 16 QAM mode, 
show that the city can be considered as being ‘covered’ 
by DRM+. 

 
Fig. 4. Measured mobile coverage for FM with TX RB 

switched off. Assignment of measured coverage 
see Tab. 3. 

 
Fig. 5. Measured mobile coverage for DRM+ with TX 

RB switched off. Assignment of measured cov-
erage see legend. 

Fig. 6 and Fig. 7 show the measured mobile coverage for 
FM (Fig. 6) and DRM+ (Fig. 7) with TX RB operating at 
full power in the 1st adjacent channel. The coverage as-
signment is the same as in Fig. 4 and Fig. 5. Looking at 
Fig. 6 and Fig. 7 also supports the findings drawn from 
the stationary measurements, cf. the presentation of Fig. 
3. The conclusion drawn in Sec. III that DRM+ is much 
more robust to 1st adjacent channel interference as com-
pared to FM is emphasized impressively by comparing 
Fig. 6 and Fig. 7. 

To complete the presentation of mobile coverage meas-
urement results in this section, two further results shall 
be given briefly. First, looking at the case where TX RB 
operates at full power in the co-channel, i.e. both TX FH 
and TX RB radiate at 87.6 MHz, then, DRM+ coverage 
as well FM coverage break down more or less com-
pletely for same reasons as given in Sec. III. This is to be 
expected since in (1), PCI >> PN holds. Furthermore, the 
result that both DRM+ and FM coverage are not substan-
tially impaired by 2nd adjacent channel interference is 
fully endorsed by the measured data. 
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Fig. 6. Measured mobile coverage for FM with TX RB 

operating at 35 W in the first neighbouring 
channel (87.7 MHz). Assignment of measured 
coverage see Tab. 3. 

 
Fig. 7. Measured mobile coverage for DRM+ with TX 

RB operating at 35 W in the first neighbouring 
channel (87.7 MHz). Assignment of measured 
coverage see legend. 

V. CONCLUSIONS 
Part I of this paper presents and discusses the first analy-
ses of data recorded within the scope of a DRM+ field 
trial which focussed on ‘real’, experienced DRM+ cov-
erage. For the sake of comparison, FM coverage is 
evaluated, too. 

The first analyses proposes a substantial coverage poten-
tial of DRM+ as compared to FM for both stationary and 
mobile reception. A more complete and more detailed 
analyses, e.g. statistical evaluation of SNRRF vs. BER or 
MER, will be published in [5] later in this year. 
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