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Abstract 

 
The field measurement equipment that provides 

reliable results is essential in the quality verification of 
DVB-H networks. In addition, sufficiently in-depth 
analysis of the post-processed data is important. This 
paper presents a method to collect and analyse the key 
performance indicators of the DVB-H radio interface, 
using a mobile device as a measurement and data 
collection equipment.  
 
1. Introduction 
 

The verification of the DVB-H quality of service 
level can be done by carrying out field measurements 
within the coverage area. Correct measurement data, as 
well as the right interpretation of it, are fundamental 
for the detailed network planning and optimisation. 

During the normal operation of the DVB-H 
network, there are only few possibilities to carry out 
long-lasting, in-depth measurements. A simple and fast 
field measurement method based on mobile DVB-H 
receiver provides thus added value for the operator. 
The mobile equipment is easy to carry both in outdoor 
and indoor environment, and it stores sufficiently 
detailed performance data for post-processing. 

 
2. Measurement equipment 
 

In some cases, DVB-H network element might fail 
in such way that the DVB-H operations and 
maintenance system is not able to interpret correctly 
the instance. As an example, the antenna element 
might turn around due to the loose mounting, resulting 
outages in the designed coverage area. The antenna 
feeder might still remain connected correctly, keeping 
the reflected power in acceptable level. As DVB-H is 
broadcast system, the only way to verify this kind of 
fails is to carry out field tests. 

This paper presents a method to post-process the 
basic field test data collected with mobile terminal. 

The method can be considered as an addition to the 
usual network performance tests, and is suitable for 
fast revisions of the quality and faults. 

The field measurement results presented in this 
paper are meant as examples and for clarifying the 
methodology. The data presented in the result chapter 
was collected with a commercial DVB-H hand-held 
terminal capable of measuring and storing the radio 
link related data. In this specific case, a Nokia N-92 
terminal was used with a field test program. The 
program has been developed by Nokia for displaying 
and storing the most relevant DVB-H radio 
performance indicators 
 
3. Test setup 
 

The methodology was verified by carrying out 
various field tests mostly in vehicle. There was also 
static and dynamic pedestrian type of measurements 
included to verify the usability of the equipment and to 
evaluate the usability of the method. 

The DVB-H test network consisted of one 200 W 
DVB-H transmitter and a complete DVB-H core 
network. The source data was delivered to radio 
interface by capturing real-time television program. 
The program was converted to DVB-H IP data stream 
with a standard DVB-H encoder. There was a set of 3 
DVB-H channels defined in the same radio frequency, 
with audio/video bit rates of 128, 256 and 384 kb/s. 

The antenna system consisted of directional antenna 
panel array, each producing 65 degrees of horizontal 
beam width and 13.1 dBi gain. The vertical beam 
width of the single antenna element was 27 degrees, 
which was narrowed by locating two antennas on top 
of each others via a power splitter. Taking into account 
the loss of cabling, jumper, connector, power splitter 
and transmitter filter, the radiating power was 
estimated to be 62.0 dBm (EIRP). The Figure 1 shows 
the antenna setup. 

The transmitter antenna system was installed on a 
rooftop with 30 meters of height. The environment 
consisted of sub-urban and residential types with LOS 
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(line-of-sight) or nearly LOS in major part of the test 
route, except behind the site building which was non-
LOS. Each test route consisted of two rounds in main 
lobe of the antenna. The maximum distance between 
the antenna and terminals was about 6.4 km. 

 

 
Figure 1. The antenna system setup. 

 
Nokia N-92 terminal was used during the test cases. 

Nevertheless, if the relevant data can be measured 
from the radio interface and stored in text format, the 
method presented in this paper is independent of the 
terminal type. It is important to notice, though, that the 
characteristics of the terminal affects on the analysis, 
i.e. the terminal noise factor and the antenna gain 
(which is normally negative in case of small DVB-H 
terminals) should be taken into account accordingly. 
On the other hand, unlike with the advanced field 
measurement equipment, the method gives a good idea 
about the quality that the DVB-H users observe in real 
life as the terminal type with its limitations is the same 
as used in commercial networks. 

There were a total of 3 terminals used in each test 
case, capturing the radio signal simultaneously. 
Multiple receptions provide respectively more data to 
be collected at the same time, which increases the 
statistical reliability of the measurements. It also makes 
possible the comparison of the differences between the 
terminal performances. 

The terminals were kept in the same position inside 
the vehicle without external antenna, and the results of 
each test case were saved in separate text files. 
 
4. Terminal measurement principles 
 

The DVB-H parameter set was adjusted according 
to each test case. The cases included the variation of 
the code rate, MPE-FEC, guard interval and 
interleaving size (2k, 4k, 8k), in accordance with the 
Wing TV principles described in [2], [3] [4] and [6]. 

The parameter set was fixed for each case, and the 
audio/video stream was received with the terminals by 
driving the test route 2 consecutive times per each 
parameter setting. 

The needed input for the field test is the on and off 
time of the time sliced burst, PID (packet identifier) of 
the investigated burst, the number of FEC rows and the 
radio parameter values (frequency, modulation, code 
rate and bandwidth). The N-92 stores the measurement 
results to a log file after the end of each burst until the 
field test execution is terminated. 

According to the DVB-H implementation 
guidelines [1], the target quality of service is the 
following: 
� For the bit error rate after Viterbi (BA), the DVB-

H specific QEF (quasi error free) point should be 
better than 2	10-4. 

� The frame error rate should be less than 5%. 
The field test software of N-92 is capable of 

collecting the RSSI (received power in dBm), FER 
(frame error rate) and MFER (FER after MPE-FEC 
correction) values. In addition, there is possibility to 
collect information about the packet errors. 

The Figure 2 shows a high-level block diagram of 
the DVB-H receiver. [1] The reception of the 
Transport Stream (TS) is compatible with DVB-T 
system, and the demodulation is thus done with the 
same principles also in DVB-H. The additional DVB-
H specific functionality consists of Time Slicing, 
MPE-FEC and the DVB-H de-encapsulation. 
 
 

DVB-H specific
functionality

IP output

DVB-T
Demodulator

DVB-H
Time Slicing

DVB-H
MPE-FEC

DVB-H
De-encapsulation

FER 
reference

MFER 
reference

IP 
reference

TS 
reference

RF 
reference

 
Fig. 2. A principle of the reference DVB-H 

terminal. 
 

As can be seen from the Figure 2, the FER 
information is obtained after the Time Slicing process, 
and the MFER is obtained after the MPE-FEC 
correction module. If the MFER is free of errors, the 
respective data frame is decoded correctly and the IP 
output stream can be observed without disturbances. 

The measurement point for the received power level 
is found after the antenna element and the optional 
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GSM interference filter. In addition, there might be 
optional external antenna connectors implemented 
before the RF reference point. The presence of the 
filter and antenna connectors has thus frequency-
dependent loss effect on the measured received power 
level in the RF point. 

The Figure 3 shows an example of the measurement 
data display of N-92. In this case, there was a frame 
error in the reception because the value of FER was 
“1”. The FER value is either “0” for non-erroneous or 
“1” for erroneous frame. Furthermore, the MPE-FEC 
could still recover the error in this case, because the 
MFER parameter is showing a value of “0”. 
 

FER 1 MFER 0
BB 1.10E-02 BA 8.00E-04
PE 111
RSSI -84  

Fig. 3. Example of the measured objects. 
 

According to the Figure 3, the bit error level before 
Viterbi (BB) was above the QEF point, i.e. 1.10	10-2. 
The bit error level after the Viterbi (BA) was 8.00	10-4 
which is clearly better than the QEF point for the 
acceptable reception. The bit error rate had been thus 
low enough for the correct functioning of the MPE-
FEC. In this example, the amount of packet errors (PE) 
was 111, and the averaged received power level, i.e. 
RSSI, was measured and averaged to -84 dBm. The 
RSSI resolution is 1 dB for single measurement event 
in the used version of the field test software. 

The following Figure 4 shows the RSSI value 
during the complete test route. There were two rounds 
done during each test. The received power level was 
about  -50 dBm close to the site, and about  -90 dBm in 
the cell edge. The duration of the single test route was 
25 minutes, and the total length was 22.4 km. 
 

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0
1 2 7 5 3 7 9 1 0 5 1 3 1 1 5 7 1 8 3 2 0 9 2 3 5 2 6 1 2 8 7 3 1 3 3 3 9 3 6 5 3 9 1 4 1 7 4 4 3 4 6 9 4 9 5 5 2 1 5 4 7 5 7 3 5 9 9 6 2 5 6 5 1 6 7 7 7 0 3 7 2 9 7 5 5 7 8 1 8 0 7 8 3 3 8 5 9 8 8 5 9 1 1 9 3 7 9 6 3 9 8 9 1 0 1 5 1 0 4 1 1 0 6 7 1 0 9 3 1 1 1 1 1 4 1 1 7 1 1 9 1 2 2 1 2 4 1 2 7 1 3 0 1 1 3 2 1 3 5 1 3 7 1 4 0 5 1 4 3 1 4 5 1 4 8 1 5 0 9 1 5 3 1 5 6 1 5 8

 
Fig. 4. The RSSI values measured during the 

test route. 
 
The maximum speed during the test route was about 

90 km/h, and the average speed was measured to 50 
km/h (excluding the full stop periods). The speed is 
sufficient for identifying the effect of the MPE-FEC. 

5. Method for the analysis 
 

The collected data was processed accordingly in 
order to obtain the breaking points, i.e. the QEF of 2 	 
10-4 and FER / MFER of 5% in function of the RSSI 
values for each test case. The processing was carried 
out by arranging the occurred events per RSSI value. 
For the BB and BA, the values were averaged per 
RSSI resolution of 1 dB. For the FER and MFER, the 
values represent the percentage of the erroneous 
frames per each RSSI value. 

The following Figure 5 shows the processed data 
for the bit error rate before and after the Viterbi. The 
results represent the situation over the whole test route 
in location-independent way, i.e. the results show the 
collected and averaged BB and BA values that have 
occurred related to each RSSI value. 

As can be noted in this specific example, the bit 
error rate before Viterbi does not comply with the QEF 
criteria of 2	10-4 even in good radio conditions, 
whereas the Viterbi clearly enhances the performance. 
The resulting breaking point for the QEF with Viterbi 
can be found around -83 dBm of RSSI in this specific 
case. 
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Fig. 5. Processed data for the bit error rate 

before and after the Viterbi. 
 

For the frame error rate, the similar analysis yields 
an example that can be observed in Figure 6. The 
Figure shows the occurred frame error counts (FER 
and MFER) as well as the amount of error-free events 
per each RSSI value. In this format, the Figure shows 
the amount of occurred samples per RSSI value (in 1 
dB raster) arranged to error free counts (“count FER0 
MFER 0”), to counts that had error but could be 
corrected with MPE-FEC (“FER 1 MFER 0”), and to 
counts that were erroneous even after MPE-FEC 
(“MFER 1”). 

It can be noted that the amount of the occurred 
events is low in the best field strength cases and does 
not provide with sufficient statistical reliability in that 
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range of RSSI values. Nevertheless, as the idea was to 
observe the limits of the coverage area, it is important 
to collect sufficiently data especially around the critical 
RSSI value ranges. 
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Fig. 6. Example of the analysed FER and 

MFER level of the signal. 
 

In this type of analysis, the data begins to be 
statistically sufficiently reliable when several tens of 
occasions per RSSI value are obtained, preferably 
around 100 samples. In practice, though, the problem 
arises from the available time for the measurements, 
i.e. in order to collect about 100 samples per RSSI 
value it might take more than one hour to complete a 
single test case.  

Next, the corresponding amount of total samples 
was normalized, i.e. scaled to 0-100% for each RSSI 
value. An example of this is shown in Figure 7. 
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Fig. 6. The post-processed data can be 

presented in graphical format which consists 
of the normalised percentage of FER and 

MFER for each RSSI value. 
 

By presenting the results in this way, the percentage 
of FER and MFER per RSSI and thus the breaking 
point of FER / MFER can be obtained graphically. 

The 5% FER and MFER level can be obtained 
graphically for each case observing the breaking point 
for the respective curves. The corresponding MPE-
FEC gain is the difference between FER and MFER 
values (in dB), which can be obtained by observing the 
5% breaking point. 
 
6. Other measurements 
 

For comparison purposes, there was also a set of 
test cases carried out in the pedestrian environment 
with the same measurement methodology. The 
following Figures 8 and 9 shows the results of a short 
snapshot type of measurement in about 800 m distance 
from the transmitter antenna, in the main lobe. The 
measurement consists of measurements inside and 
outside of a 1-floor building, with a slowly moving 
terminal. The slow movement is needed in order to 
average the received power level and to take into 
account correctly the Rayleigh fading. 
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Fig. 7. The samples that were collected in 

outdoor case. 
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indoor case. 
 



THE THIRD INTERNATIONAL CONFERENCE ON DIGITAL TELECOMMUNICATIONS PAPER NUMBER 90 
ICDT 2008, JUNE 29 - JULY 5, 2008 - BUCHAREST, ROMANIA 

The results show an average of -48.4 dBm for the 
outdoor RSSI, with a standard deviation of 6.1 dB. For 
the indoor, the average of RSSI was -62.5 dBm with 
the standard deviation of 2.9 dB. It is thus 
straightforward to estimate the average building loss to 
be about 14.1 dB in this specific case. As the terminal 
speed was low, the MPE-FEC is not able to correct the 
possible frame errors, and the respective analysis that 
was described previously for MPE-FEC gain is thus 
not needed for this measurement type. 

The terminal measures the received power level 
after the possible (optional) GSM interference 
suppression filter. There might also be external 
antenna connectors in either side of the filter. The 
terminal characteristics thus affects on the received 
power level interpretation. In order to obtain 
information about the possible differences of the 
terminal displays, separate comparison measurements 
were carried out. 

There were a total of three N-92 terminals used 
during the testing. As the terminals were still 
prototypes, the calibration of the RSSI displays was 
not verified. This adds uncertainty factor to the test 
results. 

The following Figure 9 shows a test case that was 
carried out in laboratory by keeping all the terminals in 
the same position and making slow-moving rounds 
within relatively good coverage area. 
 
 

-80

-70

-60

-50

-40

-30

-20

-10

0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91

 
Fig. 9. An example of the laboratory test case 
for the comparison of the RSSI displays of the 

terminals. 
 
The systematic difference in RSSI displays can be 

noted, being about 2 dB between the extreme values. 
The same 2 dB difference between the terminals was 
noted in the field test analysis. The values obtained 
from the radio network tests cannot thus be considered 
accurate. Nevertheless, the idea of the testing was to 
investigate rather the methodology of the 
measurements than to obtain accurate values of the 
defined parameter settings. 

7. Results 
 

As a result of the vehicle based field tests 
performed in this study, the following Tables 1-3 
summarises the RSSI thresholds for the QEF point of 
2	10-4 and FER / MFER of 5% criteria with different 
parameter values. In addition, the effect of MPE-FEC 
was obtained graphically for each parameter setting. 
The analysis was made for the post-processed data by 
observing the breaking points of BB, BA, FER and 
MFER of the averaged values of 2 terminals. The 
guard interval (GI) was set to ¼ in each case. 

The MPE-FEC gain was obtained for each studied 
case. The effect seem to be lowest in 64-QAM 
modulation, which might mean that the receiver has 
been optimised for the modes that are most probable in 
mobile environment, i.e. the QPSK and 16-QAM are 
more like to be used outdoors whereas 64-QAM could 
be most logical in indoor environment with slow 
moving terminals. 

It should be noted, though, that the terminals were 
not calibrated especially for this study. The RSSI 
display might thus differ from the real received power 
levels with some decibels. The calibration should be 
done e.g. by examining first the level of the noise floor 
of the terminal and secondly examining the QEF point, 
i.e. investigating the signal level which is just 
sufficient to be received correctly. 
 

 

 

TABLE II 
THE RESULTS FOR 16-QAM CASES. 

FFT 8k 8k 4k 2k 
CR 1/2 2/3 2/3 2/3 

5%, MPE-FEC1/2 -77,6 -61,8 -77,4 -77,7 
5%, FEC 1/2 -69,8 -61,6 -74,2 -73,4 

MPE-FEC 1/2 gain 7,8 0,3 3,7 4,3 
5%, MPE-FEC 2/3 -77,0 -63,5 -75,5 -77,0 

5%, FEC 2/3 -72,1 -59,0 -71,0 -74,7 
MPE-FEC 2/3 gain 4,9 4,5 4,5 2,3 
BA QEF average: -78,3 -73,7 -77,2 -77,4 

TABLE I 
THE RESULTS FOR QPSK CASES. THE VALUES REPRESENTS THE RSSI 

IN DBM, EXCEPT FOR THE MPE-FEC GAIN, WHICH IS SHOWN IN 
DESIBELS. 

FFT 8k 8k 4k 2k 
CR 1/2 2/3 2/3 2/3 

5%, MPE-FEC1/2 -88,1 -83,8 -78,4 -86,6 
5%, FEC 1/2 -84,0 -77,3 -72,7 -81,4 

MPE-FEC 1/2 gain 4,1 6,5 5,7 5,2 
5%, MPE-FEC 2/3 -87,3 -83,0 -76,7 -84,4 

5%, FEC 2/3 -83,3 -72,9 -73,5 -81,0 
MPE-FEC 2/3 gain 4,0 10,1 3,2 3,4 
BA QEF average: -85,8 -81,7 -78,4 -84,9 
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It can be assumed that the most reliable results are 

obtained by observing the FER / MFER of the data. 
The frame rate error reflects the practical situation as 
the user interpretation of the quality depends on the 
amount of correctly received frames. For the bit error 
rate before and after Viterbi, it is not necessarily clear 
how the terminal calculates the value shown in the 
displays especially in the cell edge with high error 
rates. 

Nevertheless, the results correlate with the theory of 
different parameter settings, as well as with the MPE-
FEC gain. As the test route contained different radio 
channel types (different vehicle speeds, LOS, near-
LOS and non-LOS behind the building), the mix of the 
propagation types causes uncertainty to the results. In 
order to obtain the values nearer to the theoretical 
ones, it would be important to carry out the test cases 
in separate, uniform areas as the radio channel type is 
considered, but on the other hand, these results 
represent the real situation in the investigated area with 
a practical mix of radio channel types.  
 
8. Conclusion 
 

The benefit of the hand-held receiver is obvious in 
the measurements presented in this paper as the 
equipment is easy to carry to different environments, 
including indoors. The data collection with hand-held 
terminal is fast, and the collected radio interface 
performance indicators provide sufficiently data for the 
post-processing. 

The tests presented in this paper shows that the 
realistic DVB-H measurement data can be collected 
with the terminals. The analysis showed correlation 
between the post-processed data and estimated 
coverage that was calculated and plotted separately 
with a network planning tool. The results correlate 
mostly with the theoretical DVB-H performance, 
although there was a set of uncertainty factors 
identified that affects on the accuracy of the results. 

This study was merely meant to develop and verify 
the functionality of the analysis methodology instead 
of the verification of accurate data. The test 

environment consisted of multiple radio channel types, 
and the terminal displays were not calibrated 
specifically for these tests. An error of few decibels is 
thus expected. 

Nevertheless, the results show that the terminals can 
be used as an additional tool for fast revision of the 
overall functioning of the network. With the collected 
data and respective post-processing, it is possible to 
observe the DVB-H audio/video quality in detailed 
level compared to the subjective studies. 

The field test results show clearly the effect of the 
parameter values on radio performance in a typical 
sub-urban environment. Even if the hand-held terminal 
is not the most accurate device for the scientific 
purposes, it gives an overview about the general 
functioning and quality level of the network and the 
estimation of the effects of different network parameter 
settings. 
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TABLE III 
THE RESULTS FOR 64-QAM CASES. 

FFT 8k 8k 4k 2k 
CR 1/2 2/3 2/3 2/3 

5%, MPE-FEC1/2 -59,9 -51,6 -65,0 -67,3 
5%, FEC 1/2 -59,7 -51,6 -57,5 -65,2 

MPE-FEC 1/2 gain 0,2 0,1 7,5 2,1 
5%, MPE-FEC 2/3 -61,0 -51,3 -59,5 -68,1 

5%, FEC 2/3 -60,3 -50,6 -54,5 -65,8 
MPE-FEC 2/3 gain 0,7 0,7 5,0 2,4 
BA QEF average: -60,7 -53,0 -61,9 -68,3 




