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Abstract—The detailed network planning of DVB-H requires 

understanding about the regional differences and their effects on 
the functionality of the system performance. A deep city center 
contains various radio components whereas rural area normally 
consists of a single line-of-sight signal resulting differences in the 
error behavior in the DVB-H reception. In the city area, the 
terminal velocity is normally limited to pedestrian and relatively 
slowly moving vehicular speeds. On the other hand, the Doppler 
shift might be the limit of DVB-H performance in the motorways 
across rural areas due to the higher velocities. This paper 
presents a radio interface quality analysis methodology based on 
the erroneous frames and bit error rates. A selected set of field 
and laboratory test cases and respective results of the 
performance analysis is presented. The results can be used as a 
basis for balancing the MPE-FEC rate and capacity of DVB-H 
during the related in-depth radio network optimization. 
 

Index Terms—Field trials and test results, mobile broadcast, 
mobile TV, DVB-H, radio network planning, performance 
evaluation, propagation and coverage, radio network planning. 
 

I. INTRODUCTION 
VB-H (Digital Video Broadcasting, Handheld) is based 
on the terrestrial version of DVB, i.e. DVB-T, and it has 

been designed especially for the moving environment. The 
performance of the system takes into account the variations of 
the received power levels and bursty interferences of the radio 
path. DVB-H is adequate especially for the small handsets as 
the typical terminal screen size requires only a fraction of the 
bit stream capacity compared to DVB-T which is meant for 
the fixed reception with the non-movable antennas located in 
rooftop. 

Unlike in case of DVB-T, the handheld version is typically 
used in street level which brings challenges for the radio 
reception due to the varying radio conditions. One of the 
methods of DVB-H to cope with the Doppler effects and 
multi-path radio signal propagation is the MPE-FEC (Multi 
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Protocol Encapsulator, Forward Error Correction). It is an 
optional feature of DVB-H and has been defined as an 
additional functionality compared to the original DVB-T 
specifications, which uses the basic FEC for the error 
recovery. Depending on the radio channel type, MPE-FEC 
enhances the performance of DVB-H by applying an 
additional error coding to the radio link. As a result, the frame 
error rate can be lowered and thus the usable coverage area 
and/or the radio channel capacity can be extended. 

This paper presents a field test methodology, results and 
respective analysis in order to estimate the usability of 
different MPE-FEC code rates in urban, sub-urban and rural 
environments, and gives recommendations for the related 
parameter values taking into account typical terminal 
velocities per area type. 

In order to verify the behavior and level of the link budget 
enhancement via the MPE-FEC functionality in urban 
environment, case studies were carried out in laboratory 
environment as well as in functional urban DVB-H network 
coverage areas of Helsinki, Finland. The work contains the 
verification of the behavior of the error correction capabilities 
of MPE-FEC via field tests and by studying the post-
processed data. 

Comparative field test measurements were carried out in 
variable radio channel types, altering the terminal speed 
around the threshold values for the MPE-FEC. The test cases 
were repeated in urban, sub-urban and rural areas in order to 
investigate the effect of the radio channel type on the error 
correction performance. 

II. THE EFFECT OF MPE-FEC ON RADIO NETWORK PLANNING 
The MPE-FEC that DVB-H uses is based on Reed-Solomon 

(RS) code. The DVB-H Implementation Guidelines [1] 
explains the method, with the possibility to use puncturing. 
On the other hand, the decoding is left open and the receiver 
solutions might thus differ from each others. There are various 
possibilities to decode the signal as indicated in [15]. 

The IP datagrams of DVB-H are encapsulated into MPE-
FEC frame. The time slicing burst size effects on the MPE-
FEC in such way that the amount of MPE-FEC rows can be 
set to 256, 512, 768 or 1024. The datagrams are encapsulated 
column-wise to the frame, and the encoding is done row-wise 
with Reed-Solomon variant RS(255,191), indicating that the 
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total size of the frame is 255 columns, which consists of 191 
columns of application data (IP datagrams) and 64 columns of 
Reed-Solomon data (parity bytes sections and possibly 
punctured RS fields). The Figure 1 shows the principle of the 
frame. The final MPE-FEC rate depends on the filling of the 
data and RS columns, and can be selected from the values of 
1/2, 2/3, 3/4, 5/6 or 1/1 (i.e. when no MPE-FEC is used). 
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Fig. 1.  DVB-H frame structure. 

 
The IP datagram consists of IP header (20 bytes) and IP 

payload (maximum of 1480 bytes). The IP datagram then 
consists of MPE header (12 bytes) and CRC-32 check field (4 
bytes). On the other hand, the FEC sections (columns) 
consists of FEC header (12 bytes) and CRC-32 tail (4 bytes). 
These MPE and FEC packets (with respective MPE or FEC 
headers) are then fragmented to a transport stream (TS) in 
such way that TS header (4-5 bytes; 5 if the TS packet 
contains the first byte of a section) is sent first, then MPE 
payload (183 bytes) followed by FEC TS header (4 bytes) and 
FEC payload (184 bytes). 

The frame error quality criterion of 5 % has been used in 
DVB-H radio network quality and limit estimations. The 5 % 
criteria can be studied when MPE-FEC is not used (frame 
error rate, FER), or with MPE-FEC involved (MFER, frame 
error rate after MPE-FEC). The 5 % criterion was originally 
selected in subjective way in the early phase of DVB-H 
evaluations, as it provides with practical means of estimating 
the quality. It is based on the intuitive idea of having 
maximum of 1 erroneous frame with 1 second of length 
during 20 seconds of measuring period.  

III. METHODOLOGY 
This study concentrates on the MPE-FEC performance via 

the post-processing and analysis of the radio measurement 
results. The field tests were carried out in mainly urban and 
rural areas in Helsinki inside of partially overlapping coverage 
areas of a commercial DVB-H network. Also selected labora-
tory measurements were carried out in indoor environment, 
and vehicular tests in the metropolitan area of Beijing, China. 

The field test equipment consisted of the commercial DVB-
H terminal and a data collection unit which is based on the 
available radio interface measurement equipment. All the 

relevant performance indicators were collected from the radio 
interface by storing the results to text files for the further post-
processing. The performance identifiers included the received 
power and packet error levels, carrier to noise level, frame 
errors before and after the MPE-FEC correction, as well as the 
bit error rates before and after Viterbi. Also the geographical 
position was stored to the log files in order to identify the 
specific location of occurred errors. 

In the quality revision of the network, the frame error rate 
indicates sufficiently well the real performance of the radio 
network as it is comparable with the end-user’s interpretation 
of the service quality. More specifically, the DVB-H planning 
guideline [1] proposes that frame error rate of 5% or less 
indicates that the reception is sufficiently good as for the user 
experiences. Furthermore, the [1] shows that the 10% frame 
error level is already annoying in practical reception. 

After the first phase DVB-H evaluation tasks, more in-
depth criteria have been searched for. As an example, [16] has 
concluded that the limit for the acceptable quality based on the 
subjective interpretation is roughly between 6.9 % and 13.8 % 
as for the MFER when the channel type is close to vehicular 
urban (VU). This indicates that the MFER5 might be slightly 
pessimistic, but it is used in this study for the comparison 
purposes for the results obtained in other studies. 

The level of the MPE-FEC correction can be obtained by 
investigating what is the level of frame errors (FER, Frame 
error Rate) compared to the frame errors after the MPE-FEC 
functionality (MFER, MPE-FEC frame error rate). 

In this study, both laboratory and live network tests were 
carried out. The post-processing of the data was done by 
exporting the measurement raw data to Excel spreadsheet. The 
post-processing included the organization of the data to PDF 
format, received power level representing the x-axis with 1 dB 
resolution, and MPE-FEC results being the variable as seen in 
Figure 2. 

When the values per RSSI level are normalized to 100 %, 
the format shows the proportion of the occurred frame errors 
that could be corrected, arranged in function of the RSSI 
levels as seen in figure 3. The format gives indication about 
the general probability distribution of the MPE-FEC 
functionality in investigated area type in function of RSSI. 

For the comparison of the performance with the terminal 
speed, also a cumulative presentation was calculated for frame 
error occasions showing the expected success rates of MPE-
FEC with different parameter values. This gives indication of 
the effectiveness of the MPE-FEC per case in different area 
types, i.e. with what RSSI value the MPE-FEC starts function-
ing, and up to what RSSI limit it is still able to correct 
sufficiently effectively the frame errors. An example of this 
format can be seen in Figure 4. 

In the Figures 2-4, the term “FER1, MFER0” means that 
there has been frame error which could be recovered by MPE-
FEC. “FER1, MFER1” means that the occurred error could 
not be recovered any more, and “FER0, MFER0” means that 
there were no frame errors present in the first place. 
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Fig. 2.  An example of the collected and post-processed data. The RSSI raster 
is 1 dB, and each RSSI value corresponds to the error-free samples (FER 0), 
as well as occurred frame errors (FER 1) that could be corrected by MPE-FEC 
(0) or not (1). 
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Fig. 3.  An example of the MPE-FEC analysis. 
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Fig. 4.  An example of the cumulative analysis of the measurement data. This 
format gives idea about the RSSI scale where the MPE-FEC was taken place 
and where it was effective. In this specific example, the MPE-FEC took place 
for 80 % of the samples (from 10% to 90% of cumulated values) in about 
-84.5…-89.5 dBm scale creating a 5 dB window for the functional MPE-FEC. 

IV. THE CASE SETUP 
The investigation of the frame error correction capability of 

DVB-H was divided into three parts: Laboratory tests, indoor 
tests in live network and vehicular tests in live network. The 
setup consisted of commercial DVB-H terminals with 
additional software developed by Nokia for the logging of the 
relevant measurement values in the radio interface as 
described in [13] with the respective analysis method. 

A. Laboratory tests 
In the laboratory tests, the 16-QAM was selected for the 

modulation method. In each test case, code rate of 1/2 was 
utilized, as well as FFT 8k and GI 1/4. The MPE-FEC rate 
was varied between 15% (5/6), 25% (3/4) and 35% (2/3). 

The test setup consisted of one radiating DVB-H indoor 
antenna (omni-pole with about +2 dBi gain in horizontal 
plane). There was a complete DVB-H core and radio network 
in use. The radio transmitter was adjusted to 250 mW input 
power level, which was fed to the antenna cable of about 15 
meters of length and about 7 dB loss per 100 m. The core 
network of the setup captured live audio/video content and 
delivered it in DVB-H format to the radio interface. The Table 
1 shows the channel configuration for each test case. 

 

 
 
The measurements took place in indoor environment as 

presented in the Figure 5. There was a single corridor where 
the cell limits as well as the MPE-FEC performance areas 
were identified. 
 

50 m

TX

RX

 
Fig. 5.  The measurement area for the laboratory cases. 
 

The terminal speed was kept constantly about 1-2 m/s, i.e. 
keeping the terminal in constant slow motion with walking 
speed. The aim was to collect sufficiently data especially 
around the breaking point of the RSSI scale, i.e. where MPE-
FEC takes place. 

B. Indoor tests in live network 
The indoor tests were carried out in the downtown area of 

Helsinki by observing the performance of the live DVB-H 
network. In this specific case, the radio network covered the 
city area and sub-urban of Helsinki, with partially overlapping 

TABLE 1. 
THE DVB-H LABORATORY CHANNEL CONFIGURATION. 

Case CR FEC PID FEC rows 
A 50% 15% 1024 512 
B 50% 25% 1280 512 
C 50% 35% 1536 768 
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areas in SFN mode. The aim was to identify cell edge areas 
inside the typical public buildings like shopping centers. 

For the comparison purposes, also the respective outdoor 
measurement was done. This merely shows the received 
power level compared to the indoor cases, as there was 
practically no frame errors observed in the measurement 
points of the outdoor environment. 

During the measurements, the relevant radio interface 
parameters were the following: 16-QAM modulation, FFT 8k, 
GI 1/8, code rate 1/2, MPE-FEC rate 5/6 (15%). 

C. Vehicular tests 
As a third part of the study, there were outdoor measure-

ments carried out by using a vehicle mounted calibrated field 
tester. The aim was to collect the performance indicators in 
variable vehicle speeds and different environments from the 
city center, sub-urban and rural areas. 

During the drive test an outside mounted antenna was used 
for the reception of the radio signal. The testing was 
conducted in three stages. The first stage was conducted 
within the city of Helsinki and Espoo (urban and sub-urban 
environment) where the same route was drives with different 
speeds to find the speed where the FER are starting to happen. 
The speeds driven were 20 km/h, 40 km/h and 60 km/h. The 
environment chosen was excellent (received power level RSSI 
limit minimum of -75 dBm and C/(N+I) > 15 dB). This 
environment was chosen to eliminate all possibilities of 
degradation of the signal other then the speed. The second 
stage was conducted on the highway in urban areas in the 
greater Helsinki area and the speed tested were 80 km/h, 100 
km/h and 120 km/h, again with excellent conditions. Both 
cases were conducted with the UdCast Navigator. In the third 
and final stage a drive test was conducted in the metropolitan 
area of Beijing in different speeds in an urban environment. 
Measurement equipment used was the Rohde&Schwarz TSM-
DVB-H scanner. 

Finland network settings were: 16-QAM, CR 1/2, MPE-
FEC 1/2, GI 1/8. China network settings were: QPSK, CR 1/2, 
MPE-FEC= 1/2, GI = 1/8. 

V. RESULTS AND ANALYSIS 

A. Laboratory tests 
The following Table 2 summarizes the laboratory test cases 

and respective results for the MPE-FEC breaking points (i.e. 
showing the RSSI values with the 5 % criteria) in received 
power levels (dBm) when using 16-QAM, code rate of 1/2, 
FFT of 8k and GI of 1/8. In this case, there were 2 terminals 
used in the data collection, Nokia models N-77 (terminal 1) 
and N-96 (terminal 2). As the results show, the terminals were 
not commonly calibrated as for the RSSI display. Neverthe-
less, the relative frame error information with and without 
MPE-FEC per terminal can be obtained even without the 
information about the exact RSSI breaking point. 

 

 
As the Table 2 shows, the difference between FER5 and 

MFER5 grows as the MPE-FEC rate grows, i.e. there is a 
logical behavior noted for the frame error capability in 
function of the MPE-FEC rate in all of the cases. In the least 
protected mode (MPE-FEC 15%), the difference, i.e. the 
MPE-FEC gain, is close to zero. This can be explained by the 
building layout, which did not allow too much multipath 
components in the receiving end. In the most protected mode 
that was applied in these measurements (MPE-FEC 35%), the 
MPE-FEC gain is in order of 2 dB. The MPE-FEC rate of 
25% seems to result only about 0.5 dB gain. 

This case study shows that the MPE-FEC gain is not 
relevant in indoor environment with low amount of reflected 
multipath components in radio interface and with slowly 
moving terminal, if the MPE-FEC rate is defined to 15% or 
25%. The effect starts to be notable when using MPE-FEC 
rate of 35%, giving about 2 dB gains compared to the situation 
without MPE-FEC in the investigated channel types (which 
are close to typical urban 3, or TU3 type of models). On the 
other hand, this 35% MPE-FEC rate reduces accordingly the 
capacity that can be offered in the radio interface. 

B. Indoor tests in live network 
The following Table 3 summarizes the post-processed in-

door measurement results for the city area of Helsinki, i.e. the 
breaking points of FER 5% and MFER 5% in function of the 
received power level (dBm). The “counts” column summa-
rizes the amount of collected measurements (frames) per case. 
The cases are the following. 

“A” represents a ground floor of a shopping center with 
relatively large open areas. It can be estimated that some 
multi-path propagated components arrived to the measurement 
routes. 

“B” represents another relatively large shopping center in 
the very center of the city. There are probably plenty of 
multipath component present in this environment. 

“C” represents the ground floor of a relatively large 2-floor 
bookstore with open center area. 

“D” is the upper floor of the case “C”. 
“E” is the ground floor of a very large shopping center in 

the city center. 
“F” is the upper floor of the case “E”. 
“G”, “H” and “I” represents the ground, second and third 

floor of university campus building in sub-urban area. 
 

TABLE 2. 
THE DVB-H LABORATORY MEASUREMENT RESULTS. *THE GAIN COULD 

NOT BE SEEN EXPLICITLY DUE TO THE INSTABILITY IN MFER5 POINT. 
Case / FEC Terminal FER5 MFER5 Diff 

A / 15% 1 -78.0 -78.05 0.05 
B / 25% 1 -77.1 -77.5 0.4 
C / 35% 1 -68.8 -70.7 1.9 
A / 15% 2 -83.2 -83.4 0.2 
B / 25 % 2 -81.0 -81.0/-83.2 0.0/2.1 * 
C / 35% 2 -82.5 -84.5 2.0 

 



mm09-83 
 

 

5

 
 
Note 1. The environment contained impulse noise sources 

probably due to the power systems of the mechanical escala-
tors. The Figure 6 shows the behavior of the effect. 

Note 2. There were relatively low amount of data collected 
in this case which affects on the statistical accuracy. There 
was also probably an impulse noise peak in FER figure which 
adds uncertainty to the interpretation of the corresponding 
MPE-FEC gain. Nevertheless, the MPE-FEC could correct the 
occurred interference peak.  

Note 3. The received power level was too high in this area 
in order to interpret the MPE-FEC effect. 
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Fig. 6.  An example of the impulse type of noise that affected on the 
measurements in case B. 

 
The results obtained from the laboratory environment are a 

bit more pessimistic compared to the dense urban indoor 
results. With 15% of MPE-FEC rate and common parameter 
set, the laboratory cases showed a maximum of 0.2 dB gains 
whereas city center’s indoor environment provided up to 1 dB 
gains. This is due to the varying multipath components in 
radio interface, laboratory being more limited in this sense. In 
sub-urban environment, though, the indoor gain was around in 
the same low level as was obtained in laboratory. 

C. Vehicular tests 
From the first drive test results no errors were found until 

60 km/h. The errors started to appear with higher speeds. The 
following figure represents the CDF of the BER with different 
speeds. The 50% point is at 80 km/h. 
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Fig. 7.  BER analysis as a function of the terminal speed measured in Finland . 

 
The following graph shows the average PER (non 

correctable RS packets over the total received packets [17]) 
and the BER (Bit Error Rate before RS) in relation to the 
speed from the China measurements. From the graph can be 
seen that around 65 km/h the PER (> 5000 packets/sec) and 
BER (> 2⋅10-3) are getting high. This is due to the challenging 
environment, which consists of densely packed flat buildings 
which create many multipath fading signals. 
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Fig. 8.  PER and BER as a function of the speed measured in China 

 
It can be seen from the Figure 8 that the 50% BER point is 

at 63 km/h.  
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Fig. 9.  BER CDF measured in China 

VI. MPE-FEC OPTIMIZATION 
The analysis shows that the MPE-FEC is normally useful 

only when the received power level is low enough. The Figure 
4 shows the basic principle of the functional scale of MPE-
FEC, indicating that the RSSI window where MPE-FEC 
“wakes up” and is able to correct the erroneous frames is 
relatively small and near the performance limits of the cell. 
This means, that in decent and good radio field, MPE-FEC 
does not give added value even if there are multi-propagated 

TABLE 3. 
THE DVB-H INDOOR MEASUREMENT RESULTS. 

Case Counts Max 
speed FER5 MFER5 Diff 

A 1022 1-2 m/s -84.5 -85.5 1.0 
B 1 532 1-2 m/s N/A N/A N/A 
C 2 181 1-2 m/s -85.2 -87.4 2.2 
D 3 238 1-2 m/s N/A N/A N/A 
E 556 1-2 m/s -79.0 -80.1 1.1 
F 518 1-2 m/s -87.4 -88.0 0.6 
G 506 1-2 m/s -85.4 -85.4 0.0 
H 506 1-2 m/s -87.1 -87.3 0.2 
I 515 1-2 m/s -88.3 -88.8 0.5 
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radio components present. This applies for the indoor and 
outdoor pedestrian and vehicular environments. With the used 
parameter set, the Doppler shift was not the limiting factor.  

The drive test results show that the speed for the BER 
breakpoint is around 80 km/h in perfect conditions and -65 
dBm in challenging environments. 

The lowest MPE-FEC rates result only minor enhancement 
in indoor environment based on the laboratory measurements 
and the FER/MFER analysis. MPE-FEC gain was about 0.5 
dB or less for 25% MPE-FEC rate, and near zero for 15% 
MPE-FEC rate. For 35% MPE-FEC rate, values of about 2 dB 
were observed for the MPE-FEC gain. The Table 4 summa-
rizes the averaged MPE-FEC gain results and the respective 
standard deviation values for laboratory, city indoor, sub-
urban indoor and sub-urban motorway cases when analyzed 
via FER and MFER differences and MPE-FEC 15% was used. 

 

 
 
As the MPE-FEC reserves a proportion of capacity from the 

total radio channel bandwidth, the balancing of the capacity 
and the MPE-FEC gain should be planned according to the 
operational environment. Based on this analysis, it would be 
recommendable to limit the MPE-FEC rate to lower values of 
the scale as it reserves thus only small proportion of the 
capacity but still corrects at some extend the occurred frame 
errors. This would be justified in indoor environment even 
with the multi-propagated radio paths as the field tends to 
drop fast in the cell edge according to the laboratory and 
indoor field measurements carried out in this study. On the 
other hand, in the typical urban and dense urban environment, 
the DVB-H radio coverage is normally good enough in order 
to provide decent indoor coverage. This means that the field in 
outdoor is so high that MPE-FEC is not normally needed, but 
recommendable due to multipath fading. 

Also sub-urban area within the DVB-H coverage seems to 
benefit only little from MPE-FEC. In the buildings, the gain 
seems to be even less than in urban areas due to the lower 
amount of multipath components. Nevertheless, approaching 
the service area edge, the field strength is sufficiently low in 
order to activate the MPE-FEC, which brings about 1 dB 
MPE-FEC gain in normal motorway environment with the 
lowest MPE-FEC rate. 

VII. CONCLUSIONS 
In the in-depth DVB-H network planning, the fine-tuning 

of the relevant radio parameters is essential for different 
geographical clutter types. This study presents the MPE-FEC 
test methodology which is based on the collection of the 
relevant radio performance indicators via the field test 

equipment. Furthermore, an analysis of the MPE-FEC 
behavior was done in order to seek the optimal functional 
radio parameter values in the investigated area types. 

This paper describes the methodology that can be applied 
for DVB-H radio reception error level measurements and 
analysis in order to identify the optimal MPE-FEC rate 
parameter values in different network environments. The 
outcome of the study is the optimal MPE-FEC parameter 
value set for the typical DVB-H environments in function of 
the terminal velocity. The paper also shows that MPE-FEC 
can be altered in different DVB-H areas, although the tuning 
of the parameter should be done based on the field 
measurements of individual cases as the carrier per noise level 
varies in each network setup. 
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TABLE 4. 
THE SUMMARY OF THE MPE-FEC GAINS IN DIFFERENT ENVIRONMENTS. 

Environment Average Stdev 
Laboratory 0.1 0.1 

Urban indoor 1.2 0.7 
Sub-urban indoor 0.2 0.3 

Sub-urban motorway 1.0 N/A 


