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 DVB-T2 (Digital Video Broadcasting Terrestrial Second Generation) 

reception requires a sufficient quality of the received signal. CNR (carrier-to-

noise ratio) and BER (bit-error-rate) are two of quantities describing the 

quality. This paper presents the range of each quantity providing a successful 

reception based on real data obtained by field-measurements. This data was 

collected from MO (mobile-outdoor) and SI (stationary-indoor) receiving-

systems capturing signal sent by some on-air trial transmitters broadcasting 

services focused on the fixed-receivers. The result indicated that the 

successful and failed receptions were split into two quite separated 

(concentrated) ranges of post-decoded BER and therefore a boundary 

distinguishing them could be prominently defined. In contrast, they were 

spread in a wide common range of CNR and pre-decoded BER. Furthermore, 

the boundary that corresponded to this last quantity was ambiguous. In the 

case of MO reception as numerical examples, the two split ranges of post-

decoded BER were less than about 105 and more than about 2.7 × 104 for 

the successful and failed receptions, respectively, whereas CNR as high as 

about 14 dB could be viewed as a soft boundary distinguishing these both 

reception-success conditions. 
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1. INTRODUCTION 

The performance of a communication system can be evaluated from the quality of the received 

signal. Two quantities commonly used to describe the quality are CNR and SNR (signal-to-noise ratio). In 

digital communication systems, some of other describing quantities are BER [1],[2], SER (symbol-error rate) 

[2], and MER (modulation-error-ratio). Therefore, these quantities are also used to describe the digital 

television (DTV) received signal quality [3]–[5]. As one of DTV standards [6], DVB-T2 [7],[8] has adopted 

in many countries. Improving the reception-quality can be carried-out by several schemes, such as by 

implementing a MISO (multiple-input single-output) technique [9] at the transmitting-side, deploying a SFN 

(single-frequency-network) [10],[11] or OCR (on-channel repeater) [12],[13] in the network segment, or 

employing a multiple-antenna (MA) method [14],[15] at the receiving-end. Several field-measurements and 

field-trials of DVB-T2 have also been carried-out [16]–[21]. Based on the obtained data, the required SNR 

threshold [19] and minimum CNR [16] are estimated, by referring to the FBER (frame block error rate) and 

QEF (quasi error-free) criteria, respectively. By defining the successful reception as a condition when the 

receiver produces a moving picture, then the relationship of either CNR or BER and reception-success is 

probabilistic, not deterministic [20],[21]. However, the range of either CNR or BER providing a successful 
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reception has not been further explored. Therefore, this paper presents an investigation on those ranges, based 

on field-measurement results using a commercial consumer receiver. Such investigation is useful to, for 

example, implementing the MA technique at the receiving-end. The remainder of this paper is organized as 

follows. After review of DVB-T2 in Section 2, Section 3 and 4 explain the experiment method and result, 

respectively. Finally, Section 5 presents the conclusion. 

 

 

2. DVB-T2 

2.1. System Overview 

In contrast to analog broadcasting technology where one frequency channel, as wide as 8 MHz for 

example, conveys only one TV program, DVB-T2 is capable of carrying several programs in an equal 

bandwidth. At the DVB-T2 transmitter-side, several programs can be packaged into a physical-layer-pipe 

(PLP). Even, in a multi-PLP system, several PLPs are packaged further into a baseband (BB)-frame format. 

Finally, this format is transmitted using OFDM modulation, where a stream (sequence) of bits or symbols to 

be sent is split into several sub-streams, each of which modulates a dedicated sub-carrier frequency, different 

from the frequency of other sub-carriers. At every symbol duration, all sub-carriers are orthogonal to each 

other  [26]. 

Bit processing in each PLP consists of FEC (forward error control) encoding, interleaving, and 

QAM (quadrature amplitude modulation) constellation-mapping. Several options provided in this stage are 

the QAM order, interleaving depth, and FEC coding rate. Several options are also avaiable in the OFDM 

stage, involving fast Fourier transform (FFT) size (mode), guard interval (GI) ratio, and pilot pattern. FECs 

used are BCH (Bose-Chaudhuri-Hocquenghem) and LDPC. Front stage in the receiving-end is a tuner (RF-

unit) converting the incoming signal to BB-OFDM. A FFT processor at the next stage demodulates this 

signal. Symbol processing including QAM-decoding, de-interleaving, and FEC decoding carrying-out after 

the desired PLP is extracted produces the original bit-stream. This bit-stream is decoded to recover the video 

and audio signals. These signals are finally manifested to the corresponding picture and sound outputs, 

respectively.  

 

2.2. Signal Quality 

Ordered from the earliest stage to the latest one at the receiver, CNR, MER, and BER are three of 

quantities describing the signal quality, respectively. When AWGN (additive white Gaussian noise) is the 

only impairment presents, then relationships among these three quantities are consistent, where the higher the 

first two or the lower the last one, the better the signal. On the other hand, when a multipath fading exists, 

such consistence is probably violated, as informed by a previous work result [18]. A receiver is capable of 

estimating (computing) those quantities, by which the method of estimation applied affects its accuracy. As 

an illustration, re-encoding the decoder output gives an estimated delayed version of its pre-decoded bit-

stream, and comparing these both streams gives the estimated pre-decoded BER. CNR, which originally 

should be measured at the RF (radio frequency) or modulated stage, can be estimated from the SNR at the BB 

stage, based on the scattering constellation diagram [27]. 

 

 

3. RESEARCH METHOD 

3.1. Equipment 

Equipment involed in this research is illustrated in Figure 1 (a). It mainly consisted of an antenna 

and a consumer-type digital television (DTV) receiver (Rx). In addition, MO reception required an antenna 

booster and a video camera. This DTV produces moving picture only when its reception is successful. It also 

provides an additional option of displaying several system information items at the foreground, where the 

background is the picture itself. Some of these items are CNR and BER, by which CNR = 0 or BER = 1 

indicated an occurrence of no signal detected or erroneous measurement. CNR, pre-LDPC-decoding BER 

(further notated as BERA), post-LDPC-decoding BER (further notated as BERB) were three quantities, as well 

as the reception-success, investigated in this research. 

 

3.2. SI Reception 

Figure 1(b) illustrates the SI reception experiment including the field-measurement and visual-

observation works. Antenna was placed quite close to the receiver. In a receiver location, antenna position 

could be systematically shifted into x, y, and z direction-components with their corresponding shifting-steps 

at 20 cm, 20 cm, and 10 cm, respectively. The number of steps including an initial position (as reference) in 

these direction-components included three, three, and five, respectively. Therefore, there were as many as 3 × 

3 × 5 = 45 possible antenna positions in a location receiver. At each position, antenna could also be 
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horizontally rotated for pointing it to any azimuth (orientation) angle (), where it was set to ten degrees per 

rotation step to give as many as 360/10 = 36 orientation-angles. By defining every position-orientation as a 

spatial-sample, 45 × 36 = 1620 samples were available. At each sample, the DTV display was quite 

stationary, and therefore the data could be directly extracted and tabulated from the display. The TV channel 

observed was number 27 (518 – 526 MHz, 8K-mode FFT, 1/32 GI ratio, 16-QAM). 

 

 

 
 

Figure 1. The illustration of the research method: (a) equipment, (b) SI procedure, (c) MO field-

measurement, (d) MO procedure, and (e) MO off-line processing of each video file 

 

 

3.3. MO Reception 

The MO reception experiment is illustrated in Figure 1 (c), (d), and (e). Figure 1 (c) describes the 

field-measurement work. In this work, the equipment was installed on a car (automobile). The boosted 

antenna was mounted at the outside top-roof, whereas the receiver was the in-cabin unit.  Notation “v (km/h)” 

informs that the car travelled several route-segments while the receiving-system was tuned to receive a TV 

channel. The DTV display varied during the measurement, and therefore a video camera was required to 

record it. Number 47 (678 – 686 MHz, 8K-mode FFT, 1/32 GI ratio, 64-QAM) was the observed TV 

channel. 

Off-line processing shown in Figure 1 (d) intended to identify the reception-success and extract the 

required quantities (CNR and BER) from each video-file. Figure 1 (e) shows the detail of this process. Firstly, 

a T-second duration video-file was converted into a series of T image-files. Such conversion is equivalent to 

sampling the video-file with 1 Hz sampling-rate or one frame per second. Secondly, visual-observation work 

on each image-file extracted those three items and decided whether the reception was successful or failed. 

Finally, the data was tabulated. 

 

3.4. Statistical Analysis 

Diagram in Figure 2 illustrates the flow of the statistical analysis. All samples were organized into 

two groups: one containing all of the successful-reception samples, and another one containing all failed-

reception ones. In each group, they were sorted by referring to the CNR and BER, respectively, where 
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samples that had CNR = 0 or BER = 1 were unusable and therefore eliminated. Having been sorted, they were 

arranged in an ascending order from k = 1 for the lowest CNR (BER) to k = K for the highest one, where K1, 

K2, and K3 were the values of K that corresponded to the CNR, BERA, and BERB, respectively. The number of 

the usable samples after the sorting process was notated as U(i, j), i = 0, 1, j = 1, 2, 3. For each k, the number 

of the successful and failed receptions samples were s(1, j, k) and s(0, j, k), respectively, and the sum was V(j, 

k). The aggregate number of the usable samples according to its sorting-quantity was S(j). Therefore, 
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The signed probability density function (pdf) was estimated by using 

 

      
  jKkji

jiU

kjisikjif ...,,3,2,1;3,2,1;1,0;
,

,,11,, 
 

(4) 

 

In equation (4), the result that belonged to the failed-reception was signed by 1 (multiplied by (1)
(i + 1)

) to 

inform that such reception was a condition opposite to that of the successful one. 

 

 

 
 

Figure 2. The diagram of the statistical analysis 

 

 

The successful-group stated that the portion (probability) of successful-reception for each k was as 

high as f(1, j, k), whereas the failed-group stated that the portion of failed-reception was as high as f(0, j, k). 

Factually, there was no successful-sample in the failed-group, and vice versa, and therefore it could not be 

concluded whether the reception given by this k was either successful or failed. On the other hand, the 

investigation conducted in this experiment examined every value of k and decided whether it was potentially 

successful or failed. Therefore, an alternative way-out was formulated as follows. 

Adding f(0, j, k) to its f(1, j, k) counterpart gave the net signed pdf, which could be viewed as a 

statistical estimation of the portion of the successful-reception for a k. A negative result indicated that the 

reception was expectably failed with the portion as high as the magnitude of this result. Therefore, the net 

signed pdf was 
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An additional function computing the cumulative of the net signed pdf was defined as 
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4. RESULT 

4.1. Description 

As an illustration, Table 1 lists ten samples data showing that a failed reception could occur even at 

a higher CNR or a lower BER rather than the successful one. For example, samples number 1 and 2 (n = 1, 2; 

CNR = 12 dB and BERA = 2.72 × 10
2

) were failed although their CNR were higher or their BERA were lower 

rather than samples number 5, 6, and 7 (n = 5, 6, 7; CNR = 11 dB < 12 dB and BERA > 2.72 × 10
2

). Similar 

facts were also indicated by the BERB between n = 1, 2 (BERB = 2.70 × 10
4

) versus n = 5 (BERB = 9 × 10
4

 > 

2.70 × 10
4

) or between n = 9 (BERB = 1.20 × 10
4

) versus n = 6, 7 (BERB = 1.60 × 10
4

 > 1.20 × 10
4

). 
 

 

Table 1. An example of ten samples data 

Smpl 
(n) 

Reception 

1: successful 

0: failed 

CNR 
(dB) 

BERA 

(× 102) 

BERB 

(× 104) 
 

Smpl 
(n) 

Reception 

1: successful 

0: failed 

CNR 
(dB) 

BERA 

(× 102) 

BERB 

(× 104) 

1 0 12 2.72 2.70  6 1 11 2.91 1.60 

2 0 12 2.72 2.70  7 1 11 2.91 1.60 

3 1 16 3.21 2.50  8 1 7 2.83 1.20 
4 1 16 3.21 2.50  9 0 7 2.83 1.20 

5 1 11 3.46 9.00  10 0 10 3.23 2.20 

 

 

4.2. Estimation of Ranges 

The complete field-observation obtained 540 samples at a receiver location and 2810 samples from 

two travelling route-segments in the SI and MO receptions, respectively. Table 2 lists a part of the MO 

reception data, sorted based upon the CNR. Table 3 shows the summary of the statistics of the complete result 

and Table 4 lists several graphs for the MO result where the range of BERB > 3.2 × 10
4

 was punctured from 

the graphs. Furthermore, in the graphs that corresponded to the signed pdf and cumulative of the signed pdf, 

all of the highest magnitudes were scaled (normalized) to 1. 

 

 

Table 2. A part of the MO reception data, sorted based upon the CNR (j = 1) 

k = CNR (dB) 

Number of Usable Samples (S(j)) Signed pdf 

s(i, j, k) 
Sum 

(V(j, k)) 

f(i, j, k) 
Net 

(F(j, k)) 
Cumulative 

(G(j, k)) 
Successful  

(i = 1) 

Failed 

(i = 0) 

Successful 

(i = 1) 

Failed 

(i = 0) 

1 0 2 2 0 -0.0012 -0.0012 -0.0012 

... ... ... ... ... ... ... ... 

13 7 110 117 0.0158 -0.0649 -0.0491 -0.8018 
14 48 150 198 0.1081 -0.0884 0.0197 -0.7822 

15 90 100 190 0.2027 -0.059 0.1437 -0.6384 

... ... ... ... ... ... ... ... 
22 (= K1) 2 0 2 0.0045 0 0.0045 8E-17 

 444 (= U(1, 1)) 1696 (=U(0, 1)) 2140 (= S(1))     

 

 

Table 3. The complete result statistics summary 

j k = 1, 2, 3, ..., kmax 

MO, 2810 samples SI, 540 samples 

kmax 

Number of Usable Samples 

kmax 

Number of Usable Samples 

U(i, j) 
Sum 
S(j) 

U(i, j) 
Sum 
S(j) 

Successful 

(i = 1) 

Failed 

(i = 0) 

Successful 

(i = 1) 

Failed 

(i = 0) 

1 k = CNR (dB) K1 = 22 444 1696 2140 K1 = 16 342 174 516 
2 k = 1 + 103BERA K2 = 93 440 1051 1491 K2 = 171 342 37 379 

3 k = 1 + 105BERB K3 = 4201 442 1055 1497 K3 = 41 342 27 369 
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In the MO reception, as an illustration, a sorting process based on the CNR produced 444 usable 

successful samples. This number was reduced to 442 and 440 when the sorting processes were referred to the 

BERA and BERB due to the elimination of two and four samples that had BER = 1 in those corresponding 

quantities, respectively. Such reductions also occurred for the failed samples from 1696 to 1051 and 1055, 

respectively. As shown in these tables, the ranges of usable samples were 1 ≤ CNR ≤ 22, 0 ≤ BERA ≤ 9.2 × 

10
2

, and 0 ≤ BERB ≤ 4.201 × 10
2

. Figure 3 presents several graphs that corresponded to the SI reception. 

The graphs of the number of the usable samples in Table 4 and Figure 3. 

 

 

 
 

Figure 3. The number of usable samples (s(i, j, k), V(j, k)) obtained in the SI experiment, sorted by: 

(a) CNR, (b) BERA, and (c) BERB 

 

 

Figure 3 shows that the number of the usable samples was not uniformly distributed, but most of the 

them were spread at the middle-ranges of the CNR and BERA – approximating the bell-shaped normal 

probability-distribution – and were concentrated only at the edge-ranges of the BERB. Therefore, the LDPC-

decoding could simply be viewed as a process of splitting the widely spread BERA samples into two 

concentrated groups, where the successful and failed samples were concentrated around a very low and very 

high BERB values, respectively. As a result, the boundary (B) of BERB distinguishing the successful 

receptions from the failed ones could be prominently determined. Graph #13 shows that it could be flexibly 

shifted from 10
5

 to 2.7 × 10
4

, approximately. 

 

 

Table 4. Several graphs describing the statistical characteristics of the MO usable samples 
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Graph #21 shows that the boundary that corresponded to the CNR approximated 14 dB. However, a 

gradual (not an abrupt) change of the curve around this boundary indicates that it was not as prominent as the 

one estimated from the BERB. The boundary estimated based on the BERA was ambiguous or confusing due 

to the alternating ranges giving the successful and failed receptions, as shown in Graph #32. Deciding B1  

1.8 × 10
2

 as the upper bound of successful reception was not supported by enough number of samples, and 

therefore B3  5.5 × 10
2

 might be more appropriate rather than it.  

Figure 4 represents several graphs comparing the SI and MO reception results, where BSI and BMO 

were the boundaries that corresponded to the SI and MO, respectively. Figure 4(b) shows that the BERA-

based BSI could be uniquely estimated, indeed, and its prominence was comparable to that of the CNR. 

Alternating curve that corresponded to the MO BERA (Graph #32) may also indicate the severity of the burst 

error due to the deep fading in mobile environment. BMO > BSI and BMO < BSI respectively determined based 

on the CNR and BER (BERA and BERB) indicated that the quality of the received signal required by the MO 

reception was higher than that of by the SI one. It was reasonable by considering the consequence of not only 

the receiver mobility, but also the QAM-order. As explained before, the order of QAM used by the TV 

channels observed in the MO reception experiment (64-QAM) was higher than that of in the SI one (16-

QAM). 

 

 

 
 

Figure 4. The comparison of several statistics between the SI and MO experiment results: (a) CNR-sorted 

F(j, k), (b) BERA-sorted G(j, k), and (c) BERB-sorted G(j, k) 

 

 

5. CONCLUSION 

The reception-success of a DVB-T2 receiver is dependent upon the quality of the received signal. 

CNR and BER are two of quantities representing the quality. In a multipath-faded radio channel, the 

relationships of reception-success to CNR and BER are probabilistic.The result indicated that the successful 

and failed receptions were split into two quite separated (concentrated) ranges of the post-decoded BER; 

therefore, a boundary distinguishing them could be prominently defined. In contrast, they were spread in a 

wide common range of the CNR and pre-decoded BER. Furthermore, the boundary that corresponded to this 

last quantity was ambiguous. In the case of MO reception, as the numerical examples, those two split ranges 

of the post-decoded BER were less than about 10
5

 and more than about 2.7 × 10
4

 for the successful and 

failed receptions, respectively, whereas CNR as high as about 14 dB could be viewed as a soft boundary 

distinguishing these both reception-success conditions. 
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