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Abstract. DVB-T2 TV is at the implementation stage in Ukraine. Country net includes transmitters in 166
cities. The role of a radiomonitoring service is to ensure efficient use of radio-frequency spectrum partic-
ularly by measurements of the emission parameters including occupied bandwidth. It is necessary to find
the spectrum level of X dB, which corresponds to occupied bandwidth. The article examines the conformity
of the measurements data with the results of mathematical modeling of radiation spectrum standards

DVB-T and DVB-T2.
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I. INTRODUCTION

The Ukrainian State Centre of Radio Frequen-
cies (USCR) ensures the monitoring of emissions
parameters for all radio technologies. Monitoring
procedures were developed on the basis of national
and international normative documents, for exam-
ple [1], [2] but normative documents do not pro-
vide enough information on parameters measure-
ment of the modern digital radio technologies
particularly terrestrial digital television.

Occupied bandwidth is important parameter
which characterizes the effective usage of the radio
frequency resource. According to Rec.

ITU-R SM.328 and Rec. ITU-R SM.443-4 occu-

pied bandwidth is measured by direct method at
monitoring station and can be estimated from the X

dB bandwidth. When using B/2 -method the dif-

ference between spectrum reference level and the
noise level should be 30 dB. Also according to
State standard 30318-95 emission bandwidth is
measured at the level X=-30 dB from reference
level. In addition the difference between this level
and the noise level should be 5 dB. So, the refer-
ence level should be greater than the background
noise on 35 dB.

Experimental studies of the spectrums of digital
television, the results of which are provided by
USCR as well as measurements conducted by the
author, show that the level of noise -30 dB in Kyiv
is achievable only under certain conditions. For
example, the measurement of the digital television
signals from an antenna installed on the roof of the
four storey building of National aviation Univer-
sity allows to get the difference in 25 — 28 dB and
on the 16th floor is even less. The difference in
30 dB is obtained during the measurement in a
separate points at a distance of about 2 km from the

transmitter. Emission of signals standards DVB-T
and DVB-T?2 on eight frequencies was considered.
At this spectrums on frequencies 514 MHz and 554
MHz have a difference less then 30 dB.

It is obvious that a reliable estimate of occupied
bandwidth in urban conditions both by
B/2 -method and the method of X dB can be ob-

tained in the measurement process within direct
visibility from the transmitting antenna to the
receiving point at short distances.

It should be noted that the spectrums of
COFDM signals DVB-T and DVB-T2 have a steep
slopes. The signal energy is mainly concentrated in
the central part of the spectrum. Therefore, the
borders of occupied bandwidth by B/2 -method

will match the levels of the spectrum much more
-30 dB. Normative documents do not have the data
on occupied bandwidth of digital television. Sim-
plification of the procedure of determination oc-
cupied bandwidth can be obtained at finding the
appropriate level X dB

II. MATHEMATICAL MODELING

The most perfect mathematical model of digital
TV system is the DVB-T2 Common Simulation
Platform (CSP) [3]. The CSP corresponds to
standard ETSI EN 302 755 [4] and is released in
SourceForge.net under the open-source lisence.
CSP includes models of a transmitter, channel,
receiver, modules which help to choose model
components in the selected configuration. In CSP
transmitter the signals are formed within the limits
of one T2-frame.

In order to find emission bandwidth the CSP
models of a transmitter and channels should be
supplemented by the block of the spectrum deter-
mination. In MATLAB power spectral density is
found on the basis of time-plane samples using
non-parametric methods such as periodogram and
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Welch method [5]. Periodogram is characterized
by fluctuation of assessment with the growing
number of counts.

Welch method is developed on the basis of the
method Bartlett, in which sample of the signal is
divided on sets that do not overlap. For each set of
samples the periodogram with averaging is calcu-
lated. By Welch method intersection of sets is
nonempty set, i.e. the number of sets is growing.
Further periodogram is calculated for each set,
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Fig. 1. Signal spectrum in Ricean channel
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which are averaged for the whole ensemble of sets.

Common Simulation Platform contains ma-
thematical models of three propagation channels:
with additive white noise (AWGN), the level of
which is set by the ratio of signal and noise powers,
Ricean and Rayleigh channels. Channel models are
selected in accordance with official guidelines for
DVB-T2 implementation [6]. In Figs 1 — 3 the
mode-ling spectrums on the output of Ricean and
Rayleigh channels are shown.
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Fig. 2. Signal spectrum in Rayleigh channel
with lower delays
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Fig. 3. Signal spectrum in Rayleigh channel
with greater delays

The comparison results of modeling with nor-
mative spectrum on Fig. 4 [6] shows significant
distortions of the spectrum at the wave propagation
in simulated channels. Also results shows qualita-
tive agreement with Rec. ITU-R SM.1875 in part
of influence waves propagation on the spectrum
form.

The experience of the measurement during
emissions monitoring indicates that such distor-
tions of the spectrum form are not observed and
spectrum is similar to modeling results on output of
AWGN channel.
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Fig. 4. Normative spectrum of digital terrestrial television
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Table 1 includes the width of the slopes of the
regulatory spectrum (see Fig. 4) at levels -20 and
-30 dB from reference level.

TABLE 1

Slope width of the normative spectrum

Slope width, kHz
Level from
reference, Mode Mode | Mode 32 k
dB 2k 32k extended
20 20,7 2 2
-30 185 10,5 10,5

The width of the slopes of the spectra according
to the simulation can be found in Table 2.

TABLE 2

Slope width by modeling data at level -20 dB

Slope width, kHz
Channel
Left Right
AWGN 2,6 8
Ricean 8,3 8,3
Rayleigh 28,2 8,5
Rayleigh with lower delays 14,3 17,8
Rayleigh with greater 7,6 8,3
delays

The width of the spectrum slopes at mode 8 &
and level of -20 dB for AWGN channel, Ricean
channel and Rayleigh channel with greater delays
is approximately equal to 8 kHz, which is the width
of the slopes of the regulatory spectrum (see Ta-
ble 1).

III. MEASUREMENTS

Experimental studies conducted in Kyiv not
greater 2 km away transmitter using a spectrum
analyzer R&S U3772 Advantest indicate that the
width of the slopes of the spectrum depends on the
parameters RBW and VBW. At SPAN = 10 MHz
and RBW = VBW = 100 kI'1i width of the spectrum
slopes on more than one order greater correspon-
dent values of mathematical modeling, Table 3.

Similar results were obtained using a spectrum
analyzer R&S FSHS. Fig. 5 presents the left side of
the spectrum of radio emission with the central
frequency of 818 MHz. Measurements were car-
ried out in the area Sq. Tolstoy in Kyiv at
RBW = VBW = 10 kHz. The frequency difference
between labels is 18.8 kHz and between levels of
-100 dB and -120 dB is 25.9 kHz. It is much
smaller than the data Table 3.

TABLE 3

Average slope width of spectrum of emissions on
eight frequencies at RBW = VBW=100 kHz

Slope width | Slope width at
Standard Slope at the level The level
-20dB,kHz | -30dB, kHz
DVB-T2 Left 111,0 188,8
Right 160,8 196,5
DVB-T Left 136,3 2233
Right 131,3 203,0
DVB-T2, | Left and 134,8 202,9
DVB-T right

Decrease of RBW and VBW values leads to
more steep slopes particularly at level -20 dB,
Table 4.

TABLE 4

Average slope width of spectrum of eight emissions
at RBW=VBW=10 kHz

Slope width | Slope width at
Standard Slope at the level The level
-20dB,kHz | -30dB, kHz
DVB-T2 Left 12,95 59,9
Right 11,4 103
DVB-T Left 19,7 156,3
Right 27,5 175,7

Changing the bandwidth of the intermediate
frequency RBW = 1 kHz leads to a further reduc-
tion of the width of the left slope. Width of the left
slope at the level of - 20 dB is 6.8 kHz.

Spectrum 10/10/13 11:50 N
Ref. -60.0 dBm «RBW: 10kHz SWT: 81 ms Trace: Average
Att: 0dB «\VBW: 10 kHz  Trig: Free Run » Detect: Max Peak
810 MHz [D2] 4206966 MHz  ---
814.189109 MHz-108.1 dBm

Center:814.145315 MHz Span:890 kHz
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Fig. 5. The left side of the emission spectrum with the
central frequency of 818 MHz

Similar results were obtained for the emission
standard DVB-T?2 at the frequency of 698 MHz. At
sequential decrease of bandwidth RBW and VBW
the width of the slopes becomes closer to the value
of the regulatory spectrum. For example for
RBW =100 Hz and VBW = 300 Hz the slope width
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at the level of - 20 dB is approximately equal to
3 kHz. Further reduction of the bandwidth to
RBW =30 Hz and VBW = 100 Hz provides almost
the normative width of the slope for mode 32 k. At
level -20 dB slope width is equal 2.5 kHz, standard
value is 2 kHz; at level -27.3 dB slope width is
10 kHz, the standard value at the level of -30 dB is
10.5 kHz.

IV. CONCLUSION

Results of mathematical modeling of emission
spectrum using the modified platform CSP coin-
cide with the spectrum provided by the regulations
on the system of digital TV DVB-T2 and are dif-
ferent from the results of measurement provided by
USCR in part of the slopes steepness.

Search the reasons of the discrepancy of the
measurement and modeling results showed that the
choice of small values of the bandwidth of spec-
trum analyzers by intermediate and video fre-
quency provides values of the slopes width close to
normative values. However measurement of pa-
rameters of emission at such regimes is unaccept-
able to practice due to slow response.

Basansky Alexander. PhD student.
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