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This paper presents our simulation model for DVB-SH system following the ETSI standard EN 302 583. Sim-
ulation model includes DVB-SH transmitter and receiver, supports different system parameters and transmission
channels. The model provides overall evaluation of DVB-SH system parameters and can be used for educational
purposes.
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Simulacijski model za analizu parametara DVB-SH-A sustava. U radu je predstavljen naš simulacijski
model za DVB-SH sustav modeliran prema ETSI normi EN 302 583. Simulacijski model uključuje DVB-SH
odašiljač i prijamnik, podržava različite parametre sustava i različite prijenosne kanale. Model daje sveukupnu
ocjenu komunikacije putem DVB-SH sustava i može se koristiti u edukacijske svrhe.

Ključne riječi: modeli kanala: AWGN kanal, Rayleighev, Riceov i Typical urban model kanala, DVB-SH sustav,
SH-A temeljen na OFDMu, simulacijski model

1 INTRODUCTION

Today, mobile phone or other handheld device owners
expect also receiving and watching a TV stream besides the
classical voice or text services. The Digital Video Broad-
casting – Satellite services to Handheld (DVB-SH) is de-
signed to transport mobile TV services. It also supports a
wide range of mobile multimedia services, e.g. audio and
data broadcast as well as file download services [1], [2].

The DVB-SH system relies on a hybrid satellite and
terrestrial infrastructure operating at frequencies below 3
GHz [3]. The DVB-SH system coverage is obtained by
combining a Satellite Component (SC) and a Complemen-
tary Ground Component (CGC) [4]. The Satellite Compo-
nent covers wide areas while CGC provides cellular-type
coverage as well as insurance of service continuity in areas
where satellite is not able to provide expected quality of
service (QoS).

The system includes two different physical layer con-
figurations:

1. SH-A based on the orthogonal frequency division
multiplexing (OFDM) derived from the DVB-T stan-
dard [5]. Both, the SC and the CGC use the OFDM
transmission.

2. SH-B based on time division multiplexing (TDM)
transmission mode for the SC and OFDM transmis-
sion mode for the CGC. The TDM mode is partly
derived from the DVB-S2 (satellite 2nd Generation)
standard [6], [7].

The OFDM waveform is known to exhibit a larger
peak-to-average signal envelope fluctuation compared to
the TDM waveform. Therefore, SH-A is in general recom-
mended for spectrum limited systems while SH-B is of in-
terest in power limited satellite systems. However, the final
choice depends on the detailed architecture of the payload.

In this paper we present the OFDM based DVB-SH
simulation model, developed in Matlab. The paper is or-
ganized as follows. The DVB-SH transmitter based on the
OFDM transmission at SC and CGC as well as the DVB-
SH receiver are presented in Section 2. Section 3 presents
simulation model and simulation results. Section 4 con-
cludes paper.

2 THE DVB-SH-A SYSTEM CONFIGURATION
The DVB-SH performs adaptation and transmission

of one or two (in hierarchical mode) baseband signals to
both satellite and terrestrial channel characteristics. Base-
band signals at system input are, by default, MPEG Trans-
port Streams (MPEG TS) [8] and are composed of burst,
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Fig. 1. DVB-SH-A transmission block diagram [1].

compliant with time slicing, defined and used in DVB-H
(Handheld) [9]. Typically, a burst transports a given ser-
vice, e.g. TV channel. The size of each burst may vary
with time in order to support Variable burst Bit Rate [1].

The Fig. 1 describes the transmission system with
OFDM for satellite path. The SH-A transmitter consists
of several signal processing blocks:

• Mode adaptation: CRC-16 and insertion of Encapsu-
lation Frame Header

• Stream adaptation: padding and scrambling of Encap-
sulation Frame

• Forward Error Correction, FEC code based on 3GPP2
turbo code with bit-wise interleaving,

• Framing and Convolutional time interleaving,

• Symbol interleaver,

• Bit mapping to constellation,

• OFDM framing (+ pilot and Transmission Parameter
Signaling, TPS carriers),

• OFDM Transmitter and

• Guard Interval, GI insertion.

2.1 Source coding and MPEG Transport Streams

MPEG-2 transport stream is primarily intended for the
transport of TV programs over long distances via trans-
mission supports or in environments susceptible to the in-
troduction of relatively high bit error rates (BER), higher
than 1 · 10−5. There also exist MPEG-2 program stream
[8] (MPEG-2 PS), which is primarily intended for appli-
cations where the transmission channel or storage medium

is supposed to introduce only a very low number of errors
(BER < 10−10) [1].

In our simulation model, the message is generated via
a random bit generator.

2.2 Mode Adaptation

The mode adaptation takes every MPEG packet [8] and
provides error detection via the CRC-16 encoder. The
CRC-16 encoder provides error detection capability to up-
per layers. The input stream is a sequence of User Pack-
ets of length UPL (length UPL = 188 bytes), starting with
a Sync-Byte. The useful part of the UP (excluding the
Sync-Byte) is processed by a systematic 16-bit CRC en-
coder [1]. The generator polynomial is 0 × 1021: g(x) =
x16 + x12 + x5 + 1 [4].

Transportation via the DVB-SH allows other input
stream modes than MPEG transport stream [8].

The Signaling process, a part of the Mode Adaptation,
ensures handling of any input stream formats, packetized
or not.

2.3 Stream Adaptation

The Stream Adaptation provides padding to a constant
length of LTC−input = 12282 bits to match the input turbo
code block size. In case of MPEG-TS, 72 bits (9 bytes) of
padding are required.

After padding, the stream adaptation performs scram-
bling. The DVB requires that energy dispersal should be
undertaken before the correction process in order to ob-
tain an evenly distributed energy within the RF channel.
In order to avoid long series of 0’s or 1’s, which would
bring DC content to the signal, the signal has to be ran-
domized ensuring energy dispersal in the channel. This is
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obtained by scrambling the signal by means of a pseudo-
random binary sequence (PRBS) with the generator poly-
nomial 1+X14+X15 [1]. The PRBS disperses the data but
not the sync words (0 × 47) of the TS packets. The sync
word is the first byte of each TS packet. The polynomial
has a length of 1503 bytes. The generator is reinitialized by
loading its register with the sequence 100101010000000.
Energy dispersal ensures a constant average modulator out-
put level [10].

2.4 FEC coding

The forward error correction is based on the 3rd Gen-
eration Partnership Project 2 (3GPP2) standard [11]. The
coder in DVB-SH consists of two recursive and system-
atic convolutional (RSC) encoders connected in parallel
(Fig. 2) [4]. One RSC encoder takes the input stream and
encodes it. The other encoder takes the input stream to
be encoded but performs the 3GPP2 interleaving [1] be-
fore coding. The two recursive convolutional codes are
called the constituent codes of the turbo code [1], the out-
puts of the constituent encoders are punctured and repeated
to achieve the (LTC−input+6)/CR output symbols where
CR is the code rate.

3GPP2
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encoder

input data

3GPP2 turbo encoder

Y’_1

Y’_0

Y’_0

RSC

encoder Y’_1

Y’_0
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Fig. 2. Trubo encoder [1].

The turbo encoder generates an output symbol se-
quence that is identical to the one generated by the encoder
shown in Fig. 2. Initially, the states of the constituent en-
coder registers in Fig. 2 are set to zero. The constituent en-
coder outputs are in sequence X , Y0, Y1, X ′, Y ′0 , Y ′1 with
the X output first to be led to the puncturing block. Punc-
turing patterns are defined for every used code rate; for
some code rates in two different variants: the standard and
complementary pattern, e.g. for code rate = 1/2 the stan-
dard puncturing pattern is 1; 1; 0; 0; 0; 0; 1; 0; 0; 1; 0; and
the complementary pattern is 1; 0; 0; 0; 1; 0; 1; 1; 0; 0; 0; 0

(puncturing code is read from left to right). Other punc-
turing patterns are defined in Table 1. Within a puncturing
pattern, a ’0’ deletes the symbol and ’1’ passes the symbol.
The coded output data is led to OFDM mode configuration.

Table 1. Puncturing patterns for the data periods [1].

2.5 Fraiming and Interleaver
In DVB-SH transmitter, the coded data is led to the

framing and interleaving block.
The interleaver ensures waveform resistance to short-

term fading and medium-term shadowing. First, encoded
data is lead to a block bit-wise interleaver working on in-
dividual coded words. Values for block interleaving for
turbo input block size of 12282 bits (payload) are given in
[1]. Values for interleaving in case of signaling field may
be found in [1]. The interleaved output vector is:

B = (b0, b1, b2, ..., bNTCB−1);
Bw = aH(w), w ∈ (0, NTCB−1) .

(1)

In (1) aH(w) is element of bit vector at FEC coding
output, A = (a0, a1, a2, . . . , aNTCB−1) and NTCB−1 is
number of bits of the FEC encoded block.

2.6 Bit Demux
The SH-A standard performs demultiplexing of inter-

leaved stream into two or four paths. In case of QPSK
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modulation, the stream is demultiplexed in v = 2 sub-
streams and with the 16QAM modulation, the stream is
demultiplexed into v = 4 sub-streams to be processed by
the symbol interleaver. The demultiplexing, in case of non-
hierarchical mode is defined as mapping of the input bits,
xdi onto the output bits be,do:

xdi = b [di(mod)v] (div)(v/2)+

+ 2 [di(mod)(v/2)] , di(div)v.
(2)

where di is the input bit number, e is the demultiplexed
bit stream number (0 ≤ e ≤ v), mod is the integer mod-
ulo operator and div is the integer division operator. The
hierarchical mode is not considered in this paper, but its
definition may be found in [1].

2.7 Symbol interleaver

According to the OFDM mode, the symbol interleaver
maps v bit words onto active carriers. Number of active
carriers per OFDM symbol in case of 1K OFDM mode is
756 and in case of 2K OFDM mode is 1512. When 4K-
mode is used, there are 3024 active carriers and in case
of 8K OFDM mode, the v-bit words are mapped to 6048
active carriers [10].

The permutation function used in this processing block,
H(q) si defined as:

q = 0;
for (i = 0; i < Mmax, i = i+ 1)

{ H(q) = (imod 2)× 2Nr − 1 +
Nr−2∑
j=0

Ri(j)× 2j ;

if (H(q) < Nmax) q = q + 1; }
where Mmax and Nmax are parameters defined according
to FFT size and are defined in [4]. Nr presents number of
bits in binary word R′i, Nr = log2Mmax. Parameter R′i
takes values as given in [1] and defines Ri with bit permu-
tations depending on OFDM-mode.

2.8 Mapper

The system uses OFDM transmission. All data carriers
in one OFDM frame are modulated using QPSK or 16-
QAM constellation [1], [4].

Non-hierarchical transmission uses only uniform con-
stellations. In the mapping block, assignment of the I/Q
value pair takes place as shown in Fig. 3 [4]. The distance
of the clouds of I/Q value pairs from the I and Q axes is
determined by parameter α, which may take values 1, 2
or 4. Parametar α = 1 is permissible in non-hierarchical
modulation.

Hierarchical modulation is possible only with 16-QAM
and can use all α values and two out of four bits are allo-
cated to each path.
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Fig. 3. QPSK and 16-QAM mapping [1].

2.9 Frame Adaptation

The frame adaptation block takes the modulated mes-
sage stream and groups it into OFDM symbols. 68 con-
secutive symbols form one OFDM frame and 4 frames
form one OFDM super-frame. The frame adaptation adds
the Transmission Parameter Signals (TPS), fixed and scat-
tered pilots as well as zero carriers on predefined loca-
tions. The pilots can be used for frame synchronization,
frequency synchronization, time synchronization, channel
estimation, transmission mode identification and can also
be used to follow the phase noise. The carriers are indexed
by k ∈ [Kmin;Kmax] and determined by Kmin = 0 and
Kmax = 852 in 1K mode, 1704 in 2K mode, 3408 in 4K
mode and 6816 in 8K mode respectively [4].

Continual and scattered pilot signals, modulated with
BPSK with boosted power level amplitude (by the fac-
tor 16/9), are added between useful pilots. The DVB-SH
presents 177 continual pilots in the 8K mode, 89 in the 4K
mode, 45 in the 2K mode and 25 in the 1K mode and they
have static places in every symbol. All continual pilots are
modulated according to a PRBS with the generator polyno-
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mial X11 +X2 +1 initialized with 11111111111 [1]. The
continual pilots are transmitted at boosted power level. The
use of continual pilots would be enough if communication
channel would have a static characteristic. Since in real
communication there is no constant channel response, the
scattered pilots are used to estimate the channel in a proper
way. Scattered pilots change places in every symbol, and
every 4th symbol they repeat their place. For the symbol
of index 1 (ranging from 0 to 67), carriers for which in-
dex k belongs to the subset {k = Kmin + 3x(1mod4) +
12p | p integer, p ≥ 0, k ∈ [Kmin;Kmax]} are scattered
pilots. Parameter p is an integer that takes all possible val-
ues greater than or equal to zero, provided that the resulting
value for k does not exceed the valid range [Kmin;Kmax].

TPS bits are also sent between useful carriers. TPS
carriers are only modulated along the I axis and so are a
direct indication of the phase. The TPS is transmitted in
parallel on 7 TPS carriers in 1K mode, 17 carriers for the
2K mode, on 34 carriers for the 4K mode and on 68 carriers
for the 8K mode. Every TPS carrier in the same symbol
conveys the same differentially encoded information bit.
The TPS are DBPSK modulated and indicate [10]:

• modulation type (including α value);

• hierarchy information;

• guard interval;

• transmission mode (1K, 2K, 4K or 8K);

• frame number in a super-frame;

• cell identification;

• DVB-SH mode (selector bit);

• Code rates;

• Time interleaver configuration and

• Super frame number in a SH frame.

2.10 OFDM Transmitter

OFDM modulation consists of N closely spaced or-
thogonal carriers of duration T0 (each one is modulated
with a conventional modulation scheme), with a spacing
of 1/T0 between two consecutive carriers. Increasing the
number of carriers does not modify the payload bit rate,
which remains constant. The OFDM transmitter performs
the transform into the time domain using Inverse Fast
Fourier Transformation, (IFFT) [12].

2.11 Guard Interval insertion
Every OFDM block is extended, prefixing the end of

the block to its beginning (called the Guard Interval, GI or
Cyclic Prefix, CP). The cyclic prefix serves as a guard in-
terval and eliminates the intersymbol interference from the
previous symbol. Insertion of the guard interval extends
symbol duration by 1/4, 1/8, 1/16 or 1/32 to give the total
symbol duration TS [4]. The time signal of length, TS is
still complex [10].

2.12 DAC and front-end
Digital signal is transformed into an analogue signal,

with a digital to analog converter and then modulated to
radio frequency (VHF, UHF) by the RF front-end. The
occupied bandwidth is designed to accommodate DVB-
SH signal into 1.7, 5, 6, 7 or 8 MHz channels. The base
band sample rate provided at the DAC input depends on
the channel width:

fs =
8

7
B [MHz] , (3)

where B is the channel width in Hz [10].
The signal to be transmitted through channel is filtered

with Root Raised Cosine filter with the roll-off factor set
to 0.25 [4].

Spectrum of the signal at the receiver input is shown in
Fig. 4.

Fig. 4. Spectrum of OFDM signal (gained with simulation
model).

2.13 Technical description of a DVB-SH receiver
The DVB-SH receiver consists of below described sig-

nal processing blocks:
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• Front-end and ADC;

• Time and frequency synchronization;

• Guard interval disposal and OFDM Receiver;

• Channel Estimator and Channel Compensation;

• Demapper;

• Deinterleaver;

• Decoding;

• MUX adaptation;

• MPEG demultiplexing and source decoding.

The receiving set-top box adopts techniques which are
dual to the ones used in the transmission. Its practical per-
formance depends on hardware construction; it is not stan-
dardized like encoder.

An important part of the receiver is the channel esti-
mation part. In real communication, channel frequency re-
sponse is unknown. Our channel estimation is based on the
Zero-forcing (ZF) method [13]. ZF inverts the frequency
response of the channel. At the receiver side, input has to
be multiplied with ZF:

ZF =
H∗

|H|2
=

1

H
(4)

where H is channel estimation based on pilot carriers [10].
To obtain the channel characteristic, interpolation has to
be done. The ETSI standard defines ideal channel knowl-
edge but in our simulation, interpolation is done since ideal
channel knowledge is not possible. This results in differ-
ent communication quality when compared to the quality
introduced by the standard.

Another important part is the decoder. In this simu-
lation, the turbo decoding process was done via the Soft-
Input Soft-Output maximum a-posteriori algorithm [14],
[15]. The DVB-SH standard allows different iteration
numbers for the decoder process, but according to [1], [4]
this number should be set to 8. In all our simulations, the
iteration number was set to 8.

3 SIMULATION MODEL AND RESULTS

The transmitter and receiver, introduced in Section 2
are adopted to form a simulation model of the DVB-SH
system. Already, a DVB-SH simulation model based on
OFDM transmission is presented in [16]. But mentioned
simulation model did not cover the FEC scheme described
in Section 2 and adopted by [1]. Unlike the model in [16],

in this paper we present a simulation model of the DVB-
SH based on OFDM that adopts the 3GGP2 turbo encoder
as well. The simulation model is designed via Matlab.

Prior to simulation, different parameters can be chosen
and defined:

• Modulation type (α = 1): QPSK or 16-QAM;

• FEC: 1/5, 2/9, 1/4, 2/7, 1/3, 2/5, 1/2, 2/3;

• OFDM mode: 1K, 2K, 4K or 8K;

• guard interval: 1/4, 1/8, 1/16, 1/32;

• Speed of receiver;

• Carrier frequency: 656 MHz;

• SNR, noise level in channel.

After choosing system parameters the simulation may
be done. Simulation results are constellation diagram (see
Fig. 5 gained with simulation model) and spectrum of the
signal at the input of receiver (result of simulation given
in Fig. 4). Additionally, bandlimited impulse response of
fading channels can also be shown, but it slows simulation
down. Finally, BER is calculated.

Fig. 5. Constellation diagram for the 16-QAM at
C/N=20 dB.

The simulation will be tested over different channel
models. The most suitable models for DVB-SH satellite
channels are statistical models. The statistical land mobile
satellite (LMS) propagation model is characterized by pa-
rameters that have been derived through synthetic time se-
ries matching with experimental data obtained in different
LMS propagation environments [1], [4]. Statistical mod-
els for satellite channels assume that the received signal
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is composed of two parts - a coherent part associated with
the Line of Sight (LOS) path and a diffuse part arising from
multipath components.

In this paper, simulation results are obtained by observ-
ing transmission over fixed terrestrial channel models. The
Gaussian and Rayleigh channel models, already designed
for the DVB-H [17], [18] could be used for simulation in
DVB-SH as well.

Besides the mentioned fading channels, another mobile
channel model reproduces the terrestrial propagation in an
urban area. The typical urban (TU6) profile is defined by
COST 207 [19] and is made of 6 paths having wide disper-
sion in delay and relatively strong power. But at low speeds
(i.e. pedestrian situations), new channel models have been
developed by the Wing-TV project [20]–[21]. These are
the Pedestrian Indoor (PI) and the Pedestrian Outdoor (PO)
channel models. These new models were created espe-
cially for describing the slowly moving handheld reception
indoors and outdoors [20].

In following section the required C/N in dB for error-
free reception (where BER is equal to 1·10−5) is calculated
over three different channel models: the Gaussian AWGN,
the Ricean and the Rayleigh fading channel models.

3.1 Gaussian channel

In our first experiment, we used Gaussian channel with
added white noise only.

Different combinations of modulation and FEC
schemes are tested. In all experiments the 1K OFDM mode
was used with a guard interval fixed to 1/4. The signal to
noise ratio was adjusted so that the bit error rate does not
exceed the 1 · 10−5. Our simulation results are compared
to the C/N rate for error-free communication introduced in
the ETSI standard. Our application uses real channel esti-
mation, while ETSI standard uses “perfect channel estima-
tion”. The perfect channel estimation presumes that fading
impact was known at the receiver side so it is multiplied
with its inverted characteristic.

Results are shown in Table 2 where the influence of
channel estimation in case of AWGN channel is listed, too.
The influence of channel estimation in case of communica-
tion over a common Gaussian AWGN channel is also given
in Fig. 6 showing the constellation graph for the QPSK
modulated and FEC 2/3 protected communication over an
AWGN channel. In first case the receiver performs esti-
mation of channel, while in second case no estimation is
made. Constellation graphs for these two studies are pre-
sented. Constellation graphs are gained as simulation re-
sults. Table 2 shows that our results are similar to the re-
sults provided by the ETSI standard. Difference in C/N
levels for error-free communication is the result of channel
estimation. The ETSI standard introduces perfect channel

(a) With channel estimation

(b) Without channel estimation

Fig. 6. Constellation diagram for QPSK 2/3 communica-
tion over AWGN (C/N = -2 dB).

Table 2. Required C/N (dB), Gaussian channel.
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estimation (perfect channel knowledge). To obtain channel
characteristics, linear interpolation was done. Interpola-
tion introduces certain deviation from C/N valued for QEF
listed in ETSI standard that may be seen in Table 2. The
level of noise for a proper error-free communication with
channel estimation at receiver was compared to the noise
level when no channel estimation was used. Results in Ta-
ble 2 show that the channel estimation introduces errors as
a result of the mentioned linear interpolation. The error is
perceived in lower level of noise allowed in channel for er-
ror free communication. Both, the QPSK and the 16-QAM
modulation were examined. Results show that the QPSK
is more robust then the 16-QAM modulation scheme but in
this case, useful data rate is lower since there are only two
bits per symbol.

3.2 Ricean fading channel

In the second experiment, Ricean fading has been in-
troduced. The Ricean channel is a transmission channel
that may have one line-of-sight (direct) component that has
usually higher power and several scattered, phase shifted
and time delayed, multipath components. Ricean channel
is used for fixed reception and is described as [10]:

y(t) =

ρ0 · x(t) +
N∑
i=1

ρi · e−j·θi · x(t− τi)
√

N∑
i=0

ρ2i

, (5)

where N is number of echoes, θi is the phase shift from
scattering of the i-th path, ρi is the attenuation of the i-th
path, τi is the relative delay of the i-th path. Case i = 0
describes direct path. Ricean factor K (ratio of the power
of the direct path to the reflected paths) is given as [10]:

K =
ρ20
N∑
i=1

ρ2i

. (6)

In our simulation we used K=10 dB. Parameters of the
simulated paths are given in Table 3 [10].

The DVB-SH system was tested while communication
was established via different combinations of modulation
and FEC schemes over a Ricean fading channel. Again,
like in case of Gaussian channel, the needed C/N rate for
quasi error-free communication was claimed and listed in
Table 4 (receiver performs channel estimation in all ob-
served cases of communication).

It may be seen that a higher code rate requires a higher
C/N for QEF communication. In case of a low code rate,
e.g. 1/5 the protection over 1 message bit is gained via
4 parity bits while in case of a higher code rate like the

Table 3. Normalized amplitude (overall power 0dB), phase
and delay values for simulated Ricean and Rayleigh chan-
nel.

1/2 one message bit is protected only with one parity bit.
Therefore, lower code rates allow higher noise level in sys-
tem (for same communication quality), the code rate itself
provides already a good protection in case of errors in com-
munication.

3.3 Rayleigh fading channel
In the third experiment, Rayleigh fading has been in-

troduced. Its path parameters are defined in Table 3 [5]. It
can be seen that this fading has no direct path (first row in
Table 3) like Ricean fading introduced in Subsection 3.2
meaning that this model is useful in heavily build-up cities
with many buildings.

The two modulation types used by the SH-A, the QPSK
and the 16-QAM, were combined with different coding
rates and the required C/N rate for quasi error-free com-
munication was calculated via our simulation model. In all
experiments, the OFDM-mode was constant (1K) and the
guard interval was fixed to 1/4.

Results gained with communication over the Rayleigh
fading channel are listed in Table 5.

Unlike the Ricean fading channel, the Rayleigh fad-
ing channel has no direct path. With Rayleigh channels,
high fades in frequency characteristic have major impact
on quality of reception and simulation results show that
only robust modulations will gain stable reception.

3.4 Typical urban, TU6 channel
In the forth simulation, transmission over the typical

urban channel with 6 taps, the TU6 was analyzed. The
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Table 4. Required C/N (dB), Ricean channel.

Table 5. Required C/N (dB), Rayleigh fading channel.

TU6 is used for terrestrial mobile networks and is com-
posed of tapped delay line (TDL) with 6 taps [19]. Each tap
is defined with its delay and an average attenuation power
(Table 6) on top of which a unit power Rayleigh complex
fading process is applied. The Rayleigh fading is charac-
terized by a Jakes Doppler Power Spectral Density profile
[22]:

S(f) =
1

πfD

√
1− (f/fD)

2
rect(

f

2fD
), (7)

where fD is the maximum Doppler frequency defined as:

fD = v · (f0
c
). (8)

In (8) f0 is the carrier frequency, c is the speed of light
(c = 3 · 108 m/s) and v is the speed of receiver.

Table 6. Typical urban channel, TU6 with Rayleigh fading
distribution and Jakes Doppler spectrum.

Simulation results are gained for the 2K OFDM trans-
mission with QPSK or the 16-QAM modulation with dif-
ferent coding rates. System parameters have been chosen
with respect to mobile channel model parameters. For the
minimization of negative effect of Doppler shift, modula-
tion QPSK and 2K OFDM mode were used. Guard inter-
val was set to 1/16 since the maximum relative delay of
the signal echo in TU6 is equal to 5µs [15], [23]. Speed of
receiver was set to v = 50 km/h (maximum speed in urban
areas in Croatia). The results are given in Table 7.

Table 7. Required C/N (dB), Typical urban channel.

The communication quality for different C/N ratios and
over different channel models is shown in Fig. 7. The
QPSK modulation was used and the code rate was fixed to
1/5. The multiplex parameters were set to 2K OFDM with
a guard interval of 1/16. In case of the typical urban chan-
nel, the receiver speed was defined as maximum allowed
speed in urban areas in Croatia. In all simulated cases, the
bit error rate curve has the shape of a waterfall, meaning
that for lower C/N values the BER is higher. When increas-
ing the signal-to-noise ratio, the BER is lower meaning that
communication quality gets better and with fewer errors.
Figure 7 shows that communication over the Rayleigh fad-
ing channel model requires the higher C/N ratio for same
BER (e.g. the BER for QEF communication) when com-
pared to other BER curves in Fig. 7.
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Fig. 7. Bit Error Rate for communication over the differ-
ent channel models with system parameters: QPSK1/5, 2K
OFDM, GI = 1/16 and for TU6 v = 50 km/h.

Lowest C/N for same BER is required when communi-
cation is established over the AWGN channel. In between,
there are the communication over the Rice fading channel
and communication established over the TU6 channel.

3.5 Guard interval influence in DVB-SH
Finally, the influence of the guard interval was ex-

plored. The guard interval is a part of the symbol that
extends the message, like prefixing of a symbol with repe-
tition of the symbol’s end. This method retains the conti-
nuity of symbol.

The DVB-SH standard introduces four different guard
interval durations: 1/4, 1/8, 1/16 and 1/32 of symbol
length. The influence of guard interval length is analyzed
for three different communication channels (introduced in
Subsections 3.1 – 3.3). The used modulation was the
QPSK with FEC coding 1/5. OFDM mode was chosen
to be 1K. The required C/Ns in dB for quasi error commu-
nication are listed in Table 8. In case of AWGN channel
the guard interval has no influence. The Gaussian channel
is no multipath channel and the guard interval influence
is visible only in multipath channels, like the Ricean and
Rayleigh fading channels. Results show that the use of
guard interval has influence on communication quality on
fading channels. Our results show that a longer guard inter-
val (e.g. guard interval of length=1/4) requires a lower C/N
for error free communication as a result of greater commu-
nication protection.

4 CONCLUSION

In this paper we presented our simulation model for the
digital video broadcasting – satellite to handhelds commu-

Table 8. Required C/N (dB) for QEF communication,
guard interval influence.

nication system.
First, the DVB-SH transmitter and receiver that the

model is based on were presented. The system was tested
by simulating transmission over the Gaussian AWGN
channel. The noise level where error-free communication
is still able was matter of query. Gained results were com-
pared to the noise level (required for QEF communication)
introduced by the ETSI standard. Results show that our
model has similar performances like the model defined in
the ETSI standard. Differences in noise levels are the result
of channel estimation since our model uses real channel es-
timation while the ETSI standard defines communication
with ideal channel knowledge. The differences in these
two ways of channel estimation result in a different noise
level needed in the system for error-free communication.

The system was tested through communication over
two fading channels: the Ricean fading and the Rayleigh
fading channel as well as the more appropriate channel
model for handheld reception, the Typical Urban channel
model. The Ricean and the Rayleigh fading channel are
used for modeling communication in urban areas where
multipath communication is present. The difference be-
tween the two introduced fading channel models is in the
direct line. While the Ricean fading channel has one line-
of-sight, direct component that has usually higher power
and several multipath components, the Rayleigh fading
channel has no direct path but only several scattered, phase
shifted and time delayed multipath components. This re-
sults in higher C/N level for error free communication in
case of Rayleigh fading channel profile (compared to the
Ricean fading channel).

The Typical Urban channel model takes advantage of 6
taps with its delay and an average attenuation power on top
of which a unit power Rayleigh complex fading process
is applied. The communication quality established over
the TU6 channel was compared to communication over
other introduces channel models. Communication over the
Rayleigh fading channel model required the highest C/N
ratio for one chosen BER (e.g. the BER for QEF com-
munication). Lowest signal-to-noise ratio for same BER
is required when communication is established over the
AWGN channel. In between, there are the communication
over the Rice fading channel and communication over the
typical urban channel.
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The influence of the guard interval and its length was
tested via simulation. In case of AWGN the guard interval
shows no influence since this channel model is no mul-
tipath channel model. While in tested multipath channel
models (the Ricean and the Rayleigh channel models), the
results show that in case of a shorter guard interval (e.g.
guard interval of length 1/16) compared to a longer (e.g.
guard interval of length 1/4) requires a higher C/N for same
communication quality (in simulation: error free commu-
nication).

Simulation results show that our model provides an
overall evaluation of DVB-SH system parameters. Next
step is to design other channel models, shown to be more
suitable for modeling communication in urban areas with
slowly moving receivers: the pedestrian indoor and out-
door models.
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ceedings. Prof. K. Malarić is an IEEE member and a member of the
Croatian Academy of Engineering (HATZ). He participated in two in-
ternational scientific conference program committees, is member of two
editorial boards of scientific journals and reviewer in international jour-
nals. At conferences CPEM2002 in Ottawa, Canada and at the IEEE
EMC 2003 in Boston, USA, K. Malarić received the award “Young Sci-
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Faculty of Electrical Engineering and Computing
University of Zagreb
Zagreb, Croatia
email: iva.bacic@fer.hr, kresimir.malaric@fer.hr
Prof. Milica Pejanović-Djurišić, Ph.D.
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