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Abstract

This paper deals with the simulation of the transmission of the DVB-H standard
in fading channels. The results of the DVB-H broadcasting over Gaussian channel,
Ricean and Rayleigh fading channels are presented. Application for this smulation
was developed in Matlab. Dependences of BER on C/N ratio before and after Viterbi
decoding in all tested channel conditions were graphically expressed. Finally,
obtained results are evaluated and discussed.

1 Introduction

DVB-H (Digital Video Broadcasting - Handheld) is t@chnical specification for the
transmission of digital TV to the handheld recesveuch as mobile telephones and PDAs. It was
published as a formal standard (EN 302 304) by Eii 8lovember 2004. DVB-H has been developed
from the DVB-T (Terrestrial) standard that is usadnany countries mainly around the Europe.
The documents for the physical layer were ratified004, and the upper layers were defined in 2005

[1], [2].

The focus of this paper is a simulation of the sraission of data stream of DVB-H over fading
channels. The appropriate algorithm which is capail simulate the impact of different noises
to transmission was developed in Matlab. CreategliGgtion is divided into several independent
functions. Each function represents one block ef 'VB-H system (see Fig. 1) and the simulation
is described in the first part of this paper. Theahd part is focused on the description of thatere
GUI application in Matlab and on the dependenceBER (Bit Error Ratio) before Viterbi and after
Viterbi decoding orC/N (Carrier-to-Noise Ratio). Finally, results of teedependences are graphically
expressed, compared and discussed.
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Figure 1: Block diagram of the DVB-H transmitter.

2 Description of the block diagram of the DVB-H Transmitter

In the first step it is necessary to order a nunabdits for the input sequence generation. In the
simulation presented below there was used a nuafl#dO kilobits.

The data of the input are randomized to ensure uadegpinary transitions. The polynomial
for the PRBS (Pseudo Random Binary Sequence) genésaequal to<™+ X**+1. To achieve energy
dispersal, PRBS is first generated and then mixéatth the data stream by means of an XOR
(Exclusive OR) operation which breaks up long seqaef ones or zeros.



The next stage contains the outer encoder, the-Reletnon FEC (Forward Error Correction).
This encoder RS (255,191) adds 64 correction pted®1 input bytes and it is able to correct up to
32 erroneous bytes [3].

However, frequently burst errors occur during agmaission. If this results in more than
32 errors in a packet protected by Reed-Solomoingdtie block error protection fails. Thereforeg th
data are interleaved. An outer interleaver is avolutional interleaver with interleaving depth
of I =15 [3].

The next function block in the Fig. 1 is the outgerleaver. The outer interleaver is followed
by a convolutional encoder. The generator polyntsmiare G;=1710CT and G,=1330CT.
If necessary, the error protection can be contlobg puncturing, e.g. the data rate can be lowered
again by selectively omitting bits [3].

The inner interleaving is divided into two stepi:amd symbol interleaving. Both the bit-wise
interleaving and the symbol interleaving processeslock-based.

The input stream is demultiplexed (mapped to outpotlulation symbols) inte sub-streams,
depending of the modulation used:= 2 for QPSK,v = 4 for 16QAM and = 6 for 64QAM.
Each sub-stream from the demultiplexer is thenrlegwed in the interleaver with own interleaving
sequence called permutation function.

Symbol interleaving is performed as bit-wise irdasled substream. The purpose of the symbol
interleaver is to map bit words onto the 1512 (2k mode), 3024 (4k mante§048 (8k mode) active
carriers per OFDM symbol. The symbol interleavetsasn blocks of 1512, 3024 or 6048 data
symbols. After previously mentioned FEC blocks, bgia from output inner interleaver are ready
to modulate into QPSK, 16QAM or 64QAM constellagds].

Transmission frame adaptation block has to dividgluhated stream, carrying useful data, into
OFDM symbols are add the TPS, scattered, pilotzand carriers. This block is simple, as the only
purpose is to rearrange the data and insert spesigérs on their defined positions. Once we have
OFDM symbols assembled, guard interval can be tedeAccording to the DVB-H specification,
options are 1/4, 1/8, 1/16 and 1/32 of the symleoigal. End part of each symbol is copied to its.end

Now the complete OFDM signal in the frequency demaitransferred into the time domain
using IFFT (Inverse Fast Fourier Transformatior@aRRef) as well as imaginary Irfj( part of the
OFDM signal is upsampled and filtered with Raisedi@e filter with roll-off factor equals to 0.35.

At this point we have now prepared DVB-H signal,jethcan be transmitted. This paper shows
a feature of three types of channels: GaussiaraRiand Rayleigh.

3 MATLAB Application Description
Main window of the Matlab application can be seeFkig. 2.

In the first step, it is necessary to order a numidfebits for the input sequence generation.
Created application allows selecting between twdoaop. In the first case the user can specify
the number of bits for generating input bit seqeenthis number the user can write to table
Number of bits When checkboxPicture is active, that presented the second option. is thse
the created program is loaded tD¥BH.bmp(see Fig. 2) picture and converted it into a saqee
of ones and zeroes. In the simulations presenteavbthere was used the first case.

The Code Rateption allows control of the error protection oéttransmitted data, e.g. the data
rate can be lowered again by selectively omittiitg. lPossible punctuated code rates are, according
to DVB specification, 1/2 (no puncturing), 2/3, 3646 and 7/8 (minimum error protection).

The Type of Modulationand OFDM mode options enable choose of type of modulation
(QPSK, 16QAM and 64QAM) and OFDM modes (2k, 4k 8k}l which used in standard DVB-H.

The optionGuard Intervalenables set values as are defined in [6]: 1/4,111% and 1/32.

The Type of Channehbllows choose the type of communication environmanwhich it is
possible to simulate the transmission of DVB-H datiasis application enables to choose between the
Gaussiarchannel andiiultipath channels.



B simulation_of Transmission_DVEH = E=

Received constellation of 16GAR

[¥] Picture || Pictures in new figures
 Code Rat — Plat e
@12 @28 O 056 08 | f | [Receives ion |
|

— Type of Modulstion
|- GPSK @ 15QAM () G4QAM

[Corrected consteliation | [ Transfer functions |

[BER kefore Vterbi| [ BER atter Vierhi |

‘OFDM Spectrum of Received Signal |

SrEwiiode FDw Spectrum of Transmited Signal] o
@ % e o R
— Guard Interval |

|- 14 @18 ) 1M6 (1@

— Settings of SHR — Cantrol
[“|Batchof SNR [ | Save Resuits

T -
P

From | 15 | Step | ¢ To | 15 | Simulation ‘ ‘ Close |

— Type of Channel

H
1) Gaussian — Results of Simulation - - b ;
Path settings ‘
(@ Multipath MER [dB] 19.1

EER pre Viterki 3.70eDD4

(—Decision of ierhi decoder
(%) Soft @ Hard | BER post Viterbi  0.00e+000

Transmitted picture Received and corrected picture

HANDHELD HANDHELD

Figure 2: Main window of the MATLAB application fdhe DVB-H simulation.

It is visible in the Fig 3. that in tablettings of SNR is given the value of the Signal-to-Noise
Ratio in dB. Resources for the simulation of thensmission and signal processing are included
in Matlab in functions of the Communication Toolb@his toolbox also includes models of different
types of transmission channels with many adjustptameters. In Matlab, the transmission channel
with fading can be applied to the signal with filtg using functionsri ci anchan
andr ayl ei ghchan. But for using these Matlab functions it is neeggdo use a filter, which is also
in this case, with low sampling very slow. Moregvtlrese functions do not enter the phase shift
of paths, which is defined in the standard [6]. rfEfiere, the modeling of channel environments with
fading that was used is a custom algorithm baseshaations [5], [6].

Option Decision of Viterbi Decodeallows choosing of the type of decision in Vitedeicoding
process. Here exist two cases: soft decision ardidecision.

After the set-up of all parameters the simulati@m e started. The results of simulation
are shown in Fig. 3. These are constellation diagrireceived signaMER (Modulation Error Ratio)
in dB, BERbefore andBERafter Viterbi decoding.

4 Simulation parameters

Application for the simulation of the transmissiohDVB-H has been implemented in Matlab.
For the simulation of the DVB-H transmission wasdifllowing settings:

* mode: 2k (used mobile reception)

= code ratio: 1/2 (presents robust transmission)

= inner modulation: QPSK, 16QAM, 64QAM (variable)
= guard interval: 1/32 (used in small DVB-H networks)

» transmission channel: Gaussian (AWGN), Ricean (En&lel RC 20 ANX B),
Rayleigh (ETSI model RL 20 ANX B)

= K-Factor: 10 (factor used in Ricean channels)

» Viterbi decoding decision: soft.
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Figure 3: BERbefore Viterbi decoding as a function@N ratio in the Gaussian channel and in the
fading channels “RC 20 ANX B”, “RL 20 ANX B” (mod2k — inner modulation QPSK).
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Figure 4:BERbefore Viterbi decoding as a function@N ratio in the Gaussian channel and in the
fading channels “RC 20 ANX B”, “RL 20 ANX B” (mod2k - inner modulation 16-QAM).
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Figure 5: BERbefore Viterbi decoding as a function@N ratio in the Gaussian channel and in the
fading channels “RC 20 ANX B”, “RL 20 ANX B” (modgk - inner modulation 64-QAM).
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Figure 6:BERafter Viterbi decoding as a function ©fN ratio in the Gaussian channel and in the
fading channels “RC 20 ANX B”, “RL 20 ANX B” (mod2k — inner modulation QPSK).
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Figure 7: BERafter Viterbi decoding as a function ©fN ratio in the Gaussian channel and in the
fading channels “RC 20 ANX B”, “RL 20 ANX B” (mod2k — inner modulation 16-QAM).
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Figure 8: BERafter Viterbi decoding as a function©fN ratio in the Gaussian channel and in the
fading channels “RC 20 ANX B”, “RL 20 ANX B” (mod2k — inner modulation 64-QAM).



5 Simulation Results

Transmission of 100 kilobits of the data was sirtedafor varyingC/N ratio in the Gaussian
channel (AWGN) and in the fading channels - Ricggpe RC 20 ANX B) and Rayleigh (type RL 20
ANX B). The QEF (Quasi Error-Free) reception isidefl as a bit error rate after Viterbi decoding
less or equal to 2.107]. Then theBERratio after Reed-Solomon decoding is less or etual10".
The Fig. 3 to Fig. 8 illustrateBER before Viterbi decoding in Gaussian and two fadomgnnel
models.

The Fig. 4 shows the dependence of Bl after Viterbi decoding o&/N ratio in case of the
QPSK modulation. How it can be seen in the Figh8te were obtained thr&ERcurves: one for the
Gaussian channel, one for the Ricean channel amdi@nthe Rayleigh channel. After Viterbi
decoding, just one BER curve has been obtainedoahdfor the Rayleigh channel. This is because
the modulation QPSK is the most robustness to fgmditt can be seen that for QEF in Rayleigh
channel and 2k mode, minimum©fN equal to 4 dB is needed [8].

Results of the simulation by using 16QAM modulatifor the transmission via Gaussian,
Ricean and Rayleigh channel are shown in the FandiFig. 7. It is visible in Fig. 4, as well as at
influence of noise in all tested channel modelat tbwer number of states in multistate modulations
(in this case 16QAM) leads to a IowBER That means that the higher number of states itistate
modulations are needed for higher achievement atehC/N produces less@ER According to the
results of the simulations it is possible to codeluthat in case of Ricean channel and QEF
it is needed to increase value GfN by 1dB in comparison with values in the Gaussihanoel
(see Fig. 7). In Rayleigh channel there is needetase o€/N by 7 dB [8].

The same results, but in case of 64QAM modulatioali mentioned channel environments,
are shown in Fig. 5 and Fig. 8. By using 64QAM miatlan for the transmission, the data stream
volume is the lager one. But the resistance ofstratted data to errors in fading channels is much
worst. Therefore for achieving the QEF in Riceaarutel it is needed 13.0 dB and 16.2 dB for the
Rayleigh channel [8].

6 Conclusion

Presented application allows simulation of the DMBransmission in OFDM mode 2k with
error correction. Dependences of the BER beforeadtied Viterbi decoding on C/N ratio was explored
for the Gaussian channel as the reference andiéomiain fading channels introduced in the [6].

Differences between the results in Gaussian andedRicchannel are not too large.
This is because that in Ricean channel direct biggith already exists. For achieving a good reoepti
quality in Rayleigh channel it is needed to incee@4N ratio. It is simply because the direct path
in this case is fully attenuated.

Presented results can be used for the transmisisbortion analysis and evaluation of the
DVB-H system parameters influence on transmittgdadi of the mobile TV.
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