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Abstract—This short paper deals with the performance of the
rotated constellation, which is one of the main inovations in the
DVB-T2 (Second Generation Digital Terrestrial Televisbn

Broadcasting) standard. Rotated constellation is anoptional

feature to improve performance in frequency selectie channels.
This paper contains the present and progress resultef the

rotated constellation performance. For the determiation of

differences between the non-rotated and rotated cestellation, a
0 dB Echo channel model was used. Graphical dependesc of
the BER before and after LDPC coding are given. Finldy,

achieved results are evaluated and discussed withrgmising

expectations of a very good performance of rotatedonstellation
technique in DVB-T2.
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. INTRODUCTION

Nowadays, DVB-T2 (¥ Generation Digital Terrestrial
Television Broadcasting) standard is definitely therld’s
most advanced DTT (Digital Terrestrial Transmis}isystem,
which offers robustness and high efficiency forrestrial
broadcasting [1]. It is built on the technologiesed as part of
the first-generation system (DVB-T), developed caatecade
ago. DVB-T2 extends the possibilities of all partene of
DVB-T and significantly reduces overhead to buildystem
with a throughput close to theoretical channel cipd2], [3].

DVB-T2 specification includes many innovations ystem
parameters. The combination of LDPC (Low Densityiti?a
Check) and BCH (Bose-Chaudhuri-Hocquengham) codes g
a very robust channel coding. Moreover, severalonptare
available in areas such as the number of carrierGuard
Interval) sizes and pilot signals. Therefore, therbeads can
be optimized for any target transmission chantgl [B]. The
advanced coding and interleaving techniques [2&rofood
performance in so called non-selective channelswever,
frequency selective channels (with deep fading®dnextra
redundancy, previously given by a lower-rate code.

DVB-T2 also includes a novel technique of constiglia
so called rotated constellation, which is one oé thain
innovations in DVB-T2 system configuration. It is aptional
feature to improve performance even for very fremgye
selective channels [3]. The technique of the eatat
constellation and the idea of its use in commuigoasystems
are not new. This method has been studied sincé, M8en
Giraud et al. presented the lattice constellatidos the
Rayleigh fading channel [4].
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After then, in [5] an alternative diversity techoe
for Rayleigh fading channel was presented, whichs wa
achieved by the high diversity modulation schenmresation
of constellation points). Now, the exploring of thessibilities
of rotated constellation technique was used foritfygroving
of the DVB-T2 system performance. In [6] and {7 rotated
constellation technique has been analyzed in te@fmBER
(Bit Error Ratio) evaluation. For the exploring afs
performance a Rayliegh (P1 channel) and RME (Rglylei
Memoryless Erasures) [2] fading channel modelsewesed.
On the other hand, the appropriate design of thated
demapper onthe receiver side is very importait V8hen
rotated constellation is not used, the LLRs (Logelihood-
Ratios) soft decision metrics can be derived innitienal, one-
dimensional way [2], well known from DVB-T. In @wof
rotated constellation the 2D LLR demapping is used9] a
very promising solution of this problem was presédnivhere a
novel detection method (QAM detector) also redutes
demand of the computational resources.

In this work in progress paper, the investigatierfiocused
on the performance of the rotated constellatiorDMB-T2
standard from the perspective of transmission disto
in frequency selective channels. To demonstrate plgim
transmission distortions, a two path, 0 dB Echonolea was
used [2]. Moreover, this article proposes and watak
a configuration that has been optimized for the tioaed
channel conditions.

The rest of the paper is organized as follows. rAfte
introduction and related state-of-the-art worksieevin the
area of rotated constellation, a brief descriptidnthe main
differences between the non-rotated and rotatedteltetion
techniques is presented in Section Il. The parawmeted short
description of used channel model for the analyeisl
simulation are presented in Section Ill. Sectioncbnhtains the
graphical dependences of the BER before and afizip@
decoding on C/N (Carrier-to-Noise Ratio) ratio fwoth, non-
rotated and rotated constellation modes. Finatlg,results are
evaluated and discussed in Section V.

II.  NON-ROTATED AND ROTATED CONSTELLATIONS

A. Non-Rotated Constellation

A constellation diagram is a representation of gnali
modulated by a digital modulation scheme, such adQ
In DVB-T2 standard, it is a selection from QPSK,Q¥M,
64QAM or 256QAM modaulation. In a classical, nonated
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Figure 1. A theoretical rotated constellation diagram foESK with®;
and b) 16QAM withd,.
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Figure 2. A simulated rotated constellation diagram for a)SBPwith
®,=29.0 and b) 16QAM witl®,=16.8 in AWGN channel with C/N = 20 dB.

constellation, the receiver needs both | (In-Phasej
Q (Quadrature) components of one constellation tpaon
identify, which information was transmitted. Thasen is that
the estimation of | component does not give infdiomabout
a Q component [6].

B. Rotated Constellation

As it was mentioned before, DVB-T2 standard intrehi
a novel technique to improve performance in sefectading
channels. In case of the rotated constellation (Sige 1),
a certain rotation angle is applied in the compiene to a
classical signal constellation. Then each compofleat Q),
has enough information by its own to guess, whias wthe
transmitted symbol [6]. Of course, the performangain, in
case of this technique, depends on the rotatiotearidnese
angle values are different for each type of moduat in
DVB-T2 and their exact value (see Fig. 2) can hmébin [2].

Of course, only the rotation of constellation psiig not
enough for achieving a good performance. The aniuiti
innovation, and also the trick, is that the rotatedstellation
comes with Q-delay (after the constellation mappiidelay
means in this context that the Q components afeedhib the
next COFDM (Coded Orthogonal
Multiplexing) cell. This cyclical delay is realizezh the level
of individual FEC (Forward Error Correction) blockg, [10].
Thank to the combination of rotated constellatiamd Q-

delays, | and Q components are now separated by the

interleaving process (in cell, time and frequensy) that in
general they are transmitted on different frequesailifferent

carriers and at different time. Therefore, if tinacnel destroys

one of the components (I or Q) the other compo(@nor 1)
can be used to recover the information [2].
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Frequency Division

[ll.  SIMULATION PARAMETERS

A brief description of two constellation techniqués
DVB-T2 broadcasting standard was presented in theiqus
section. Due to the innovations in constellatiorppiag, DVB-

T2 standard enables to improve the performance at& d
reconstruction on the receiver side, when the inésgon
conditions contains a lot of fadings. For the corigmam

of differences between the mentioned constellaigchniques,
we used a special type of fading channel, 0 dB Echo
well known from DVB-T.

The 0 dB Echo channel profile has been defined by
Motivate partners [2]. Its composition has beenmgdly
influenced by the nature of the DVB-T/T2 signal.nCretely,
it is defined by the following parameters:

e Spread spectrum technique - introducing ICI (Inter
Carrier Interference) sensitivity to Doppler spread

e Guard Interval - introducing IS (Inter Symbol)
sensitivity to the echo delays.

This profile is made of two paths, having the sapasver
(0 dB). These echoes are delayed by half of theaBle and
they are presenting a pure Doppler characteri$dt
The general graphical representation of the impusel
frequency response of 0 dB echo channel is showrign3
and Fig. 4. Th@g s representing the value of the GI.
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Figure 3. Impulse response of a 0 dB Echo channel.
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Figure 4. Frequency response of a 0 dB Echo channel.
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Figure 5. BER before LDPC decoding as a function of C/N ratithe Figure 7. BER before LDPC decoding as a function of C/N ratithe
“0 dB Echo” channel (QPSK and 16QAM — non-rotatedstellation, “0 dB Echo” channel (QPSK and 16QAM - rotated celtestion, 2k mode,
2k mode, CR 1/2 and Gl 1/16). CR 1/2 and GI 1/16).
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Figure 6. BER after LDPC decoding as a function of C/N ratithe “0 dB Figure 8. BER after LDPC decoding as a function of C/N ratithe “0 dB
Echo” channel (QPSK and 16QAM — non-rotated colzsgteh, 2k mode, Echo” channel (QPSK and 16QAM - rotated consteifatPk mode,
CR 1/2 and Gl 1/16). CR 1/2 and GI 1/16).
The implementation of functional model for the slation
of DVB-T2 transmission in MATLAB was done as it is IV.  SIMUALTION RESULTS
recommended in [2]. For the simulation of the DVB- Simulation results of the DVB-T2 transmission farious
transmission the following settings were used: CIN ratios in the 0 dB Echo fading channel wereaitad.

The simulation was done for two types of consteliat
technique: rotated and non-rotated.

DVB-T2 uses concatenated LDPC + BCH coding, theesam

mode: 2k (mobile reception),

LDPC code ratio: 1/2 (robust protection),

modulation: QPSK and 16QAM, as in DVB-S2 (2d Generation Satellite DVB). These codes
i assure better protection, allowing more data tdréesported
constellation: non-rotated and rotated, in a given channel. It means that, for achievingoad signal

tati ledl: 29.0 (OPSK) and 16.8 (160AM quali.ty .(Iow BER); a lower C/N ratio .is neeo!ed.this paper,
rotation angle ] Q )an (16QAM), the limit of the error-free reception is considewes C/N for

Guard Interval: 1/16 (mid SFN - Single Frequencywhich BER is equal to 1.10after LDPC decoding, as it is used
Network), in [6]. The number of iterations in LDPC decoding

. ) . . . is depending on the hardware complexity of the ivece
decoding rgetdhpd.zLDPC + BCH (with 50 iteration, asp, this paper, the number of iterations is equafify (50)
recommended in [2]). as recommended in [2].
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TABLE 1. COMPARISON OF THESIMULATED RESULTSC/NFOR THE
BEREQUAL T010° IN 0 DB ECHO CHANNEL
Modulation | Configuration Non-Rotated Rotated
Constellation | Constellation
C/N [dB] C/N [dB]
QPSK 2k mode 13.2 9.8
CRppc = 1/2
16QAM Gl=1/16 19.3 16.5
As mentioned above, for

performance of the non-rotated and rotated coastati 0 dB
Echo channel was used. This type of channel isvitrst case
channel, which consists of two paths, with equet¢llend the
second arriving later than the first as shown ig. Bi. In this
paper, we used configuration for the mobile scen@k mode)
with mid size (Gl = 1/16) of the SFN network. THere, the
delay of the second path is equal to 7 us. Moredegrthe
increase of the fadings in the channel, the spéétkaeceiver
was set to 50 km/h.

(50 iterations in this simulation), which is usedthis paper,
the results in the special 0 dB Echo fading chaanelmuch
better. This advantage of DVB-T2 standard also awes the
BER ratio in the fading channel [11]. The addiibrobustness
can be used to increase the data rate by choodiigher code
rate while keeping the same minimum field strength.

This work will continue in the future by improvinthe
rotated constellation technique for the analysid simulation
the transmission distortions in all possible scesarwhich
can occur in DVB-T2 system configurations [12].eTtvork
will be also focused on the investigation of thef@enance

the comparison of theof rotated constellation in, so called, erasuremogls. In case

of DVB-T2 this is the RME channel [2]. Finally,ahMER
(Modulation Error Ratio) for both constellation beiques
should be investigated deeper.
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rotated and rotated constellation techniques weee.un these
figures the effect of 0 dB echo fading channel lsarobserved.
The BER decreases with the increased C/N ratio sligjtly.

The BER before the LDPC decoding (not correctedh)dat

in both cases of non-rotated and rotated consteilare very
similar. As can be seen, at this point, the perforce of the
non-rotated and rotated constellation is almostghme and
any significant differences can not be found.

On the other hand, visible differences in achieB&iR can
be seen after the LDPC decoding, which are showrign 6
for non-rotated constellation, for rotated const@h in Fig. 8.
In case, when we are using non-rotated constellatfor

achieving a 1.10 BER it is needed high value of C/N ratio: [4]
13.2 dB for QPSK and 19.3 dB for 16QAM modulation

(see Tab. I). In case of rotated-constellation ¢heslues are
9.8 dB for QPSK and 16.5 dB for 16QAM modulation.

It should be noted that the maximum gain is obthiménen
QPSK modulation with
This can be easily explained, since this modulaisothe most
robust to fadings. On the other hand, in comparigotin
classical constellation technique, the gain wasebdty 3 dB
for both types of modulations, when the rotatedsteliation
technique was used.

V. CONCLUSIONS ANDFUTURE WORKS

In this paper, the performance of the rotated ediasion
for DVB-T2, with comparison of non-rotated consaébn,
was explored. It has been shown that for fadingueclls with
very bad conditions, a good performance can ber@utavith
rotated constellation. On the other hand, only thatures
of rotated constellation are not allowed for achigva good
signal quality. Unconditionally, the mentioned imation

of FEC coding/decoding, which is used in DVB-T2,sha

a significant role. Thank to the number of decodimgcesses
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rotated constellation was used
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