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Abstract—In this paper, a novel combination of peak-to-aveage
power ratio (PAPR) reduction and channel estimatiortechniques
for orthogonal frequency division multiplexing (OFDM) systems
is addressed. In order to reduce the spectrum effiency loss due
the insertion of dedicated pilots for PAPR reductio issues, we
propose to use some pilots dedicated for channeltiesation to
reduce the PAPR value. These pilots follow particalr laws which
allow their blind detection at the receiving side ad avoid sending
side information. At the receiver, based on theserpperties, the
pilots are detected and channel estimation is thgmerformed. The
proposed laws operate in discrete domain to mitigat the
performance degradation due to residual estimationerror in
continuous domain. Simulation results performed usig the new
DVB-T2 standard parameters show that the proposed gproach
gives better performance and higher spectral effieincy when
compared to conventional Tone Reservation (TR) metd.

Index Terms— DVB-T2, OFDM, PAPR, tone reservation,
channel estimation.

. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDMah
been the subject of numerous dissertations in tegears,
mainly due to its several advantages for mobileelegs
communications such as high data rate transmissittmhigh
bandwidth efficiency, exceptional robustness to tirpdth
fading and low implementation complexity. It hagbeadopted
in several standards such as IEEE 802.11a, IEEE1882
ETSI HIPERLAN/2 and DVB [1-2].

However, OFDM system is not without its limitatiof#.
The composite time signal in OFDM system is forrfrech the
linear addition of independently modulated subeasti As a
result, when the number of subcarriers is larggh limplitude
peaks appear in the OFDM signal which induces gel&eak-
to-Average Power Ratio (PAPR). Usually, the OFDMnsil
passes through a non-linear power amplifier befdse
transmission over the channel. High PAPR value igspl
sophisticated high power amplifier (HPA) operatny a very
large linear range at the transmitter. Otherwise ronlinearity
of the HPA leads to in-band distortion, which irages the bit
error rate (BER) of the system, and the out-of-b&DOB)
distortion, which introduces high adjacent chammirference.

Various approaches have been proposed as resunjgftm
mitigate the PAPR of an OFDM signal. Among thenppuihg
and filtering technique is easy to implement. Hoereuthis
scheme decreases the system performance sincénglilspa

nonlinear process [4]. An alternative method is eda®n
coding, in which a data sequence is embedded ionget
sequence and only a subset of all these possipleerees is
used in order to exclude patterns generating higRRP [5].
Moreover, other methods such as partial transmjteece [6],
selected mapping [7] and interleaving [8] are gtsoposed.
The main drawback of these methods is the necessity
transmit side information (SI) to the receiver, uldag in
some loss of throughput efficiency. Some methodemnty
proposed do not need this Sl transmission [9-I@]eéd, the
active constellation extension (ACE) method is ps®d in
[9]. It reduces PAPR by changing the constellatafnthe
signal without modifying the minimum distance. Thmne
reservation (TR) method is proposed by Tellado [@@jch
uses allocated subcarriers to generate additicigaklsthat
minimizes PAPR. These two methods have been already
adopted for DVB-T2, the evolution of DVB-T standard
However, ACE technique increases the transmit sigoaer
and its performance is rather restricted for a netthn with a
large constellation size, while TR technique redudke
spectrum efficiency by the dedication process.

The minimization of PAPR in the TR method can be
formulated as a convex optimization problem, whish
modelized as a second order cone programming (SCQR)
In this paper, we continue the work of [11] by istigating the
TR method. The contribution of this paper is maltf First,
instead of using dedicated pilots for PAPR reductiove
propose to use existing pilots dedicated for chbestmation.
In this way, we avoid the use of TR pilots and ioya& spectral
efficiency of the system. Second, in order to alltiveir
recovery serving for channel estimation proceshateceiver,
these pilots have to follow particular laws. Addtilaw and
multiplicative law are then proposed and invesédain this
work. At the receiver, laws relating pilots at th@nsmitter are
applied to detect and estimate transmitted pil@isce the
detection and the estimation of these pilots inticoous
domain cause degradation, we propose to apply thesein
discrete domain. Third, we show by simulationswhkdity of
our technique using DVB-T2 standard parameters.
performance is compared to the SOCP technique peabm
[11] and the Walsh-Hadamard sequences techniqyueged in
[12].

This paper is organized as follows. Section Il fyie
presents the OFDM system model and the PAPR #tatish
section 1ll, a novel combined PAPR reduction anénctel
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estimation approach is presented. Simulation resaid CCDFPAPR{x(t)} = Pr[PAPR{X(t)} >y,L= 4]

discussions are addressed in section IV. Finalyiclusions (6)
are drawn in section V. =1-(1-e7)*"
. OFDM SIGNAL AND PAPR For simulations, we considell =4 and used this

approximation as a reference PAPR value of theimaig
Let X =[X,...Xy_] be a sequence of complex symbolsOFDM signal.

and X =[X,...Xy_,] be its inverse Fourier transform. The

OFDM baseband signal is expressed as Ill.  NOVEL COMBINED PAPRREDUCTION WITH CHANNEL

ESTIMATION APPROACH
1 N d2k _
X(t)=—=)> X,e™ O0<t<NT (1) A PAPRreduction
\/N k=0 In this section, we propose to use the pilots dedit to

) channel  estimation for PAPR  reduction. Let's
where| :\/—_1, N denotes the number of subcarriers @risl considerP =[p,...p,, 4] be the set of M pilot positions
the original complex signal duration. In practiaanly NL
equidistant samples of(t) are considered, wheterepresents
the over-sampling factor. The over-sampled sigmalthen
given by these positions. Then, N modulated symb{c@}kzomN_lin

the frequency domain are expressed as

dedicated to channel estimation to be used for PAgéRction,
andC =[C,..C,,_,] be the set of M pilots transmitted on

1 N2 j2mk
n/L]=—=> X,e ™ 0On0[0,...NL-1] (2) C. if kKOP
VN i =i )
: : X, if not
When the over-sampling factor L is large enoughe th
PAPR of the OFDM signal is defined as the ratio itsf The OFDM baseband signal becomes
maximum power divided by its average power. lt¥pressed
as [13] 5. =QS =Q(C+X,)=x +ZC ®)
2
mMXn| where Z, is given by
PAPR{x(t)} = PAPR{x_,L =4} = 4{—2} 3) )
Ex,| 101 .1
| i, i, vy
where X, =Q_ X, , X, is the zero-padded vector of , 5 - 111 eM et 9
E{} denotes expectation operation a@} is the inverse L /N | : : ©
discrete Fourier transform matrix of siPdl . QL is given by 1 e%pM 1 e%pM (NL-1)
1 2];} ,2n1 | At the transmitter, reducing PAPR turn out to theearch
111 eJNT“ ejNTl-(N'-‘l) of C minimizing PAPR{SL} . In continuous domain,
Q :W : : : (4)  i.e.COCM, this is formulated as a SOCP problem [11]. At
T jem T jem, the receiverC has to be recovered in order to allow channel
LE0(NL-1).1 225 (NL-1).(NL-1) . ) . . .
1 e\ e\ estimation operation. So, these pilots must follpavticulars

- - law. We consider two cases

In this study, the PAPR performance is evaluatéadguthe
complementary cumul_a_ltive distribution function (CIE)DI'_[ is
defined by the probability that the PAPR value extsa given Ck+1 - Ck +Q OkO[0,...M -2] (10)

thresholdy . ForL =1, it can be expressed as [11]
CCDFpueqixy = PIPAPR{x(1)} >y, L =1]

= Additive law:

then C, =C, +kQ

N %) = Multiplicative law:
=1-(1-¢”)
. . C.,=C,xQ OkO[0,...,M -2] (11)
It is demonstrated in [14] that real PAPR can be
approximated wheh = 4 by then C, = QkC
0

where Q denotes step between two consecutive pilots.



In comparison with [11], this operation corresponosan For the second step, the channel response inaheency
additional constraint on SOCP problem. At the nremei domain is estimated at pilot positions as follows:

estimating C and Q in continuous domain can cause |
degradation of the system performance due to rabkidu |:|| =i OkOP (16)
estimation error. We propose to perform this incidite kA
domain. The laws become: k
Then, channel frequency response for all subcardan be

= Additive law:
Hve taw classically deduced by interpolation based on Wiéhering.

C, =C,+kQ 0k0OJo,...M -2] (12)
_ _ IV.  SIMULATIONS AND DISCUSSION
with C, =1e"’ and Q =re" Simulation results are performed using DVB-T2
. ) parameters. Some of the main parameters are resuntaole
then C, = e’ +kne!® 1. The PAPR parameters of the proposed methady], ¢

and , are selected according to the simulationtsesthey will

" Multiplicative law: be specified in each scenario.

C. =Q“Cc, 0OkO[0,...M -2] (13)
) . TABLE I. SIMULATION PARAMETERS, EXTRACTED FROMDVB-T2
with C,=/e/” and Q =e* STANDARD.
) Mode 2K
then C, = 1el™) Number of subcarrie NFFT=204t
Guard Interval lengt GIl=1/8
whered , 7, ¢ and A are in discrete domain. “Discrete Modulatior 16-QAM
domain” means that instead of searching SOCP saliti C Coding rat_ CR=1/2
space, we search it in a predefined discrete set. Oversampling factc L=4
Number of subcarriers us/| M=8, 16, 3:
At the receiverC and Q are detected and estimated. By for PAPR reduction

quantifying them in discrete domai, /7, ¢ and A can be A. Comparison between additive and multiplicative laws

simply recovered. Firstly, we compare the performance of additive and
multiplicative laws. Let's consider SOCP solutiom ithe
continuous domain with M=8¢ varies from 0 to 2 with a step

of n/8, while A varies from 0 to 2 with variable steps, af/2,
n/4, /8 andn/16. The results are presented in figure 1.

R =H'xS +W! 14) o .

B. Pilot recovery and channel estimation

Assuming a complex multiplicative channel, the reeg
symbols in frequency domain are expressed as

— — —Initial - theoretical

where | refers to OFDM symbol index,H' denotes ;| 7% Initial - simulation
...... N . S YTETIT N T additive lzw

theN % N matrix containing the complex channel attenuation - o AR | e U aw - pem2

. | . .. . . . ® - mult 2w - p='d
per subcarrier an¥V' is the additive white Gaussian noise "

- u=n'g
vector. I - =16

Pilot recovery and channel estimation procedures ar =
performed in two steps: T

= Determine the transmitted piloéI Ef

= Estimate the actual channkl' 0

In order to accomplish the first step, we assuna the _
channel slightly change between two successive OFDM L. dlboh A
symbols, i.e.HA |_;|_: H‘| ' Then, we have [UTE RN URRES ORUUPRRHPRRNRUPEE My i ol

6| _i Dkl:' P (15) 10'3? 7..5 8 2.6 g T?é] 1ﬁ 10.5 11 11.6 12

k 711
K Figure 1. CCDF performance of additive and multiplicative 8 8OCP

. | . . Al . solution.
Since C, are in discrete domairC, can be estimated

f C'b imol tificati fi Multiplicative law gives better performance thane th
rom L, Dy a simple quantification operation. additive law. This is because in multiplicative |aall pilot



subcarriers are modulated with the same power. dere
multiplicative law is performed witlg and A in the discrete
domain while additive law is performed in contingalomain.

maximum. Besides, we note that the performance hef t
proposed method is much better than the one of GRS
method proposed in [12].

So in the discrete domain, this difference is stilbre
important. Then, the multiplicative law presents ttdre
performance than the additive law in discrete domBor the
rest of this paper, we investigate the evaluatidn tfe
performance for multiplicative law in discrete dama
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B. Multiplicative law performancein discrete domain

We consider now multiplicative law in theliscrete
domain. Firstly, we present CCDF performance feedi value
of A and forg and Avarying from 0 to 2 with a step of
n/8. The number of subcarriers used for PAPR redncis
always M=8. In this case, reducing PAPR is not aCBO
problem anymore but becomes a research of the optim
combination minimizing PAPR. At the receiver, pdare not
recovered by a systematic research (as the onentegsin
[12]) but by a detection and estimation algorithirhese
results are shown in figure 2.

PAPR gain (8]

— — —S00CP, continuous A
—&—step =18

| = —step =w16 -
—%—step =w32
—+— OPS method

20 25

AB]

Figure 3. CCDF performance as a function & , M=8.
10

] === Initial - Simulation
: SOGCP - continuous A

Finally, the performance in terms of PAPR gain is
presented in figure 5, for M=8, 16 and 32, fgr and

Avarying from 0 to 2 with step ofr/8, n/16 andn/32, as a
function ofA .

- TABLE 1. PERFORMANCE SUMMARY OF DIFFERENT METHODS
2 DVB-T2 PARAMETERS 2K MODE, 16-QAM MODULATION.
oL
i Methods AG Aopt
. @B) | (dB)
" M=8, 1 =n/16 2.58 20
M=8, u =n/32 2.66 20
: : | Proposed [ =16, . =n/16 2.07 14
: : 5 method  ™"M=16, 4 =n/32 2.17 14
4@ ; ; ; i i M=32, u=n/16 1.61 6
7 7.5 =] 8.5 =] 9.5 10 10.5 11 11.6 12 M:32 u :11:/32 1 88 8
[eB] - ! .
Figure 2. CCDF performance oftnultiplicative law in discreliemain Gradient CLIP=3 dB 1.62 _
' ' method CLIP=5 dB 2.01 -

We note that the performance in discrete domadgtightly The PAPR gain performance slightly decreases when M
worse than the one of SOCP solution and it dep@ndthe increases, but we note that the optimum valuel célso
value ofd . Then, we present in figure 3 the PAPR gain indecreases when M increases. This is important kec#u
terms of CCDF, in comparison with theoretical PARR,a means that we can reduce pilot's power when inargathe
function of A. ¢ and Avarying from 0 to 2 with step of number of _subcarrlers used for PAPR reduction. _

n/8, n/16 andn/32, are considered. This gain is evaluated at S|mqlat|ons re;ults a]so show that the channelonm.ls
CCDF=10’. It is also compared with the SOCP solution forwe” estimated using this approach._ As a c_onseqa;eﬂms

o ) method allows avoiding the use of pilots dedicdtedPAPR
multiplicative law (A contmuogs) and the Walsh-Hadamard reduction, as TR pilots in DVB-T2 standard, imprayialso
sequences method presented in [12], named OPS dnetho

spectral efficiency.
The system performance improves when the step ahd
A becomes smaller. This is because the number ot pil

combinations increases when this step decreasesedh _ prof - COl
reduction and channel estimation method. Pilotdodéed for

V"’;‘I.UCE;] thg]'spi\tgg\; thz_rr? G.’:'S:Zr%r;e gfptlggg:ve:i:gh;osr . channel estimation have been used for both PAPRctied
whi gain | @nd channel estimation purposes. These pilots wWellb

V. CONCLUSIONS
In this paper, we have proposed a novel combineBRPA



particular laws in order to allow their detectidnttze receiver.
Additive and multiplicative laws have been thenestigated.
By operating these laws in discrete domain, thetegys
performance is improved because residual estimagioor in

continuous domain is avoided. Simulations showeat h

discrete domain, multiplicative law is much bettean additive
law. Performance of the proposed method with mlidafive

law in discrete domain was than evaluated using EB
parameters. Simulations shoed that it can achietie2u7dB in

terms of PAPR gain. In comparison with DVB-T2 start

proposed method presented better PAPR gain thagraagent
method initially proposed in DVB-T2. In terms of espral

efficiency, proposed method avoided the use of cdeed

pilots, which are equal to 1% of subcarriers in DVB

standard specifications, improving also spectréitieficy of

the system.
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