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Abstract  The generation of suitable orthogonal 
frequency division multiplexing (OFDM) signals on 
the grounds of fully digital signal processing is con-
sidered. The main objective is to obtain a discrete-
time signal with adequate allocation of power emis-
sions in both, in-band portion (i.e., the allocated 
band for communication) and out-of-band portion 
(i.e., the band allocated to adjacent channels) of the 
spectrum. The proposed method prevents the trans-
mitter from using traditional filtering techniques, to 
keep under control power emissions in the system. In 
addition, the adaptability feature of our proposal 
makes its implementation attractive within cognitive 
radio (CR) and software defined radio (SDR) OFDM-
based systems. Our spectral shaping approach is 
based on an optimum interpolation, obtained from 
the combination of an inverse fast Fourier transform 
(IFFT) and a spectral precoding operation, both of 
them transparent from the perspective of a conven-
tional (legacy) OFDM receiver. 

Keywords  Correlated interpolation, IFFT, 
double-length, OFDM, N-continuous, symbol merg-
ing, spectral precoding, spectral shaping. 

I. INTRODUCTION 
Orthogonal frequency division multiplexing (OFDM) is 
an attractive modulation technique that is not only wide-
ly used in current commercial systems (e.g., xDSL, 
DVB, WiFi, and WiMAX), but it also represents the se-
lected candidate to be implemented in the air interface 
of future high-speed mobile communications standards 
(i.e., LTE and LTE-Advanced). The available spectrum 
in an OFDM transmission is occupied by orthogonal 
subcarriers, which are utilized to convey parallel data 
streams across non-interfering portions of the channel. 
The use of OFDM allows to exploit effectively both, the 
frequency- and time- domain dimensions of a (slowly 
varying) frequency selective fading channel, as it admits 
simple single-tap equalization using a cyclic prefix (CP) 
(Hwang et al., 2009). Another important property is the 
possibility of implementing the required transmit signal 
processing operations completely in the digital domain, 
using the well-known and efficient fast Fourier trans-
form (FFT) algorithm. Nevertheless, the implementation 
of OFDM in practice comes with many challenges. For 
example, high levels of out-of-band power emissions 
may be generated in transmission (due to discontinuities 
in the time-domain OFDM signal) if no corrective 
measures are taken. Trying to alleviate this problem, in 

this paper we focus on the use of a novel interpolation 
method that we named correlated interpolation (CI), as 
a simple way to achieve a suitable spectrum shape of the 
output signal in a practical system implementation.  

An OFDM signal is a sequence of OFDM symbols, 
each one consisting of a collection of modulated or-
thogonal subcarriers. Since the amplitudes and phases of 
the subcarriers are often statistically independent, 
OFDM symbols are considered independent as well. 
Due to this phenomenon, the concatenation of OFDM 
symbols introduces discontinuities in the corresponding 
time-domain signal, or equivalently, high levels of out-
of-band power emissions are generated. The simplest 
solution to this problem consists in using filtering tech-
niques that limit this undesired power leakage out-of-
band; nevertheless, the main drawback of such an ap-
proach is a reduction in the effectiveness of the CP that 
is introduced (van de Beek and Berggren, 2009a). 
Mahmoud and Arslan (2008) proposed an interesting al-
ternative to control this problem, which is basically 
based on implementing adaptive symbol transitions 
when generating the OFDM signal. However, the main 
drawback in this case is the necessity to update the 
transmitter signal processing on a per-symbol basis, in-
creasing as a consequence the complexity of the system 
(i.e., its implementation requirements).  

This work focus on the generation of OFDM signals 
that comply with common quality requirements speci-
fied by emission masks, such as the ones that are pre-
sented in LTE specifications (3GPP 36.211, 2012). In 
other words, we address the generation of an over-
sampled digital signal that improves the spectral alloca-
tion of power in both, in-band and out-of-band regions. 
The key idea behind our proposal is based on correlat-
ing two OFDM symbols in frequency-domain, to obtain 
a continuous behavior in time-domain by means of the 
CI. This is obtained using an inverse discrete Fourier 
transform (IDFT) representation with double length, 
when compared to the one that is used in conventional 
OFDM transmissions. At that time, the concatenation 
points in the resulting sequence of OFDM symbols will 
show a continuous behavior in half of the original merg-
ing points (that correspond to the whole OFDM trans-
mission). A preliminary version of this merging concept 
was previously presented in Lizarraga et al. (2011a).  

A spectral precoding technique is additionally intro-
duced in this paper, with the ultimate goal of guarantee-
ing a continuous time-domain behavior in the remaining 
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concatenation points of the OFDM signal (i.e., in those 
time instants where the previously introduced CI pro-
cessing is not able to provide a smooth transition). Un-
like the scheme given by Mahmoud and Arslan (2008), 
this procedure consists of a static precoding, and does 
not necessitate extra spectral resources for its imple-
mentation like in alternative proposals (e.g., Chen et al., 
2011). Simulation results show an important reduction 
in the out-of-band power emissions, when compared to 
alternatives previously reported in the literature (e.g., 
van de Beek and Berggren, 2009b). Moreover, a lower 
distortion in frequency domain is observed, when using 
the error-vector magnitude (EVM) as performance 
measure to assess this effect.  

The rest of this paper is organized as follows. Section 
II presents the OFDM signal equations that are used 
throughout this work. The fundamentals of both, CI 
scheme and reduced distortion precoding proposal are 
presented in Section III and Section IV, respectively. 
Section V covers the channel modeling and the system 
operation at the receiver side, while simulation results 
are given in Section VI. Finally, Section VII shows the 
main conclusions.  

Notation: Vectors are indicated in bold and lower-
case letters, unlike complex or real scalar numbers. Ma-
trices are indicated in bold with capital letters. Super-
scripts {}T, {}H, {}-1 represent transpose, Hermitian, and 
inversion, respectively. Notation 0M N indicates the 
M N matrix with all-zero entries, while IM stands for the 
M M identity matrix.  

II. CONVENTIONAL SIGNAL MODELING 
Let us define s(t) as a continuous time OFDM signal 
composed by the concatenation of successive OFDM 
symbols si(t), i.e.,  
 

i
i iTtsts )()( . (1) 

Thus, the i-th symbol si(t) has a duration T, and derives 
from the sum of K orthogonal subcarriers belonging to 
the so-called subcarrier allocation scheme K, i.e.,  

 
i

T
K

k
kkii ttpdts dp )()()(

1

0
,

. (2) 

The amplitude and phase of each subcarrier is deter-
mined by the k-th complex symbol di,k (obtained from a 
prior complex modulator). Complex symbols are 
grouped into the K-element column vector di. The K-
element column vector p(t) contains at each entry the 
corresponding subcarrier signal pk(t)=ej2 (k/Ts)t for t T.  
The interval T

 
 is defined as [-Tg,Ts), where Tg and Ts 

represent the duration of the CP and the symbol period, 
respectively (with T=Tg+Ts). Note that the total symbol 
rate is determined by the relation K/T. 

A sampled version of the i-th symbol without CP can 
be written as si=(1/K)FH

 
di, where F={Fq,k} represents 

the K-point discrete Fourier transform (DFT) by means 
of a matrix with elements Fq,k=exp(-j2 qk/K), with both 
q,k=0,…, K-1.  Then, this matrix-vector approach can 
be with elements replaced by an inverse fast Fourier 
transform (IFFT) calculation (to take advantage of well-

known efficient algorithms), i.e., 
 }1,...,1,0{),(IFFT)( KKts ii Kd , (3) 
where IFFT(a,b) represents the IFFT calculation with b 
points applied on the a vector. As stated by balanced 
subcarrier allocation schemes defined in several stand-
ards, we consider the case  
 }2/,...,1,1,...,2/{ KKK , (4) 
which is included in 3GPP 36.104 (2012). To comply 
with this subcarrier mapping, uK

i=CSH(dK
i,K/2) can be 

applied as argument of the IFFT operation, considering 
dK

i=(di,0, ..., d i,K/2-1, 0, d i,K/2 , ..., d i,K-1)
T 

and assuming 
that CSH(a,b) represents a circular up-shift operation of 
b positions in the column vector a. This allows us to get 
the output signal 
 )1,(IFFT Kii

KK us , (5) 
which is an expression equivalent to (3), but considering 
(4).  

In applications such as software defined radio (SDR) 
and cognitive radio (CR) (Pawelczak et al., 2011), the 
bandwidth that is considered to generate the output sig-
nal is allowed to be larger than the bandwidth that is as-
signed to the in-band channel. The aim in this case is to 
have the power emissions adequately accommodated 
within certain (and possibly variable) emission mask. 
To achieve this goal, an oversampled discrete-time out-
put signal is required. Oversampling is related to inter-
polation, and it does not demand extra bandwidth re-
sources for communication purposes. Let us define η as 
the oversampling factor. Then, following a similar ap-
proach to the one presented in (5), we are able to obtain 
an oversampled discrete-time output signal from  
 )1(,IFFT Kii

KK us , (6) 

where K
iu  can be seen as a conventional zero-padded 

version of K
iu , defined by  

 T
KiKiKKiii uuuu KKKKK

,12/,)1)(1(12/,0, ,...,,,,..., 0u , (7) 

At this stage, K
is  attains the form of a vector with 

(K+1)η entries, containing the oversampled output sig-
nal. The classical CP insertion can be performed by the 
extension T

Kiii ss ),...,( 1)1(,0,
KKKs , where υ=Tg/Ts 

represents the CP fraction (i.e., the guard interval frac-
tion). An OFDM symbol with CP is then obtained by 
means of concatenation, and is given by 

T
iii ),(CP, KKK sss . The corresponding non-

oversampled expression (i.e., CP,K
is ) results when set-

ting η = 1. Here, we emphasize that the concatenation 
between the original signal and its cyclic extension gen-
erates a continuous signal at the merging point. This fol-
lows from the cyclo-stationary property of the IDFT, 
which shows continuity between the first and last point 
of the Fourier anti-transformed signal (see Fig. 1 in 
Lizarraga et al., 2011a). 

III. CORRELATED INTERPOLATION  
The IFFT calculation of a conveniently zero-padded 
vector produces a continuous interpolated signal, which 
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still shows a smooth transition between the first and the 
last point. Based on this observation, the avoidance of 
discontinuities using a convenient IFFT processing 
when generating a sequence of OFDM symbols arose 
for first time. As previously stated, our goal is to exploit 
this property to reduce out-of-band power emissions in 
an OFDM-based system.  

In the first instance we consider an OFDM signal that 
has no cyclic prefix, by setting the value υ=0. In this sit-
uation, it is valid to take into account the concatenation 
point between successive symbols with indexes i and 
i+1, for even values in i. Then, our proposal is based on 
obtaining a discrete-time signal that is equivalent to the 
one presented in (5) for sK

i and sK
i+1, but that is jointly 

obtained from a single IFFT calculation that uses a dou-
ble number of points. To achieve this representation, we 
start by defining  

 
KKK,

KKK,

1

1

1
1

2
1
2

1

iii

iii

k
uuFFΨu

uuu

H

, (8) 

where 
K

K
-j

K
-j

K
-j

eee )1(
1

)1(
0

)1( ,...,,diagΨ , and F rep-

resents the corresponding (K+1)-point DFT matrix. 
Then, we define the interlacing matrix 

 

;12,...,012,...,3,1 
for  ,

;12,...,02,...,2,0
for  ,

}{
1)1()1(

)1()1(1

.

KmKl

KmKl
E

KKK

KKK

ml I0

0I

E
(9) 

to produce the vector ui
K´=E (ui

K´,+, ui
K´,-)

T 
that contains 

(K+1) entries. With these definitions it is verified that 
 )1(2,IFFT),( 1 Ki

T
iii

K'KKK' usss . (10) 
If we now focus on the corresponding interpolated rep-
resentation, the expression si

K´=η IFFT(ui
K´,2(K+1)η) 

originates from 
 ,),...,,,,...,( 12,1,)1)(1(21,0,

T
KiKiKKiii uuuu K'K'K'K'K' 0u  (11) 

which is a conventional zero-padded version of ui
K´. 

Consequently, the analyzed concatenation points follow 
a continuous signal. Notice that some latency has been 
introduced in this approach. Since the OFDM symbol 
si

K´ has a double length, when assuming that the band-
width remains unchanged (or equivalently, that the 
sampling rate in the receiver is not modified), we obtain 
that the transmission interval may span two channel 
states. This is because the length of a conventional 
OFDM symbol is determined according to the 
stationarity of the channel. Meanwhile, if a frequency-
selective fading channel is considered, the insertion of 
CP is necessary (i.e., υ> 0 should be used). Given the 
equivalence in (10), it is possible to insert prefixes for 
si

K and sK
i+1 in the conventional manner. However, even 

though the insertion of a prefix in si
K does not affect the 

characteristics of our proposed scheme, the insertion of 
a prefix before sK

i+1  does alter the continuous behavior 

that was achieved in si
K´.  To address this problem, we 

define a cyclic suffix (CS) that is attached to sK
i+1. An 

additional difficulty appears when considering the dou-
ble-length interpolation. Since both, CP and CS must be 
extensions extracted from the single-length symbols, it 
is possible to show that an extension extracted from si

K´ 

implies the concatenation of signals that have no conti-
nuity. To overcome this difficulty, we consider the in-
terpolation difference, first introduced by Lizarraga et 
al. (2011a). It is possible to observe that at the time in-
stants closer to the middle part of the single-length peri-
ods, both interpolations (i.e., the double-length and sin-
gle-length interpolations) are similar. With these results, 
it is possible to express the output signal as  

 

T
KiiiKi

KiKi
´

Ki
´

Ki

´
KiKiiiKi

KiKiKii

ssss

ssss

sssss

sss

KKKK

KKKK

KKKKK

KKK

1)1(,1,0,1)1(,

12/1,2/1,1)1(2/3,12/1,

2/1,12/1,11,10,11)1(,1

2)1)(1(,11)1)(1(,1)1)(1(,1
CI

,...,,,

,...,,,,...,

,,,...,,,,...,

,,s

.(12) 

In this construction, the cyclic extensions are already 
included to deal with the channel dispersion in time-
domain. Later on, we will discuss the effect that these 
modifications have in the operation of a conventional 
(i.e., legacy) OFDM receiver. A block diagram of the 
proposed transmitter is presented in Fig. 1. In the fol-
lowing section, a complementary proposal based on 
spectral precoding is presented. Spectral precoding can 
be used in conjunction with CI, to further improve the 
performance of the OFDM-based system in the frequen-
cy domain.  

IV. SPECTRAL PRECODING  
According to the results presented in Lizarraga et al. 
(2011a, b), it is verified that the previous development 
fosters a performance improvement in terms of out-of-
band power emissions. This benefit appears due to the 
avoidance of discontinuities between consecutive 
OFDM symbols, with indexes i and i+1 for i even. After 
this, the interest is transferred to the rest of the concate-
nation points of the OFDM symbol sequence, that have 
indexes i and i+1 for i odd (i.e., the concatenation be-
tween successive double-length OFDM symbols). Tak-
ing into account this situation, we are now ready to de-
velop a precoding scheme that avoids the discontinuities 
that (might) still exist in the output signal. However, it 
is important to emphasize that the application of the CI 
can improve the performance of many other proposals 
for OFDM system optimization. Therefore, this ap-
proach provides a general method that can be applied 
for other purposes, beyond the out-of-band power emis-
sion involved here.  

 
Figure 1: Block diagram of the proposed OFDM transmitter. 
The correlation block supports the double-length symbols. 
Spectral precoding is applied to obtain additional improve-
ment in the performance of the spectral shaping method.  
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Our development follows a similar reasoning to the 
one presented by van de Beek and Berggren (2009b), 
and considers to have a continuous signal in the concat-
enation of two OFDM symbols with indexes i and i+1 
for i odd. When the signal and its first N derivatives are 
considered, the idea is to verify 
 

gg Tt
in

n

Tt
in

n

ts
dt
dts

dt
d )()( 1

 (13) 

for n =0,...,N. Then, a precoder can be designed using a 
non-injective linear transformation which, however, al-
lows an acceptable decoding complexity. To express the 
stated condition in matrix form, we introduce the row 
vector ρ={ρq} with entries (-K/2,...,K/2), and a matrix 
with dimension (N+1)

 
(K+1), i.e., 

 TNρρρA ,...,, 10 , (14) 
where superscripts 0,1,...,N in the elements indicate el-
ement-wise powers. After that, we define two (K+1)

 (K+1) diagonal matrices as  

 
),...,,(diag
),...,,(diag

21202

11101

2

1
K

K

jjj

jjj

eee
eee

Φ
Φ , (15) 

with 1=2π(1-υ) and 2=2πυ. Then, the vector vi 

=(uK
i,u

K
i+1)

T brings together two single-length frequen-
cy-domain OFDM symbols circularly rotated, and is de-
fined for even values of i.  Consequently, considering 

 
11

11

KK

KK

II
II

D , (16) 

the 2(N+1) 2(K+1) matrix defined by  

 D
AΦ0

0AΦ
B .

2)1()1(

)1()1(1

KK

KK , (17) 

can express the constraint in (13) as 1)1(2. Ni 0vB . This 
restriction holds for a pair of OFDM symbols slightly 
distorted in frequency domain. This distorted vector is 
represented as iii wvv , where the vector wi with 
2(K+1) elements identifies the distortion term. So, the 
precoding matrix can be now written as  
 BBBBIG 1

)1(2
HH

K
. (18) 

This matrix is used to project the non-distorted vector vi 
onto the null space of B (i.e., {x C2(K+1)|Bx= 02(N+1) 1}), 
yielding distorted vector ii Gvv .   

A. High-Order Continuity Restrictions  
The expression given for si

CI in (12) is achieved replac-
ing two fractions of the signal si

K’ by the adequate frac-
tions of si

K and s K
i+1.  Since the interpolations in si

K 
and s K

i+1 are not equal to the corresponding interpola-
tions in si

K’ (though they are similar as K grows), the 
concatenation of the fractions taken from si

K and s K
i+1 

with the fraction of si
K´ does not guarantee a strictly 

continuous behavior in the signal. However, due to the 
aforementioned similarities, the discontinuities that 
were found do not have large magnitude.  

Meanwhile, it has been observed that by specifying 
continuity orders greater than zero in the precoder de-

sign (i.e., N > 0), these discontinuities must be effective-
ly kept under control. This phenomenon can be taken in-
to account at the precoder, defining a pair of new re-
strictions for time instants t={1/2Ts, 3/2Ts}. An interest-
ing analysis is derived from (10); based on this equality, 
the new specification can be omitted for n=0. Addition-
ally, simulation results justify the observation that due 
to interpolation similarities, these additional restrictions 
can be set only for n=1 regardless of the value in N. 
That is, focusing solely on the first derivative constraint, 
we are able to control completely the out-of-band power 
emissions that are generated in these instants (regardless 
of higher order constraints that may be defined for the 
complete precoder). These simplifications allow to re-
duce the distortion in frequency domain, as well as re-
duce the complexity of calculating the precoding matrix 
G. Yet, this operation can be performed even offline. 

In this context, we develop some additional matrices 
to control double-length and simple-length interpola-
tions, i.e.,  

 
)2/,(CSH

)2/,(CSH

1)1()1(

)1()1(1

K
K

KKK

KKK

I0
0I

C , (19) 

 
H

KK

KKK

K
FFΨ0

0I
D

1
1'

)1()1(

)1()1(1 , (20) 

))1(,(CSH' )1(2 KKIC , ),...,1,0(' KA , ,...,0("A  
))1(2 K , and two diagonal matrices 

 
),,...,,(diag

),,...,,(diag
1241404

31303

4

3
K

K

kjkjkj

kjkjkj

eee
eee

Φ
Φ  (21) 

given the angles 3=πK/(K+1) and 4=πK/(2(K+1)). 
Then, two new restrictions matrices can be established 
according to  

 
.''""

,,''

4

)1()1(3

DCEDCΦAB
0ΦAB KK  (22) 

Finally, the precoding matrix can be computed using 
T",', BBBB , as BBBBIG 1

)1(2
HH

K .  

B. Distortion Evaluation  
The evaluation of our proposal considers that the decod-
ing is carried out in conventional (legacy) OFDM re-
ceiver. Based on simulation results, we will show that 
no output filter will be required to keep the power emis-
sions within pre-defined power masks (note that this is 
the main advantage behind our proposal). Nevertheless, 
the price to pay for the proposed precoding operation is 
a slight distortion in the frequency domain. To evaluate 
this phenomenon in quantitative way, the observed lev-
els of distortion are assessed using the performance 
measure defined by 3GPP 36.104 (2012), i.e.  
 }{}{EVM 22

iii EE vvv . (23) 

It is important to notice that for the precoder presented 
in (18), the latter expression reduces to  
 



E.M. LIZARRAGA, A.A. DOWHUSZKO, V.H. SAUCHELLI, S.H. GALLINA 

265 

Figure 2: Error-vector magnitude for various continuity con-
straints N. Continuous lines with filled markers indicate the 
obtained distortion for our proposed approach, while dashed 
lines with void markers show the performance for single-
length precoding.  

 
Figure 3: Power spectral density. Filled markers indicate the 
CI performance, while void markers show the performance for 
previous schemes presented by van de Beek and Berggren 
(2009b).  

 
1
1EVM 0)( K

N
N

. (24) 

This value represents distortion which is significantly 
lower than the one achieved by van de Beek and Berg-
gren (2009b), since the equivalent number of constraints 
in our precoder is half the number that was previously 
treated. This enhancement enables the use of higher-
order complex modulation schemes, with the corre-
sponding improvement in the achievable data rates of 
the system.  

Accordingly, since in (22) two new constraints are 
added for the N >0 case the EVM expression becomes  

 
1
2EVM 0)( K

N
N

. (25) 

This result indicates that distortion is increased; never-
theless, it holds a value significantly lower than the one 
reported in the work by van de Beek and Berggren 
(2009b). These relationships are shown in Fig. 2 for dif-
ferent values of N.  

V. RECEIVER OPERATION  
The obtained signal has a fundamental difference when 
compared to conventional OFDM transmission: the con-
formation of the signal si

CI adjusts to scheme that inserts 
CP before si

K, and appends a CS after sK
i+1 (where i 

takes even integer values). At this stage, it is important 

to highlight three observations. The first one relates to 
the processing introduced to achieve the signal si

CI, 
which is performed at the transmitter. The second one 
arises from considering that this processing is transpar-
ent to the receiver, assuming conventional sampling rate 
and proper timing. The third observation is that the re-
ceiver must perform both, CP extraction and CS extrac-
tion, treating the received OFDM sequence containing 
double-length symbols in the same way as the sequence 
would be treated if it contains single-length symbols. 
Alternatively, we can focus on the operation of the re-
ceiver and analyze that for a minimum sampling rate, 
vector 
 T

Kiiii sss ),...,,( CI
1)1)(1(2,

CI
1,

CI
0,

MSCIs , (26) 
is obtained from si

CI. Then, we divide this vector into 
two parts of equal length, i.e., si

CI-MS=(si
CI-MS,1,si

CI-MS,2)T. 
Note that si

CI-MS,1 and si
CI-MS,2 reduce to si

K and sK
 i+1 

when eliminating the CP and CS, respectively. Howev-
er, if only CP extraction is applied on both sequences, 
si

CI-MS,1 turns into si
K, while si

CI-MS,2 turns into  

)(
)1(2

1
1

1
1

K
i

H
i K

uΥFs  

where  
 ).,...,,(diag 21202 Kjjj eeeΥ  (27) 

An important result emerges from previous expres-
sion: the extraction of CP in symbols with annexed suf-
fix produces a distortion in the frequency domain, 
which can be interpreted as a rotation in the phase of 
each subcarrier. Consequently, if this distortion is taken 
as part of the effect of the channel, we conclude that this 
is compensated by the equalizer of a conventional re-
ceiver. This important result justify the use of our tech-
nique in system with conventional receivers.  

VI. SIMULATION RESULTS  
The proposed system is evaluated by the aid of numeri-
cal simulations. The first analysis uses a configuration 
with K=600 subcarriers, allocating to each subcarrier an 
equal fraction of the total average transmit power (fixed 
to 46 [dBm]) when using 16-QAM modulation.  The 
timing  parameters  are  set  to  Ts = 1/15  [ms]  and  
Tg=9/128Ts.  All these settings are in accordance to 
3GPP UTRA/LTE specifications in 3GPP 36.104 
(2012). The OFDM transmission is implemented in 
both, traditional way (i.e., using single-length symbols) 
and using our new proposal (i.e., implementing double-
length symbols). Power spectra are estimated by means 
of Welch’s averaged periodigram method, with a 8192-
sample Hanning window and a 1024-sample overlap for 
an observation time of 1 [s].  

The power spectral density for each order of continui-
ty is shown in Fig. 3. The results show a reduction in 
out-of-band power, keeping a constant gap in the area of 
adjacent channels when compared to the conventional 
system. It is worth noticing that this feature is manifest-
ed for both, the precoding-free scheme and the scheme 
with precoding for N =0, 1, 2, 3, 4. It is observed that, at 
5 [MHz] from the central frequency of  
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Figure 4: Reduction gap observed for different subcarriers 
numbers according to various continuity orders in the 
precoder.  

 
Figure 5: Symbol error rate for a conventional single-length 
transmission (dashed lines), and the CI approach proposed in 
this work (continuous lines). Both, AWGN channel and quasi-
stationary Rayleigh fading channels are considered for various 
distortion settings depending on the precoder order.  
 
the assigned band, the requirements of the power mask 
in presence of single-length OFDM transmission are 
verified using a continuity order N=2. On the other 
hand, when implementing double-length OFDM trans-
mission, the requirements of the mask are already satis-
fied with unitary continuity order (i.e., for N=1). This 
analysis shows that the proposed technique reduces the 
out-of-band power emission, at the expense of introduc-
ing a low distortion (see Fig. 2).  

The reduction in out-of-band power emissions that is 
obtained by using CI presents a constant gap. This result 
allows a significant reduction in the out-of-band emis-
sions for frequencies near the limits of the allocated 
band (but outside this band). This behavior is difficult to 
achieve by conventional filtering. In this context, we 
analyze the reduction gap that is observed for both, dif-
ferent numbers of subcarriers and various orders of con-
tinuity at the precoder. These results are shown in the 
Fig. 4, where gaps values in the order of 3 [dB] are ob-
served in most cases. We note that a smaller gap was 
observed when the precoder targets high orders of con-
tinuity in presence of a reduced number of subcarriers 
(e.g., when N = 4 and K=300).  

The performance has also been evaluated in terms of 
symbol error rate, in presence of additive white Gaussi-
an noise (AWGN) channels and Rayleigh fading chan-

nels. The first case is considered by assuming a com-
plex-valued zero-mean Gaussian noise vector with co-
variance matrix σn

2 
IK+1, and a channel frequency re-

sponse Hi=IK+1. In the second case, a frequency-
selective fading channel is represented using a complex-
valued diagonal matrix Hi, corresponding to a hi vector 
with υ(K+1)+1 elements (i.e., an stochastic vector with 
zero-mean unit variance complex Gaussian entries). 
Figure 5 shows the symbol error rate that is achieved for 
K=600 by both, a conventional single-length transmis-
sion and our proposed double-length transmission 
with/without spectral precoding (SP). In all cases, a 
conventional OFDM receiver is used to decode the 
symbols. The degradation introduced by the precoding 
is mainly reflected in the error floors. Yet, the minor 
distortion that our proposed scheme introduces reduces 
this disturbance significantly in both, AWGN and Ray-
leigh channel cases.  

To conclude, we would like to mention that the peak-
to-average power ratio (PAPR) of the system is not af-
fected when using our proposed method. This is because 
the double-length IFFT calculation is applied on a pre-
viously correlated vector (in frequency domain). In this 
manner, the obtained PAPR is equivalent to the one that 
is observed when analyzing two independent single-
length symbols. So, the number of subcarriers that could 
be added to produce a peak is only K, rather than 2K. 
Numerical simulation results were obtained to justify 
this interpretation; nevertheless, they are not included 
here since they do not provide additional insights to the 
main topics already discussed in this work.  

VII. CONCLUSIONS  
The generation of suitable orthogonal frequency divi-
sion multiplexing (OFDM) signals was studied in this 
paper, using a practical spectrum shaping method that 
enables the mitigation of out-of-band power emissions. 
To achieve this goal, the use of a correlated interpola-
tion (CI) of OFDM symbols was first studied. After 
that, the use of spectral precoding was also considered. 
Numerical simulations were carried out to evaluate the 
performance of our proposed spectrum shaping method. 
Important improvements have been observed in various 
performance measures, when compared to the perfor-
mance results that are observed when using similar 
methods that were previously reported in the literature. 
Since our method generates the OFDM signal in a com-
pletely digital way, its implementation in practice can 
be done robustly, without new (and usually costly) 
hardware modifications at the transmitter side. Due to 
no modifications are required at the receiver side, the 
same legacy OFDM processing can be used.  
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