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Abstract

With the rapid development of wireless communication, the spectrum resource becomes rare, and research on
utilization of limited spectrum resource becomes more popular, especially in fifth generation (5G) mobile
communication system. Some efficient frequency division multiplexing systems, such as spectrally efficient frequency
division multiplexing (SEFDM) system, can improve spectrum utilization by further compression of the distance
between subcarriers with respect to orthogonal frequency division multiplexing (OFDM) carrier structure. This idea of
further compressing bands will efficiently solve the problem of scarce spectrum resource in future. However, this kind
of systems exist strong self-caused inter-carrier interference (ICI) due to non-orthogonal subcarriers employment,
which poses a great challenge to the design of receiver. In this paper, a receiver designed with iterative ICI
compensation (IIC) for SEFDM is proposed, which has excellent bit error rate (BER) performance and low complexity.
Simulation results show that the BER performance of system under iterative ICI compensation receiver is almost same
as traditional combining iterative detection and fixed sphere detection (ID-FSD) scheme with large bandwidth
compression factor (BCF). But the complexity of the proposed method is lower than that of ID-FSD.
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1 Introduction
In multi-carrier transmission systems, orthogonal fre-
quency division multiplexing (OFDM) is always referred
to the classical transmission mode with its high spectrum
utilization ratio and simple transmission/reception equip-
ment, but fifth generation (5G) requires a transmission
system with higher spectrum utilization than OFDM. As
an underlying technique, flexible waveforms are required
in 5G networks to address the coming challenges. In 5G
network, a fundamental requirement of waveform design
is to support asynchronous transmission in order to avoid
large overhead of synchronization signaling caused by
massive terminals. Although OFDM has been used in
long-term evolution (LTE), it can hardly meet the above
requirements because the orthogonality among subcarri-
ers cannot be maintained in asynchronous transmission.
In 2003, I. Darwazeh proposed a highly efficient fre-

quency division multiplexing technology (SEFDM) [1].
Establishment of this communication system is based
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on the OFDM system. OFDM system makes the adja-
cent sub-carriers orthogonal by compressing the sub-
carrier spacing appropriately and increases degree of
overlap between each other, which saves a lot of spectrum
resources. While SEFDM system can improve spectrum
utilization by the further compression of the distance
between sub-carriers based on OFDM carrier structure
[2–4]. The comparison of the spectral structures of the
two systems is shown in Fig. 1. If this idea of further com-
pression bands is applied to the next generation of the
terrestrial, airborne and satellite communications system,
it can solve the problem of rare spectrum resources in
future.
SEFDM is one of the candidate technologies for 5G

system. However, further compression of the distance
between sub-carriers makes the performance of bit error
rate (BER) much worse than that of OFDM system with
traditional detection method. Efficient spectrum utiliza-
tion is one of the main research points in 5G. Therefore,
it is necessary to further research the related problems in
efficiency frequency division multiplexing.
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Fig. 1 The comparison of the spectral structures of OFDM and SEFDM with eight subcarriers

Due to the further compression of frequency band,
orthogonality between sub-carriers is destroyed, and
more complex detection mode is needed to overcome
the inter-carrier interference (ICI) and detect the signal
[5]. So far, many detection methods for SEFDM system
have been proposed such as iterative detection (ID) [6],
sphere decoders (SD), truncated singular value decom-
position (TSVD), fixed complexity sphere decoder (FSD),
combining truncated singular value decomposition and
fixed sphere detection (TSVD-FSD) and combining itera-
tive detection and fixed sphere detection (ID-FSD) [7, 8].
All these methods are suitable for SEFDM system [9–12].
However, each detection method has its own disadvan-
tages. For example, the BER performance of ID and SD is
worse than that of ID-FSD. But the complexity of ID-FSD
is higher than that of ID and FSD. ID-FSD is considered
to be the best detection method so far in terms of BER
performance.
In this paper, a new receiving method named iterative

ICI compensation (IIC) receiver for SEFDM is proposed,
which has better BER performance and lower complexity
than ID-FSD. The method of iterative ICI compensation
receiver is a hybrid one, which combines ID and ICI
compensation (IC) receiver.
The rest of this paper is arranged as follows. Section 2

describes the principle of the SEFDM symbol generation
and whole frame of traditional SEFDM system. The prin-
ciple of proposed IC and comparison with other detection
methods are depicted in Section 3. Simulation results
and conclusion are given in Section 4 and Section 5,
respectively.

2 Principle of symbol generation and system
model

Figure 2 shows the principle of SEFDM symbol genera-
tion [13]. This figure explains how to use inverse Fourier
transform to generate SEFDM symbol whose subcarriers
are not orthogonal. For example, number of subcarri-
ers is eight, and bandwidth compression factor (BCF).
Solid figure in Fig. 2 represents frequency sample points
of the 8-point SEFDM symbol. Solid figure and hollow
figure represent the frequency sample points of 16-point
inverse discrete fourier transform (IDFT) operation. From
this figure, we can see that the generation of an 8-carrier
frequency-division multiplex symbol is equivalent to an
IDFT of 16-point data symbols with 8 invalid data 0 at the
end. When the number of subcarriers is same, frequency
sample points of each subcarrier in SEFDM symbol are a
half of that in OFDM symbol. The diamonds in the figure
represent frequency sample points of 8 carrier OFDM
symbols.
Figure 3 shows the flow chat of SEFDM system. Con-

sidering the generation of a single SEFDM symbol [14],
original signal becomes a digital source signal composed
of several QAM symbols after sampling, source coding,
and constellation mapping. The digital source signal is
converted into parallel data by serial-to-parallel conver-
sion. Suppose that parallel data after serial-to-parallel
conversion is a N- points data and bandwidth compres-
sion factor is α. In order to generate SEFDM symbols,
1−α
α

N zeros are added to the ends of the N- points data
and followed by IDFT of length N

α
. After IDFT processing,

a N
α
points data is acquired. Then, at the end 1−α

α
N points
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Fig. 2 SEFDM symbol generation schematic

are removed. The remainingN- point data is SEFDM sym-
bol to be transmitted. We regard this algorithm as band
compression algorithm.
In the transmitter, complex symbol is generated by sym-

bol mapping and then the SEFDM symbol is generated
by band compression algorithm. Specific steps for the
process are as follows.

2.1 Symbol mapping
The purpose of symbol mapping is to generate constella-
tion mapping complex symbols, which are mapped into
complex symbols by a group of symbols through differ-
ent modulation schemes by 0, 1. Suppose that number of

modulation phase is m, number of transmitted informa-
tion symbols is n, and the number of complex symbols
after mapping is e. After grouping the information 0, 1
binary symbols, each group of symbols is mapped to a
complex symbol. Number of binary symbols is h, number
of modulation phases of each group ism, and the number
of complex symbols after mapping is e, where h = log 2m,
e = n

h .
Each group of information symbols are mapped into

different constellation points on complex plane by a cer-
tain rule, and a group of modulation symbols of different
phases is formed. According to the constellation points,
increase of the number of original symbol elements of

Fig. 3 The generation of SEFDM symbol
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each group is equivalent to the improvement upon the
transmission efficiency to a certain extent. Under four-
phase constellation mapping, mapping rule of the binary
inforfig:3mation symbol to the symbol position on thefig:2
complex plane is as follows:

Qi,k = (−1)i+1 1√
2

+ j(−1)k+1 1√
2
, (i = 0, 1; k = 0, 1)

(1)

Under four-phase constellation mapping, m = 4, h =
log2m = 2. Mapping rule is given as follows:

(0, 0) → ej
5π
4

(0, 1) → ej
3π
4

(1, 0) → ej
7π
4

(1, 1) → ej
π
4

(2)

2.2 Non-orthogonal processing of subcarriers
In this section, the complex symbols are modulated into
a set of non-orthogonal subcarriers to generate SEFDM
symbols. SEFDM signal is composed of several groups of
symbols and each group carryingN complex symbols.T is
the cycle of data transmission. Each set of N-dimensional
complex symbols is modulated into a set of mutually
overlapping, non-orthogonal sub-carriers, and modulated
SEFDM signal x(t) has the following form [15]:

x(t) = 1√
T

∞∑

l=−∞

N−1∑

n=0
sl,nej

2πnα(t−lT)
T (3)

where α is the bandwidth compression factor, α = �f ×T ;
�f is the subcarrier spacing; T is the SEFDM symbol
interval; N is the number of subcarriers; sl,n is the nth
subcarrier in the lth SEFDM symbol.
Discrete SEFDM signalX [k] is obtained by sampling the

continuous form signal with the sampling interval T
N .

Xl [k] = 1√
N

N−1∑

n=0
sl,nej

2παnk
N (4)

whereN is the number of subcarriers and denotes number
of sampling points in one period.Xl[k] is the kth time sam-
ple point on lth symbol, 1/

√
N is normalization constant.

Matrix form of the system is shown as follows:

Xl = � × Sl (5)

where Xl is data vector corresponding to the lth SEFDM
symbol, Xl = [Xl [0] ,Xl [1] . . . . . .Xl [N − 1]]T, Sl is the
complex data vector, Sl = [

sl,0, sl,1, sl,2, . . . , sl,N−1
]T, and

� is a matrix whose size is N × N , which can be repre-
sented as follows:

⎡

⎢⎢⎢⎢⎢⎢⎣

ϕ1,1 ϕ1,2 · · · · · · ϕ1,n
ϕ2,1 ϕ2,2 · · · · · · ϕ2,n
...

...
. . .

...
...

...
. . .

...
ϕk,1 ϕk,2 · · · · · · ϕk,n

⎤

⎥⎥⎥⎥⎥⎥⎦
=

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

1√
N ej

2πα1
N 1√

N ej
2πα2
N · · · · · · 1√

N ej
2παn
N

1√
N ej

2πα2
N 1√

N ej
2πα4
N · · · · · · 1√

N ej
2πα2n

N

...
...

. . .
...

...
...

. . .
...

1√
N ej

2παk
N 1√

N ej
2πα2k

N · · · · · · 1√
N ej

2παkn
N

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(6)

In other words, the element in the matrix is ϕk,n =
1√
N ej

2παnk
N , where 0 ≤ n < N , 0 ≤ k < N .

3 Detectionmethods for SEFDM system
So far, many detection methods for SEFDM system have
been proposed such as ID, SD, TSVD, FSD, TSVD-FSD,
and ID-FSD [7]. All these methods are suitable for SEFDM
system.However, each detection method has its own dis-
advantages. For example, the BER performance of ID and
SD is worse than that of ID-FSD. But the complexity of
ID-FSD is higher than that of ID and FSD. ID-FSD is con-
sidered to be the best detection method so far in terms of
BER performance.
Figure 4 shows the frame of traditional receiver of

SEFDM system. This process is opposite to that of trans-
mitter. After the receiver get N- point data with AWGN
channel, 1−α

α
N zeros are added to the end of N- points

data and followed by discrete fourier transform (DFT)
of length N

α
. After DFT processing, a N

α
points data is

acquired. Then, 1−α
α

N points data are removed at the
end. The remaining N-point data is an estimate of the
transmitter symbol. Generally, this data should be further
processed with, for instance, ID, FSD, TSVD and so on.
Further processing is the key to this system in terms of
BER performance.
In this paper, an ICI compensation detection is pro-

posed, which has the same BER performance as ID with
appropriate number of iterations. In addition, a method
that named iterative ICI compensation combining ID and
IC is proposed, which has the same BER performance as
ID-FSD but has much lower complexity.
The discrete symbol model of SEFDM reception can be

represented as:

R = CS + Z (7)
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Fig. 4 The traditional receiver of the SEFDM system

where S denotes the N-dimensional vector of transmit-
ted symbols, Z represents the N-dimensional vector of
Gaussian noise, C is an N × N correlation matrix that
describes that the interference between the sub-carriers
and R is an N-dimensional vector of distorted symbols
after demodulating the received SEFDM symbols using a
DFT operation.

3.1 Iterative detection
ID has a good performance against interference and the
mapping strategy is illustrated in Fig. 5 [7]. It can be seen
that the whole constellation is divided into Zone A and
Zone B. Depending on zones where the received sym-
bols are located in, a different mapping strategy should be
employed.
Zone A is more credible to interference compared to

Zone B. In Fig. 5 the uncertainty interval is defined by
�d = 1−m/v, wherem is themth iteration, v denotes the
number of iterations. Only points that fall in Zone A can
be mapped to the corresponding constellation point. The
points within Zone B keep unchanged and left to the next
iteration. The interval is reduced gradually until it reaches

Fig. 5Mapping strategy

zero in the iteration process since the effect of ISI has been
canceled out in each iteration. The iterative operation is
shown below [7]:

Sn = R − (C − e)Sn−1 (8)

where R is the is the symbol matrix received by the
receiver; Sn is anN-dimensional vector of recovered sym-
bols after n iterations, Sn−1 is an N-dimensional vector
of estimated symbols after n − 1 iteration, e is an N × N
identify matrix.
ID aims to eliminate the ISI step by step. In (8), Sn−1 can

be seen as an estimate value of S and named
�

S
To simplify the problem, assuming that there is no noise,

which means R = CS . Then the equation of ID can be
written as:

Sn = R − (C − e)Sn−1

= CS − (C − e)
�

S

= CS − C
�

S + �

S

= �

S − (C
�

S − CS)

(9)

Equation (9) shows the principle of the process in ID.
In ID, some symbols in Zone A should be detected after

each iteration and replace the initial ones. However, these
symbols will be detected again in the next iteration since
Zone A becomes larger. It leads to the high complexity
in ID. So, a simplified ID algorithm which only uses (8)
to get the result may be more accepted in engineering
implementation.
From (8) we can get the complexity of ID: the num-

ber of complex multiplication operations in per iteration
is N2; the number of complex addition operations in the
first iteration is 2N2 and the number of complex addition
operations in the rest each iteration is N2. The reason of
the phenomenon is that the value of the factor (C − e)
has been calculated in the first iteration, which includes
N2 complex addition operations. Additionally, N is the
length of S.
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Fig. 6 Receiver for SEFDM with IC

3.2 ICI compensation
The proposed IC is a detection method, which is designed
specifically for SEFDM system. Unlike ID, FSD, and some
other detection methods, IC aims to optimize the data
before the DFT operation. In SEFDM system, some data
is deleted after the IDFT operation, which results in non-
orthogonal subcarriers. The IC aims to recover the data
deleted in the transmitter so as to eliminate the ICI, in
other word, compensate the loss caused by ICI. Theo-
retically, if the deleted data (the deleted 1−α

α
N data in

the transmitter) is recovered completely, the BER perfor-
mance of SEFDM system will be same as that of OFDM
system. The block diagram of receiver with IC is shown
in Fig. 6. The block diagram shows IC detection with
only one iteration. In practical operation, the number of
iterations should be decided based on the actual situation.
As is shown in Fig. 6, a matrix S′, whose initial value is

R, is made to be an estimation of matrix S in the trans-
mitter. We name the ICI compensation matrix IC, which
is expressed as :

IC = I × S′ (10)

where I is a matrix of size (K − N) × N , which is a block
matrix of IDFT matrix. N is the number of subcarriers in
one SEFDM symbol, K is the number of points of IDFT,
and K = N/α. It should be noticed that I is a bottom left
matrix of the IDFT matrix. If each element of the IDFT

matrix is expressed as xi,j, then the IDFT matrix can be
written as:

⎡

⎢⎢⎢⎢⎢⎣

x1,1 x1,2 · · · x1,K
x2,1 x2,2 · · · x2,K
...

...
. . .

...
xK−1,1 xK−1,2 · · · xK−1,K
xK ,1 xK ,2 · · · xK ,K

⎤

⎥⎥⎥⎥⎥⎦
(11)

Then matrix I can be written as:
⎡

⎢⎢⎢⎢⎢⎣

xN+1,1 xN+1,2 · · · xN+1,N
xN+2,1 xN+2,2 · · · xN+2,N

...
...

. . .
...

xK−1,1 xK−1,2 · · · xK−1,N
xK ,1 xK ,2 · · · xK ,N

⎤

⎥⎥⎥⎥⎥⎦
(12)

The specific operation process is as follows. In the
receiver, 1−α

α
N zeros are added at the end of R, and fol-

lowed by the DFT of length N
α
. After the DFT processing, a

N
α
points data is acquired. Then, 1−α

α
N points are removed

at the end. The remaining N- point data is an estimate of
the matrix S in transmitter. The matrix IC is made to add
at the end ofmatrixR instead of adding zeros and followed
by a DFT operation of length N

α
, which means the first

iteration is accomplished. After the processing, the data Ŝ
is much closer to the real data S. Then, another iteration
may be done according to the requirement of the system.

Fig. 7 Receiver for SEFDM with IIC
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The complexity of IC is calculated based on its principle.
firstly, a block matrix of the K × K IDFT matrix named
I is acquired. Then, the operation of I × S′ is done to get
the IC matrix. After that, the IC matrix is added at the
end of R instead of adding zeros and followed with a DFT
operation. Finally, the result is acquired after removing the
(K − N) data at the end.
As the size of matrix I is small, the amount of computa-

tion of I×S′ is not large. The number of complex multipli-
cation that I× S′ brings in one iteration is (K −N)N , and
the number of complex addition is (K −N)(N −1) . Then,
a DFT operation is needed. Generally, the number K is an
integermultiple of 2, which can replace DFTwith FFT and
make the operation more efficient. So, finally, the num-
ber of complex multiplication operations in per iteration
is K logK2 +(K − N)N ; the number of complex addition
operations in one iteration is K logK2 +(K − N)(N − 1).
It should be noticed that the matrix IC is generated by

I × S′ and S′ is made up of useful data after the DFT
operation other than the ignored data.

3.3 ID-FSD detection
Firstly, an initial radius is required which determines the
size of the search sphere, as in the equation below [7]:

�g ID = ||R − CS̄||2 (13)

where || • || donates the Euclidean norm. The initial radius
equals the distance between the sphere center and the ini-
tial constrained estimate S̄. Due to the ill conditioning of
SEFDM system, these initial estimates may deviate greatly
from the optimal points. Therefore, ID is employed to
calculate an improved initial radius.
The FSD block implements the SEFDM detection algo-

rithm using equation:

S̃ID−FSD = arg min
S̄∈ON

||R − CS̃||2 ≤ �g ID (14)

where S̃ is a detected symbol vector, O is the constella-
tion cardinality and �g ID is the initial radius transferred
from FSD-initializer. If finally no node is found within
the sphere, the ID constrained estimate is taken as the
solution S̄, as expressed in the equality below:

S̃ID−FSD = S̄ (15)

This is why the design contains a feed of the constrained
estimates from ID-Processor to the FSD block. In order to
simplify the squared Euclidean norm calculation, Eq. (14)
can be transformed into an equivalent expression using

Table 1 Complexity comparison

ID FSD IC

Multiplications N2 N3 + N2 + NM K logK2 +(K − N)N

Additions N2 N3 + N2−N + NM−M K logK2 +(K − N)(N − 1)

Table 2 Simulation parameters

Detector FFT size Subcarrier number α

ID 8 7,6 7/8,6/8

FSD 8 7,6 7/8,6/8

IC 8 7,6 7/8,6/8

ID-FSD 8 7,6 7/8,6/8

IIC 8 7,6 7/8,6/8

Cholesky decomposition. The transformation is carried
out using chol{C ∗C} = L ∗ L, where L is an N ×N upper
triangular matrix. Hence, (14) can be re-written as [7]:

S̃ID−FSD = arg min
S̄∈ON

||L(Ŝ − S̃)||2 ≤ �g ID (16)

The elements of C and Cholesky decomposition of C are
stored in this block, where cm,n are the elements of C
and are used for calculating the initial radius in Eq. (13).
lm,n denotes the elements of the upper triangular matrix
and are used for calculating squared Euclidean norm in
Eq. (16).
Additionally, QR decomposition is an alternative

method to transform Eq. (14). The transformation is car-

ried out using C = [Q1,Q2]
[
Ru
0

]
, where Ru is an

N × N upper triangular matrix, [Q1,Q2] is an N
α

× N
α

unitary matrix and Q1 is a N
α

× N matrix. Suppose that{
y = QH

1 R
�g ID2 = �g ID − ||QH

2 R||2 , (14) can be re-written as:

S̃ID−FSD = arg min
S̄∈ON

||y − RuS̃||2 ≤ �g ID2 (17)

Actually, it’s too complex to consider all of the situations
when deciding the value of each dimension in FSD. There-
fore, a simplified FSD is implemented in the paper. The
simplified method decides an exact value instead of a
range from the last dimension to the first dimension. It
makes the complexity much lower. However, this method
performs well only when the size of the system is small.

3.4 IIC detection
The principle of ICI compensation detection has been
described above. Matrix IC is the key to the performance
of the system. Matrix S′ determines the accuracy of IC.

Table 3 Simulation parameters

Detector FFT size Subcarrier number α

ID 16 15,14 15/16,14/16

FSD 16 15,14 15/16,14/16

IC 16 15,14 15/16,14/16

ID-FSD 16 15,14 15/16,14/16

IIC 16 15,14 15/16,14/16
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Fig. 8 Comparison of different SEFDM symbol detection schemes

So, if matrix S′ is an excellent estimation of real data, the
performance of ICI compensation detection will be much
better. For this, an improved method named IIC is pro-
posed in this paper. The flow chart of the receiver with IIC
is shown in Fig. 7.
The IIC combines ID and IC detection. Before per-

forming the IC operation, an ID operation is done, which
can provide a more accurate initial data for IC detection.

When combined with ID, the number of iterations in IC
can be reduced drastically, even to only once, which result
in the lower complexity.

4 Simulation results
The performance and complexity of ID, FSD, and pro-
posed detector are evaluated. The work in this paper is
to test the performance of our system. Therefore, 4-QAM

Fig. 9 Comparison of different SEFDM symbol detection schemes
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Fig. 10 Comparison of different SEFDM symbol detection schemes

modulation scheme is adopted throughout the simula-
tions and only an AWGN channel is assumed. Table 1
presents the complexity in terms of complex-valued mul-
tiplications and complex-valued additions. Some other
parameters in the simulation are shown in Tables 2 and 3.
Figure 8 shows the BER performance of IC and ID

schemes with α = 7/8, 7 useful subcarriers and α = 6/8,
6 useful subcarriers, in SEFDM system. Theoretical BER

curve of OFDM system is shown in the figure for compar-
ison. In this simulation, the number of iteration is 15 when
α = 7/8 and 50 when α = 6/8 in both ID and IC.
Figure 9 shows the BER performance of IC and ID

schemes with α = 15/16, 15 useful subcarriers, α =
14/16, 14 useful subcarriers, and the BER performance of
four different detection schemes with α = 7/8, 7 use-
ful subcarriers in SEFDM system. Theoretical BER curve

Fig. 11 Comparison of different SEFDM symbol detection schemes
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of OFDM system is shown in the figure for comparison.
In this simulation, the number of iteration is 15 when
α = 15/16; 100 when α = 14/16 in ID and IC; in IIC the
number of iteration is 10 in ID, and 1 in IC. Figures 8 and 9
illustrate that BER performance of ID is almost same as
that of IC. However, the computational complexity of IC
is much lower than that of ID. Additionally, from Fig. 9
we can see that under the detection of IIC, the system
has the same BER performance as that under ID-FSD
with α = 7/8 and 7 useful subcarriers in SEFDM sys-
tem. But the complexity of IIC is much lower than that
of ID-FSD.
Figures 8 and 9 illustrate that BER performance of ID

is almost same as that of IC. However, the computational
complexity of IC is much lower than that of ID.
Figure 10 shows the BER performance of ID-FSD and

IIC schemes with α = 6/8, 6 useful subcarriers and α =
15/16, 15 useful subcarriers in SEFDM system. Theoret-
ical BER curve of OFDM system is shown in figure for
comparison. In this simulation, the number of iteration is
50 in ID, and 1 in IC when α = 6/8 and the number of
iteration is 10 in ID, 1 in IC when α = 15/16. Figure 10
shows that when α = 6/8 and six subcarriers are useful
in SEFDM system, the BER performance of ID-FSD is bet-
ter than that of IIC. Only when the SNR is much larger,
the BER can achieve an acceptable value in IIC. Addition-
ally, from Fig. 10, we can see that under the detection of
IIC, the system has the same BER performance as that
under ID-FSD with α = 15/16 and 15 useful subcarri-
ers in SEFDM system. But the complexity of IIC is much
lower than that of ID-FSD.
Figure 11 shows the BER performance of different detec-

tion schemes with α = 14/16 and 14 useful subcarriers in
SEFDM system. Theoretical BER curve of OFDM system
is shown in the figure for comparison. In the simulation of
IIC, the number of iteration is 100 in ID, and 1 in IC and
in ID-FSD the number of iteration is 10 in ID. Figure 11
shows that when α = 14/16 and 14 subcarriers are use-
ful in SEFDM system, the BER performance of ID-FSD is
better than that of IIC. Only when the SNR is much larger,
the BER can achieve an acceptable value in IIC.
It can be seen from these figures that in case of small α,

more iterations are required to converge the BER curve,
and increase the number of subcarriers means the
increase of ICI strength, which makes the performance of
BER worse.

5 Conclusions
SEFDM yields higher spectral efficiency than OFDM
by employing non-orthogonal sub-carriers. The deliber-
ate collapse of orthogonality property in SEFDM sys-
tems necessitates more complicated detectors. A new
detector named ICI compensation is proposed in this
paper, which has better BER performance than iterative

detection. Finally, a hybrid detector named iterative ICI
compensation is proposed and achieves better BER per-
formance and lower complexity than ID-FSD. However,
the IIC method has the similar performance as ID-FSD
only when the value of α is large.
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