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Abstract— The advent of Analog Television Switch-off will
introduce new possibilities for wireless Internet services in
UHF bands. Cognitive Radios are devices that are able to
dynamically access the vacant TV channels, without causing
severe interference to the incumbents. This technology is being
proposed for the next generation of mobile communication
systems. Cognitive Radio Networks will allow for a better spectral
occupancy of these new communication opportunities in the UHF
bands. GFDM is a flexible multi-carrier transmission technique
that allows for controlling the out-of-band emissions and the
PAPR, which are the major drawbacks of OFDM, technology
that is current being proposed as aerial interface of the next
generation of mobile communication system. The aim of this
paper is to present the foundations of GFDM and analyze its
performance over frequency-selective channels, comparing it with
OFDM. Simulation results are validated by theoretical curves,
which allows one to conclude that the theoretical approximations
proposed for OFDM can also be used to estimate the performance
of GFDM.

Index Terms— GFDM, Frequency-Selective Channel, Perfor-
mance.

I. INTRODUCTION

The demand for high data rate in mobile communication
systems has severely increased in the last years [1]. The
opportunistic utilization of white spaces [2] is a solution that
can be used to attend this demand, mainly in the UHF (Ultra
High Frequency) bands [3] after the ATSO (Analog Television
Switch-Off) [4]. Several countries are planning the ATSO and
they consider reorganizing the allocation of Digital Television
channels in order to release part of the UHF spectrum for
mobile communication. This available spectrum, which is
known as digital dividend [5], can be efficiently used by the
Cognitive Radio (CR) technology [6].

In a CR network, radio terminals can sense the spectrum
to detect white spaces, establishing the communication in a
vacant channel. The radio terminals keep sensing the spectrum
and, if a primary user is detected, they change their operation
frequency to occupy another white space, avoiding harmful
interference to the primary user. The CR concept was proposed
by Joseph Mitola III in 1999 [7] and it is being considered
for the next generations of digital wireless communication
standards, such as IEEE 802.22 [8], IEEE 802.16h [9], IEEE
802.11af [10] and LTE Advanced [11].
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Interference from opportunistic users in primary users is a
key issue for the CR technology. Signals from CR terminals
cannot reduce the performance of primary users. Besides
spectrum sensing techniques [12] [13] [14], which play an
important role to avoid interference to the primary users, the
digital modulation scheme is a very important issue in this
context. Most of modern digital communication standards use
OFDM (Orthogonal Frequency Division Multiplexing) [15] as
the air interface, because of its flexibility and robustness in
frequency-selective channels. Nevertheless, OFDM presents
some drawbacks that affect its application specially in CR
systems. Among these drawbacks there are the high out-
of-band emission [16] and the high PAPR (Peak-to-Average
Power Ratio) [17]. Out-of-band emissions are caused by the
rectangular pulse shape of the filter used in the transmitter
and the high PAPR is caused by the random sum of several
in-phase subcarriers. There are several papers in the literature
proposing solutions to reduce the PAPR [17] [18] [19] [20] and
the out-of-band-emissions; see [21] and references therein.

In [22] the authors present a multi-carrier transmission
technique that is more suitable for CR operation because it
reduces the out-of-band emissions and allows for controlling
the PAPR. This technique is called GFDM (Generalized Fre-
quency Division Multiplexing) [22] [23] [24] [25], which can
be seen as a generalization of OFDM [26]. The main difference
between GFDM and OFDM is that GFDM transmits MK̇ data
symbols per frame using M time-slots with K subcarriers,
where each data symbol is represented by a pulse shape g(t),
whereas OFDM transmits K data symbols using one time-
slot with K subcarriers, where each symbol is represented by
a rectangular pulse shape. This means that GFDM can model
the spectrum shape by choosing the appropriate pulse shape
g(t). Moreover, the frequency spacing between subcarriers is
more flexible in GFDM than in OFDM, and the low out-of-
band emission in GFDM allows for a higher flexibility for
spectrum fragmentation.

GFDM can achieve higher spectrum efficiency because it
does not need to use virtual subcarriers to avoid adjacent
channel interference and because it reduces the ratio between
the guard time interval [15] and the total frame duration. The
main drawbacks of GFDM are ICI (Inter-carrier Interference)
[27] and higher complexity. However, efforts are being made to
reduce the complexity of the system and to obtain models that
are suitable for hardware implementation [23]. Additionally,
ICI-cancelling techniques can increase the performance of
GFDM. In fact, DSIC (Double Sided ICI Cancelling) [28]
can reduce the BER (Bit Error Rate) of GFDM in AWGN
(Additive White Gaussian Noise) channels to the same BER
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level achieved by OFDM.
The aim of this paper is to present the analysis of the

performance of GFDM in frequency-selective channels con-
sidering different channel profiles. To the best of the authors’
knowledge, this is a novel analysis and, thereby, it is the
main contribution of this paper. Three types of receivers are
considered: ZFR (Zero Forcing Receiver), MFR (Matched
Filter Receiver) and Matched Filter Receiver with DSIC
(MFR-DSIC). All results are compared with the performance
of an OFDM system. All simulation results that have been
obtained using Matlab are compared with theoretical curves,
which allow one to conclude that the symbol error probability
expression proposed for OFDM can be used to estimate the
performance of GFDM.

The remaining of this paper is organized as follows: Section
II presents the generation of GFDM symbols, whereas Section
III presents three techniques used to recover the transmitted
information. Section IV contains the performance analysis of
GFDM considering AWGN and Section V evaluates the per-
formance over frequency-selective channels. Finally, Section
VI concludes the paper.

II. GENERATION OF THE GFDM SIGNAL

GFDM is a flexible multi-carrier modulation scheme that
has been introduced by Fettweis et al [22] and it has interesting
features for CR applications. Figure 1 depicts the block
diagram of the GFDM transmitter.
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Fig. 1. Block diagram of the GFDM transmitter.

The input bits are converted into MK data streams that feed
MK independent J-QAM mappers. Each mapper converts a
block of q bits into a data symbol sk,m, k = 0, 1, 2, . . . ,
K − 1, m = 0, 1, 2, . . . , M − 1. Therefore, each of the

K subcarriers transmits M data symbols per GFDM frame.
Since the mappers are independent, different constellation
orders can be used in each stream, allowing for dynamic bit
loading mapping according to the channel conditions for each
subcarrier [29]. Because GFDM transmits M data symbols in
each subcarrier using M time-slots, the data symbols can be
organized in a frame structure given by

S =


s0,0 s0,1 s0,2 . . . s0,M−1

s1,0 s1,1 s1,2 . . . s1,M−1

s2,0 s2,1 s1,2 . . . s2,M−1

...
...

...
. . .

...
sK−1,0 sK−1,1 sK−1,2 . . . sK−1,M−1

 ,

(1)
where the k-th row represents the symbols transmitted in the
k-th subcarrier and the m-th column represents the symbols
transmitted in the m-th time-slot.

Each data symbol sk,m is up-sampled by zero-padding
MN − 1 zeroes, resulting in the sequence

sk,m(n) = sk,mδ(n−mN), (2)

where N is the number of samples used to represent a time-
slot. This sequence is applied to a transmit filter with impulse
response g(n) of length L = MN . If conventional linear
convolution is used, like in the Filter Bank Multi-carrier
(FBMC) [30] schemes, the guard time interval between the
GFDM frames should be larger than the channel delay spread
plus the filter spreading in order to avoid IFI (Inter Frame
Interference), as depicted in Figure 2 for N = 8, M = 3 and
an arbitrary impulse response g(n). Such a large guard time
interval would be a considerable drawback, causing throughput
reduction, leading to a poor spectrum efficiency. However, this
problem can be easily avoided by using a technique called
tail-biting [22]. In this technique, the mN last samples at the
output of the filter are shifted to the first mN positions, as
illustrated in Figure 3. This process can be made by circular
convolution [31].
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Fig. 2. GFDM symbol obtained by linear convolution.

In order to use the tail-bitting technique, the filter impulse
response must allow for circular shifts of N samples, as shown
in Figure 3 [22] [23].

Since g(n) can have non-rectangular pulse shape, GFDM
subcarriers can be non orthogonal to each other, which can
lead to ICI. Additionally, the transmit filter impulse response
can cause ISI (Intersymbol Interference) among the M data
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Fig. 3. GFDM symbol obtained by circular convolution.

symbols transmitted in a given subcarrier. In [26], the author
presents a deep analysis about the influence of Raised Cosine
(RC) and Root Raised Cosine (RRC) filters in the performance
of GFDM systems. The impact of the roll-off factor is analyzed
as well. The major conclusions of this analysis are: i) if RCs
are used on the transmitter and receiver sides there will be
larger ISI when compared with the use of RRC because the
Nyquist criterion is not satisfied, however the ICI will be
smaller than the one obtained with RRC because of the sharper
frequency response of the RC and; ii) the smaller the roll-
off factor the better the system performance because of the
reduction of the ICI. Clearly there is a trade-off between ISI
and ICI in the choice of the RC or RRC.

Once the filter impulse response is chosen, each sub-stream
is up-converted by a complex subcarrier given by

pk(n) = e−j2πk n
N . (3)

At this point, it is important to notice that in GFDM the
frequency spacing between two adjacent subcarriers is not
dependent of the number of subcarriers, K, as in OFDM, but
it depends on the number of samples representing a time-slot,
N . Notice that N ≥ K to avoid aliasing [31], which means
that it is possible to increase the sampling rate by increasing
the length of g(n).

From Figure 1 it is possible to conclude that the GFDM
signal, without the guard time interval, is given by

x(n) =

M−1∑
m=0

K−1∑
k=0

sk,m(n)~ g (< n−mN >NM−1) pk(n),

(4)
where < · >N denotes the modulo operator and ~ denotes the
circular convolution. Since sk,m(n) is a discrete delta function
with amplitude sk,m, as defined in (2), Eq. (4) can be rewritten
as

x(n) =
M−1∑
m=0

K−1∑
k=0

sk,mgm(n)pk(n), (5)

where
gm(n) = g (< n−mN >NM−1) . (6)

It is possible to express (5) in the following matrix form:

x = diag (PSG) , (7)

where diag(·) returns the main diagonal of a matrix,

P =
[
p0(n)

T p1(n)
T · · · pk−1(n)

T
]

(8)

is the matrix containing K complex subcarriers and

G =


g0(n)
g1(n)
g2(n)

...
gM−1(n)

 (9)

is the matrix containing M circular-shifted versions of g(n).
Taking the appropriate matrix operations it is possible to

represent the GFDM signal as

x = Ad, (10)

where

d =



s0,0
s1,0

...
sK−1,0

s0,1
s1,1

...
sK−1,M−1


(11)

is the serialized symbol vector and

A =



g0(n)p0(n)
g0(n)p1(n)

...
g0(n)pK−1(n)
g1(n)p0(n)

...
gM−1(n)pK−1(n)



T

(12)

is the transmission matrix.
Eq. (10) is an important representation of the GFDM signal

because it will allow a clear interpretation of the reception
chain, as discussed in the next section.

Another important difference between OFDM and GFDM
is the insertion of the guard time interval. Both schemes
employs the cyclic prefix (CP) [15] to avoid IFI (Inter-frame
Interference). However, while OFDM requires a CP between
two time-slots, GFDM requires a CP only between GFDM
frames, since the interference between time-slots are avoided
by the appropriate choice of the pulse shape g(n). Figure 4
shows the CP insertion in both systems.

Since the CP length must be the same in both cases, GFDM
achieves a higher spectrum efficiency when compared with
OFDM. The OFDM bit rate is given by

RO =
K

T + TCP
log2(J), (13)

where T is the duration of one time-slot and TCP is the
duration of the cyclic prefix, while GFDM bit rate is given
by

RG =
KM

MT + TCP
log2(J). (14)
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The spectral efficiency gain of GFDM over OFDM is given
by

ρ =
RG

RO
=

1 + TCP

T

1 + TCP

MT

. (15)

Since channel delay profiles for Wireless Regional Area Net-
works (WRAN) applications may have delay spreads of up
60µs [32], which requires a large CP, the possibility of using
only one CP for several time-slots becomes an interesting
advantage of GFDM, when compared with OFDM.

III. RECEPTION OF THE GFDM SIGNAL

Figure 5 shows the basic block diagram of a GFDM
receiver.

Fig. 5. Basic block diagram of a GFDM receiver.

The signal from the antenna is down-converted to base-band
and sampled, resulting in the discrete received signal rCP (n).
In this paper a time-invariant multipath channel with impulse
response h(n) has been considered, leading to

rCP (n) = xCP (n) ∗ h(n) + w(n) (16)

where xCP (n) is the transmitted signal with the cyclic prefix
and w(n) is a vector of gaussian noise samples with zero mean
and variance σ2

n.
The received signal is used for synchronization and to

estimate the channel impulse response. Subsequently, the CP
is removed. It is assumed that the CP length is larger than the
channel delay spread, which means that there is no interference
among GFDM frames.

Afterwards, the signal must be equalized to compensate for
the influence of the channel frequency response in the received
signal. The channel frequency response can be considered flat
for each subcarrier if K is large enough to make the subcarriers
bandwidth smaller than the channel coherence bandwidth. In
this case, the received signal can be equalized in the frequency
domain using an Zero-forcing equalizer. Assuming the receiver
is able to estimate the channel impulse response, the equalized
sequence can be obtained from

req(n) = IFFT
{

FFT [r(n)]

FFT [h(n)]

}
(17)

where FFT(·) is the Fast Fourier Transform and IFFT(·) is the
Inverse Fast Fourier Transform.

The equalized sequence is applied into a detector. Three
approaches will be exploited in this paper: ZFR, MFR and
MFR-DSIC. More details about these approaches are presented
in the next subsections. After detection, the Slicer uses the
recovered symbols ŝk,m to estimate the data bits.

A. Zero-forcing Receiver

The matrix representation of the GFDM signal in (10)
allows one to conclude that the inverse of matrix A can be
used to recover the data symbols, that is,

d̂ZF = A−1req, (18)

where d̂ZF is the recovered vector using the zero-forcing
approach, A−1 is the inverse of matrix A and req is the
equalized signal vector.

Matrix A has order KM x NM , N ≥ K, which means that
it is not necessarily square. Therefore, the inversion operation
may not be suitable for this matrix. In this case, it is possible
to use the pseudoinverse matrix of A, defined by

A+ = AH
(
AAH

)−1

, (19)

where AH is the Hermitian (conjugate and transpose) matrix
of A. Notice that A+A = INM where INM is the identity
matrix of order NM .

The ZFR is capable of completely removing the ICI resulted
from the non-orthogonality between the subcarriers. However,
since A+ has high values, this procedure enhances the influ-
ence of the noise in the detected symbols, which increases the
BER.

B. Matched Filter Receiver

The MFR can be seen as K parallel single frequency
receivers processing the equalized signal req(n). Since only
the time samples n = mN are of interest, the MFR can be
implemented as a correlator receiver [33], as shown in Figure
6.

The symbol received at a given subcarrier and at a given
time-slot is

ŝk′,m′ =

NM−1∑
n=0

req(n) [gm′(n)pk′(n)]
∗
. (20)

If the influence of the noise and multipath channel is
disregarded, then req(n) = x(n), which leads to
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ŝk′,m′ = sk′,m′ +

ISI︷ ︸︸ ︷
M−1∑
m=0
m̸=m′

sk′,m

NM−1∑
n=0

gm(n)g∗m′(n)+

+

ICI caused by symbols from the same time slot︷ ︸︸ ︷
K−1∑
k=0
k ̸=k′

sk,m′

NM−1∑
n=0

|gm′(n)|2pk−k′(n)+

+

ICI caused by symbols from other time slots︷ ︸︸ ︷
M−1∑
m=0
m̸=m′

K−1∑
k=0
k¬k′

sk,m

NM−1∑
n=0

gm(n)g∗m′(n)pk−k′(n),

(21)

where

pk−k′(n) = pk(n)p
∗
k′(n) = e−j2π k−k′

N n, (22)

and where it has been considered that the transmit pulse has
unitary energy.

Using the matrix representation (10) it is possible to perform
the MFR process as

d̂MF = AHreq, (23)

where d̂MF is the recovered vector using the MFR.
Moreover, AHA can be used to evaluate the influence of

the ISI and ICI in the received vector. Figure 7 shows the
magnitude of the interference in the GFDM frame for K = 16,
M = 3 and N = K. Notice that g(n) is a RRC filter with
roll-off 0.1 and 0.75 for Figures 7(a) and 7(b), respectively.
The main diagonal of the matrix represented in Figure 7 is
associated with the desired information and all other values
in the matrix represents the interferences at the output of the
MFR.

The conclusion that can be achieved from Figure 7 is that
larger values of the roll-off factor result in larger ICI, decreas-
ing the performance of the MFR. Therefore, the ISI in the
GFDM frame can be minimized by choosing the appropriate
filter impulse response, while the ICI can be reduced by using
a smaller roll-off [26].

C. Matched Filter Receiver with DSIC

From Figure 7 it is possible to observe that one of the major
source of interference at the output of the MFR is the ICI
between adjacent subcarriers. This high ICI, which increases
the BER, can be minimized by using the DSIC algorithm [34].
Figure 8 depicts the basic diagram of the DSIC. The basic idea
of this technique is to subtract the ICI caused by the (k+1)-
th and (k − 1)-th subcarriers from the signal received at the
k-th subcarrier. First, the equalized received sequence req(n)
is applied to the MFR, resulting in the ICI-corrupted sequence
d̂MF (n). To eliminate the ICI from the signal received at the
k-th subcarrier it is necessary to use the 2M samples from
d̂MF (n) corresponding to the data received at the (k + 1)-th
and (k − 1)-th subcarriers during M times slots. A column
vector with MN − 1 zeros is created and the samples in the
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Fig. 6. Block diagram of MFR implemented as a correlator.

positions corresponding to subcarriers k− 1 and k+1 for all
time-slots are updated with the corresponding samples from
d̂MF (n). This procedure leads to

c(n) =

{
d̂MF (n) if n = k ± 1 +mK, m = 0, . . . , M − 1

0 otherwise.
(24)

The transmission matrix in (12) can be used to generate a
GFDM frame carrying the ICI that interferes with the k-th
subcarrier, i.e.,

vk = Ac, (25)
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Fig. 7. Interference pattern at the output of a MFR. (a) M = 3, K = 16
and α = 0.1. (b) M = 3, K = 16 and α = 0.75.
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where vk is the GFDM frame with the ICI present in the k-th
subcarrier and c is the vector representation of (24).

A new version of the equalized received signal is obtained
by

r′eq = req − vk, (26)

which has low ICI in the k-th subcarrier.
The signal obtained in (26) is used to eliminate the ICI

from the next subcarrier and the process continues until the
ICI is minimized for all subcarriers. The whole process can
be repeated I times to achieve better results.
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Fig. 9. SER for OFDM and GFDM over AWGN channel.

IV. PERFORMANCE OVER AWGN CHANNEL

The comparison between GFDM and OFDM symbol error
rates (SER) over AWGN channel is the first step for perfor-
mance assessment. The symbol error probability of a J-QAM
OFDM system over AWGN channel is approximately given
by [15]

pe ≈
4(
√
J − 1)√
J

Q

(√
3Ē

(J − 1)N0

)
, (27)

where Ē is the average symbol energy of the constellation and
N0 is the noise power spectral density.

Figure 9 shows the symbol error rate of OFDM and GFDM
over AWGN channel. The parameters used in the simulation
are presented in Table I. ZFR, MFR and MFR-DSIC have been
considered for reception of the GFDM signal.

TABELA I
SIMULATION PARAMETERS

Parameter Value
Number of time-slots (M ) 3
Number of subcarriers (K) 64
Upsampling Factor (N ) 64
Duration of time-slot/OFDM symbol 256 µs
Subcarrier spacing 3,906 Hz
Constellation order (J) 4
Transmit Filter (GFDM) RRC
Roll-off factor 0.5
Number os iterations for DSIC (I) 3

From Figure 9 it is possible to observe that the ICI causes
the MFR to achieve the poorest performance. ZFR can elimi-
nate the ICI and, therefore, it outperforms the MFR. However,
one can notice from Figure 9 that the noise enhancement
introduced by the ZFR reduces its performance in 0.6 dB,
which tends to be an asymptotic loss. The MFR-DSIC is able
to remove the ICI without introducing the noise enhancement
and, therefore, it matches the theoretical performance over
AWGN channel.
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V. PERFORMANCE OVER FREQUENCY-SELECTIVE
CHANNELS

The symbol error probability of OFDM over frequency-
selective channels can be approximately given by [35]

pes ≈ 4(
√
J − 1)√
2πJ K

K−1∑
k=0

γk
1 + γ2

k

e−
γ2
k
2 , (28)

where

γk =

√
|Hk|2

3Ē

(J − 1)N0
, (29)

and Hk is the channel gain in the frequency of the k-th
subcarrier.

Table II lists the channel delay profiles that have been
considered to evaluate the SER performance over frequency-
selective channels. These channels typically represent the
WRAN scenarios for IEEE 802.22 [32].

TABELA II
DELAY PROFILE USED IN SIMULATIONS.

Channel A Coherence bandwidth: 7.23 kHz
Delay (µs) 0 3 8 11 13 21
Path Gain (dB) 0 -7 -15 -22 -24 -19
Channel B Coherence bandwidth: 11.97 kHz
Delay (µs) 0 2 3 4 7 11
Path Gain (dB) 0 -7 -6 -22 -16 -20
Channel C Coherence bandwidth: 3.57 kHz
Delay (µs) 0 2 5 16 24 33
Path Gain (dB) 0 -9 -19 -14 -24 -16
Channel D Coherence bandwidth: 1.22 kHz
Delay (µs) 0 2 5 16 22 60
Path Gain (dB) 0 -10 -22 -18 -21 -10

Comparing the coherence bandwidth of the channels pre-
sented in Table II with the subcarrier frequency spacing used
in simulations, it is possible to conclude that channels C
and D cannot be considered flat for a single subcarrier. It is
important to observe that (28) does not hold in this case and
the frequency-domain zero-forcing equalizer is not suitable for
these channels.

Figure 10 shows the SER performance of OFDM and
GFDM systems over channel A, while Figure 11 presents
the SER performance over channel B. The first observation
that can be made is that the channel frequency selectivity
reduces the SER performance of both systems. Again, MFR
has the poorest performance in both channels due to ICI. The
ZFR also unveils a performance loss of about 0.6 dB when
compared with theoretical curve and MFR-DSIC matches the
performance of OFDM.

Figures 12 and 13 show the SER performance of OFDM
and GFDM over channels C and D, respectively. As expected,
the theoretical symbol error probability curve evaluated for
OFDM is not valid when the channel coherence bandwidth is
smaller than the bandwidth of each subcarrier. The mismatch
between the simulation and theoretical results becomes clear
in Figure 13, where the channel frequency selectivity is more
severe.

It is also important to notice that GFDM with ZFR and
MFR-DSIC have achieved approximately the same perfor-
mance than OFDM over channel C (Figure 12), whereas
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Fig. 10. SER for OFDM and GFDM over channel A.
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Fig. 11. SER for OFDM and GFDM over channel B.

it has outperformed OFDM over channel D (Figure 13).
Complementary simulations have shown that the SER perfor-
mance of GFDM with ZFR and MFR-DSIC over frequency-
selective channels with small coherence bandwidth improves
when the number os time-slots increases. This observation
lets one to conclude that GFDM can achieve a better spectral
resolution in the channel estimation because it uses M samples
per subcarrier, while OFDM employs only one sample per
subcarrier. Also, it is important to highlight that the results
shown in this paper have been obtained with 4-QAM. High
order modulation can lead to error propagation in the DSIC
algorithm, decreasing the SER performance of the MFR-DSIC.

VI. CONCLUSIONS

CR is a technology that is being pointed out as a solution
to mitigate the spectrum overcrowding, allowing for wireless
broadband access in rural areas. Since incumbent users must
be protect from interferences caused by secondary users, it is
very important to CRs to reduce the out-of-band emissions
and, therefore, GFDM is an interesting multi-carrier solution
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Fig. 12. SER for OFDM and GFDM over channel C.
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Fig. 13. SER for OFDM and GFDM over channel D.

for this application.
This paper has shown that GFDM matches OFDM per-

formance over frequency-selective channels with coherence
bandwidth larger than the bandwidth of each subcarrier, when
MFR-DSIC is employed. This means that the theoretical SER
estimation evaluated for OFDM can also be used to estimate
the GFDM performance over frequency-selective channels.
Another interesting observation is that GFDM outperforms
OFDM when the channel coherence bandwidth is smaller
than the bandwidth of each subcarrier. The main reason
for this performance gain is the fact that GFDM has M
samples available per frame to perform equalization, while
OFDM has only one, which means that GFDM can achieve
higher resolution and, consequently, a better performance. This
performance gain cannot be observed in channels with high
coherence bandwidth because the channel frequency response
is practically flat for each subcarrier.

Simulation results have shown that ZFR unveils a perfor-
mance loss that asymptotically tends to 0.6 dB when the
channel coherence bandwidth is larger than the subcarriers’

bandwidth. Although this is an initial observation and further
investigation must take place, it is possible to conclude that
the MFR-DSIC trade-off between complexity and performance
may not be interesting when compared with ZFR, mainly in
applications that requires low cost devices.
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