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Abstract—Multirate fast convolution (FC) has recently been
introduced as an effective tool for communication waveform
processing, especially for advanced multicarrier systems targeting
at well-contained spectrum. These include filter bank based
multicarrier waveforms and filtered OFDM schemes which are
receiving increasing attention in the 5G radio access development.
Recalling that the key idea of FC is effective implementation of
high-order linear filtering through frequency-domain processing,
this paper investigates possibilities to reduce the complexity of
FC based waveforms. Special focus is on scenarios where a
relatively small part of the bandwidth is in active use, which
could be the case, e.g., in low-rate machine-type communication
devices. A new variant of fast-convolution filter bank (FC-FB)
is developed which uses circular convolution decomposition. The
narrowband variant of decomposed structure, called D-FC-FB,
achieves significantly reduced complexity, which is proportional
to the active bandwidth, while maintaining filtering performance
equivalent to FC-FB. Therefore, this variant is considered as
a low-complexity solution for low-rate devices. D-FC-FB can
be used in any multicarrier scheme that utilizes filtering at
subcarrier or resource block level. This paper develops closed-
form complexity expressions for the case of filter bank multi-
carrier with offset-QAM subcarrier modulation (FBMC/OQAM)
demonstrating significant complexity reduction in a case study.

I. INTRODUCTION

The next mobile generation (5G) brings new challenges

to the mobile network due to the newly defined services

supporting hundreds of megabits per second user data rates

on one hand, and connecting massive number of low-rate

devices/machines on the other [1]. The cyclic prefix orthogonal

frequency division multiplexing (CP-OFDM) is the current

transmission scheme in broadband mobile networks [2]. In

order to maintain orthogonality of subcarriers, OFDM requires

tight synchronization in time and frequency. This makes it

difficult to utilize different numerologies (subcarrier spacings,

CP-lengths, etc.) depending on the service and user require-

ments, which is considered as an important element in the 5G

developments. With mixed numerology or in asynchronous

spectrum use, CP-OFDM scheme leaks high-powered side-

lobes in a wide range around the active subcarriers of a user

[3], necessitating wide guardbands in such scenarios.

In the literature, various modulation schemes have been

proposed as candidates for 5G to overcome these limita-

tions. Filter bank multicarrier (FBMC/OQAM, also known as

OFDM/OQAM) scheme has been widely considered. FBMC

delivers high spectral containment for subcarriers using high-

order bandpass filters, implemented effectively as a polyphase

filter bank [4], [5]. Later, frequency spreading-FBMC (FS-

FBMC) has been proposed in [6] providing extra flexibility

in controlling the filter frequency responses and simplifying

the equalization process. Fast-convolution filter bank (FC-FB)

introduced in [7], [8] provides a generalized variant of FS-

FBMC, making it possible to significantly reduce the com-

putational complexity, with the cost of controllable increase

of in-band and out-of-band interference levels. Besides, the

FC-FB scheme is extremely flexible in terms of configuring

the subband bandwidths and positions. Moreover, the scheme

has shown significant capability in handling heterogeneous

scenarios [9] and it provides efficient frequency-domain equal-

ization process [10]. Also other solutions have been proposed

for 5G, such as generalized frequency division multiplexing

(GFDM) [11] and its FC variant [12] and resource block

filtered-OFDM (F-OFDM) [13] and its FC variant [14]. The

FC-FB approach provides efficient implementation for all

these schemes, resulting in similar increase in computational

complexity with respect to CP-OFDM, typically two to four

times increased multiplication rate.

In this paper, we propose a novel decomposed FC-FB (D-

FC-FB) waveform processing approach. The complexity of

the generic full-band D-FC-FB is slightly higher than that of

the direct FC-FB scheme, while maintaining identical output.

Nevertheless, in narrowband cases where less than 1/8 of the

available frequency band is in active use, significant reduction

in the complexity can be achieved by pruning the unnecessary

parts of the decomposed structure. This scheme is considered

as an effective candidate for narrowband transmission scenar-

ios with all the mentioned waveform alternatives.

This paper is arranged as follows. Section II presents the

generic idea of the circular convolution (CC) decomposition

process. Section III discusses the background of the FC-FB

and its parametrization. Section IV proposes first the generic

variant of D-FC-FB. Then narrowband variants of D-FC-FB

are introduced. Section V discusses the complexity of the D-

FC-FB and provides the computational complexity formulas.

Section VI compares the computational complexity of D-

FC-FB with different transmission waveforms. Finally, the

concluding remarks are presented in Section VII.
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Fig. 1. Decomposition of circular convolution with the factor of D = 2.

II. THE DECOMPOSITION OF CIRCULAR CONVOLUTION

For fixed filter impulse response, the CC consists of taking

the discrete Fourier transform (DFT) of the input data block,

multiplying the DFT-domain data blocks by the weight coef-

ficients derived from the filter impulse response through DFT,

and taking inverse discrete Fourier transform (IDFT) of the

result. CC is expressed in DFT domain as follows,

yl[n] =
1

N

N−1∑
k=0

X l[k]H[k]W−nk
N (1)

where N is the size of DFT and IDFT, WN = exp
[− 2πj

N

]
,

n is the time index, k is the frequency index, l is the block

index, X l[k] is the DFT of the lth input block xl[n] and H[k]
is the DFT of the filter impulse response h[n]. The processes

of the decomposed CC, or what is called multi-dimensional

circular convolution in [15], starts with dividing the input and

the filter in time domain into D = 2m delay branches, where

m is positive integer such the D is a factor of N . Subsequently,

the DFTs for both the decimated inputs of the delay branches

and the corresponding filter responses are obtained as follows,

X l
dx
[k] =

N
D−1∑
r=0

xl[rD + dx]W
rk
N
D

(2)

Hdh
[k] =

N
D−1∑
r=0

h[rD + dh]W
rk
N
D

(3)

where dx = 0, 1, . . . , D − 1 is the delay index of the input,

dh = 0, 1, . . . , D − 1 is the delay index of the filter and r
is the decimated time index. Then, partial CC is defined as

follows,

yldxdh
[n] =

1

N

N−1∑
k=0

Y l
dxdh

[k]W
(dx+dh)k
N W−nk

N (4)

where Y l
dxdh

[k] = X l
dx
[k]Hdh

[k]. The decomposition of (4)

by D results in the following,

yldxdh
[Dr + dy] =

D

N

N
D−1∑
k=0

Y l
dxdh

[k]W
−k

(
r−

⌊
dx+dh

D

⌋)
N
D

(5)

where dx and dh satisfy the following condition,

dy = (dx + dh)D (6)
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Fig. 2. The generic implementation of FC-FB based SFB without considering
the OS process.

where (·)D denotes the modulo D operation and dy is the

index of the output delay branch. Then the CC outputs are

collected from the decimated branches as follows,

yl[Dr + dy] =
D−1∑
dh=0

yldxdh
[Dr + dy] (7)

where dx satisfies condition of (6). Accordingly, the CC can

be performed by obtaining the DFTs of the decimated and

delayed inputs xl[rD + dx] and filters h[rD + dh] for each

delay branch. Then the decimated outputs are obtained by mul-

tiplying the frequency components that satisfy (6). According

to (7), the CC of (1) is finally obtained by upsampling and

combining the delay branch outputs. Fig. 1 depicts an example

of the decomposed CC when D = 2.

III. FAST-CONVOLUTION FILTER BANK

FC is a process to implement linear convolution through

overlapping CC, which are implemented effectively in the

DFT domain using fast Fourier transform (FFT). The generic

structure of FC-FB based synthesis filter bank (SFB) is shown

in Fig 2. There are B low-rate input signals denoted as

xl
b(s) where b = 1, 2, . . . , B is the subband index and

s = 0, 1, . . . , Lb − 1 is the low-rate time index. The DFT-

domain representations of the subband signals are obtained by

DFT of size Lb (Lb-DFT). Each subband is frequency-shifted

by kcb DFT bins and then multiplied by the discrete frequency

response of the corresponding subband filter Hb[k]. Subse-

quently, the overlapping parts of the subbands are summed

and then N -IDFT is applied. The inner part of FC-FB utilizes

(1) as follows:

yl[n] =
N−1∑
k=0

B∑
b=1

Hb[k]X
l
b[k + kcb ]W

−nk
N . (8)

The (possibly non-integer) sampling rate conversion factor is

determined by the transform sizes:

Rb =
N

Lb
. (9)

FC-FB uses overlap-and-save (OS) or overlap-and-add (OA)

processes to approximate linear convolution, introducing a

tolerable amount of circular interference. Further discussions
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about the implementation of FC-FB and analysis of the circular

interference effects can be found in [8].

The overlapping of FC-FB processing blocks is achieved

through the buffering of input and output data, while the inner

process is a CC process which is independent of the used over-

lap factor. In the following, we propose modifications to the

processing structure of the CC part, and the overlapping nature

of the overall scheme is not relevant in these developments.

IV. THE DECOMPOSITION OF FC BASED SFB

A. Generic decomposition scheme

Here, we assume that the low rate input xl
b[s] is upsampled

by Rb and then decomposed by D. Defining Rmin as the

smallest interpolation factor among subbands, the decomposi-

tion factor D should follow

D ≤ Rmin (10)

to preserve the short transform structure of FC-FB. As a result,

the delayed branches of xl
b,dx

[r] are zeros, except for the first

delay branch. Consequently, the discrete frequency response of

the delayed branches of the inputs are expressed as follows:

X l
b,dx

[k] =

{
X l

b[k], for dx = 0

0, for dx = 1, 2, . . . , D − 1
. (11)

Apparently, each signal has to be multiplied D times by the

discrete frequency responses of the decimated and delayed

versions of the filter as shown in (5). This can be avoided

considering the zero components in the discrete frequency

response of the filter. The discrete frequency response of the

filter is commonly defined as follows,

Hb[k] = Hp
b

[
k − kcb −

N

2Rb

]
W−τbk

N (12)

where τb is the sampling phase and Hp
b (k) is the filter zero-

phase discrete frequency response. The zero-phase discrete

frequency response contains non-zero real components in the

period [− N
2Rb

, N
2Rb

−1], and zeros elsewhere. The delayed and

decimated frequency response of the filter can be simplified if

the frequency points are re-indexed according to their positions

in the spectrum with respect to the ratio N
D . Then the frequency

shift can be re-mapped to the following,

kcb = Δ
N

D
+ k′c (13)

where Δ =
⌊
N
D

⌋
and k′c = (kcb)N

D
. Accordingly, the discrete

frequency response of the decomposed filter is defined as

follows,

Hdh

k′
c,Δ

[k′] =
1

D
W−k′dh

N W
−dh(Δ+Ak′

c
[k′])

D Gk′
c,Δ[k

′] (14)

where Gk′
c,Δ[k

′] is the discrete frequency response of the

decomposed filter without considering the twiddle factors that

result from the decomposition and it is defined as follows:

Gk′
c,Δ[k

′] = W
−τk′

c,Δ
k′

N W
−τk′

c,Δ
(Δ+Ak′

c
[k′])

D Hk′
c,Δ[k

′]. (15)

Here, Hk′
c,Δ[k

′] is the circularly shifted version of the

Hp
k′
c,Δ

[k] based on the new re-mapping and it is defined as

follows:

Hk′
c,Δ[k

′] = Hp
k′
c,Δ

[
k′− k′c −

N

2Rk′
c,Δ

+
N

D
Ak′

c
[k′]

]
N
D

. (16)

Ak′
c
[k′] is a conditional function that is defined as follows:

Ak′
c
[k′] =

{
0, for k′ ≥ k′c
1, for k′ < k′c

. (17)

In the case when the non-zero components of Hb[k] are not

overlapping with two spectral sections of N
D , Gk′

c,Δ[k
′] is

equivalent to Hb[k] because Gk′
c,Δ[k

′] = 0 for k′ < k′c. But

if there is overlapping, Gk′
c,Δ[k

′] �= 0 for k′ < k′c due to

its circularity. Then Ak′
c
[k′] adds a shift to (16) and phase

shift to (15). These shifts make the components of Gk′
c,Δ[k

′]
equivalent to the corresponding Hb[k] but circularly shifted

around N
D . Then, the resulting discrete frequency responses of

the input signals and filters in (11) and (14) are substituted in

(5). Firstly, the condition in (6) is reduced as follows:

dy = (dh)D = d. (18)

Accordingly the decimated output is expressed as follows,

yld[r] =
D

N

N
D−1∑
k′=0

Y l
d [k

′]W−rk′
N
D

(19)

where Y l
d(k

′) is the sum of all filtered input signals and it is

defined as follows,

Y l
d [k

′] =
1

D
W−k′d

N

D−1∑
Δ=0
k′
c∈K

Y l
k′
c,Δ

[k′]W
−dAk′

c
[k′]

D W−Δd
D (20)

where Y l
k′
c,Δ

[k′] is defined as follows:

Y l
k′
c,Δ

[k′] = Gk′
c,Δ[k

′]X l
k′
c,Δ

[k′ + k′c]. (21)

The first stages of D-FC-FB and FC-FB are identical and they

consist of B blocks of Lb-DFTs and multiplications by filter

weights. By analyzing (20), it can be concluded that the sum

over Δ and then the multiplication by W−Δd
D is a D-IDFT

process. Because (20) is defined with respect to k′, then N
D

blocks of D-IDFTs are required. Furthermore, D blocks of

N/D-IDFTs are required as shown in (19). The inputs of

the k′th D-IDFT are originated from the frequency points[
k′, k′ + N

D , . . . , k′ + (D − 1)ND
]
. Furthermore, the twiddle

factor W
−dAk′

c
(k′)

D shifts to the (k′ + 1)th D-IDFT when the

subband is overlapping with the next N
D section. Finally, the

dth output of the k′th D-IDFT is fed to the k′th input of the

dth N/D-IDFT. The generic D-FC-FB is shown in Fig. 3.

B. D-FC-FB in narrowband scenario

In narrowband scenarios, the number of active frequency

points is relatively small compared to the available ones in the

DFT domain. Therefore, if the number of the active frequency

points is small enough, it is possible to prune the D-IDFTs. In
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Fig. 3. The generic D-FC-SFB scheme.
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the considered pruning case the D-IDFTs are having a single

non-zero input. In such a case, D-IDFT can be replaced by a

series of twiddle factors of W−dΔ
D . This results in two stages

of complex multiplication by W−dΔ
D and W−dk′

N , which can

be reduced to a single stage of complex multiplication by

W
−d(k′+N

DΔ)

N . The narrowband D-FC-FB implementation is

depicted in Fig. 4.

To achieve a single input pruning, a single non-zero value

should be located in frequency slots period of
[
k′, k′ +

N
D , . . . , k′ + (D − 1)ND

]
, as shown in Fig. 5. Moreover, the

decomposition factor should be,

D ≤ N

Nk
(22)

where Nk is the number of used frequency points. The

set of used frequency points can be any contiguous set of

Nk ≤ N
D bins. Also certain non-contiguous sets, following the

mentioned rule, are possible.

V. ANALYSIS OF THE COMPUTATIONAL COMPLEXITY

Fast Fourier transform (FFT) is an effective implementation

of DFT. In this document, the complexity of split-radix FFT is

considered, since it is one of the most effective implementation

algorithm for FFTs and IFFTs with power-of-two lengths. Its

complexity can be expressed as follows [16],

μT (N) = N log2 N − 3N + 4 (23)

αT (N) = 3N log2 N − 3N + 4 (24)

for number of real multiplications and real additions, re-

spectively. An implementation of the FC schemes contains

commonly two parts. The short transforms part that contains B
blocks of Lb-FFT, filtering coefficients and the needed block-

wise phase rotations (see [8]). This part is common for FC-

FB and D-FC-B. The computational complexity of the short

IEEE ICC 2017 Signal Processing for Communications Symposium
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Fig. 5. Example of possible contiguous locations of active frequency points
in the narrowband D-FC-FB with N = 16 and D = 4, where A = W−Δ

D ,

B = W−2Δ
D and C = W−3Δ

D .

transforms part is expressed as follows [17], [18],

μsh =
B∑

b=1

[μT (Lb) + 2Ls,b + 2Lb] (25)

αsh = 2θ +
B∑

b=1

αT (Lb) (26)

where Ls,b is the non-overlapping period at the bth input

and θ is the total number of overlapping frequency points

between subbands. The other part of FC-FB scheme is the

long transform part that contains N -IFFT. Therefore, the

complexity of this part is directly given by (23) and (24).

However, the long transform side of the D-FC-FB requires

N/D blocks of D-IFFT and D blocks of N/D-IFFT besides

a set of twiddle factors. The complexity of the long transform

part is computed as follows:

μlg
D =

D−1∑
d=0

μd
GT (N,D) +

N

D
μT (D) (27)

αlg
D =

D−1∑
d=0

αd
GT (N,D) +

N

D
αT (D). (28)

Here μd
GT (N,D) and αd

GT (N,D) calculates the required real

multiplications and real additions to implement N/D-IFFT

with inputs multiplied by W−dk′
N and they are defined as

follows,

μd
GT (N,D) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

μT

(N
D

)
, for C ∈

{
N,N2 ,

N
4

}
N

D
log2

N

D
−N

D
, for C = D

2

μT

(N
D

)
+ βd

(
N,

N

D

)
, otherwise

(29)

and,

αd
GT (N,D) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

αT

(N
D

)
, for C ∈

{
N,N2 ,

N
4

}

3
N

D
log2

N

D
−N

D
, for C = D

2

αT

(N
D

)
+ βd

(
N,

N

D

)
, otherwise

(30)
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Fig. 6. The reduction percentage in complexity of the narrowband D-FC-FB
compared to FC-FB with N = 512, 1024, 2048 and 4096.

respectively, where C = gcd(N, d) and gcd(·) is the greatest

common divisor. The function βd
(
N, N

D

)
returns the number

of real multiplications with equal number of additions that are

required to multiply a complex sequence by a sequence of

W k′d
N where k′ = 0, 1, . . . , N

D −1 and it is defined as follows:

βd(N,S) =

⎧⎨
⎩
3S −

⌈
8S

C

N

⌉
− 2

⌈
4S

C

N

⌉
,for N

C /∈ {1, 2, 4}
0, otherwise

. (31)

The computational complexity, normalized to number of pro-

cessed subcarrier symbols, can be expressed for any FC-FB

scheme as

μ =
2
[
μlg + μsh

]
∑B

b=1 Ls,b

(32)

α =
2
[
αlg + αsh

]
∑B

b=1 Ls,b

(33)

for real multiplications and additions, respectively. Here μlg =
μT (N) and αlg = αT (N) for FC-FB and μlg = μlg

D and

αlg = αlg
D for D-FC-FB. The difference in the computational

complexity between FC-FB and D-FC-FB is due to the long

transforms part and it is expressed as follows:

μT (N)− μlg
D = αT (N)− αlg

D = −(D − 4)D. (34)

This implies that D-FC-FB scheme has a slightly higher

complexity than FC-FB scheme when D > 4 and their

complexity is equal when D ∈ {2, 4}.

Significant reduction in the computational complexity can

be achieved in the narrowband D-FC-FB. Again, the differ-

ences are due to the long transform part only. Therefore, it is

IEEE ICC 2017 Signal Processing for Communications Symposium



TABLE I
THE MAXIMUM NUMBER OF USED RBS FOR DIFFERENT DECOMPOSITION

FACTORS D.

D
BW

8 16 32 64 128

5 5 2 1 − −
20 21 10 5 2 1

sufficient to represent the complexity for the long transform

part which is expressed as follows,

μlg
ND = DμT

(N
D

)
+

∑
k∈K

βk
T

(
N,D

)
(35)

αlg
ND = DαT

(N
D

)
+

∑
k∈K

βk
T

(
N,D

)
(36)

for real multiplications and additions, respectively. Here K ∈
{0, 1, . . . , N − 1} is the set of used frequency points and

βd
T (N,D) is the function that returns the number of real

multiplications and additions to implement N -DFT with a

single input located at index d for output in the period

[0, D − 1] and it is expressed as follows,

βd
T (N,D) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

N

2C
− 2, for N

C /∈ Nc, D ≥ N
4C

D +
N

4C
− 2,for N

C /∈ Nc,
N
8C < D < N

4C

3D − 3, for N
C /∈ Nc,

N
8C ≥ D

0, otherwise

(37)

where Nc is the set of the numbers {1, 2, 4}.

VI. NUMERICAL RESULTS

In this section, the computational complexity of the narrow-

band D-FC-FB scheme is evaluated and compared in different

scenarios. First we compare a basic FC-FB with the corre-

sponding narrowband variant of D-FC-FB. The parameters of

the FC-FB are N = {512, 1024, 2048, 4096}, L = 16 and

Ls = 12. To show the worst case scenario of narrowband

D-FC-FB, we choose the number of active frequency points

to be N
D and these points to be located within the period

[ND , 2N
D−1]. The results depicted in Fig. 6 show the superiority

of the narrowband D-FC-FB in terms of complexity when

D > 4. Using the narrowband D-FC-FB, more than 20% of

the real multiplications can be saved when D > 16. Based

on the analysis of Section V, the saving in the computational

complexity is rather independent of the overlap factor.

In the second comparison, we consider an FBMC/OQAM

system with LTE-like parametrization. Operation with rela-

tively low number of active subcarriers is relevant from the

user equipment (UE) point of view. The subcarrier spacing is

15 kHz, and the LTE spectrum is divided into groups of 12

subcarriers that are called resource blocks (RBs). We consider

two scenarios with 5 MHz and 20 MHz bandwidths, using

512- and 2048-point IFFTs in the OFDM case, respectively.
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Fig. 7. The normalized number of real multiplications per QAM symbol as
a function of the active bandwidth in 5 MHz scenario.
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Fig. 8. The normalized number of real multiplications per QAM symbol as
a function of the active bandwidth in 20 MHz scenario.

The number of active subcarriers is 300 (25 RBs) or 1200

(100 RBs), correspondingly. The complexity of a CP-OFDM

transmitter is used as a reference. As another reference,

polyphase filter bank implementations of FBMC/OQAM with

overlapping factors of K = 3 and K = 4 are considered.

The complexity of the polyphase FBMC/OQAM is computed

according to the complexity analysis of [19].

FC-FB based FBMC/OQAM uses short transforms of size

L = 16, with alternative non-overlapping lengths of Ls =
{8, 10, 12}, and the long transform of size N = 4096 or

16384 for 5 MHz and 20 MHz bandwidths, respectively. For

narrowband D-FC-FB, the decomposition factor D is chosen

to be greater than 4, following (22). The detailed choices of the

decomposition factors are shown in Table I. The active RBs

are positioned to start at the FFT bins 841 and 3385 in the 5
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MHz and 20 MHz cases, respectively. The normalized number

of multiplications per used resource block are depicted in Fig.

7 and Fig. 8 for 5 MHz and 20 MHz scenarios, respectively.

Also in this comparison, the D-FC-FB scheme is superior

to both the basic FC-FB based and polyphase filter bank

based FBMC/OQAM, in terms of computational complexity.

When small number of RBs are used, D becomes larger

and the scheme becomes computationally more efficient. The

complexity reduction is most significant with small FC overlap

factors 1−Ls/L. Generally for FC-FB, a small overlap factor

gives lower complexity, with the cost of increased out-of-

band emission and in-band interference level [20]. The overlap

factor should be selected based on the system requirements,

together with the other parameters. Generally, the circular

interference due to reduced overlap in the FC processing

depends on the length of the overlapping parts [18]. Therefore,

when the number of FFT bins per subband is increased,

smaller overlap factor can be accepted. The in-band interfer-

ence and out-of-band emission characteristics of FC-FB based

FBMC/OQAM were reported in [20] and the D-FC-FB based

implementations reach practically the same performance. Even

with Ls = 12 the in-band signal-to-interference ratio is clearly

above 30 dB, which is sufficient for 256-QAM modulation.

VII. CONCLUSION

This paper developed an effective decomposition scheme

for FC-FB based waveform processing on the transmitter

side for cases where the active frequency band is narrow

compared to the overall carrier bandwidth. Such cases are

relevant especially for low-complexity terminal devices, e.g.,

in machine-type communications. Using the narrowband D-

FC-FB structure, it is straightforward to dynamically configure

the center frequency of the transmitted group of RBs. If

dynamic configuration of the active bandwidth is required,

then it is advisable to choose the D-parameter according to

the most wideband allocation. Apart from minor differences

in finite wordlength effects in practical implementations, the

decomposed scheme is perfectly equivalent to the original

FC-FB scheme. In realistic narrowband scenarios, 20 - 40 %

reduction in multiplication rates was demonstrated.

This approach can equally well be used on the receiver

side, using a dual decomposed FC-FB structure. In addition

to FBMC/OQAM, the scheme is applicable, in narrowband

scenarios, also for other filter bank based multicarrier wave-

forms, single-carrier waveforms, as well as for filtered OFDM

schemes.

The future work based on D-FC-FB will target at evaluating

the complexity gains with other waveforms, also on the

receiver side. Moreover, the generic cases with non-power-

of-two transform lengths will be examined.
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