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Abstract—Metasurface structures (MSs) are able to control
an impinging electromagnetic wave, in terms of amplitude and
phase. Based on the prominent results of a specific curvilinear MS [1], designed and described by its equivalent nonhomogeneous Transmission Line (TL) model, in this paper we are
motivated to investigate the achievable channel capacity bounds
of the structure in the THz band.
Through its equivalent circuit model, we are able to derive the
attenuation behavior of the proposed MS, which is dependent
not only on the geometric features of the MS, but also on its
TL components. We observe a MS geometry- and frequencydependence, which reflect also on the channel capacity upper
bounds. Specifically, by varying the input power profile of an
impinging electromagnetic wave, we can achieve different trends
of the channel capacity. Best performance are reached assuming
input femtosecond Gaussian-shaped power pulses, that allow to
achieve Pbps channel capacity upper bounds.
Index Terms—Metasurfaces, channel capacity, attenuation,
power profiles.

I. I NTRODUCTION
In the last few years, research activities on beyond 5G have
been started [2] with the main purpose of supporting enhanced
mobile broadband (eMBB), massive communications [3], etc.
Wireless communications in millimeter wave bands (i.e., above
20 GHz and up to 300 GHz) is considered as a key enabler
technology for the next generation of wireless systems. Indeed,
this technology is expected to allow high data rate thanks to
the huge available bandwidth. In [4], the authors discuss the
“trade-offs” between scenario requirements and current silicon
technologies limits, in order to push the next generation of
wireless communication systems.
Different technologies and materials have been used to
achieve this purpose, such as interferometers [5], miniaturized
waveguides [6], gratings [7], [8], and the most recent 3D
metamaterials [9], [10] i.e., artificial material that shows a
frequency-dependent cross-coupling between the electric and
magnetic fields. These materials show interesting advantages,
but at the same time they need relatively large physical
dimensions.
Among the various new revolutionary technologies proposed for the achievement of these objectives are metasurface
structures (MSs), that present intriguing features not existing
in nature. In the recent past, MSs have attracted attention
for different interesting applications such as radar [11], holograms [12], and imaging [13]. Different MS configurations

can be realized to work at different frequency ranges i.e.,
microwave, mm-waves, TeraHertz (THz), infrared and optics.
The great versatility of these structures represents their main
advantage since they can be used to control their response
through modeling, design and manufacturing [14] or via
software [15] for integration and miniaturization in existing
platforms. On the other side, the exploitation of MSs in
telecommunication is still at its embryonal stage, but it is
starting arising more and more interest in the research community. Indeed, the capacity of manipulating electromagnetic
(EM) waves is of paramount and great potential in wireless
communications, as it is expected to easily achieve new
performance limits.
Leveraging on the above motivations, in this paper we
exploit a previously proposed approach [1] to practically
realize 2D MSs, with properties not existing in nature, and
investigate the benefits that can arise in terms of achievable
channel capacity. The proposed technique is based on the
use of the equivalent circuit-model theory, and is able to
link the metasurface properties (i.e., amplitude and phase
of an impinging wave) with its physical characteristics (i.e.,
inclusions’ dimensions and spatial periodicity). The ability to
control the EM waves is then expected to achieve interesting
channel capacity limits in a metasurface medium.
In this paper, we study the behavior of the attenuation
achieved in the proposed curvilinear MS. Then, by assuming different input power allocation schemes, we can derive
variable channel capacity bounds. Specifically, we will focus
on THz band spectrum and derive the channel capacity expression, both in respect of (i) the characteristic parameters of
the MS’s TL model, (ii) the metasurface length, and (iii) the
wave-number of an impinging signal.
This paper is organized as follows. In Section II we report
the main related works about the use of MS for communication
purpose, with particular emphasis to the channel capacity
limits that can be achieved. Section III briefly describes the
modeling and design of a particular metasurface structure,
with specific geometrical and physical features, as previously
introduced in [1]. We remind the mathematical description
of the wave-structure interaction by means of the metasurface impedance, which relates the electromagnetic field
components with the structure constitutive parameters. The
expression of the metasurface impedance is also exploited in

the formula of the attenuation, depending on both frequency
and metasurface length. More details are reported in [1]. In
Section IV, we derive the expression of channel capacity of
a metasurface-based medium, which is strictly linked to the
metasurface impedance. We provide the analysis of the metasurface channel capacity by varying different power profiles as
input, and for each of them we investigate the capacity bounds
that can be achieved. Section V presents numerical results
that assess how the metasurface structure can achieve different
channel capacity limits, based on specific input power profiles.
It can be observed a dynamic behavior of the channel capacity
depending on both (i) the length of the metasurface, (ii) the
wave-number, and (iii) the nature of the MS impedance. This
allows the opportune tuning of the geometrical and physical
features of the metasurface, as well as the working frequency,
in order to obtain the full control of the transmitted signal and
reach channel capacity upper bounds. Finally, conclusions are
drawn at the end of the paper.
II. R ELATED WORKS
Metasurfaces are artificial structures characterized with exotic EM features, not available in nature. Parameters such as
wave amplitude, phase, and polarization can be effectively
manipulated by the means of opportunistic discontinuities
on the interface [16]. Metasurfaces are used with distinct
phase profiles for orthogonal polarization states, which can
be used as different optical components with various incident
polarizations [17]. It follows that the arising interest of metasurfaces in the telecommunication context is justified by the
rapid development of wireless networks systems demanding
an increasing information capacity.
In order to meet this requirement, Kruk et al. in [18] employ
the metasurface for both mode modulation and mode multiplexing for free-space optical communications. They focus on
light modulation and more specifically, they consider the four
dimensions that need to be regarded in order to enhance the
information capacity i.e., time, wavelength, polarization and
quadratures (amplitude and phase modulation), by arguing that
a fifth dimension should be regarded in respect of the electromagnetic fields, namely the space. They consider metasurfaces
as a key enabler way to realize miniaturization and integration
of mode multiplexers and demultiplexers.
Another example about how MS can be employed from a
telecommunication perspective is in [19], where the information encoding capacity and the increasing level of security are
realized with multiple independent channels based on optical
MSs. In [20], Wu et al. provide a quantitative framework
that characterizes the MS capabilities in terms of information
processing. The proposed framework is helpful for achieving
a better insight of metasurfaces from an information theory
point of view. In [21], Momeni et al. propose a new type
of coding MS, based on graphene and working at THz
frequencies. Inspired by an information-theory approach, the
authors consider effective coding patterns in order to improve
the far-field information and the channel capacity. Finally,
another approach for enhancing the information capacity of

metasurfaces is based on controlling spin-to-orbital angular
momentum (OAM) [22].
Leveraging on the effective features of MSs, in this paper
we aim to use a particular curvilinear MS in order to enhance
communication performance, expressed in terms of channel
capacity upper bounds. This can be achieved by accordingly choosing a power allocation scheme that better reaches
performance enhancement. As known, an efficient resource
allocation is of paramount in communication networks and
can have a significant impact on system and communication
performance.
Since for the general communication systems, besides the
path loss effect and the noise, communication capabilities are
strictly correlated to the distribution of power transmission,
different power allocation schemes can result in different
Signal-to-Noise Ratio (SNR) and information rate. In the
simplest case, the power is uniformly distributed on the entire
band (i.e., flat allocation scheme), while another approach
consists in modeling the transmitted signal with an n-th
derivative of a Gaussian shape pulse. In literature, there
have been different power allocation solutions proposed to
improve the performance of the system in terms of robustness,
reliability, resilience, effectiveness, etc. Among the different
schemes, Deng and Haimovich [23] propose a cooperative
scheme among relay nodes. A power allocation scheme based
on optimally allocation of sub-carriers by water-filling has
been proposed in [24], by considering a constant rate power
allocation. In [25], Liu et al. investigate the convergence speed
of water-filling power allocation. Finally, an optimal power
allocation scheme for relayed transmissions over Rayleighfading channels has been proposed in [26].
Based on the considerations regarding both (i) different
power allocation schemes and (ii) the fact that metasurfaces
are gaining more and more interest in the communication
research community, we address on a specific curvilinear
MS [1] and investigate both the attenuation profile and the
achievable channel capacity upper bounds for the proposed
MS, by accordingly allocating input power profiles. To the
best of our knowledge, these two aspects are both considered
for the first time in the research community. Specifically, the
main objectives of this paper can be enlisted as follows:
• The attenuation profile can be accordingly modeled by
means of (i) wave-number, (ii) MS length and (iii) MS
impedance;
• Different power allocation schemes i.e., (i) flat and (ii)
pulse-based allocation schemes, will be considered and
applied to a specific metasurface configuration working
at the THz frequencies;
• The impact of the different input power allocation
schemes will be evaluated by considering the reachable
information capacity upper bounds.
III. M ETASURFACE M ODELING AND D ESIGN
This section reminds the modeling and design of a particular
curvilinear MS, as previously detailed in [1]. The proposed
curvilinear metasurface is depicted in Fig. 1 (a). It is formed by

represents the conjugated operator, and ζ represents the ratio
between the load impedance Zload and Zr (r), i.e.,
ζ=−

(a)

Fig. 1. Proposed metasurface design [1], observed from (a) perspective view,
where the 3D curvilinear metasurface (green) is deposited on a grounded dielectric slab (grey), and (b) side view, where the equivalent non-homogeneous
permittivity model of the metasurface structure i.e., ε(r) is expressed in
spherical coordinate system i.e., (r, θ, φ).

(metallic/dielectric) patches, printed on a grounded dielectric
substrate with relative permittivity εslab and magnetic permeability µslab = µ0 , being µ0 as the magnetic permeability of
free space. The impinging wave presents an incident angle θ.
The top layer is air with permittivity ε0 and permeability µ0 .
The proposed structure can be considered as a slab with nonhomogeneous constitutive parameters such as electric permittivity ε(r) and/or magnetic permeability µ(r), function of the
position vector r, as also shown in Fig. 1 (b). Let us consider
the structure has thickness t [m], and is electrically nonhomogenous ε(r) and magnetically homogeneous µr = µ0 .
According to Maxwells’ and Heltmotz equations, the electric
E and magnetic H vector equations are expressed respectively
as:
(1)

and
2

2

∇ H + ∇ log ε (r) × (∇ × H) + ω µε (r) H = 0.

(2)

As previously introduced in [1], the proposed metasurface structure has been described by its equivalent nonhomogeneous TL model along the (r, θ, φ) directions.
For each TL, the related power transfer function can be
evaluated. In case of radial direction r, let us assume the
following expression for the voltage along r i.e.,
V (r) = a1 e−αr + a2 eαr ,

(5)

Similar expressions can be derived for the TL along the other
directions. Notice that Zload can be expressed through its
inductive and/or capacitive nature, i.e.,

(b)

∇2 E + ∇ [E • ∇ log ε (r)] + ω 2 µε (r) E = 0,

Zload
.
Zr (r)

(3)

where the first term represents the propagating wave and the
second term the reflected one. Specifically, a1 and a2 are
the amplitudes of the waves and α is the complex wavenumber. Furthermore, we consider that voltage and current
at the beginning and end of the line of length d [m] are,
respectively (V0 , I0 ) and (Vd , Id ). It follows that the out-in
power transfer function H can be derived as
"
#
∗
2
Pout
4e−(α+α )r
|ζ|
=
,
H=
2
2
Pin
Zr (r)
(1 + ζ) − (1 − ζ) e−4rα
(4)
where Zr is the non-homogeneous impedance profile for
the metasurface along the radial direction r, the symbol ∗

Zload = R + jωL +

1
,
jωC

(6)

with ω = 2πf as the frequency. As Eq. (6) can show a
frequency-dependent behavior, we expect that also the power
transfer function out-in H depends on the frequency, in case
that Zload has a capacitive and/or inductive nature.
Finally, from Eq. (4), we can easily compute the attenuation
[dB] as a function of the metasurface length r [m] i.e.,
L(r) = −10 log (H) .

(7)

It follows that also the attenuation is dependent on the frequency, as well as the MS geometric features and the corresponding TL model components. This result can be exploited
to achieve other important advances in metasurface-based
communications. Indeed, we expect to observe a frequencyand geometry-dependent behavior of channel capacity, reaching upper limits under different assumptions for power spectral density (p.s.d.) within the whole band of interest i.e.,
(0.1 − 10) THz.
IV. M ETASURFACE - BASED C HANNEL C APACITY
A NALYSIS
In this section, we investigate the capacity behavior of a
metasurface, as designed in Section III, working in the THz
band.
Let us consider the received signal in a metasurface channel
as a sum of several contributions, each one transmitted in
the i-th sub-band, showing a narrow behavior and a flat-band
response i.e.,
NB
X
Pi ≤ PT OT ,
(8)
i=1

where NB is the total number of sub-bands that compose the
total bandwidth B [Hz], Pi [dBm] is the transmission power
in the i-th sub-band, and PT OT is the total transmitted power
in the THz band, i.e., B = [0.1, 10] THz. Then, the overall
capacity C can be defined as the sum of the single capacities
Ci in each of NB sub-bands i.e.,
!
NB
NB
2
X
X
|hi | Pi
,
(9)
C=
Ci =
∆fi log 1 +
∆fi SN (fi )
i=1
i=1
where hi is the i-th power transfer function in the i-th subband, whose expression has been previously introduced in
Eq. (4), SN is the power spectral density of the additive
white Gaussian noise and ∆fi is the sub-band range among
to consecutive sub-bands i.e., ∆fi = fi+1 − fi , with i =
1, 2, . . . , NB . Specifically, we assume a gap of 10 GHz among
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Fig. 2. Attenuation [dB] behavior versus the distance in case of (a) Re[α] = 0, (b) Re[α] = 0.5 and (c) Re[α] = 1.

two consecutive sub-bands and we obtain NB = 990 subbands in the whole THz band.
It can be easily noticed that the channel capacity expression in Eq. (9) is expected to be dependent directly on the
metasurface parameters, such as Z0 and Zload , as appearing
in Eq. (4). Furthermore, the metasurface channel capacity is
expected to be geometry-dependent through the expression of
|hi |, as well as depends on the specific input power profile
adopted in the i-th sub-band i.e., Pi . Notice that also the power
profile can assume a frequency-dependent behavior, and then
different values of channel capacity per sub-band depend on a
given power allocation scheme adopted in the i-th sub-band.
Regarding the transmission strategies, we consider two
approaches that differently distribute the input power in the
frequency domain i.e., in the THz band. The simplest case
of power allocation scheme considers that the power level in
each sub-band is equally distributed over the entire operative
band B [THz], namely flat power profile, i.e.,
(
P0 , ∀f ∈ B
Pi = Pf lat (f ) =
(10)
0,
otherwise
where P0 [dBm] is the constant power level in each sub-band.
Finally, the second approach for power allocation is related
to the possibility of transmitting very short pulses in order to
hundred of femtoseconds. Typically, in THz band, these pulses
are modeled following a Gaussian distribution, i.e., N (µ, σ 2 ),
with µ [s] as the mean value of the distribution and σ [s]
as the standard deviation of the Gaussian pulse. The power
spectral distribution (p.s.d) of the n-order time derivate of
a femtosecond-long pulse is also Gaussian shaped, and the
power level in the i-th sub-band shows the following profile
i.e.,
h
i
(n)
2n
2
Pi = Ppulse (f ) = A2 (2πf ) exp −(2πσf ) ,
(11)
where A is a normalizing constant useful to adjust the pulse
total energy, which can be computed as
A2 = R fmax
fmin

Pi
Ppulse df

,

(12)

where fmin and fmax are the lower and the higher operative
frequencies that indicate the overall bandwidth B [Hz], respectively. Specifically, in case of THz band, fmin = 0.1 and
fmax = 10 THz. The expression of power in Eq. (11) allows
to identify the pulse-based power allocation scheme.
V. ATTENUATION AND C HANNEL C APACITY L IMITS
The following results represent the behavior of channel
capacity per sub-band in a metasurface medium, designed
according to the proposed unit cell model, as introduced in [1].
All the results have been obtained in Matlab environment.
We are interested in the analysis of both the attenuation and
the channel capacity upper bounds along the radial direction
and for different values of complex wavenumber α i.e.,
Re[α] = [0, 0.5, 1] and Im[α] = [0, 0.5, 1, 4]. The behavior
of the attenuation at the output of the metasurface allows to
understand how the emitted signal can be controlled, and then
how effective the performance of the channel are.
We present the impact of the parameter α on the signal
propagation in respect of the radial direction, in case of no
frequency dependence, assuming Zload = R = 100Ω, in order
to highlight how the geometry features of the metasurface
affect the performance. Fig. 2 describes the attenuation profiles
for r = 10 [m], in case of variable α i.e., Re[α] = [0, 0.5, 1]
and Im[α] = [0, 1, 3, 5]. In case of Re[α] = 0 as depicted
in Fig. 2 (a), it is interesting to observe peaks of attenuation
around ≈ 10 dB for r ≈ 1.2 m, i.e., in such a specific length
the propagated signal shows the highest attenuation. We evince
the powerful feature of metasurface that allows to fully control
the impinging signal. The peak of attenuation is followed by a
decreasing slope for r > 1.2 m, with a very dynamic behavior
in case of α = Im[α], with peaks and fluctuations of the
attenuation caused by the inhomogeneity of the medium, while
the trend is smoother and strongly decreasing with the radial
direction in case of Im[α] = 0.
Notice that a decreasing behavior of the attenuation along
the distance is unusual w.r.t typical attenuation trends, which
show increasing behavior with the channel length. This aspect
is due to Re[α] = 0 that allows to generate a gain (i.e., amplification) of the output power for higher distances. Once again,
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Fig. 3. Attenuation [dB] behavior versus the distance in case of (a) Re[α] = 0, (b) Re[α] = 0.5 and (c) Re[α] = 1.

this result represents the powerful feature of metasurfaces that
can control EM waves.
Peaks of attenuations can be observed also in case of
increasing Re[α], as in Fig. 2 (b) and (c), where for short
length of the propagation medium i.e., r ≤ 1.2 [m], there
is a decreasing behavior of the attenuation, followed by a
smoother and very dynamic trend for increasing distances
(i.e., longer the channel, higher the attenuation loss). We
observe that for higher Re[α], fluctuations and peaks diminish
in favor of a smoother trend. It looks like increasing real
part of wavenumber α reduces peaks and fluctuations in favor
of an increasing and smoother attenuation trend. Finally, for
Re[α] > 0, maximum values of the attenuation are ≈ 30 dB
at distance r = 10 m. As a result, increasing Re[α] provides
an increase of attenuation with smooth trend.
Such behaviors can be better observed in Fig. 3 that shows
a zoom of the attenuation trend for r ≤ 2 m, and for different
wavenumbers α. Again, peaks and fluctuations disappear in
flavor of a smooth behavior in case of α = 0 (see black curve
in Fig. 3 (a)), showing very low values of attenuation, thus reflecting an amplification of the impinging signal. Fluctuations
of attenuations are observed for increasing Im[α] (see blue,
red and green lines). Differently, in Fig. 3 (b) and (c), for
Re[α] > 0, the attenuation peaks are around ≈ 30 [dB] and
≈ 40 [dB], respectively, and fluctuations are strongly reduced.
To summarize, we can evince the following behaviors of the
attenuation of a signal impinging on the proposed curvilinear
metasurface structure in case of Zload = R, i.e.:
•

•

•

•
•

As expected, the attenuation increases with the metasurface length, only when Re[α] > 0, with a resonance peak
around r ≈ 1.2 m;
For Re[α] = 0, the attenuation trend decreases with the
metasurface length, due to no losses introduced by the
wave-number;
Increasing Re[α] provides enhanced attenuation, while
increasing Im[α] highlights peaks and fluctuations of the
attenuation;
For Re[α] > 0, the resonance peak occurs at r ≈ 1.2 m
and is followed by an increasing slope;
When α = Im[α] 6= 0, fluctuations present a periodic

trend that decreases with the metasurface length.
After depicting the attenuation trend of an impinging signal
on a metasurface channel, we are able to investigate the
channel capacity upper bounds for different power allocation
schemes. In Fig. 4 we report the values of channel capacity
achieved for r = 10 m, in case of a resistive load impedance
i.e., Zload = R, and a flat input power profile i.e., P0 =
46 dBm. Again, performance have been obtained in case of
variable complex wavenumber α. In Fig. 4 (a), it can be
observed (i) a fluctuation trend along the metasurface structure
when α = Im[α] that is, the imaginary part of wavenumber
prevents the smooth behavior, and (ii) a decreasing trend
for short metasurface size i.e., r ≤ 1.2 m. Such features
are also reflected in the attenuation trend, as in Fig. 2. The
increasing capacity trend is due to the absence of losses in
the metasurface, as introduced by Re[α] = 0. In this case, we
observe high values of capacity, reaching ≈ Pbps order (see
black curve in Fig. 4 (a)). In Fig. 4 (b) and (c), when increasing
the real part of α, channel capacity degrades with increasing
metasurface length, with values of the order of Mbps for very
short lengths. Indeed, we observe a severe drop of channel
capacity around r ≈ 1.2 m, followed by a smooth increase, and
then again a decreasing slope for higher metasurface lengths.
This aspect is due to the increase of the real part of α that
provides higher attenuation to the impinging signal.
As noticed in Fig. 4, channel capacity performance reach
≈ Gbps and ≈ Pbps order for Re[α] = 0, while for increasing
Re[α], the channel capacity bound is limited to Mbps order
for very short metasurface lengths, as depicted in Fig. 4 (b)
and (c). It is also observed that for higher MS lengths, the
channel capacity shows a severe decrease.
Differently, better performance are obtained in case transmission of Gaussian-based power pulses, assuming σ =
[50, 100, 150] fs. Fig. 5 depicts the channel capacity upper
bound for r ≤ 10 m, obtained assuming a pulse-based input
power profile, in case of different values of wave-number
α. Again, we assumed Zload = 100Ω, Re[α] = [0, 0.5, 1]
and Im[α] = [1, 5]. Also, according to Eq. (11), performance
are affected by the derivative order n of the Gaussian pulse.
Specifically, we distinguish channel capacity upper bounds
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obtained for (i) low (i.e., n = 1) and (ii) high derivative
order (i.e., n = 6), and results are reported in Fig. 5 and
6, respectively. Firstly, both for low and high derivative order,
we notice that the channel upper bounds are in the order to
Pbps, that represents a very enhanced achievement w.r.t. the
channel capacity results obtained in case of flat power profile.
Of course, different ranges are obtained in case of low and
high derivative number, so that the channel capacity upper
bounds reach ≈ 2 Pbps and ≈ 7 Pbps, as depicted in Fig. 5
and 6, respectively. More in detail, in Fig. 5 for n = 1, the
channel capacity upper bound starts around 2 Pbps for low
metasurface length, with a resonance peak at r = 1.2 m, as

already observed for the attenuation trend in Fig. 3. Capacity
bounds have been observed for different values of σ, so that
short pulses i.e., σ = 50 fs, provide higher capacity values
(see black curves in Fig. 5), with small decreases with the
metasurface length in case of increasing Re[α], as observed
in Fig. 5 (b) and (c). Similar considerations apply for Fig. 5
(e) and (f ), where we observe a channel capacity values of
≈ 2 Pbps and ≈ 1.7 Pbps at r = 10 m, both in case of
σ = 50 fs, respectively. On the other side, when a longer power
pulse signal impinges the metasurface (i.e., σ = 150 fs), the
channel capacity presents a very dynamic decreasing trend for
higher metasurface lengths (see red curves in Fig. 5). Also,
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Fig. 6. Capacity [Pbps] behavior in case of pulse power profile, versus the distance, for Zload = R = 100Ω and n = 6, in case of Re[α] = [0, 0.5, 1] and
Im[α] = [0, 5].

increasing the real part of α provides a degradation of the
channel capacity upper bounds for fixed metasurface lengths.
Finally, as expected, when α = Im[α] 6= 0, fluctuations of the
channel capacity appear, as depicted in Fig. 5 (d).
Similar considerations can be observed in Fig. 6 for high
derivative order n, except a more dynamic trend of the channel
capacity that increases faster with the metasurface length (see
black curves). Also, the channel capacity values are higher
than the case of low derivative order, around ≈ 6 Pbps.
Finally, small decreases are noticed for increasing Re[α] with
increasing metasurface length.
VI. C ONCLUSIONS
Metasurfaces are recently arising a lot of interest in telecommunication research community, due to their great versatility
in the manipulation of electromagnetic wave. The potential
of integrating a communication system with such a kind of
structure is paramount, since the performance of the system
could benefit of it by equipping for example offices walls or
in general building walls with metasurface structures.
Based on these premises, in this work we have considered a
curvilinear MS, presenting very intriguing properties in terms
of electromagnetic wave manipulation. In the perspective of
MS integration in a communication system, we have investigated the channel capacity upper bounds that can be achieved
in the THz band. In particular, since power and resource
allocation have been for a long time investigated in the communication network community showing their effectiveness,

we have applied different power allocation mechanisms on our
MS structure, and shown how these approaches may impact
on the channel capacity performance. As a conclusion, we
have observed higher performance in case of femtosecond
Gaussian pulses of high derivative order, as compared to a
flat power profile. Furthermore, the complex nature of wavenumber allows to accordingly achieve smoother or fluctuating
channel capacity behaviors.
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