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Abstract—Cooperative transmission, realized by aggregating
several nodes to a virtual multiple input system, is an auspi-
cious approach to establish a more robust and effective com-
munication in MANETs. In such a setup, impairments, i. e.
multiple timing and carrier frequency offsets (TO, CFO) will
occur. While multi-carrier schemes, e. g. Orthogonal Frequency
Division Multiplexing (OFDM), are well-known to mitigate
the impact of multipath propagation and TO, multiple CFO
causes inter-carrier-interference (ICI) which typically degrades
the performance significantly. Within this paper, we propose an
effective code and equalizer structure that allows to overcome
this limitation. It mitigates the impact of multiple CFO that
can be significantly larger than the subcarrier spacing with a
reasonable computational effort. For that, we utilize inherent
code properties of Linear-Scalable Dispersion Codes (LSDCs)
and propose a communication system composed of an equalizer
structure in combination with LSDCs that enables multi-carrier
distributed cooperative transmission for practical MANETs with
high node mobility. We demonstrate the benefits of cooperative
transmission in comparison to classical non-cooperative multi-
hop or concurrent transmission by outage simulations, which
clearly indicate that our proposal can be of crucial importance for
the overall MANET scalability. Lastly, we compare our OFDM
system with a recently proposed time-domain equalization single-
carrier system and point out use cases, where the OFDM system
can be more advantageous.

Index Terms—MANET Scalability, Distributed Cooperative
Transmission (Broadcasting), Space-Time Block Codes (STBC),
Carrier Frequency Offset (CFO), Timing Offset (TO), OFDM

I. CRITICALITY OF CARRIER FREQUENCY OFFSET

Mobile Ad-Hoc Networks (MANETs) do not require any
infrastructure and are typically composed of lightweight, low-
power, low-cost nodes [1]. Cooperative transmission can be
established by aggregating several nodes to a virtual multiple
input system. If a transmit diversity scheme is employed,
all nodes simultaneously send the same information, but a
different transmit signal, so that the contributions add up in
power and not in amplitude. By that, destructive interference
can be avoided [2].
With respect to practical systems several impairments have
to be considered as depicted in Fig. 1, that particularly arise
due to the aggregation of distributed nodes. As all nodes are
located at a different distance to each other, the propagation
time varies leading to a timing offset (TO). Imperfect synchro-
nization will also cause TO. Besides, multipath propagation
has to be expected that causes a channel delay spread which

is dissimilar for each link. Since each node is equipped with an
own oscillator, in principal each will induce a different carrier
frequency offset (CFO), while node mobility is a further source
for CFO due to the Doppler shift. The latter is specifically an
issue for the increasingly popular Vehicular or Flying Ad-Hoc
Networks (VANETs [3], FANETs [4]).
Multi-carrier modulation schemes, like Orthogonal Frequency
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Fig. 1. MANET system model: distributed nodes each with a different
oscillator, moving direction, velocity and distance to other nodes

Division Multiplexing (OFDM), are commonly known to be
suited to overcome multiple TO and multipath propagation
by an appropriately designed guard interval, i. e. cyclic prefix.
However, they greatly suffer from the impact of multiple CFO
that causes inter-carrier-interference (ICI). In literature, two
different approaches are followed to deal with this problem.
On the one hand, transmit diversity schemes are proposed
that are insensitive to CFO. However, these typically cannot
achieve full transmit diversity and rate one simultaneously
[5]. On the other hand, mitigation techniques are proposed.
Nonetheless, these have major drawbacks. The performance
can often only be maintained if the CFO is comparably
low [5], [6] or significantly increased computational effort is
required [7]. Some mitigation techniques require an extended
overhead [8] or are limited to a specific, rather low number
of transmitters [7], [9].
Within this paper, we propose an effective equalizer structure
which facilitates cooperative communication that

• is insensitive to arbitrary multiple CFO,
• is robust against multiple TO,
• profits from multipath propagation,
• allows for an arbitrary number of TX,
• is computationally efficient and
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• does not require any additional overhead, knowledge
about the nodes’ location or a feedback link.

We employ Linear-Scalable Dispersion Codes (LSDCs) [10]
as transmit diversity scheme and utilize inherent code prop-
erties. In Section V, we demonstrate the effectiveness of the
proposed equalizer structure and cooperative transmission by
investigating the propagation of a message in a MANET sce-
nario. Lastly, we compare our OFDM system with a recently
proposed time-domain equalization single-carrier system [11].
Notation: x denotes a scalar, x a vector, X a matrix and

...
X

a diagonal matrix where X(i, j) = 0 for i ̸= j. (·)H refers to
the adjoint (complex transpose), (·)Ω to a frequency domain
and (·)i to a node specific description.

II. TRANSMIT DIVERSITY SCHEME

Space-Time Block-Codes, initially designed for co-located
antennas at one node, can be adapted to establish cooperative
transmission for distributed nodes [2]. It could be shown, that
LSDCs are a favourable option as they rely on an artificially
introduced interference to achieve the best-possible diversity
performance [2]. Fundamentally, two linear codes are used for
encoding. The outer code R ∈ CNC,NI is optimized with re-
spect to the diversity gain, while the inner code Cν ∈ CNC,NTX

is designed for channel adaptation, where NC denotes the
block length, NI the number of information symbols and
NTX the number of transmitters (TX). According to [10] the
matched received symbol vector ym ∈ CNC,1 is obtained by

ym = RH ·
...
D ·R ·α+ n = Λ ·α+ n, (1)

where n ∈ CN
(
0, σ2

n I
)

denotes the complex-valued additive
white Gaussian noise (AWGN).

...
D ∈ CNC,NC is a diagonal

matrix that summarizes the impact of the channel and the
inner code. In [12] an OFDM design is proposed that basically
uses the exact same encoding approach as for a single-carrier
scheme. However, this is only possible for a co-located setup,
i. e. in absence of multiple CFO.

A. OFDM Encoding for Distributed Nodes

Applying a transmit diversity scheme for OFDM basically
allows to profit from several degrees of freedom. If all sub-
carriers are considered as one block, the frequency selectivity
of the channel can be utilized, so that diversity over frequency
can be attained. Besides, diversity over space can be achieved
if several nodes are aggregated to a cooperative transmission.
Additionally, it is possible to accomplish diversity over time
if different OFDM symbols are accumulated and if various
observations for the same OFDM subcarrier are considered as
one block. In principle, all mentioned diversity gains can be hit
simultaneously. Nonetheless, a sufficiently large block-length
is necessary that in turn increases the decoding complexity.
Within this paper we will focus on an encoding that facilitates
diversity over frequency and space.
The transmit symbol vector αTX ∈ CNC,1 is generated by
αTX = R·α, where α ∈ CNC,1 denotes the input (information)
symbol vector. Thereafter, each node i uses a different inner
code

...
CTX,i to calculate its specific transmit symbol vector.

...
CTX,i is a diagonal matrix whose elements correspond to one
column of the inner code matrix Cν . In order to obtain the
specific OFDM symbols βTX,i, in general guard and pilot
carriers are adjoined according to the OFDM design. Next,
the time-domain transmit symbol is generated by performing
a Nsc-point IDFT which can be expressed by employing a
DFT-matrix F ∈ CNsc,Nsc as ũi =

√
1

Nsc
· FH · βTX,i Lastly,

a cyclic prefix of length Lcp is added by prepending the last
Lcp samples to obtain the transmit signal ui for the i-th TX.

B. Impact of CFO

Basically, a different multipath fading channel for the link
between each TX and RX is assumed (tapped delay line
modelling, broadband channel in the time-domain), while
the channel for one OFDM symbol and the i-th link can
be described by a channel vector hi ∈ CNsc,1 that can be
expressed as hi =

(
hi,1 hi,2 . . . hi,Lcp 0 . . . 0

)T
. The

number of non-zero channel coefficients, i. e. the number of
paths (channel taps), is assumed to be not larger than the
cyclic prefix length to maintain orthogonality of the OFDM
subcarriers. In the time-domain, the impact of the channel can
be expressed by a linear convolution as uch,i = hi ∗ ui or
respectively as uch,i = hi ∗ ui + n.
We assume that the CFO is different for each TX and constant
for at least one OFDM block. As CFO results from the
mismatch between the oscillators of each TX and RX, the
impact in time-domain can be considered by a multiplication
with a diagonal matrix

...
ΦTX,i prior to the superposition of the

intermediate signals uch,i. The ν-th diagonal element of
...
ΦTX,i

corresponding to the ν-th time-slot can be expressed by
...
ΦTX,i (ν, ν) = ej·2π·CFOi·ν·ts = ϕν

i , so that (2)

...
ΦTX,i =



ϕ0
i 0 . . . . . . 0
0 ϕ1

i 0 . . . 0
... 0

. . . 0 0
...

...
...

. . . 0

0 0 0 0 ϕ
2·Nsc+Lcp−2
i

 , (3)

where CFOi refers to the CFO of the i-th TX and ts to the
sample time of the system. With that, the received symbol
vector y can be denoted as

y =

NTX∑
i=1

...
ΦTX,i · uch,i =

NTX∑
i=1

...
ΦTX,i · (hi ∗ ui + n) . (4)

III. PROPOSED EQUALIZER STRUCTURE

The procedure to obtain the proposed equalizer structure is
similar to that in [11]. The overall transmission is summarized
in the frequency domain by employing a correlation matrix Λ
that is in the form of

Λ = RH ·ΛQ ·R, so that (5)

ym = Λ ·α+ n = RH ·ΛQ ·R ·α+ n. (6)



Once a matrix ΛQ ∈ CNC,NC can be found that merges the
impact of aforementioned impairments and at the same time
fulfils equations (5) and (6), R can be optimized to maximize
the pairwise product distance [10]. So, a high diversity gain
can be achieved, whereas the optimization depends on the
structure of ΛQ. The performance can be retained, once the
additional ICI can be sophisticatedly considered. For that, in-
herent code properties of LSDCs are utilized, which highlights
the proposal from [2].
To determine ΛQ, we employ an intermediate matrix Q ∈
CNC,NC that summarizes the transmit behaviour or respectively
properties for all links. Q can be obtained by a superposition
of each links’ property matrices QTX,i ∈ CNC,NC , so that
ΛQ = QH ·Q, whereas Q =

∑NTX
i=1 QTX,i.

Crucial for the presented approach is to describe the impact
of CFO in the frequency-domain. A matrix ΦΩ

TX,i that incor-
porates latter can be constructed by

ΦΩ
TX,i =

1

Nsc
· FH ·

...
ΦTX,i · F. (7)

It is noteworthy, that ΦΩ
TX,i is no diagonal matrix anymore,

but a cyclic matrix. Hence, each subcarrier is interfering with
all other subcarriers, whereas this ICI is the larger, the larger
the CFO is. Using ΦΩ

TX,i for each TX, QTX,i can be built as

QTX,i = ΦΩ
TX,i ·

...
HTX,i ·

...
CTX,i, (8)

where
...
HTX,i denotes the channel for the i-th link in frequency-

domain that can be obtained by
...
HTX,i = diag (F · hi).

For the processing at the RX, first the cyclic prefix of the
received symbol vector is removed, before the frequency-
domain expression is calculated by yΩ =

√
1

Nsc
· F · y.

Next, a multiplication with the adjoint transmit property matrix
QH is performed prior to a multiplication with the adjoint
outer code matrix RH , so that ym is obtained by

ym = RH ·QH · yΩ. (9)

The corresponding correlation matrix Λ promptly follows as

Λ = RH ·QH ·Q ·R. (10)

ym and Λ can be forwarded to an appropriate decoder (see
Fig. 3). It is important to denote, that the proposed equalizer
structure does not majorly increase the complexity with respect
to the initial system, as the main properties of the correlation
matrix Λ retain similar. Compared to the starting system,
the composition of the Q and QTX matrices are an extra
burden, which however is a set of simple matrix multiplication
and addition operations. Thus, it can be considered easily
feasible, even for less powerful computational devices. The
overall complexity of the equalizer is in principle scalable by
replacing the employed decoder. Linear decoder instead of an
iterative MAP-MMSE-DFE can be also used, whereas it is on
hand that there will be a performance degradation compared
to iterative representatives due to the enhanced interference
cancelling capability of latter. The MAP-MMSE-DFE receiver
in particular allows for a complexity-performance trade-off by

adjusting the decision threshold.
The overall system model is summarized in the block dia-
gram that is depicted in Fig. 2, presuming that the channel
impulse response is not longer than the guard interval and
that no oversampling is performed. Besides, Fig. 3 visualizes
the proposed equalizer structure that considers multiple CFO
which the initial design does not.

Fig. 2. Equivalent system model summary
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Fig. 3. Proposed equalizer structure that considers multiple CFO

IV. PERFORMANCE COMPARISON

Within this section we momentarily concentrate on a
MANET setup with NTX = 4 transmitters to validate the
robustness of our proposed equalizer structure prior to evalu-
ating the propagation of a message in a larger more realistic
MANET scenario in Section V. First, we define an exemplarily
OFDM design in accordance to the requirements considered
for the NATO Narrowband Waveform (NBWF) [13].

A. Environmental Conditions for NBWF

A maximum delay spread of τmax = 100 µs and a maximum
node velocity of v = 60 kmh−1 is presumed. Besides, the
MANET is considered to be operated in the UHF frequency
range, wherefore a carrier frequency of fc = 500 MHz is
assumed. With these, the maximum Doppler frequency fD,max
follows as fD,max = v

c · fc = 27.78 Hz, the channel coherence
time Tc as Tc < 1

2·fD,max
= 18 ms and the channel coherence

bandwidth Bc as Bc <
1

2·τmax
= 5 kHz.

B. Exemplarily OFDM Design

Aiming for a robust transmission, the cyclic prefix is chosen
to be as long as the assumed maximum delay spread (Tcp =
τmax = 100 µs), which corresponds to a path length difference
of ∆dcp = c0 ·Tcp = 30 km. The symbol duration is four times
longer than the guard interval, so that Tsym = 4 ·Tcp = 400 µs.



Hence, the subcarrier spacing is ∆f = 1
Tsym

= 2.5 kHz.
Aiming for a necessary bandwidth below 80 kHz according
to NBWF and requiring NSC ∈ 2x, x ∈ N for computational
efficiency, we select NSC = 32, so that BOFDM = Nsc ·∆f =
80 kHz and ts =

Tsym

Nsc
= 12.5 µs for further proceeding. Then,

the effective bit rate for 4-QAM is Rb,OFDM ≈ 100 kpbs. It
is important to denote, that the proposed equalizer structure
is not limited to a 4-QAM. Employing higher order schemes
is straightforward and only increases the computational com-
plexity for decoding.
Due to the small coherence bandwidth in comparison to the
subcarrier spacing, it appears to be less favourable to embed
pilot carriers into each OFDM symbol. Instead, we presume
that the parameters are estimated with training symbols. For
the performed simulations, it is assumed that the RX has
perfect knowledge about the channel state information as well
as perfect knowledge about each TX’ CFO and each link’s
delay. Such a precise parameter estimation is reasonable, as
the feasibility of varying approaches has been demonstrated
in theory [14] and with low-complexity SDRs [15].
With regard to the large coherence time in comparison to the
symbol duration, it becomes apparent that aiming for diversity
over time would be disadvantageous for such a setup.
Following typical OFDM designs, the DC-carrier is sup-
pressed. Besides, left and right guard carriers are considered.
In total 26 out of 32 carriers are used for data transmission.

C. Results
We assume that each node introduces CFO and limit the

simulations on oscillators with an accuracy of 100 ppm, so
that the CFO is randomly varied between ±50 kHz for each
TX and transmission. Thereby, the overall received signal
spectrum is considered to be totally covered by the filter band-
width. We further presume Rayleigh fading channels (tapped
delay line modelling) and vary the number of paths Npaths
(channel taps), i. e. the distinctness of multipath propagation.
A power-decay-profile is not considered, so that each path has
the same mean power. Hence, each channel coefficient vector
is scaled by

√
1

Npaths
. For the moment, we do not consider

any distance-dependent path-loss and assume that all TX are
located at the approximately same distance to the RX, but
the channel for each link is different. In addition, each link
introduces a random TO, whereas τ denotes the maximum
delay in samples, so that the link specific delay τi ∈ (0, τ).
The overall delay (TO and channel delay spread) does not
exceed the cyclic prefix.
With respect to the LSDCs, the outer code length is selected
such, that NC = Ndata. The number of information symbols
matches NC (NI = NC = 26), so that rate one is attained
(RC = NI

NC
= 1). A numerically optimized outer code is

employed according to [10], while a random phase matrix is
used as inner code [2]. An iterative MAP-MMSE-DFE receiver
[16] is utilized, whereas the decoding error threshold is set to
0. So, only one symbol is decoded per iteration.
From Fig. 4 it becomes immediately clear, that the proposed
equalizer structure is capable to retain the diversity perfor-

mance in presence of multiple TO and CFO. Multipath propa-
gation cannot only be compensated, but is even advantageous,
as the outer code is able to utilize the induced frequency
selectivity. In fact, this has been a major reason for our
preference for LSDCs in favour of other STBCs.
We compare our results with classical non-cooperative multi-

Fig. 4. Performance comparison: BER vs. Eb
N0

for classical multi-hop,
concurrent and cooperative communication

hop communication where only 1 TX is active at a time [2]. It
can be differentiated, whether the single TX employs LSDC
encoding to achieve diversity over frequency. For latter, the
same outer code can be utilized as for cooperative transmis-
sion, while the inner code has only one non-zero column.
According to aforementioned observation, encoding a single
node’s signal with an appropriate outer code is advantageous
in a multipath environment. Nonetheless, the performance that
is achievable with a cooperative transmission is significantly
better, particularly for small Npaths, as then the achievable
diversity over space dominates the diversity over frequency.
Besides, we compare our results with concurrent transmission
[2]. In such a scenario, all active nodes indeed transmit simul-
taneously, but without using any transmit diversity. Because
all TX accordingly send the same information and signal,
destructive interference can occur that has a negative impact on
the performance. Within this context, it is important to denote
that our proposed equalizer structure directly allows to mitigate
the impact of multiple CFO for concurrent transmission, too.
The same model is valid, whereas the outer code is replaced
by the identity matrix of appropriate dimension and Cν is a
matrix purely consisting of ones. Again, it has to be stated,
that cooperative transmission is significantly more robust.

V. MANET SIMULATIONS

Within this section we simulate the propagation of a mes-
sage in a MANET that consists of a varying number of nodes
(Nnodes). We exemplarily study a cooperative broadcasting
scenario that is perfectly suited to highlight the benefits of the
proposed equalizer architecture: More and more nodes become
active each introducing a varying CFO in the range ±50 kHz,
since we again assume 100ppm oscillators and fc = 500 kHz.
At the beginning, one node starts to transmit a message.



Surrounding nodes that are able to successfully decode, join
the transmission and become TX. All active TX send simulta-
neously, why an increased number of TX is employed for each
broadcasting stage, so that the transmission range is typically
extended and the number of required hops reduced [2].
To identify the broadcast success, we generate random topolo-
gies and study the propagation of a message stage by stage.
For each stage, we simulate several channel realizations and
calculate the mean BER for each receiving node. If the mean
BER is below 10−2 we consider the node to be reached,
while we choose this threshold with respect to common
forward error correction (FEC) schemes, that typically allow
to correct remaining bit errors once this BER level is undercut.
A stage is successful if at least one further node can be
reached. Accordingly, a broadcast is successful if all nodes can
successfully decode the message. The evaluation algorithm is
condensed in Fig. 5.

For our simulations we assume that Nnodes are randomly
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Fig. 5. Algorithm to detect outage / success in MANET simulations

distributed in a two-dimensional (all nodes are at the same
height) area of dedicated size (10m x 10m). We assume
Rayleigh fading channels for each link, which are different
for each stage, and vary the number of paths. The channel

coefficient vectors are scaled with
√
d−η

i , where di refers
to the distance between the i-th TX to the corresponding
RX and η = 4 to the path-loss coefficient of a suburban
environment, to consider a distance-dependent path-loss. Each
node introduces a random CFO, while the TO for the i-th link
is also distance-dependent. It is determined by

τi =
⌈
1

sym
m

· (di − dmin)
⌉

. (11)

With Eq. 11 we map the distance of each TX to the respective
receiving node to a corresponding propagation time. The
difference between these is considered a TO. Thereby, we
declare each TO with respect to the earliest arriving signal
that is originated from the nearest located node, where dmin
refers to the minimum distance between all active TX to
the RX. ⌈·⌉ denotes a ceil rounding operation. We choose
this linear relationship instead of the actual expected physical
propagation time, as this model basically allows to introduce

higher TO, whereas the level of TO can be adjusted at will
by an appropriate coefficient, while we arbitrarily select 1 sym

m .
Hence, despite the limited dimensions of the investigated area,
the principal robustness for an increased level of TO can be
studied as it will be prevalent in an extended area. All nodes
transmit with Eb = 1 and the noise variance is σ2

n = 10−4.
Fig. 6 depicts the outage rate with respect to Nnodes for varying
Npaths. The advantage of cooperative transmission compared
to classical non-cooperative multi-hop communication is on
hand: Rout is significantly lower. According to the results
of previous section, the benefits of multipath propagation
are recognizable, too. For an increased number of paths,
the frequency selectivity increases which the outer code can
exploit, i. e. diversity over frequency is attained, leading to
an overall increased performance. The proposed multi-carrier
systems approximately achieves the same performance as the
single-carrier system presented in [11] if the energy loss due
to the cyclic prefix is considered, whereas a more detailed
comparison between both is given in Section VI.

Fig. 6. Outage rate vs. population size

VI. COMMENTS ON THE BENEFITS OF AN OFDM SYSTEM

In [11] we have proposed a comparable single-carrier
system (QAM, time-domain equalization) that enables dis-
tributed cooperative communication in presence of the same
impairments. Both systems are able to mitigate the impact
of imperfections and basically attain the same diversity and
outage performance. The single-carrier system has a slight
advantage as the cyclic prefix and the usage of guard carriers,
etc. causes an energy loss for the OFDM system, which is
why accordingly a better BER vs. Eb

N0
as well as a lower Rout

(see Fig. 6) can be achieved. Nonetheless, this is a structural
disadvantage of an OFDM system, whereas the concrete
impact is strongly related to the specific design. Without any
cyclic prefix or respectively without considering this power
loss, both schemes achieve the exact same performance. Thus,
both are very well suited to establish distributed cooperative
transmission for practical MANETs. The major contribution of
this paper is to point out, that multiple carrier frequency offsets
can be mitigated, so that there is no performance degradation.
Hence, employing LSDCs to establish an efficient cooperative



transmission scheme is feasible for low-cost hardware.
At the end, the decision, which scheme is to be preferred,
is closely related to the planned application, while both
schemes have been compared to each other several times in
previous research work. Fundamentally, both have the same
potential [17]. If channel state information is available at the
TX (CSIT) so that adaptive loading is possible, OFDM has
a distinct performance advantage. Neglecting CSIT, OFDM
typically offers a larger rate region in a multipoint to point
communication than single-carrier systems [18], whereas it is
shown that single-carrier schemes perform better in a slow-
fading multipath channel [19]. One major disadvantage of
OFDM is the peak-to-average power ratio (PAPR) that can
be quite high and problematic if amplifiers with strong non-
linearities are used [20].
To sum up, our proposals utilize the fact that an iterative DFE
receiver has to be already used due to the structure of LSDCs
regardless of the channel model. On the one hand, the system
from [11] allows a single-carrier scheme to effectively deal
with strong multipath propagation which is actually a goodness
that is ascribed to multi-carrier schemes. On the other hand,
the system presented in this paper allows an OFDM system
to effectively deal with multiple CFO. A problem, for which
no sophisticated solution has been presented up to now (to the
best of the authors’ knowledge) and that has been considered
a major drawback for the practical implementability. A single-
carrier system might be better suited for low-complexity,
battery-powered networks where each node has only limited
computational power. In contrast, an OFDM system might be
a wise choice for networks composed of more powerful nodes
as multi-carrier schemes are in principal more flexible.

VII. CONCLUSION

Within this paper we propose a communication system
composed of adapted LSDCs in combination with an effective
equalizer structure that allows to establish cooperative com-
munication for distributed nodes in a MANET. The suggested
system is tolerant against multiple timing and carrier frequency
offsets. Differing to proposed comparable schemes, the latter
can be several times higher than the subcarrier spacing without
having a negative impact on the performance as long as the
filtering bandwidth at the receiver is large enough. Addi-
tionally, the system requires reasonable computational effort.
A scalable suboptimal iterative receiver within the proposed
equalizer structure is sufficient to exploit a near optimum
transmit diversity gain.
Upcoming variants of MANETs like VANETs and FANETs
introduce high node mobility that typically leads to frequent
disconnections and topology changes. As common routing
protocols rely on broadcasting topology control messages, the
overall scalability is limited [21]. Having demonstrated the
benefits of our system in particular for cooperative broadcast-
ing in MANETs, it can be stated that our proposals are very
promising for an improvement of the overall scalability.
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