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1. Introduction
Most of current communication systems repect the Nyquist criterion [1].
⇒ Perfect symbol reconstruction on perfect (noiseless) channel guar-

anteed.

Overriding this criterion is a way to improve spectral efficiency.
⇒ Induces inter-pulse interference (IPI).
⇒ Perfect symbol reconstruction on perfect channel not guaranteed

anymore.

Denoting F0 the inter-carrier spacing and T0 the multicarrier symbol du-
ration, a multicarrier FTN transmission arises when ρ = 1/(F0T0) > 1.

2. Linear system input-output relation
One can write the equivalent complex baseband signal as:

s(t) =
∑

(m,n)∈Z2

cm,ngm,n(t), t ∈ R (1)

where cm,n are the IID symbols to be emitted (variance σ2
c ), and g =

{gm,n}(m,n)∈Z2 is a Gabor family with parameters F0, T0 and generator
g(t):

gm,n(t) = g(t− nT0)ej2πmF0t. (2)

The received signal r(t) is corrupted with a complex circular Gaussian
noise z(t) whose bilateral power spectral density is 2N0:

r(t) = s(t) + z(t). (3)

Considering a linear receiver using a family ǧ = {ǧm,n}(m,n)∈Z2 for fil-
tering at the receiver side, the estimated symbols are given by:

ĉp,q = 〈ǧp,q, r〉 , ∀(p, q) ∈ Z2. (4)

3. Interference and noise analysis
Let us re-write (4) to highlight the interference and noise terms:

ĉp,q = cp,q 〈ǧp,q, gp,q〉︸ ︷︷ ︸
c̃p,q :useful signal

+
∑

(m,n)∈Z2\{(p,q)}

cm,n 〈ǧp,q, gm,n〉︸ ︷︷ ︸
ip,q :interference

+ 〈ǧp,q, z〉︸ ︷︷ ︸
bp,q :noise

. (5)

We use the optimal linear receiver detailed in [2], this induces that ǧ =
1/Agg is a tight frame. In this case, we can write

• Es =
Ag

2ρ σ
2
c : per-symbol energy,

• σ2
i = (ρ− 1)σ2

c : variance of the interference term,
• σ2

z = ρ
Ag

2N0: variance of the noise (after filtering),

and thus:

SINR =
1

ρ− 1 + N0

Es

. (6)

Even though the central limit theorem does not apply here, simula-
tions of part 6 show that normality of the interference may be used as an
approximation depending on the value of ρ.

4. Error probability on AWGN channel
Considering IID bits forming QPSK symbols and a Gaussian distri-
bution for both noise and interference, the error probability is:

Pe = Q
(√

SINR
)

= Q

(√
1

ρ− 1 + N0

Es

)
, (7)

with Q(·) the complementary CDF of a standard normal distribution.

5. Empirical interference analysis

5.1. Cumulative distribution function (CDF)

Considering a transmission involving IID bits forming QPSK symbols
over a perfect noise-free channel, and denoting Fi,ρ(x) the CDF of the
interference for a density ρ, we have:

Pe(ρ) = 1− Fi,ρ
(√

1/(1− ρ)
)
. (8)

The Gaussian approximation is
shown to be relevant for Pe estima-
tion, except for rho ρ ≤ 16/15.
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5.2. Probability density function (PDF)

The PDF of the interference is
close to a Gaussian up to
ρ = 8/5.

For ρ > 8/5, a gaussian approxima-
tion of the PDF may lead to signifi-
cant errors e.g when computing LLR
for LDPC or turbo-decoders. −5 −4 −3 −2 −1 0 1 2 3 4 50
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6. Performances

6.1. Linear system

Parameters:
• K = 5000 symbols,
• M = 128 carriers,
• Eb/N0 = 20 dB,
• QPSK constellation.
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6.2. LDPC-coded system
Parameters:
• K = 5000 symbols,
• M = 128 carriers,
• ρ = 4/3,
• QPSK constellation,
• DVB-S2 LDPC code,
• Belief propagation algorithm.
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6.3. System with direct feedback equalization (DFE)

Parameters:
• K = 5000 symbols,
• M = 128 carriers,
• ρ = 8/7,
• QPSK constellation.
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7. Conclusion
Non-linear structures are necessary to reach high densities. A particular
attention on the PDF of the interference is required when using algorithms
working with LLRs for high densities. DFE shows great performances
besides its low-complexity.
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