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Abstract— In this paper, we propose a flexible coding scheme
that achieves full diversity over the block fading channel. The
particularity of our approach is to rely on non-binary LDPC
codes coupled with multiplicative non-binary codes, so that to
easily adapt the coding rate to the number of fading blocks. A
simple combining strategy is used at the receiver end before the
iterative decoding. As a consequence, the decoding complexity is
the same, irrespective of the number of fading blocks, while the
proposed technique brings an effective coding gain.

Index Terms – Block Fading Channel, Non-binary LDPC codes,
Non-binary Repetition Codes.

I. INTRODUCTION

The block-fading channel [1], [2] was introduced in order to
model channels involving slow time-frequency hopping (used
in wireless cellular networks), or multicarrier modulation using
orthogonal frequency division multiplexing (OFDM). More
generally, this simplified model proves to be very useful in
code designs for slow-varying fading environments.

The main characteristic that distinguishes the block fading
from other channel models is that the former is non ergodic,
meaning that its statistical properties cannot be inferred from
a single, even if arbitrarily long, channel realization. Hence, in
case that an error correcting code is used to communicate over
the channel, channel realizations corresponding to different
codewords have different statistical properties, even if the
codewords are allowed to be arbitrarily long. It turns out that
there is a non-zero probability, referred to as outage proba-
bility, that the instantaneous channel capacity (corresponding
to the statistical properties of the channel realization during
the transmission of one single codeword) is smaller than
the current coding rate. This also implies that the Shannon
capacity of the channel equals 0. As a consequence, the
performance of a code over the block fading channel is usually
evaluated in terms of the SNR gap to the outage probability.
If this gap is maintained constant for arbitrarily large SNR
values, the code is said to be full diversity. However, the
highest achievable rate for a full diversity code is given by
1/nf , where nf denotes the number of fading blocks [3].

The block erasure channel can be seen as a particular (and
limiting) case of the block fading channel and corresponds
to the case where the channel coefficients take values in the
set {0,+∞}. Several coding schemes for the block fading
and the block erasure channels have been already proposed
in the literature, starting from the early 90’s with the analysis
of convolutional codes with random and periodic interleavers
over the block erasure channel [4]. More recently, interleaving

techniques for parallel turbo codes over the block fading
channel have been analyzed in [5], and a general construction
of turbo-like codes, obtained by concatenating linear binary
encoders through interleavers, has been proposed in [6].

Low-Density Parity-Check (LDPC) codes [7] with belief-
propagation decoding have attracted an increased interest over
the last decade, due to the fact that they can be optimized to
perform very close to the channel capacity, for a broad class
of ergodic channel models [8]. Over block-fading channels, a
class of full-diversity binary LDPC codes, referred to as root-
LDPC codes, has been proposed in [9].

This work investigates the use of non-binary LDPC (NB-
LDPC) codes over block-fading channels. Our approach is
based on NB-LDPC codes and the recently introduced tech-
nique of multiplicative non-binary coding [10], [11]. Using a
root NB-LDPC code with rate 1/2 and non-binary repetition
symbols, we design codes with rate 1/nf that achieve full
diversity over channels with nf ≥ 2 fading blocks. The
receiver collects the received codeword of the root NB-LDPC
code and the non-binary repetition symbols and combines
them before the iterative decoding. Hence, the iterative decod-
ing complexity is the same, irrespective of the fading blocks
number nf , while combining the codeword and the additional
non-binary repetition symbols brings an effective coding gain.

The rest of the paper is organized as follows. The channel
model, as well as NB-LDPC codes and their iterative decoding
are discussed in Section II. In Section III the NB-LDPC code
design for the block-fading channel is presented. Performance
analysis and simulation results are shown in Section IV.
Finally, Section V concludes the paper.

II. BACKGROUND AND NOTATION

A. Block-fading channel model

We consider the block fading channel model with nf fading
blocks, each one of length L complex symbols. The fading is
flat, constant on each block and i.i.d. on different blocks. The
baseband equivalent channel model is given by:

yi =
√
ρhjxi + zi, (1)

where i ∈ {1, . . . , nfL}, j = d iLe ∈ {1, . . . , nf}, xi and
yi are the ith input and output symbols, hj is the fading
coefficient on block j, and zi ∼ CN (0, 1) is the i.i.d. circular
complex Gaussian noise. We assume that input symbols xi
belong to a complex signal set X (e.g. quadrature amplitude
modulation), with cardinality |X | = 2M and unit energy, i.e.



2−M
∑
x∈X |x|2 = 1. We also assume normalized fading, that

is, E
[
|h|2
]

= 1. It follows that the parameter ρ from (1) is
equal to the average received SNR, while ρ|hj |2 represents
the instantaneous SNR on block j.

In this paper we shall assume that the average received SNR
ρ and the fading coefficients hj are perfectly known at the
receiver, but not known at the transmitter. For a fixed ρ value,
Iρ(h) denotes the mutual information between channel input
and output, assuming that the fading coefficients are given
by h = (h1, . . . , hnf

) and the channel input is uniformly
distributed over the complex signal set X . Hence, Iρ(h) is
a random variable taking values in [0,M ] and its cumulative
distribution function is referred to as the information outage
probability. Precisely:

Pout(ρ,R) = Pr (Iρ(h) < R) (2)

is the probability of the instantaneous mutual information
Iρ(h) being less than the information rate value R ∈ [0,M ].
Therefore, in the asymptotic limit of L, Pout(ρ,R) gives the
optimal word error rate (WER) value, as a function of ρ, for
any code with alphabet X and information rate R.

B. Coding diversity

Let C be a block code, with alphabet X , used to commu-
nicate over the block fading channel (1). Since any codeword
spans exactly nf fading blocks, it follows that the code length,
denoted by nc, verifies nc = nfL (complex symbols). The
information rate of C, in bits per complex symbol, is denoted
by R ∈]0,M ]. The coding rate is defined as r = R/M ∈]0, 1].
The block diversity of C is defined as the SNR exponent of
the error probability of C [6]:

d∗ = lim
ρ→+∞

− logPe(C, ρ)
log ρ

,

where Pe(C, ρ) denotes the error probability of C. Under the
optimal Maximum-Likelihood (ML) decoding, and assuming
Rayleigh fading1 and a sufficiently large L value, the SNR
exponent d∗ is given by the minimum number of blocks on
which any two distinct codewords differ [12], which is also
referred to as the minimum block-wise Hamming distance.
Consequently d∗ ∈ [0, nf ] and we say that C achieves full
diversity if d∗ = nf . By the Singleton bound [13] we have
d∗ ≤ 1 + bnf (1− r)c, which leads to a compromise between
achievable block diversity and coding rate. In particular, the
coding rate of a full diversity code must verify r ≤ 1

nf
.

C. Non-binary LDPC codes

Throughout the paper, Fq denotes the finite field with
q = 2p elements. A NB-LDPC code is defined by a sparse
parity-check matrix H , with m rows and n columns, whose
entries are taken from Fq . As usual, we shall assume that
H is full rank, hence the coding rate of the code is given
by r = k/n, where k = n − m is the number of source
symbols. Alternatively, the code can be represented by a

1Rayleigh fading correspond to the case hj ∼ CN (0, 1), or equivalently,
|hj | are Rayleigh distributed with parameter σ2 = 1/2

bipartite (Tanner) graph containing n symbol-nodes and m
constraint-nodes associated respectively with the n columns
and m rows of H . A symbol-node and a constraint-node are
connected by an edge if and only if the corresponding entry of
H is non-zero. Each edge is further assumed to be “labeled”
by the corresponding non-zero entry.

Non-binary LDPC codes can be decoded by iterative al-
gorithms that pass messages along the edges of the bipartite
graph (in both directions). Each message is a probability
distribution over Fq , which gives the probabilities of the
incident symbol-node being equal to each of its q possible
values. These probability distributions are iteratively updated
by Bayesian rules, until a codeword has been found or a
maximum number of iterations has been reached. We shall not
present the Belief-Propagation (BP) decoding in this paper, but
merely refer to [14], [15] for details. Only the computation of
the probability distributions used for the initialization of the
BP decoder are presented in Section II-D.

NB-LDPC codes are usually preferred to their binary coun-
terparts when the block length is small to moderate [16] or
when the order of the symbols sent through the channel is not
binary [17], which is the case for high-order modulations or for
Multiple-antennas channels [18]. Recently, another advantage
of NB-LDPC codes has been identified [11], consisting in
the design of flexible coding transmission in a very simple,
though efficient way. The proposed approach is to concatenate
non-binary multiplicative codes to a mother NB-LDPC, which
leads to extra redundancy built from non-binary repetition
symbols. When the repetition coding is properly designed, it
results that the coding gain is greatly increased compared to
binary repetition coding, especially when q ≥ 64. In this paper,
we make use of the concatenation of NB-LDPC codes and
non-binary repetition codes to design our full diversity coding
scheme, as presented in Section III.

D. BP decoder initialization

In this paper we focus on the case when the code field Fq
and the complex signal set X have the same cardinality (hence,
p = M and n = nc). For a more general discussion we refer
to [19]. Let µ be a bijective function mapping the code field
into the complex signal set:

µ : Fq → X (3)

A codeword (c1, . . . , cn) is mapped into a vector of complex
symbols (x1, . . . , xn), where xi = µ(ci), which is transmitted
over the block fading channel (1). At the receiver side, the soft
demapper computes the probability vectors pi = [pi(a)]a∈Fq

,
for i = 1, . . . , n, where pi(a) = Pr(ci = a | yi) is the
probability of the transmitted symbol ci being equal to a,
conditioned on the received complex symbol yi. Since we
assumed perfect CSI at the receiver, we have:

pi(a) = γ exp(−|yi −
√
ρhjµ(a)|2), (4)

where j is the block index corresponding to codeword index
i, and γ is a normalization constant such that

∑
a pi(a) = 1.



These probability distributions are used for the initialization
of the BP decoder and are iteratively updated according to the
sum-product rules [14].

III. PROPOSED NB-LDPC CODE DESIGN

A. Coding diversity under BP decoding

First, we note that codes achieving full diversity under ML
decoding need not achieve full diversity under BP decoding,
since the corresponding Frame Error Rate (FER) curves need
not have, asymptotically, the same slope. An approach for
designing codes that achieve full diversity under BP decoding
over block-fading channels has been proposed in [9], where
the code design is inferred from a limiting case, namely the
block erasure channel.

We focus on systematic codes, meaning that the source
symboles are embedded in the encoded codeword. Over the
block erasure channel, a systematic code of rate r = 1/nf
achieves full diversity if and only if the source symbols can
be recovered (by iterative erasure decoding) from any block
of symbols among the nf blocks determined by the channel.

A special family of full-diversity LDPC codes, referred to as
Root-LDPC codes, has been proposed in [9]. We give below an
equivalent definition of Root-LDPC codes, which better suits
our exposition. In the sequel, we will denote by Sj the set of
source symbols that are transmitted in channel block j.

Definition 1: An LDPC code is called a Root-LDPC code
if for any source symbol s and any block index j such that
s 6∈ Sj , there exists a constraint-node connected only to s and
coded symbols transmitted in block j. Such a constraint-node
is referred to as a root constraint-node.

It follows that Root-LDPC codes are a particular case of
full-diversity codes, for which the source-symbols can be
recovered after one single iteration. Indeed, if only one among
the nf blocks is received, say block j, then any source symbol
s 6∈ Sj can be recovered at the first iteration of the erasure
decoding, by using a root constraint-node connected only to s
and symbols received in the block j.

An example of a parity-check matrix of a regular (dv = d,
dc = 2d) Root-LDPC code with rate 1/2, as proposed in [9],
is depicted in Figure 1. For hatched matrices, the parameters
given in parentheses are the row and column weights (number
of non-zero entries). Note that for NB-LDPC codes the matrix
entries are taken from the finite field Fq . Sj and Pj denote
the source and parity symbols that are transmitted in fading
block j = 1, 2. For a number of fading blocks nf > 2, or
equivalently rates r = 1/nf < 1/2, the design proposed in [9]
is more complicated and the number of entries per column is
at least nf−1. However “good” codes with lower coding rates
need sparser parity-check matrices, hence this kind of design
is not suitable for a larger number of blocks. This is even
more true for non-binary codes, since when the size of the non
binary alphabet grows, better codes are obtained for average
density of edges closer and closer to dv = 2 [20]. Practically,
for NB codes defined over Galois fields Fq with q ≥ 64, the
best codes, both asymptotically and at finite lengths, are ultra-

Figure 1. Parity check matrix of rate 1/2, regular (d, 2d), Root-LDPC codes

sparse codes, meaning that all symbol-nodes are of degree
dv = 2.

In this work, we consider non-binary regular Root-LDPC
codes of rate r = 1/2 over F64, with symbol node degree
dv = 2 and constraint-node degree dc = 4. In order to obtain
smaller coding rates, these codes are extended by non-binary
repetition symbols, as explained in the next section.

B. Non-binary repetition symbols and joint decoding strategy

For nf > 2, our approach to design full diversity non-
binary LDPC codes of rate r = 1/nf is based on the recently
introduced technique of multiplicative non-binary coding [11].
In our settings, a mother Root-NB-LDPC code, of rate 1/2,
is extended with extra non-binary repetition symbols, so that
to reach the target rate value r = 1/nf .

Precisely, a non-binary repetition symbol c′ = λc is given
by the multiplication between a codeword symbol c and a
non-zero coefficient λ ∈ Fq , which will be referred to as the
multiplicative coefficient. The case λ = 1 corresponds to the
usual repetition coding. We also note that for q = 2 (binary
codes), we necessarily have λ = 1 and therefore c′ = c.

Now, let C1/2 be a Root-NB-LDPC code of rate 1/2,
and (S1, P1;S2, P2) be a codeword of C1/2, as depicted in
Figure 1. The semicolon in the above notation is used to
separate the fading-blocks (in this case nf = 2). For nf > 2,
the code C1/nf

of rate 1/nf , referred to as the Repeated-
Root-NB-LDPC code, is defined by extending the mother
code C1/2 with

⌈
nf−2

2

⌉
multiplicative repeated versions of the

source symbols (S1, S2) and
⌊
nf−2

2

⌋
multiplicative repeated

versions of the parity symbols (P1, P2). This is detailed in
Table I for 2 ≤ nf ≤ 6, where prime or double-prime
notation is used to denote multiplicative repeated versions
of source and parity symbols. It can be easily seen that a
Repeated-Root-NB-LDPC code of rate r = 1/nf verifies
the Definition 1, therefore it achieves full-diversity under
iterative erasure decoding over the block-erasure channel with
nf erasure blocks. Furthermore, using arguments similar to
those in [9, Proposition 7], the following proposition can be
proved (the proof is omitted, due to space limitation).

Proposition 2: A Repeated-Root-NB-LDPC code of rate
r = 1/nf achieves full-diversity under BP decoding over the
Rayleigh block-fading channel, with nf fading blocks.

We discuss now the joint decoding strategy. Assume that a
codeword of a Repeated-Root-NB-LDPC code C1/nf

is sent



Table I
REPEATED-ROOT-NB-LDPC CODES C1/nf

, FOR 2 ≤ nf ≤ 6

nf C1/nf
− codewords

2 (S1, P1;S2, P2)

3 (S1, P1;S2, P2;S′
1, S

′
2)

4 (S1, P1;S2, P2;S′
1, S

′
2;P ′

1, P
′
2)

5 (S1, P1;S2, P2;S′
1, S

′
2;P ′

1, P
′
2;S′′

1 , S
′′
2 )

6 (S1, P1;S2, P2;S′
1, S

′
2;P ′

1, P
′
2;S′′

1 , S
′′
2 ;P ′′

1 , P
′′
2 )

over the channel. Let ci be a coded symbol of the mother
Root-NB-LDPC, and ci′ = λci be a multiplicative version
of ci, within transmitted codeword of C1/nf

. At the receiver
side, the soft demapper computes the probability vectors pi =
[pi(a)]a∈Fq

and pi′ = [pi′(a)]a∈Fq
according to (4), where

pi(a) = Pr(ci = a | yi) and pi′(a) = Pr(ci′ = a | yi′). Since
ci′ = λci, the probability ℘i(a) = Pr(ci = a | yi, yi′), of the
transmitted symbol ci being equal to a conditioned on both yi
and yi′ , can be computed by:

℘i(a) = γpi(a)pi′(λa) (5)

where γ is a normalization constant such that
∑
a∈Fq

℘i(a) = 1.
The above computation can be generalized, in a straight-
forward manner, to the case when several multiplicative
versions of ci belong to the transmitted codeword of C1/nf

.
The joint-probability vectors ℘i = [℘i(a)]a∈Fq

, i = 1, . . . , n,
are then used for the initialization of the BP decoder of the
mother Root-NB-LDPC code C1/2, which is used to decode
the source symbols (S1, S2). Hence, the same BP decoder (of
the mother Root-NB-LDPC code) is used, irrespective of the
Repeated-Root-NB-LDPC code that is used to communicate
over the channel.

C. Optimization of the non-binary multiplicative coefficients

In order to optimize the non-binary multiplicative coeffi-
cients, we investigate the impact of the non-binary repetition
symbols on the joint-probability computation at the receiver.
Our approach is different from the one in [19], where mul-
tiplicative coefficients are chosen to maximize the minimum
Hamming distance of the binary image of the equivalent NB-
repetition code. Our optimisation is done with respect to the
Euclidian distance between the points of the complex signal
set, which is more suitable for higher-order complex sets X .

Using the notation from Section II-D, let µ : Fq → X be
the mapping function from the code field Fq to the complex
signal set X . For any c ∈ Fq and any δ ≥ 0, let:

D(c, δ) = {a ∈ Fq | |µ(c)− µ(a)| ≤ δ},

be the set of non-binary symbols a ∈ Fq such that the distance
between the complex signal points corresponding to a and c
is less than or equal to δ.

Now, let ci be a codeword symbol of the mother Root-NB-
LDPC code C1/2. If δ is large enough, symbols a 6∈ D(ci, δ)
have, in average, small pi(a) values. This follows from (4), by
averaging over all possible noise realizations. Put differently,

Figure 2. Tanner graph of Repeated-Root-NB-LDPC codes

symbols a ∈ D(ci, δ) are, after the soft demapping, the most
likely values for symbol-node i.

Similarly, if ci′ = λci is a multiplicative version of ci,
the most likely values for symbol-node i′ are symbols a′ ∈
D(ci′ , δ) = D(λci, δ). Therefore, as determined by the joint-
probability vector ℘i, the most likely values for symbol-node
i are symbols a such that a ∈ D(ci, δ) and λa ∈ D(λci, δ).
Now, symbols a 6= ci satisfying the above condition provide
misleading information to the BP decoder. In the ideal situa-
tion, we should have D(ci, δ) ∩ λ−1D(λci, δ) = {ci}, with δ
as large as possible. Therefore, we define:

δ(λ) = sup
{
δ | D(c, δ) ∩ λ−1D(λc, δ) = {c}, ∀c ∈ Fq

}
,

and choose λ1 ∈ Fq , such that δ(λ1) = maxλ δ(λ). Hence, if
ci has a unique multiplicative version ci′ within the transmitted
codeword of C1/nf

, we always define ci′ = λ1ci.
In case there are several multiplicative versions of ci within

the transmitted codeword of C1/nf
, the non-binary multi-

plicative coefficients are optimized in a similar manner. For
instance, in case of two multiplicative versions, we define
δ(λ′, λ′′) as the supremum value of δ such that any two among
the three sets D(c, δ), λ′−1D(λ′c, δ), and λ′′−1D(λ′′c, δ) have
only the symbol c in commun, for any c ∈ Fq . Then we choose
(λ1, λ2), such that δ(λ1, λ2) = maxλ′,λ′′ δ(λ, λ′′), and define
the multiplicative versions of ci by ci′ = λ1ci and ci′′ = λ2ci.

In our design, we consider Repeated-Root-NB-LDPC over
F64, where F64 is defined as the quotient field of F2[α] by
the primitive polynomial α6 + α + 1. The complex signal
set X is the 64-QAM complex constellation, and for any
c ∈ F64, µ(c) is defined as the Gray mapping of the binary
image of c (vector of the coefficients of c expressed as a
binary polynomial of degree less that 6). Within these settings,
we obtained λ1 = α21 in case of one single multiplicative
symbol and (λ1, λ2) = (α21, α42) in case of two multiplicative
symbols. We note that the value of λ1 is the same in both
cases. In Figure 2 we represented the Tanner graph of the
Repeated-Root-NB-LDPC code C1/5. Source symbols of the
mother Root-NB-LDPC code have two multiplicative repeated
versions, while parity symbols have only one. The fact that
ci′ = λci is expressed by adding a new check-node connected
to both ci and ci′ , with coefficient λ on the edge connecting



it to ci. For the first NB-repeated symbols the multiplicative
coefficients are equal to λ1, while for the second ones the
multiplicative coefficients are equal to λ2.

The non-binary coefficients of the Root-NB-LDPC parity
check matrix also appear on the edges connecting the Root-
NB-LDPC check-nodes (bottom) to the Root-NB-LDPC in-
terleaver. We note that these coefficients have been optimized
according to the method introduced in [19]. In particular, all
the check-node share the same set of 4 coefficients, possibly
permuted, given by (α0, α9, α26, α46).

IV. SIMULATION RESULTS

In this section we present the performance of the proposed
Repeated-Root-NB-LDPC codes over the block fading chan-
nel. We compare the performance of codes over the Galois
field F64 and of binary codes. In each case, we constructed
a mother regular (dv, dc = 2dv) Root-LDPC code with rate
1/2, as depicted in Figure 1. Codes have been constructed by
using the PEG algorithm, with dv = 2 for codes over F64,
and dv = 3 for the binary case. Furthermore, we extended
the mother codes by using – non-binary, for F64 – repetition
symbols, so that to obtain coding rates 1/3, 1/4, and 1/6,
as explained in Section III-B. All the codes C1/nf

have the
same binary dimension, equal to 300 bits. Figure 3 shows the
Frame Error Rates (FER) obtained by Monte-Carlo simulation
over the Rayleigh block-fading channel. The number of fading
blocks nf is equal to 2, 3, 4, 6 for coding rates 1/2, 1/3, 1/4,
and 1/6 respectively. For each of the above coding rates, we
plotted the corresponding outage probability (asterisk markers)
and the FER for the non-binary (full markers) and binary
(empty markers) codes. As expected, all codes achieve full-
diversity. However, in contrast with the binary repetition, the
use of non-binary repetition symbols, with optimized mul-
tiplicative coefficients, results in an impressive coding gain.
As it can be seen, the gap to the outage probability remains
constant (approx. 1 dB) for all coding rates, from 1/2 to 1/6.

V. CONCLUSION

In this paper, we introduced and optimized a new coding
scheme for the block-fading channel. The proposed coding
scheme is based on non-binary Root-LDPC codes and non-
binary repetition coding. It allows designing full-diversity
codes over channels with nf fading blocs, for a wide range of
nf values, while the proposed joint-decoding allows using the
same decoder, irrespective of the nf value. The performance of
the Repeated-Root-NB-LDPC codes over the Rayleigh block-
fading channel has been evaluated by Monte-Carlo simulation,
and we showed that they perform close to the outage proba-
bility, even for very small coding rates.

REFERENCES

[1] L.H. Ozarow, S. Shamai, and A.D. Wyner, “Information theoretic
considerations for cellular mobile radio,” IEEE Trans. Vehicular Tech.,
vol. 43, no. 2, pp. 359–378, 1994.

[2] E. Biglieri, J. Proakis, and S. Shamai, “Fading channels: Information-
theoretic and Communications aspects,” IEEE Trans. on Inf. Theory,
vol. 44, no. 6, pp. 2619–2692, 1998.

10-5

10-4

10-3

10-2

10-1

100

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Fr
am

e 
E

rr
or

 R
at

e

Eb/N0 (dB)

Rayleigh block-fading channel,  nf = 2,3,4,6,  r = 1/nf,  64-QAM

P
out (r = 1/2)

P
o
u
t (r = 1/3)

P
o
u
t (r =

 1
/4

)

P
o

u
t (r =

 1
/6

)

nf = 2,  r = 1/2,  F2
nf = 2,  r = 1/2,  F64
nf = 3,  r = 1/3,  F2
nf = 3,  r = 1/3,  F64
nf = 4,  r = 1/4,  F2
nf = 4,  r = 1/4,  F64
nf = 6,  r = 1/6,  F2
nf = 6,  r = 1/6,  F64

Figure 3. FER performance comparison of Repeated-Root-NB-LDPC codes

[3] E. Malkamaki and H. Leib, “Evaluating the performance of convolu-
tional codes over block fading channels,” IEEE Trans. on Inf. Theory,
vol. 45, no. 5, pp. 1643–1646, 1999.

[4] A. Lapidoth, “The performance of convolutional codes on the block
erasure channel using various finite interleaving techniques,” IEEE
Trans. on Inf. Theory, vol. 40, no. 5, pp. 1459–1473, 1994.

[5] J.J. Boutros, E.C. Strinati, and A.G. i Fabregas, “Turbo code design for
block fading channels,” in Proc. 42nd Annual Allerton Conference on
Communication, Control and Computing, 2004, Allerton, IL.
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