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Abstract—In this paper, we investigate the benefit of Joint
Network Channel (JNC) coding and decoding for the slow fading
Multiple Access Multiple Relay Channel (MAMRC), defined as
follows: (1) Independent sources communicate with a single destination in the presence of multiple relays; (2) Each relay is halfduplex and applies a Selective Decode and Forward (SDF) relaying
strategy, i.e, it forwards a deterministic function of the error-free
decoded messages; (3) Orthogonal multiple access schemes are used
by the sources and the relays; (4) The links between the different
nodes of the MAMRC are subject to slow fading and additive white
Gaussian noise. This model is referred to as Orthogonal MAMRC
(OMAMRC). JNC coding and decoding framework fully exploits
the spatial diversity and redundancy residing in both channel
codes and network codes. The receivers of the relays and the
destination are designed to benefit from the signals of the previously
activated relays to better decode the sources. Simulations show the
effectiveness of the proposed schemes.

I. I NTRODUCTION
Network coding, initially proposed by Ahlswede et al. in [1],
is a powerful paradigm where intermediate nodes in a network
are allowed not only to route but also to perform algebraic
operations on the incoming data flows. The MAMRC, denoted
by (M, L, 1)-MAMRC, consists of M independent users (or
sources) which attempt to transmit their packets to a common
destination with the help of L independent relays, where M ≥ 2
and L ≥ 2 are arbitrary integers. This channel model could
be seen as a generalization of the relay channel, introduced
by van der Meulen [2], and the multiple access relay channel,
introduced by Kramer and Wijngaarden [3]. Unfortunately, the
capacity of wireless (M, L, 1)-MAMRC in general is still not
known [4].
In this paper, we retain a restrictive version of MAMRC,
namely Orthogonal MAMRC (OMAMRC) with time-division
based half duplex relays. A Selective Decode and Forward
(SDF) cooperative (or relaying) strategy is adopted, where each
relay tries to decode the packets of the sources and forwards a
deterministic function of the correctly decoded ones (based on
the checks of Cyclic Redundancy Check (CRC) codes inserted
in the sources’ packets). SDF was first analyzed in a Separate
Network Channel Coding/Decoding (SNCC/SNCD) framework
from an information outage perspective in [5]. In SNCC/SNCD,
the network coding/decoding is performed at the network layer
and channel coding/decoding is performed at the physical layer
Part of this work has been performed in the framework of the FP7 project ICT317669 METIS, which is partly funded by the European Union. The authors
would like to acknowledge the contributions of their colleagues in METIS,
although the views expressed are those of the authors and do not necessarily
represent the project.

separately where the channel codes are exclusively dedicated to
turn the radio links into packet erasure channels. SDF was later
extended to JNC coding/decoding (JNCC/JNCD) framework
for semi-orthogonal and non-orthogonal multiple access relay
channel in [6], [7]. The SDF has several advantages: (1) SDF
prevents error propagation from the relays to the destination;
(2) It reduces the energy consumption at the relays; (3) The
sources who have poor source-to-relay (S-R) links, with high
probability, will not prevent the relays from helping the other
sources. The derivation of the individual and common outage
probabilities of various access schemes of (M, L, 1)-MAMRC,
when SDF relaying and JNCC/JNCD framework is used, was
presented in [8]. In practice, network codes are linear and can
be implemented using two main approaches, either Binary Field
Network Coding (BFNC) or Galois Field (with 2q elements,
q ≥ 2) Network Coding (GFNC). Deterministic BFNC and
GFNC schemes that achieve the full diversity of (M, L, 1)OMAMRC, with single antenna links, are presented in [9],
and [10], respectively. In [11], the authors propose a practical
JNCC/JNCD scheme for (M, L, 1)-OMAMRC by combining
non-binary irregular low-density parity-check channel coding
and random GFNC. Perfect (S-R) links were assumed and a suboptimal Soft-In Soft-Out (SISO) network decoder was proposed,
namely selection updating decoder.
The main contributions of this paper are the following:
(1) Practical JNCC/JNCD schemes are proposed for the slow
fading (M, L, 1)-OMAMRC, with imperfect S-R links, since
the assumption of error-free links is not realistic in wireless
environments; (2) The listening/transmitting schedule of the
relays is designed to provide each listening relay with an
opportunity to benefit from the previously activated relays to
better decode the sources’ packets; (3) As far as network
coding is concerned two different options are investigated and
compared: A deterministic provably full diversity GFNC, and a
special type of BFNC referred to as Bit Interleaved XOR (BIXOR). For Channel coding, turbo codes are used to encode the
sources’ packets while punctured convolutional codes are used
at the relays; (4) Finally, a factor graph based JNCD suitable
for lossy S-R links and SDF is presented, which differs from
the selection updating decoder.
The remainder of the paper is outlined as follows. In Section
II, we introduce the system model. In Section III, we describe
each aspect of our JNC distributed coding and decoding, including the relaying protocol. In Section IV, we compare different
scenarios and demonstrate the efficiency of our approach. Some
conclusions are drawn in Section V.

Fig. 1. (M, L, 1)-OMAMRC channel model and access scheme.

A. Notation
In the sequel, we use boldface small and capital letters to
denote vectors and matrices, respectively. Let A be a matrix
with ith row ai and j th column aj , entry (i, j) is denoted
ai,j or equivalently [A]i,j . The n-square identity matrix is
denoted In . 0n and 1n stand for n-tuples of zeros and ones,
respectively. Let xS denote the vector [xs1 , . . . , xs|S| ]⊤ , where
⊤
is the transpose operator. Similarly, we define the block vector
⊤
⊤
xS as [x⊤
s1 , . . . , xs|S| ] . x ∼ p(x) means that the random
vector x follows the probability distribution function (pdf) p(x).
x ∼ CN (µ, Σ) means that x is a circularly symmetric complex
Gaussian random vector with mean E(x) = µ and covariance
matrix Σ. Calligraphic upper case letters are used to denote
finite ordered sets of the form S = {s1 , . . . , s|S| } where |S| is
the cardinality of the set S. The empty set is denoted by {∅}.
The index of an element s ∈ S is denoted by ind(s). Finite field
(Galois filed) of order 2q is denoted by F2q . Given a condition
C we define 1{C} as an indicator function, i.e., 1{C} = 1 if C
is true and 1{C} = 0 otherwise.
II. S YSTEM M ODEL
Fig. 1 illustrates the (M, L, 1)-OMAMRC model and access
scheme. We consider a set of statistically independent sources
S = {s1 , . . . , sM }, each source s ∈ S wants to communicate its
s
of Ks information bits to a common destinapacket us ∈ FK
2
tion d with the help of a set of relays R = {r1 , . . . , rL }. Each
source s is equipped with one transmit antenna, each relay r is
equipped with one transmit antenna and mr receive antennas,
where mr = m, ∀r ∈ R, and the destination is equipped with
md receive antennas. All sources are symmetric, i.e., have the
same transmission rate, power, priority, and Ks = K, ∀s ∈ S.
Perfect Channel State Information (CSI) is available only at
the receiver of each direct link. The N available channel uses
are divided into two successive time slots corresponding to the
transmission phase of the sources (first phase), say N1 = αN
channel uses, and to the transmission phase of the relays (second
phase), say N2 = αN , where α = 1 − α, with α ∈]0, 1]. In
the first phase, each source is given a time slot of duration

Ns = αN/M channel uses, and in the second phase, each
relay is given a time slot of duration Nr = ᾱN/L channel uses
(see fig. 1). We always assume that the number of channel uses
defined are integers. We assume that the sources and the relays
indices are ordered according to their time slots assignments in
the first and second phase, respectively. Note that in OMAMRC,
some of the sources, which are provided by the suitable relaying
equipments, could work as relays in the second phase, i.e.,
si = rj for some 1 ≤ i ≤ M and 1 ≤ j ≤ L. In general,
we assume that S ∩ R 6= {∅}. During the second phase,
each relay tries to decode the packets of the sources. Another
interesting feature in OMAMRC is that the relays can listen to
the previously activated relays hence, they can better decode
the signals of the sources. Consequently, the listening period of
relay r is M Ns + (ind(r) − 1)Nr channel uses. Let Sr ⊆ S
denotes the decoding set of the relay r, i.e., the maximum set
of sources that the relay r can decode without errors. Sr = {∅}
means that the relay r remains idle in its time slot. Each relay
r
generates a network coded packet, denoted by ur ∈ FK
2 , of
Kr information bits. We fix Ks = Kr = K, and define the
individual spectral efficiency as R = K/N . During the time
slot, assigned to a transmitting node a ∈ {s, r}, the received
signal at node b ∈ {r, d}, where a 6= b, can be written as
√
(1)
Ya,b,k = γa,b ha,b xa,k + na,b,k ,
where k = 1, . . . , Na , and xa,k ∈ C is the transmitted symbol.
The received samples form the matrix Ya,b ∈ Cmb ×Na . The
additive noise vectors na,b,k and the channel fading vectors
ha,b are independent identical distributed (i.i.d.) and follow
CN (0, Imb ). The channel vectors ha,b stay constant over Na
channel uses after which they switch to an independent values
(slow fading). γa,b is the average received power at the receiver
b from transmitter a. Yd denotes the received samples at the
destination during N channel uses. Yr is the received samples
at the relays r during M Ns + (ind(r) − 1)Nr channel uses
III. JNC D ISTRIBUTED CODING AND DECODING
In this section, we explain our JNC distributed coding and
decoding approach, detailing the structure of the encoders, when
and how JNC decoding is performed.
A. Coding at the sources
The packets of the sources are binary vectors us ∈ FK
2
of length K. Each source employs a Bit Interleaved Coded
Modulation (BICM) [12]. Binary vectors are first encoded with
ns
linear binary codes Cs : FK
2 −→ F2 into binary codewords
ns
cs ∈ F2 . For Cs we choose punctured turbo codes of
coding rate ws . Each turbo code consists of two Recursive
Systematic Convolutional (RSC) encoders with generator matrix
Gs (D), concatenated in parallel using optimized semi-random
interleaver π. Each binary codeword cs is then bit-interleaved
into bs ∈ Fn2 s using πs . Each interleaved binary codeword bs
is mapped by a memoryless modulator φs : Fq2s → Xs to the
modulated sequence xs ∈ XsNs .
B. Coding at the relays
At the end of the listening phase, each relay tries to decode
the packets of the sources. To accomplish this, each relay uses

the received samples from the sources and from the previously
activated relays. The detailed description of the iterative decoder
will be discussed in Sec. III-D. Based on CRC, a relay can
decide if a packet is correctly decoded or not. When a relay
r ∈ R decides to transmit (i.e., has correctly decoded at
least one packet), it applies a local network coding function
Fr : F2K×M → FK
2 to generate its network coded packet.
Let ur = Fr (us1 , . . . , usM ) be the relay binary network
coded packet of length K. Any incorrectly decoded source’s
packet will be replaced by the all-zeros vector 0K . the detailed
structure of Fr will be discussed in Sec. III-C. Each cooperating
relay employs a BICM. Binary network coded packets are
nr
encoded with linear binary codes Cr : FK
2 → F2 into binary
nr
codewords cr ∈ F2 . For Cr we choose punctured recursive
systematic convolutional codes (RSCC) of coding rate wr with
generator matrix Gr (D), and puncturing pattern that gives more
importance to the parity bits than the systematic bits. The binary
codeword cr is then bit-interleaved into br ∈ Fn2 r using πr .
The interleaved binary codeword br is mapped by a memoryless
modulator φr : Fq2r → Xr to the modulated sequence xr ∈ XrNr .
The relation between the different parameters are
−1
−1


L
Lqs ws
M
+
, and α = 1 +
. (2)
R=
qs w s
qr w r
M qr w r
Note 1: To let the destination and the other relays detect which
of the frames are included in a relay’s transmitted signal, each
relay transmits a side information (M additional bits) to indicate
its state to the receivers. We assume the side information is
received perfectly at the destination and the other listening
relays.
Note 2: The separate functions Fr , which are applied locally
at each relay, can be seen as components of a global function
denoted by Fnc : F2K×M → F2K×L , namely the global network
coding function.
C. Network coding
In GFNC, the function Fr is traditionally seen as concatenaK/q
which converts a
tion of three functions (1) ψ : FK
2 → F2q
vector of bits of length K into a vector of F2q elements of length
K/q (q ≥ 2); (2) A linear function that combines the vectors of
F2q elements after multiplying each one of them by a network
coding coefficient; (3) ψ −1 which is the inverse function of ψ.
Thus, the network coded packet of the relay r ∈ R can be
written as
!
X
−1
ur = Fr (us1 , . . . , usM ) = ψ
αs,r ∗ ψ(us ) , (3)
s∈S

P

where
and ∗ are the summation and multiplication operations
of F2q , respectively. αs,r ∈ F2q are the network coding coefficients. Any incorrectly decoded packet in (3) will be replaced
by the all-zeros vector 0K Using the properties of the Galois
fields F2q [14], we can write (3) as binary operations of the
form
X
ur =
⊕Gs,r us ,
(4)
s∈S

P

where
⊕ represents the summation in F2 , and Gs,r is a K ×
K binary matrix depends on the chosen coefficients αs,r . The

matrix Gs,r has the form

G(αs,r )

Gs,r = 
0

0
..

.
G(αs,r )




,

(5)

where G(αs,r ) is a q × q binary matrix, that corresponds to the
multiplication operation by the network coding coefficient αs,r .
In BFNC, the network coded packet of a relay r ∈ R is given
by
X
Hr ur =
⊕Hs,r us ,
(6)
s∈S

where Hr , and Hs,r , for all s ∈ S, and r ∈ R are K × K
binary matrices. From (4) and (6), a direct relation between the
BFNC and the GFNC is seen, both coding schemes are similar
if Hr = IK and Hs,r = Gs,r . Thus, code designs for GFNC
can be directly translated to code designs for BFNC, but the
converse is not true in general.
Two network coding strategies at the relays are considered:
1) GFNC with coefficients chosen from Maximum Distance
Separable (MDS) codes and randomly interleaved packets. Each
relay r generates its network coded packet using the following
operation
X
ũr =
⊕Gs,r ũs,r ,
(7)
s∈S

where ũs,r = Πs,r (us ), and ũr = Πr (ur ) are interleaved
versions of the packets of the sources and the relay network
coded packet, respectively. The interleavers Πs,r , Πr are independent pseudo random interleavers of length K. They are
used to insure independence between the circulated messages
and overcome the effect of short cycles, which result from the
dense MDS network coding matrix, in the message passing
decoding algorithm. For (2, 2, 1)-OMAMRC, we choose the
network coding coefficients from F4 with generator polynomial
α2 + α + 1. αs1 ,r1 = αs2 ,r1 = 1, αs1 ,r2 = 1, and αs2 ,r2 = α.
For a general (M, L, 1)-MAMRC, we use [M+L,M,L+1] ReedSolomon codes.
2) BI-XOR, initially proposed in [15], is a special type of
BFNC where Hr , and Hs,r are independent pseudo-random
interleavers, and represented by Πr , and Πs,r , respectively. This
network coding scheme has the advantages of random network
codes, and is simple at the same time. Furthermore, BI-XOR
can achieve a diversity order close to full diversity with high
probability [15, Theorem 5]. Each relay r generates its network
coded packet using (7) by replacing Gs,r by IK .
D. JNC decoding at the destination and the relays
The destination and the relays use the same decoding principle which relies on JNCD. The destination evokes its decoding
process at the end of the second phase by processing the
received samples Yd , (see (1)) and taking into consideration
the cooperation modes (side informations) of the L relays. Each
relay starts its decoding process at the beginning of its time
slot by processing the received samples Yr and taking into
consideration the cooperation modes of the ind(r)−1 relays (we
assume that the processing time of JNCD at the relays is fast and
will not cause a delay). In this section, we describe the decoding

Fig. 2. Factor graph of (M, L, 1)-OMAMRC

process of the destination for the full cooperation mode, i.e.,
all the relays have correctly decoded all the frames of the
sources, the other cooperation modes are obtained by removing
(deactivating) some elements from the full cooperation decoder.
Consider the behavioral model of (M, L, 1)-OMAMRC at the
destination is denoted by B, which captures the relationship
between the different variables of the system. The characteristic
function for B, denoted by ΞB , can be factorizes into many sub
characteristic functions as

The maximum a posteriori decoding rule is given by
ûs,k = arg max p(us,k |Yd , B)
us,k ∈F2

= arg max

us,k ∈F2

(a)

= arg max

us,k ∈F2

(b)

= arg max

us,k ∈F2

ΞB = ΞB (uS∪R , cS∪R , bS∪R , xS∪R )
Y
= ΞFnc (uS , uR )
ΞCa (ua , ca )
{z
}
|
a∈S∪R

Y

a∈S∪R

Ξπa (ca , ba )
|
{z
}

=1{ba =πa (ca )}

(8)

=1{ca =Ca (ua )}

Y

a∈S∪R

Ξφa (ba , xa ) ,
{z
}
|

=1{xa =φa (ba )}

where ΞFnc , ΞCa , Ξπa , and Ξφa represent the characteristic
functions of the behavioral model of the global network encoder,
the channel encoder, the channel interleaver, and modulator of
a ∈ {s, r}, respectively. The characteristic function ΞFnc can
be further factorized as
ΞFnc (uS , uR ) =

Y

ΞFr (uS , ur ),

(9)

r∈R

where ΞFr (uS , ur ) represents the characteristic function of
the behavioral model of the local network coding function
where its behavior is captured by the equations (7). Finally,
the characteristic function ΞFr can be factorized as





Y
ΞΠr (ur , ũr )
ΞΠs,r (us , ũs,r ) 
ΞFr (uS , ur ) = 

{z
}
|
{z
} |
s∈S
=1{ũs,r =Πs,r (us )}

1{ũ

r=

=1{ũr =Πr (ur )}

P

⊕Gs,r ũs,r }

(10)

.

s∈S

The factor graph representing the factorization in (8) is given
in Fig. 2. Fig. 3 shows an example of the factor graph for
(2, 2, 1)-OMAMRC that represents the factorization in (9) and
(10).

X

p(uS∪R , cS∪R , bS∪R , xS∪R , Yd )ΞB

∼{us,k }

X

∼{us,k }

X

∼{us,k }

p(Yd |xS∪R )ΞB
Na
Y Y

a∈S∪R k=1

!

p(ya,d,k |xa,k ) ΞB .

(a) Follows from using the Bayes rule, and the assumption that
the frames of the sources have uniform priors. (b) Follows from
the fact that the modulated sequences of the sources and the
relays are mutually independent and the different links between
the nodes are memoryless channels. It is impossible to use
brute-force techniques to accomplish the previous maximization,
hence we resort to a suboptimal iterative message-passing algorithm (Belief Propagation [16]). Messages between the different
nodes of the factor graph will be circulated until convergence.
We consider a parallel message passing scheduler over the
factor graph, shown in Fig. 2. At each iteration, the scheduler
works as follows:
1) Based on the channel observations, All the modulators
check nodes are activated simultaneously. They send their
messages, through the interleavers check nodes, to the
variable nodes ca,k , , where a ∈ {s, r}, and k = 1, . . . , na .
The messages are denoted by µφs →ca,k (ca,k ).
2) The SISO channel decoders of the sources are activated
simultaneously and send their messages to the variable
nodes cs,k , and us,ℓ , where ℓ = 1, . . . , K, denoted by
µCs →cs,k (cs,k ), and µCs →us,ℓ (us,ℓ ), respectively.
3) The SISO network decoder Fnc is activated and sends its
messages to the variable nodes ur,ℓ .
4) The SISO channel decoders of the relays are activated
simultaneously and send their messages to the variable
nodes cr,k , and ur,ℓ .
5) The SISO network decoder Fnc is reactivated and sends its
messages to the variable nodes us,ℓ .
6) Based on all the received messages by the nodes ua,ℓ ,
where a ∈ {s, r}, and ℓ = 1, . . . , K, hard decisions are
made to obtain the estimates ûa . Then, CRC checks are
performed to extract the correctly decoded frames. Finally,
separate network decoding is performed on the correctly
decoded messages. In the case of GFNC, Gauss elimination
decoding is used. In the case of BI-XOR or XOR, if a

network coded packet of a relay r and |Sr | − 1 packets of
the sources in Sr are correctly decoded then all the packets
of Sr are correctly decoded.
7) If the M frames of the sources are correctly decoded or
a maximum number of iterations is reached, the iteration
process stops.
8) All the variable nodes ca,k , where a ∈ {s, r}, and k =
1, . . . , na , send their messages to the modulation check
nodes.
From (4), we notice that the network coding or decoding could
be implemented using binary operations (the decomposition of
the local network coding function into three functions is not
needed any more). This remark facilitates the soft decoding at
the relays and the destination.

Fig. 3. Factor graph of Fnc of (2, 2, 1)-OMAMRC.

k = 256 information bits. 4-QAM with Gray labeling is
used at the sources and the relays, i.e., qs = qr = 2. The
In this section, we detail the messages generated by the SISO sources use identical punctured turbo codes, with coding rate
rate-1/2 RSCs
netwrok decoder. The messages generated from Fnc to ur,ℓ , ws = 1/2, made of two 4-states
i encoders with
h
1+D 3
where r ∈ R, and ℓ = 1, . . . , K are given by
generator matrix Gs (D) = 1 1+D+D2 +D3 . The relays use
X X
a punctured convolutional code, with coding rate wr = 1
µFnc →ur,ℓ (ur,ℓ ) =
ΞFnc (uS , uR )
made of a 16-states
rate-1/2 RSC encoder
with generator matrix
i
h
∼{ur,ℓ } us :s∈S
1+D 3 +D 4
.
The
systematic bits are
G
(D)
=
1
r
1+D+D 2 +D 3 +D 4
(11)
K
Y
Y Y
punctured completely. The proposed constituent codes are given
µus,ℓ′ →Fnc (us,ℓ′ ).
µur′,ℓ′ →Fnc (ur′,ℓ′ )
only as an example to illustrate the benefits of our approach.
s∈S ℓ′=1
(r′,ℓ′)6=(r,ℓ)
In the first simulations, we consider (2, 2, 1)-OMAMRC with
Note that if the channel code Ca is systematic then imperfect S-R links. For md = 1, we choose γr,d = γs,r =
=
µφa →ua,ℓ (ua,ℓ )µCa →ua,ℓ (ua,ℓ ), and γs,d = γr,r̃ = γ. For md = 4, we take γr,d = γs,d = γr,r̃ = γ,
µua,ℓ →Fnc (ua,ℓ )
µua,ℓ →Fnc (ua,ℓ ) = µCa →ua,ℓ (ua,ℓ ) if the channel code is not and γs,r = 100γ. Fig. 4 shows the results. We observe that
systematic. We further simplify (11) by not using the messages
• the GFNC achieves the promised full diversity,
of the variable nodes that belong to network coded packet of
• the BI-XOR has a very close performance to GFNC and
r and by only considering the check equation provided by r
starts to deviate at high SNR,
(separately from the other relays). In this case, the messages
• as expected, the XOR network coding, where the relays digenerated from Fnc to ur,ℓ , are given by
rectly perform XOR operations on the bits of the correctly
decoded frames of the sources without interleaving, does
K
Y Y
X
not achieve the full diversity,
µus,ℓ′ →Fnc (us,ℓ′ ).
µFnc →ur,ℓ (ur,ℓ ) =
ΞFr (uS , ur )
• GFNC in JNCC/JNCD framework has a coding gain of 3
s∈S ℓ′=1
us :s∈S
dB in the case of md = 1 and 4 dB in the case of md = 4
(12)
with respect to the GFNC in SNCC/SNCD framework.
Similarly, the messages generated from Fnc to us,ℓ , where s ∈
similar observations were made for higher modulation, up to
S, and ℓ = 1, . . . , K, are given by
64-QAM, and higher coding rates, up to 5/6 at the sources.
K
X
Y
Results are not shown due to space limitation.
µFnc →us,ℓ (us,ℓ ) =
ΞFr (uS , ur )
µur,ℓ′ →Fnr (ur,ℓ′ )
In the second simulations, we want to further investigate the
ℓ′=1
∼{us }
performance of BI-XOR. We chose (2, 3, 1)-OMAMRC with
K
γs,r = γs,d = γr,d = γ, md = 1, and md = 2. Fig. 5. shows the
Y Y
µus′,ℓ′ →Fnr (us′,ℓ′ ).
IBLER at each relay and the destination when (1) γr,r̃ = 10γ,
s′∈S\{s} ℓ′=1
and (2) γr,r̃ = 0. We observe that
(13)
• when BI-XOR is used the diversity is increased with the
index of the relays, since relays with high index can listen
IV. N UMERICAL R ESULTS
to relays with lower index, and the destination has the
highest diversity, since it can listen to all the relays. Note
In this section, we focus on the case where the sources and
that if XOR is used at the relays then, the diversity order
the relays are separate entities, i.e., S ∩ R = {∅}. There are
can not increase with the number of relays.
of course an infinity of SNR configurations γr,d , γs,r , γs,d , γr,r̃ .
•
the
quality of R-R links increases the coding gain at the
By arbitrarily choosing few configurations as examples, we want
destination
but not the diversity order.
to evaluate the effectiveness of the proposed coding schemes.
We fix the number of receive antennas at the relays mr = 1 In the third simulations, we benefit from the flexibility and
and we let the number of receive antennas at the destination simplicity of the BI-XOR to compare the IBLER of three
md ∈ {1, 2, 4}. Each message of the source has a length OMAMRCs with the same sum spectral efficiency M R,
E. The SISO network decoder

Fig. 4. IBLER vs individual outage probability for (2,2,1)-OMAMRC, R = 1/3
(b./c.u), α = 2/3.

Fig. 6. IBLER of BI-XOR for different OMAMRCs, where M R = 0.8 (b./c.u),
α = 0.8, compared to IBLER of GFNC in SNCC/SNCD framework.

number of correctly decoded messages at each relay. We have
described in details the structure of the encoders, when and how
JNC coding is performed, and the structure of the JNC decoders.
Semi-orthogonal and non-orthogonal MAMRC access schemes
represent an interesting future research topics.
R EFERENCES

Fig. 5. IBLER at the destination and the relays for (2, 3, 1)-OMAMRC, R =
2/7 (b./c.u) , α = 4/7.

namely (2, 1, 1)-OMAMRC, (4, 2, 1)-OMAMRC, and (8, 4, 1)OMAMRC. As a benchmark, we calculate the IBLER of GFNC
when SNCC/SNCD framework is used. Although the three
networks have the same spectral efficiency, it is clear that the last
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