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Abstract—The construction of space-time codes for wireless
cooperative communications is investigated by considering a
pragmatic approach based on the concatenation of convolutional
codes and BPSK/QPSK modulation to obtain cooperative codes
for relay networks. We also derive the pairwise error probability,
an asymptotic bound for frame error probability and a design
criterion to optimize both diversity and coding gain. This
framework is useful to characterize the behavior of Cooperative
Pragmatic Space-Time Codes (CP-STC) and to set up a code
search procedure to obtain good pragmatic space-time codes (P-
STC) with overlay construction (COP-STC) which are suitable
for cooperative communication with a variable number of relays
in quasi static channel. We find that P-STCs perform quite well
in block fading channels, including quasi-static channel, even
with a low number of states and relays, despite the fact that
the implementation of P-STC requires common convolutional
encoders and Viterbi decoders with suitable generators and rates,
thus having low complexity.

I. INTRODUCTION

Cooperative communications are gaining increasing interest
as a new communication paradigm involving both transmission
and distributed processing which promises significant increase
of capacity and diversity gain in wireless networks, by coun-
teracting faded channels with cooperative diversity. Several
issues are arising with the aim to exploit cooperative diversity
such as, among others, channel modeling and implementation
aspects [1], protocols and resource management [2], the choice
of proper relays [3], power allocation among cooperating
nodes [4] and cooperative/distributed space-time codes (STC)
[5], [6]. This work is devoted to this latter aspect.

In addition to physical antenna arrays, the relay channel
model enables the exploitation of distributed antennas belong-
ing to multiple relaying terminals. This form of space diversity
if referred to as cooperative diversity because terminals share
antennas and other resources to create a virtual array through
distributed transmission and signal processing.

With the introduction of STC it has been shown how, with
the use of proper trellis codes, multiple transmitting antennas
can be exploited to improve system performance obtaining
both diversity and coding gain, without sacrificing spectral
efficiency [7], [8]. In particular, the design of STC over quasi-
static flat fading (i.e., fading level constant over a frame and
independent frame by frame) has been addressed in [8], where
some handcrafted trellis codes for two transmitting antennas
have been proposed. A number of extensions of this work have
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eventually appeared in the literature to design good codes for
different scenarios. In [9], [10] a pragmatic approach to STC,
called P-STC, has been proposed: it simplifies the encoder
and decoder structures and also allows a feasible method to
search for good codes in block fading channels (BFC). P-
STC consists in the use of common convolutional encoders
and Viterbi decoders over multiple transmitting and receiving
antennas, achieving maximum diversity and excellent perfor-
mance, with no need of specific encoder or decoder different
from those used for convolutional codes (CC); the Viterbi
decoder requires only a simple modification in the metrics
computation.

In this paper a design methodology of P-STCs for relay
networks is provided, resulting in increased flexibility with
respect to the above issues. For what concern the channel
between transmitting and receiving antennas, we consider the
BFC model [11] that represents a simple and powerful model
to include a variety of fading rates, from ”fast” fading (i.e.,
ideal symbol interleaving) to quasi-static. Moreover, after the
proposal of the P-STC structure for cooperative communica-
tion with various number of relays and transmitting antennas,
we will derive pairwise error probability, asymptotic error
probability bounds and design criteria to optimize diversity
and coding gain. Finally, we will show examples of good P-
STC with overlay construction over static channel and some
numerical results for various number of relays an various BFC.

II. SYSTEM MODEL AND ASSUMPTIONS

The cooperation scheme is depicted in Fig. 1 and follows the
time-division channel allocations with orthogonal cooperative
diversity transmission [12]. Each user (i.e., the source) divides
its own time-slot into two equal segments, the first from time
t1 to t1 + ∆ and the second from t2 = t1 + ∆ to t2 + ∆,
where ∆ is the segment duration. In the first segment the
source broadcasts its coded symbols; in the second all the
active relays which are able to decode the message forward the
information through proper encoding trying to take advantage
of the overall available diversity. Thus, the design of proper
STCs for the two phases is crucial to maximize both achievable
diversity and coding gain.

We assume n transmitting antennas at each terminal and m
receiving antennas at the destination. So, n1 = n antennas will
be used in the first phase and a total of n2 = Rn antennas
will be used in the second phase, where R is the number of
relays able to decode and forward the source message.

We indicate1 with c
(t)
r,i the modulation symbol transmitted

by relay r (0 ≤ r ≤ R, and r = 0 is the source) on the antenna

1The superscripts H , T and ∗ denote conjugation and transposition,
transposition only, and conjugation only, respectively.
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i at discrete time t, i.e. at the tth instant of the encoder clock.
Each symbol is assumed to have unitary norm and generated
according to the modulation format by proper mapping. Note
that symbol c

(t)
0,i is transmitted at time t1 + t, while symbols

c
(t)
r,i for r > 0 are transmitted at time t2 + t. The received

signals corresponding to all symbols c
(t)
r,i are jointly processed

by the decoder at the reference time t. We also denote with

C(t) =
[
c
(t)
0,1, c

(t)
0,2, . . . , c

(t)
R,n

]T

a super-symbol, which is the

vector of the (R+1)n outputs of the overall “virtual encoder”
constituted by the source encoder and the relays encoders. A
codeword is a sequence c =

(
C(1), . . . ,C(N)

)
of N super-

symbols generated by the source and relays encoders. This
codeword c is interleaved before transmission to obtain the
sequence cI = I(c) =

(
C(σ1), . . . ,C(σN )

)
, where σ1, . . . , σN

is a permutation of the integers 1, . . . , N and I(·) is the inter-
leaving function. Note that with this notation the permutation
is the same for all the transmitting terminals in the two phases.

The considered channel model includes additive white
gaussian noise (AWGN) and multiplicative flat fading, with
Rayleigh distributed amplitudes assumed constant over blocks
of B consecutive transmitted space-time symbols and in-
dependent from block to block [11]. Perfect channel state
information is assumed at the decoder for each node. The
transmitted super-symbol at time σt goes through a compound
channel described by the (n1 + n2) × m channel matrix

H(σt) = [H(σt)
0 , . . . , H

(σt)
R ]T where H

(σt)
r =

{
h

(σt)
r,i,s

}
,

and h
(σt)
r,i,s is the channel gain between transmitting antenna

i, i = 1, . . . , n of the terminal r and receiving antenna
s, s = 1, . . . ,m at time σt. In the BFC model these channel
matrices do not change for B consecutive transmissions, so
that we actually have only L = N/B possible distinct
channel matrix instances per codeword2. By denoting with
Z = {Z1, . . . ,ZL} the set of L channel instances, we have
H(σt) = Zl for σt = (l − 1)B + 1, . . . , lB . When the
fading block length, B, is equal to one, we have the ideally
interleaved fading channel (i.e., independent fading levels from
symbol to symbol), while for L = 1 we have the quasi-static
fading channel (fading level constant over a codeword); by
varying L we can describe channels with different correlation
degrees [11].

At the receiving side the sequence of received signal vectors
is rI =

(
R(σ1), . . . ,R(σN )

)
, and after de-interleaving we have

r = I−1(rI) =
(
R(1), . . . ,R(N)

)
, where the received vector

at time t is R(t) =
[
r
(t,1)
1 r

(t,2)
1 · · · r(t,2)

m

]T

with components

r(t,1)
s =

√
Es

n∑
i=1

h
(t)
0,i,sc

(t)
0,i + η(t,1)

s , s = 1, . . . , m , (1)

in the first phase and

r(t,2)
s =

√
Es

R∑
r=1

n∑
i=1

h
(t)
r,i,sc

(t)
r,i + η(t,2)

s , s = 1, . . . , m ,

(2)

2For the sake of simplicity we assume that N and B are such that L is an
integer.

for the second phase. In this equations r
(t,l)
s is the signal-space

representation of the signal received by antenna s at time t

in phase l, the noise terms η
(t,l)
s are independent, identically

distributed (i.i.d.) complex Gaussian random variables (r.v.s),
with zero mean and variance N0/2 per dimension, and the r.v.s
h

(t)
r,i,s represent the de-interleaved complex Gaussian fading

coefficients. Since we assume spatially uncorrelated channels,
these are i.i.d. with zero mean and variance 1/2 per dimension,
and, consequently, |h(t)

r,i,s| are Rayleigh distributed r.v.s with
unitary power. The constellations are multiplied by a factor√

Es in order to have a transmitted energy per symbol equal
to Es, which is also the average received symbol energy (per
transmitting antenna) due to the normalization adopted on
fading gains. Assuming the same symbol energy for every
transmitter is motivated by the use of a power control tech-
nique which keeps constant received symbol energy averaged
over fast fading. The energy transmitted per information bit is
Eb = Es/(hRc) where h is the number of bits per modulation
symbol and Rc is the total code-rate of the cooperative space-
time code.

III. SPACE-TIME CODES FOR COOPERATIVE RELAYING

In the case of the two-phase relaying scheme shown in
Fig.1, the probability of failing the transmission over the
two phases depends on the number of relays available for
cooperation and on the link qualities between source and
destination, between source and the R relays as well as
between relays and destination. We assume that the set of
relays is build up at the beginning of a data communication
session and is kept unchanged over a long period of many
slots. The set of relays is chosen by looking at active terminals
able to guarantee a good average link quality (depending on
terminal position and slow fading) with the source terminal.
During this period a cooperative coding scheme is used by
source and set of relays to protect the transmission of data
frames between source and destination. In the simplified case
of equal source-relays link quality, by denoting with P

(S−D)
e

the error probability for the link from source to destination,
P

(S−R)
e the error probability for the link from source to

relay (i.e., P
(S−R1)
e = . . . = P

(S−Rr)
e = P

(S−R)
e ), and

with P
(SR1...Rk−D)
e the error probability for the link from the

source plus k relays to destination, the overall error probability
Pe is, given by

Pe = P (S−R)
e P (S−D)

e + (1 − P (S−R)
e )P (SR1−D)

e , (3)

for the cases of one potential relay (generalization to R relays
is straightforward). The code components should be designed
to maximize diversity and coding gain of the entire cooperative
code for any possible number of cooperating relays [5].

In this paper we are considering the design of space-time
trellis codes for relaying networks by using the pragmatic
approach of [9], [10], which consists in a low-complexity
architecture where the code components are build by the
concatenation of a binary convolutional encoder and BPSK
or QPSK modulator. This code architecture was also referred
to as algebraic STC in [13]. Our “pragmatic” approach thus
consists in using common convolutional codes as space-time
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codes, with the architecture presented in Fig. 2. Here, k
information bits are encoded by a convolutional encoder with
rate k/(nh). The nh output bits are divided into n streams,
one for each transmitting antenna, of binary phase shift keying
(BPSK) (h = 1) or quaternary phase shift keying (QPSK)
(h = 2) symbols that are obtained from a natural (Gray)
mapping of h bits. If µ is the encoder constraint length then
the associated trellis has Ns = 2k(µ−1) states.

Differently from [10], the P-STC for cooperative commu-
nication are obtained by joining the R + 1 code components
used in cooperating transmitters, by using the trellis of each
encoder (the same as for the CC), labelling the generic branch
from state Si to state Sj with the super-symbol C̃Si→Sj

=
[c̃0,1, . . . , c̃R,n]T , where for BPSK c̃r,i is the output of the ith

generator (in antipodal version) of the rth transmitter.
One of the advantages of the pragmatic architecture is that

the maximum likelihood (ML) decoder is the usual Viterbi
decoder for the convolutional encoder adopted (same trellis),
with a simple modification of the branch metrics as in Fig. 3.
As additional advantage P-STC are easy to study and optimize,
even over BFC. These advantages apply also when P-STC
are used for cooperative communications, as will be further
investigated in the next sections.

IV. PERFORMANCE ANALYSIS IN BFC

We first consider the derivation of the pairwise error proba-
bility (PEP). Given the transmitted codeword c, the PEP, that
is the probability that the ML decoder chooses the codeword
g �= c, conditional to the set of fading levels Z , can be written
as

P
{
c → g|Z}

=
1
2

erfc

√
Es

4N0
d2

(
c, g|Z)

, (4)

where

d2
(
c, g|Z)

=
N∑

t=1

m∑
s=1

∣∣∣∣∣
n∑

i=1

h
(t)
0,i,s ·

(
c
(t)
0,i − g

(t)
0,i

)∣∣∣∣∣
2

+

∣∣∣∣∣
R∑

r=1

n∑
i=1

h
(t)
r,i,s ·

(
c
(t)
r,i − g

(t)
r,i

)∣∣∣∣∣
2
 , (5)

is the conditional Euclidean squared distance at the channel
output [8]. In BFC we first rewrite the squared distance as
follows

d2
(
c, g|Z)

=
N∑

t=1

m∑
s=1

h(t)
s A(t)(c, g)h(t)H

s , (6)

where h(t)
s =

[
h

(t)
0,1,s, h

(t)
0,2,s, ..., h

(t)
R,n,s

]
is the 1 × (R + 1)n

vector of the fading coefficients related to the receiving
antenna s. In (6) the (n1 + n2)× (n1 + n2) matrix A(t)(c, g)
is Hermitian non-negative definite [10] with block structure

A(t)(c, g) =
[
a(t,1) 0

0 a(t,2)

]
a(t,1) =

(
c(t,1) − g(t,1)

)(
c(t,1) − g(t,1)

)H

a(t,2) =
(
c(t,2) − g(t,2)

)(
c(t,2) − g(t,2)

)H

after having split the generic super-symbol C(t) in the two
parts transmitted during phase 1 and phase 2 respectively,
i.e. C(t) = [c(t,1)c(t,2)]T where c(t,1) = [c0,1, ..., c0,n] and
c(t,2) = [c1,1, ..., cR,n].

Due to the BFC assumption, for each frame and each
receiving antenna the fading channel is described by only L

different vectors h(t)
s ∈

{
z(1)

s , z(2)
s , . . . , z(L)

s

}
, s = 1, . . . ,m,

where z(l)
s is the s-th row of Zl. By grouping these vectors,

we can rewrite (6) as

d2
(
c, g|Z)

=
L∑

l=1

m∑
s=1

z(l)
s F(l)(c, g)z(l) H

s , (7)

where

F(l)(c, g) �
∑

t∈T (l)

A(t)(c, g) l = 1, . . . , L (8)

and T (l) � {t : H(σt) = Zl} is the set of indexes t
where the channel fading gain matrix is equal to Zl. This
set depends on the interleaving strategy adopted. Note that in
our scheme (Fig. 2) the interleaving is done “horizontally”
for each transmitting antenna and in the same way for each
transmitter, and that the set T (l) is independent on s (i.e., the
interleaving rule is the same for all antennas).

The matrix F(l)(c, g) is also Hermitian non-negative defi-
nite, being the sum of Hermitian non-negative definite matri-
ces. It has, therefore, real non-negative eigenvalues. Moreover,
it can be written as F(l)(c, g) = U(l)Λ(l)U(l)H , where U(l)

is a unitary matrix and Λ(l) is a real diagonal matrix, whose
diagonal elements λ

(l)
i with i = 1, . . . , ñ = n1 + n2 are the

eigenvalues of F(l)(c, g) counting multiplicity. Note that F(l)

and its eigenvalues λ
(l)
i are a function of c − g. As a result,

we can express the squared distance d2
(
c, g|Z)

by utilizing
the eigenvalues of F(l)(c, g) as follows:

d2
(
c, g|Z)

=
L∑

l=1

m∑
s=1

B(l)
s Λ(l)B(l) H

s =
L∑

l=1

m∑
s=1

ñ∑
i=1

λ
(l)
i

∣∣∣β(l)
i,s

∣∣∣2
where B(l)

s =
[
β

(l)
1,s, β

(l)
2,s, ..., β

(l)
ñ,s

]
= z(l)

s U(l).

It should be observed that the form of matrix F(l)(c, g)
is different from the matrix of the same space-time code
working on a system with n1 + n2 transmit antennas defined
in [10] due to the use of two distinct transmission phases in
the cooperative system. Therefore, the same code used in the
cooperative system may achieve different diversity and coding
gains. It should also be noted that this matrix is diagonal
(hence full-rank) only when n = 1 and R = 1: when
transmitters have more than one antenna, or more than one
relay cooperate to transmission, only a suitable choice of the
code may lead to a full rank matrix, as shown later.

The unconditional pairwise error probability (PEP) becomes
P

{
c → g

}
= E

{
P

{
c → g|Z}}

where E {.} indicates expec-
tation with respect to fading. By evaluating the asymptotic
behavior of it for large signal-to-noise ratio (SNR) we obtain
(see [14])

P
{
c → g

} ≤ K(mη)

[
L∏

l=1

ηl∏
i=1

λ
(l)
i

(
Es

4N0

)η
]−m

(9)
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where3 K(d) = 1
22d

(
2d−1

d

)
, the integer ηl = ηl(c, g) is the

number of non-zero eigenvalues of F(l)(c, g), and η (that we
can call the pairwise transmit diversity) is the sum of the ranks
of F(l)(c, g), i.e.

η = η(c, g) =
L∑

l=1

rank
[
F(l)(c, g)

]
=

L∑
l=1

ηl . (10)

The PEP between c and g shows a diversity mη that is
the product of transmit and receive diversity. By using the
asymptotic approximation (9), and by observing that the
retained dominant terms are those with transmit diversity
η̃min = minc ηmin(c), where ηmin(c) = ming η(c, g) and
E(c, x) =

{
g �= c : η(c, g) = x

}
is the set of codeword se-

quences at minimum diversity, the asymptotic error probability
bound can be written

P̃w∞ ≈ K(η̃minm)
(

Es

4N0

)−η̃min·m
F̃min(m) . (11)

From (11) we observe that the asymptotic performance of STC
over BFC depends on both the achievable diversity, η̃min ·m,
and the performance factor (related to the coding gain):

F̃min(m) �
∑

c

P {c}
∑

g∈E(c,η̃min)

[
L∏

l=1

ηl∏
i=1

λ
(l)
i

]−m

. (12)

To summarize, the derivation of the asymptotic behavior of
a given STC with a given length requires computing the
matrices F(l)(c, g) in (8) with their rank and product of non-
zero eigenvalues. Moreover, according to [15], by restricting
in the bound the set of sequences g to those corresponding
to paths in the trellis diagram of the code diverging only
once from the path of codeword c, the union bound becomes
tighter and can be evaluated in an effective way, by using the
methodology illustrated in [10] through the concept of space-
time generalized transfer function.

V. PRAGMATIC SPACE-TIME CODES DESIGN FOR

RELAYING

We now address design criteria for good cooperative STC
and efficient search for the optimum (in the sense defined later)
generators for the code components of cooperative STC in
BFC. In general the design of a good cooperative STC may
be based on one of the following possibilities:

1) By assuming that the cooperative code is working with a
predefined number of cooperating relays R, it may be designed
as P-STC with k binary inputs and n(R +1) output sysmbols
which maximize diversity gain and coding gain.4 We refer
to this solution as cooperative pragmatic space-time codes
(CP-STC). This design method does not guarantee that the
first rate k/nh component of the code used in phase 1 is the
best performing code, as well as it does not guarantee good
performance when some code components are not used by
relays not able in some frames to decode the source message.

3A looser bound can be obtained by observing that K(d) ≤ 1/4.
4A pragmatic suboptimal solution to this problem may be to build the code

with the rate k/(nh(R+1)) maximum distance convolutional code optimum
for AWGN channel.

2) By assuming that the cooperative code is obtained by
joining code components in phase 2 from every relay able to
decode the source message, the code may be designed as STC
with overlay construction [16]. We refer to this construction as
cooperative overlay pragmatic space-time codes (COP-STC).
With this method, a good code for R relays is designed starting
from a good code for R−1 relays and by adding the best code
component that maximize diversity and coding gain of the final
code. In this way the first code component used by the source
in phase 1 is always a good code. For fixed set of cooperating
relays the sequence of additional code components can be
orderly assigned to the relays ranked according the average
link quality, in such a way that the second code component
is assigned to the relay with the best link quality and so
on, so that they are used with high probability in the same
combinations for which they have been designed. Moreover,
is more easy to design the additional code components than
the entire cooperative code.

The design of STC with overlay construction was addressed
in [16], but not in the special case of cooperative codes. They
derived algebraic design criteria aimed at maximizing diversity
gain, without addressing coding gain issues. The work in
[5] proposed to use this STC with overlay construction as
a cooperative STC but without specializing the design for the
cooperative scenario. We propose a STC code search criterion
suitable for both the outlined design possibility, i.e. the design
of an entire rate k/(nh(R +1)) P-STC and the design of rate
k/nh code components in an overlay structure.

Our search criterion is based on the asymptotic error proba-
bility in (11), so that, among the set of non-catastrophic codes,
the optimum code with fixed parameters (n, k, h, µ):

- maximizes the achieved diversity, η̃min;

- minimizes the performance factor F̃min(m);
where the values of η̃min and F̃min(m) can be extracted
from the space-time generalized transfer function (ST-GTF)
of the code. Therefore, an exhaustive search algorithm should
evaluate the ST-GTF for each code of the set.

Usually, in the literature a method based on the evaluation
of the worst PEP is considered. Although the worst PEP
carries information about the achievable diversity, η̃min, it
is incomplete with respect to coding gain, thus producing
a lower bound for the error probability. Even though our
method based on the union bound is still approximate with
respect to coding gain (giving an upper bound) it includes
more information than the other method. This approach gives
good results in reproducing the correct performance ranking of
the codes among those achieving the same diversity η̃min, as
will be checked in the numerical results section. Of course, the
achievable diversity is the most important design parameter.
Since η̃min can not be larger than both η(c, g) ≤ (R + 1)nL
and the free distance df of the convolutional code used to build
the P-STC, it appears that to capture the maximum diversity
per receiving antenna offered by the channel, (R + 1)nL, the
free distance of a good code for a given BFC should be at least
(R+1)nL or larger. On the other hand, there is a fundamental
limit on the achievable diversity related to the Singleton bound
for BFC [11].
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VI. NUMERICAL RESULTS

In this section we report the performance results, in terms
of frame error rate (FER) as a function of SNR for CP-
STC and COP-STC in different conditions. The SNR is
defined as Eb/N0 per receiving antenna element where, for
a fair comparison among situations with different number of
relays, Eb is the total energy per information bit over all
transmitting nodes and averaged with respect to fading. We
refer to applications with static set of relays in the simplified
case of equal source-relays link quality. The probability that
a relay cooperates with the source, is Pcoop = 1 − P

(S−R)
e .

We first address the performance of CP-STC in Figs. 4 and
5. In Fig. 4 we show the FER vs. SNR for CP-STC with
BPSK modulation, optimal rate 1/6 generators for AWGN, 8
states, two relays, 2 transmitting antennas per node, 1 receiving
antenna, respectively, in quasi static fading channel (L = 1).
Here the probability of cooperation Pcoop assumes values
from 0 (no cooperation) to 100% (i.e., sure cooperation). We
note that to approach the best performance a probability of
cooperation larger than 0.9 is needed for 1 relay and 2 relays.
On the other hand, the code used for 2 relays achieves diversity
4, which is a portion of the available space-time diversity,
i.e. 6, due to the fact that the number of states is small and
that this code construction is not optimized. The impact of
fading velocity, related to L, in the case of CP-STC with
BPSK modulation is reported in Fig. 5. We consider 8 states
and two transmitting antennas per node, one receiving antenna
at the destination, and the two extreme cases of absence of
cooperation (i.e., Pcoop = 0) as well as of perfect cooperation
(i.e., Pcoop = 1) when varying L. It is possible to note that, for
the given number of states, as the available temporal diversity
L increases, the performance with one relay approaches that
with two relays, while a significant performance improvement
is present with respect to the situation of absence of relaying.
Then we verify the performance of COP-STC codes for QPSK
modulation obtained through the design and search criterion
explained in Sec. V. As an example, we propose here the
generators for rate 1/(4R), 8 state codes obtained through
two different approaches for overlay construction, consisting in
designing the overall code starting from first code component
taken as the the best rate 1/4 code for AWGN, in one case, or
as the best P-STC. The former has generators (13, 15, 15, 17)8
for source and (11, 17, 16, 12)8 for relay, while the latter has
generators (11, 15, 17, 13)8 and (06, 15, 13, 12)8, respectively.
In Fig. 6 we show the performance without relaying and with
one relay in quasi-static fading channel (i.e., L = 1). Note
that the best results are obtained with the second approach
with a performance gain in agreement with the values of
the performance factor (F̃min(1)/N is 0.00069 and 0.00053,
respectively). Finally, we investigate in Fig. 7 the impact of the
number of relaying nodes, ranging from 0 to 3, for the 8 state
COP-STC with QPSK with one transmitting antenna per node
and one receiving antenna in quasi static fading channel. The
generators, obtained with the search criterion proposed here,
for source and 3 relays are respectively given by (15, 17)8,
(11, 13)8, (05, 16)8, (16, 13)8. Here Pcoop = 1 is assumed to
fully exploit cooperation and we can easily note that maximum

diversity is achieved. The performance factor F̃min(1) shows
a 35% reduction of error probability with respect to the codes
proposed in [5].

VII. CONCLUSIONS

In this paper we investigated the feasibility of a prag-
matic approach to space-time codes for wireless cooperative
relay networks, where common convolutional encoders and
decoders are used with suitably defined branch metrics. We
also proposed a design criterion to rank different codes based
on the asymptotic error probability union bound. A search
methodology to obtain optimum generators for different fading
rates has then been given in BFC. It is shown that P-
STCs applied to cooperative communication systems achieve
good performance and that they are suitable for systems
with different spectral efficiencies, number of antennas and
fading rates, making them a valuable choice both in terms of
implementation complexity and performance.
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Fig. 1. Two phases relaying network: phase 1 (continuous line), phase 2
(dashed line). Source, relays and destination nodes are denoted with S, R, D,
respectively.
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Fig. 4. FER vs. SNR for BPSK modulation, optimal generators for AWGN,
8 states, two relays, 2 transmitting antennas per node, 1 receiving antenna,
respectively, in quasi static fading channel (L = 1).
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BFC with various L.
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