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Performance Analysis of Space-Time Block Coded
Cooperative Wireless Transmission in Rayleigh Fading
Channels

Hyung Yun Kong and Ho Van Khuong

Abstract: This paper studies theoretically the bit error rate (BER)
performance of cooperative transmission using space-time block
code (STBC) in a fully distributed manner. Specifically, we first
propose a STBC-based cooperative signaling structure to make the
cooperation of three single-antenna terminals possible. Then, we
derive the closed-form BER expressions for both cooperation and
noncooperation schemes under flat Rayleigh fading channel plus
additive white Gaussian noise (AWGN). The validity of these ex-
pressions is verified by Monte-Carlo simulations. A variety of nu-
merical and simulation results reveal that the cooperative transmis-
sion achieves higher diversity gain and better performance than the
direct transmission for the same total transmit power.

Index Terms: Additive white Gaussian noise (AWGN), cooperative
transmission, Rayleigh fading, space-time block code (STBC).

I. INTRODUCTION

Signal fading due to multi-path propagation is a serious prob-
lem in wireless communications. Using a diversified signal in
which information related to the same data appears in multi-
ple time instances, frequencies, or antennas that are indepen-
dently faded can reduce considerably this effect of the channel
[1]. Among well-known diversity techniques, the spatial diver-
sity has received a great deal of attention in recent years because
of the feasibility of deploying multiple antennas at both trans-
mitter and receiver [2]. However, when wireless mobiles may
not be able to support multiple antennas due to size and power
limitation, or other constraints [3], the spatial diversity is not
exploited. To overcome this restriction, a new technique, called
cooperative transmission, was born which allows single-antenna
terminals to gain some benefits of transmit diversity. The main
idea is that in a multiuser network, two or more users share their
information and transmit jointly as a virtual antenna array. This
enables them to obtain higher diversity than they could have in-
dividually. The way the users share information is by tuning
into each other’s transmitted signals and by processing infor-
mation that they overhear. Since the inter-user channel is noisy
and faded, this overheard information is not perfect. Hence,
one has to carefully study the possible signaling strategies that
can exploit the benefits of cooperative communications at most.
There are three basic cooperative signaling methods [3] where
amplify-and-forward strategy is the simplest and applicable in
many wireless networks such as wireless sensor network, mo-
bile communications network, ad-hoc network, relay network,
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etc. Therefore, it is also exploited in this paper.

The space-time block coding can achieve the full transmit di-
versity specified by the number of the co-located transmit an-
tennas while allowing a very simple maximum-likelihood (ML)
decoding algorithm, based only on linear processing of the re-
ceived signals [4]. As a result, it is considered as a powerful
coding technique to mitigate fading in wireless channels and im-
prove robustness to interference.

In this paper, we propose an appropriate signaling structure to
exploit space-time block code (STBC) in a fully distributed fash-
ion. The key idea is to collect the antennas belonging to different
users (each user has only one antenna) to create a virtual antenna
array and then to build signal sequences sent out on different
antennas that are similar to those transmitted on co-located an-
tennas. We call STBCs in this case, “fully distributed” STBCs.
The term “fully distributed STBC” means that its structure of
the signals transmitted from the single-antennas of users and
detection technique at the receiver are identical to those of the
conventional STBC for co-located antenna array. Therefore, the
proposed cooperative transmission scheme can exploit the ML
decoding at the receiver to reduce significantly the implementa-
tion complexity. In fact, the concept of space-time block coded
cooperative transmission was mentioned in [5] and [6] but orly
“partially distributed”” STBCs. This is because the number of co-
operative users is larger than the number of co-located antennas
designed for the STBC. Specifically, [5] and [6] use Alamouti
code [7] to construct the cooperative transmission scheme for
two sensors [5] or two relays [6] in assisting the data transmis-
sion for a source node to the destination. Moreover, [5] orly
mentioned the signal processing from two intermediate nodes to
the remote receiver without paying any attention to error trans-
mission caused by the link between the sensor and the interm:e-
diate nodes which is faded and noisy in real and generic wireless
networks. Such a case was solved by [6] in part but it did not
show explicitly the way of detecting the data at the receiver and a
closed-form bit error rate (BER) expression. Consequently, the
derivation of closed-form BER expression for “fully distributed”
STBCs in this paper is considered as the first work that takes into
consideration the effects of all channels through which the origi-
nal data can reach the destination, and exposes a tighter coopera-
tion among the source terminal and two relays. Additionally, we
investigate all possible cases of channels between two users to
see whether the cooperation is beneficial or not. The numerical
results show that the cooperative transmission obtains higher di-
versity and better performance than noncooperative counterpart
for the same total transmit power.

The rest of the paper is organized as follows. Section II
presents a cooperative signaling structure as well as the closed-
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Fig. 1. Proposed cooperative signaling structure.

form expression derivation for the error probability. Then, the
numerical and simulation results that compare the performance
of the proposed cooperative transmission with direct transmis-
sion are exposed in Section III. Finally, the paper is closed in
Section IV with a conclusion.

II. PROPOSED COOPERATIVE SIGNALING
STRUCTURE

Consider a cooperative transmission in a generic wireless net-
work where the information is transmitted from a source mobile
S to a destination mobile D with the assistance of two relay ter-
minals. All terminals equipped with single-antenna transceivers
and sharing the same frequency band are under investigation.
In addition, each terminal cannot transmit and receive signal at
the same time to mitigate the implementation complexity since
the considerable attenuation over the wireless channel and in-
sufficient electrical isolation between the transmit and receive
circuitry make a terminal’s transmitted signal dominate the sig-
nals of other terminals at its receiver input. In order to obtain
this, time division multiplexing (TDM) is used for channel ac-
cess and the signal format of each entity is shown in the Fig. 1.

For simplicity of exposition, we use complex baseband-
equivalent models to express all the signals. In addition, the
BPSK modulation technique is investigated since it is necessary
for the small-size devices requiring the simple signal processing
and high performance, for example, wireless sensors.

In the cooperation process, each relay doesn’t perform hard
detection on the signal of its source as in [8] but rather, it sim-
ply amplifies the received signal under a given transmit power
constraint and forwards the resultant signal to the destination.
This not only reduces the processing time and power consump-
tion at each relay but also avoids the wrong decisions that can
adversely affect the overall performance at the destination.

The cooperation process proceeds as follows. During its own
time slot (represented as time slot 1), the source terminal gen-
erates four BPSK-modulated symbols x1, x3, x3, x4 and broad-
casts them according to the structure z1, —zs, —x3, —x4 Which
will be received by the destination and two relays. Therefore,
the sequence of the signals received at the destination and two
relays has the common forms as follows

Ysi,1 €00u5;T1 + Mgi1 1
Ysi2 = —E€o08iTa+ Mg )
Ysi3 = —E0QSiT3 +Mgi3 3)
YSi 4 —E0Q5iTq + 155 4 4

where

e Ysi,; is a signal received at the terminal ¢ from the source
S during the j-th symbol duration (i = 1,2, D mean relay
1, relay 2, and the destination D, respectively) in the first
time slot; 7 = 1,2, 3, 4.

e «ug; is a fading realization associated with each link from
the source S to the target ¢ which is assumed to be an in-
dependent zero-mean complex Gaussian random variable
(ZMCGRV) with variance \%;.

e Ng;,j is a zero-mean additive noise sample of variance 0%,
at terminal ¢ in the j-th symbol interval.

o €9 = /Ps is an amplification factor at the source where
Pg is average source power.

In (1)—(4) and those following, we assume that the channels
among users (inter-user channels) and between the users and the
destination (user-destination channels) are independent of each
other. Moreover, all channels experience frequency flat fading
and are quasi-static, i.e., they are constant during 4-symbol pe-
riod and change independently to the next.

In the second time slot, the relays are to simply amplify the
signals received from the source and forward them simultane-
ously to the destination. These amplified signals obey the format
in Fig. 1. Specifically, they are given by

%

Zij = & B Ysi,j- &)

il
Here, 7 = 1, 2 represent relays 1 and 2, correspondingly; the co-
efficient acf; /|cvs;| is used to correct the phase distortion caused
by the link between S and ¢ (it is implicitly assumed that the
channel state information is estimated perfectly at the receivers
and this information is unknown at the transmit sides); (-)* is
the complex conjugate operator; ¢; is the scaling factor at relay
i which is chosen as

P P;
gy = 2 = 2 P} (6)
Ellysi;)?] PsAg, +og,

where P; denotes the average power of the relay ¢ and E|[-] rep-
resents the expectation operator. Selection of &; as in (6) ensures
that an average output power is maintained [9].

The signal processing at terminal D must be delayed until the
relays have transmitted signal sequences z; ;. In order to avoid
inter-symbol interference at the destination terminal, we assume
that the time delay between the two propagation paths contain-
ing a relay is negligible. After collecting all signals from the
relays, the D is to simply add the relays’ received signals syn-
chronously together with those from the source which are de-
layed a time-slot duration on the symbol-by-symbol basis. For
further simplification, we drop the time indices. Then, the signal
sequence of 4 consecutive symbols received at the D are given
explicitly by

r1 = (—oupz2— 0opz3+npi)

from relays 1 and 2 in the 2nd time slot

+ (eoaspri +mnsp,1)

from the source in the 1st time slot
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where o, p are path gains of the channels between the relay m

and the destination D; m = 1, 2.

In the above expressions, np ; is an additive noise sample
at the destination in j-th symbol duration of time slot 2. The
quantities np ; are modeled as ZMCGRVs with variance ¢%,.
Also, due to the assumption of slow and flat Rayleigh fading,
Qam p are independent ZMCGRV's with variances )\fn D

We can rewrite the received signals r; in more compact forms

as

r1 = hizy+ hoxo + haxs + ng (1)
e = —hims 4+ how1 — hazg + 0o (12)
rs = —hixs+ hozy + haz1 + n3 (13)
ry = —hyxg — hoxs+ hazo + ny (14)
by letting
hi = eoasp (15)
hy = eoe1a1p|as:| (16)
hs = eoe202p|ass| )
Gf* a*
n = —0qpéiy—— —2L nsi,2 — (12052#”52,3
s sl
+nsp,1 +np;a (18)
0%y 0%y
ng = Qip€& ng1,1 + Gep&a-"Ng24
|| |asa
+nsp,2+np2 (19
* a*
_ CQgo
n3g = —Q1pE17——NS1,4 T Xep€2—"5Ng21
v 1| |ovgal
+nsp,3+npg3 (20)
ot 't
ng = 01D€1in51,3 - 012D52ins2,2
|ovsi] lasal
+nsp,4+ np 4. (21)

Due to the fact that all additive noise r.v.’s are mutually inde-
pendent of each other, conditional on the channel attenuations,
n; (j = 1,2,3,4) are also independent ZMCGRVs with the
same variance

on = loupl’elod, + |oap|*elol, + odp +0h

(22)

agio%; + besos, + 0%p + 0h

where ¢ = |aypl|? and b |aap|? are exponentially dlis-
tributed r.v.’s with mean values \2,,, A\%,; that is, f,(a) =
Ao e fi(b) = Ape~?*? in which @, b > 0 and A\, =
1/X%,, Ay = 1/0%,, are pdf’s of r.v.’s @ and b, respectively.

Equations (11)-(14) are actually equivalent to the analytical
expressions of the conventional rate 3/4 STBC for the co-located
3-antenna array with transmission matrix given by

r1T —T9 —T3 —T4
Io I T4 —X3
r3 —T4 X1 T2

As a consequence, the maximum likelihood decoding can be
applied and results in the decision statistics for the transmitted
signals x; as [4]

= ) sigi(i)rihg, @3)

M0
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where 7 = 1,2, 3,4;£(2) is the set of columns of the transmis-
sion matrix in which z; appears; ¢;(i) represents the row po-
sition of z; in the j-th column and the sign of z; in the j-th
column is denoted by sig; (). Specifically, we have

T1 = mh] +rohl+r3h]
= ((h1[? + [haf® + (h3]?) @1 + hiny + h3ng + hing
Az, + Ny 24
To = 7r1hl —rohl +rah;

(1h1)? + |h2|* + |ha|?) 25 + hing — Bing + hing
Azo + No (25)

Il

Ty = r1h§ —rah] —rsh3
= (Jh1]? + |h2)* + |h3l?) 25 + hin1 — hing — h3ny
= Ar3+ N3 (26)
Ty = —rohi+rshy —rah]
= (Ih1|2 -+ lhzfz -+ fhg'z) T4 — hgnz + h;ng - h{n4
= Azg+ N 27
Here,
Ny = hing +hyng + hins
Ny = h§n1 - h;ng + h§n4
N3 = hing —hing — hyng
Ny = —hina+hing —hing
A= (P (Aol + (hsf?
= utv+k
= eplaspl® (28)
= eietlapl*lasi|? = egelalas |? (29)
k= eiedlaap|asal? = e2esblags|?. 30)

Equations (24)—(27) show that the proposed cooperative
transmission protocol can provide exactly the same performance
as the 3-level receive maximum ratio combining,.

As mentioned in the introduction section, this paper concen-
trates on analyzing the BER performance of “fully distributed”
STBC. Therefore, in the second time-slot (sTS), the source ter-
minal does not transmit data. As a result, it seems that there is
a loss of data rate for the cooperative transmission compared to
the noncooperative case. However, for some wireless networks
such as relay networks, wireless sensor networks, ad-hoc net-
works, etc, where there exist many idle users, taking advantage
of these idle users as relays to obtain the diversity gain and im-
prove the performance represents the reasonable utilization of
the system resource. Moreover, in such networks, the total con-
sumed power of all cooperative users, rather than data rate, is
usually a crucial factor because of large bandwidth resources
and the power limitation of users. Consequently, we are inter-
ested in the consumed power when comparing the proposed
cooperation with noncooperation much more than data rate as
commonly assumed in [101-{19]. Furthermore, it is obvious that
the performance will be increased if the source node uses the
sTS. For example, in the sTS, the source node retransmits the
same signal sequence as in the first time slot (fTS). Then, three
signal sequences from the source and two relays in the sTS are
combined as above. Afterward, the resulted signals in (24)—(27)

can be used in maximum ratio combining with the signals in the
fTS. At this time, we expect the diversity level of 4. However,
such operation is not desired since STBC is not fully distributed.

It is straightforward to infer that N; (j = 1,2, 3,4) are also
independent ZMCGRVs, given the channel realizations, with
the same variance

0% = AoZ. 3D

By observing (24)—(27), we find that z; are attenuated and
corrupted by the same fading and noisy level, their error prob-
ability is equal. As a result, BER of z; is sufficient to evaluate
the performance of the system. For BPSK transmission, the re-
covered bit of z1 is given by

T; = sign (Re{Z1}) (32)
where sign(-) is a signum function and Re{-} is the real part of
a complex number.

Then, the error probability of z; conditional on channel real-

izations is easily found as

r=o(vF)

where v = A?/c%, = /o2 can be interpreted as the signal-to-
noise ratio at the output of Gaussian channel.

To find the average error probability, we must know the pdf
of ~v. Expressing y explicitly results in the following formula

(33)

A uw+v+k
0—% P (34)

Since o2 is a function of only two r.v.s a and b, we can find
the pdf of r.v. (u + v + k) given a and b. From (28)—(30), we
realize that u, v, and & have exponential distribution with mean
values e2A\%p, e2e2ary,, e2e3bA%,, respectively. Their pdf’s
are of the following forms

Ju(u) Ay et
fov) = Ae
fu(k) = Age Mk

where )\, = 1/(eg\sp), A =
1/ (c323b2%,), and u, v, k > 0.

1/ (e3e2a)r%;), M\ =

The pdf of w = u 4+ v is computed by using convolution
theorem
w
fu+v(w) = / )‘ue—kuxl)\ve—ku(w—xl)dl‘l
0
’\’U/\’U —Ay — A, w
= o (e e

Then, repeating that process, we can obtain the pdf of A =
w+ k as

) = furolX) o fr(X)
- Au/\—/k\v Ave™
/\u:/\v )\ue—)\u)\

Ay Av Ak
>\u - >\v >\v - )\k

) o (Ake™***)

(e—}\k)\ _ e—)\v)\)
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Ay Ay Ak —ArA —AuA
ED W v vl I
e MM Ay — M)~
)\u)\v/\k 6_/\1))\(’\11 - /\k)+
G_A“/\(Av — )\k) 35)

(Au - )‘v)(/\v - )‘k)()‘u - ’\k)r

where o is the convolution operator.
Finally, the pdf of -y given a and b is easily found as

_)\kan'y(Au )
v zv(Au - )‘k)
o2

v 'Y()‘v - )‘k)

e
aiAu/\v)\k e
e
/\v)o\v - )‘k)()‘u - )‘k)

f'y]a,b(’\/laa b) = (/\u

— Ay
-

L. (36)

Now, we can calculate the average error probability as follows

oC o< o0
Pave= [ [ [ Petostrlatiin| fu@rftrdacs
o Jo 0
(37
where the integral inside the square bracket can be reduced as

oo @ (V2
Joo (V2
Jo @V

2 —Ago Ay Ay

7) oudee :70«)“;)(%——@)‘17‘
Aoy uAk

V) Tidve” R e 4T
Auc Avh

) orAue” B swews Towes v Lol

AuAy [1 _ 1 ] _
Q(Av—/\k)(z\ —/\k) 1+0‘$L/\k

AuMk 1
- 20w —Au ) (Ao — k) \/ 1402y + (38)
Ao Ak

[%%J

By substituting the term in (38) into (37), we obtain the
closed-form BER expression for the proposed cooperative trans-
mission scheme. The integrals in (37) can be approximated as
sums [20].

In noncooperation case, the source transmits the data with
power Pr and consequently, the signal received at the destina-
tion is given by

PIEVESTEWES TS

y=oaspVPrc+g

where ¢ is a BPSK-modulated data symbol; g is a sample of
zero-mean complex Gaussian random variable with variance

(39

o%p.
The symbol ¢ is recovered by

¢ = sign(Re{aspy})

sign (|o¢sp|2\/ Prc+ ﬁ)

where § = Re{a%pg} is ZMCGRV with variance o2 =
(lasp|?c%p) /2 conditioned on the channel realization. Thus,
we can derive the BER of noncooperation case P, as

Il

12
e 202dx

o 1
Pre = /
" lasp|?vPr V2102
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Fig. 2. Effect of inter-user channels on BER performance.
Because * = 2Prlasp|®/o%p is exponentially distribuzed

with mean value of x = 2PrA%,, /0%, the average BER in the
case of noncooperation has the following form

Preave = / Pnefm(x)dw
0
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III. NUMERICAL RESULTS

In the presented results below, we set the noise variances
equally as 0%, = 0%, = 0%, = 0% = 1. The signal-to-noise
ratio on the z-axes of all figures is defined as SNR = Pr/o% .
Additionally, Monte-Carlo simulations are performed to verify
the closed-form BER expression in (37) and to evaluate the BER
performance of the proposed cooperation.

For a fair comparison, it is essential that the total con-
sumed energy of the cooperative system does not exceed that
of corresponding direct transmission system. This is a strict and
conservative constraint; allowing the relays to add additional
power can then only increase the attractiveness of the coop-
eration. Therefore, complying this energy constraint requires
Pp = Pg + P; + P5. Then, we choose Ps = Pr/2 and
P, = P, = Pr/4. As a consequence, the consumed power
Qf each cooperative user is considerably reduced in comparison
to that of each noncooperative user, thus contributing to solv-
ing the problem of power limitation for small-size devices, for
example, wireless sensors.

Fig. 2 compares the performance between noncooperation
and the proposed collaboration when the quality of user-
destination channels is constant A2, = A2, = A%, = 1 but
that of inter-user channels changes A3, = A%, = 0.5, 1, 2. In
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Fig. 3. Effect of user-destination channels on BER performance (the
numbers in the legend box denote the values of X;’D =X, = AZSD).

For the special case, we choose A2, = X2, =1 and 2%, = 1000.

this figure and those following, the numbers corresponding to
the scheme in the legend box, for example Cooperation/Theory:
0.5, mean the performance of the cooperation strategy with re-
spect to the varying parameters; specifically, A%, = )\%2 =0.5
in this example. As shown in Fig. 2, the performance of the
cooperation scheme slightly depends on the inter-user channels
since the cooperative transmission must utilize them to achieve
the spatial diversity and since using the intermediate nodes to
forward the source signal also causes the noise amplification
at those nodes. Nevertheless, under any of their conditions the
cooperation always outperforms noncooperation at high SNR
(SNR > 15 dB) and this benefit increases when the channel
quality is better. For instance, at the target of BER 1072 the co-
operative transmission acquires SNR gains of about 5 dB, 6 dB,
7 dB according to X%, = A%, = 0.5, 1, 2 relative to the non-
cooperation. Moreover, due to the steeper BER curves of the
cooperation scheme than those of noncooperation, the further
performance improvement can be yielded when the power of
the source (or equivalently, SNR) increases. These illustrated
results assert that using STBC in the distributed diversity way
can also obtain all benefits of transmit diversity as for physi-
cally co-located antenna array. Furthermore, Fig. 2 also reveals
that simulation results agree with theoretical ones (using (37)
and (40)) and thus, the analysis is completely exact. As a con-
sequence, only formulas in (37) and (40) are used for evaluating
the potentials of the cooperation scheme in enhancing the BER
performance in comparison to noncooperation scheme in the se-
quel.

It is certain that the direct transmission can only obtain
low error probability when the channel S—D is good. This is
demonstrated in Fig. 3 where the fading variances of the user-
destination channels vary X2, = M, = A%, = 05, 1, 2
while the others are unchanged A%, = A%}, = 1. Compared
to the noncooperation, the proposed cooperative transmission
yields a better BER performance of about 7 dB for any value
of 2, = A2, = A%, at BER of 1072 and this improvement
is further increased in the quality of user-destination channels.
Moreover, the large diversity gain achieved from the cooperation

T —
—i— Noncooperation
Cooperation: 0.5
Cooperation: 1
Cooperation: 2

BER

15 20
SNR (dB)

Fig. 4. Effect of asymmetry of the inter-user channels on BER perfor-
mance.

T T
—— Noncooperation
- — - — Cooperation: 0.5
Cooperation: 1
Cooperation: 2

BER

30

15 25
SNR (dB)

Fig. 5. Effect of asymmetry of the user-destination and inter-user chan-
nels on BER performance.

significantly contributes to the performance enhancement as the
SNR increases. Fig. 3 also demonstrates a special case where
A, = A2p = 1 and very large A% ; specifically, A%, = 1000
in this case. It is realized that the diversity gain of the coopera-
tive transmission is constant regardless of the variation of A%,
(BER curves are parallel for different values of A% ). Conse-
quently, in the range of high SNR, the cooperation is aiways su-
perior to the noncooperation counterpart even though the direct
propagation path is very good (very large A% ).

Figs. 2 and 3 only show the BER performance of the cooper-
ative transmission in symmetric scenarios of inter-user channels
and user-destination channels. In order to evaluate the effects of
channels on the feasibility of fully distributed STBC more to-
tally and to recognize which channel conditions are appropriate
for the cooperation, we investigate some possible asymmetric
cases of channels between two arbitrary users. The numerical
results are depicted in Figs. 4 and 5.

Fig. 4 considers the impact of asymmetric inter-user channels
on the performance of the cooperation. We examine this case by



312 JOURNAL OF COMMUNICATIONS AND NETWORKS, VOL. 8, NO. 3, SEPTEMBER 2(06

fixing the variances of user-destination channels A2, = \%,, =
AZp = 1 and that of source-relay 1 channel A%, = 1 while
changing the quality of source-relay 2 channel A%, from 0.5 to
2. Therefore, the numbers in the legend box denote the values of
A%,. This figure shows that the cooperative transmission is very
robust to the changes of inter-user channels. Specifically, when
the source signal experiences the deep fade four times (A%, from
2 down to 0.5), the performance degradation is just around 0.5
dB for any values of SNR.

The asymmetry of all possible propagation paths in the co-
operative wireless networks is examined in which only A%,
changes from 0.5 to 2 while the others are constant A2, =
0.5, M3p = 1, A2p = 2, A%, = 1. The result is depicted
in Fig. 5 where the numbers represent the values of A\%,. It is
recognized that the performance degradation of the cooperation
is negligible (less than 0.3 dB for any value of SNR and A%,).
Therefore, the cooperation brings a considerable benefit in com-
bating the adverse effects of fading channels.

IV. CONCLUSION

Performance analysis of the conventional rate 3/4 STBC in
the cooperative transmission scenario was presented and its
closed-form error probability expression was also derived. Un-
der the Rayleigh fading channel plus Gaussian noise, the numer-
ical results demonstrate that the proposed cooperation consider-
ably improves the performance over the noncooperation regard-
less of the faded noisy inter-user channels in the range of high
SNR. In addition, the receiver structure with ML detector can
be implemented with negligible hardware complexity. More-
over, this cooperation scheme is straightforwardly extended to
the cases of more than two single-antenna relays by creating
a new signaling structure and applying the high-level STBCs
[21] to reduce further the probability of error. Furthermore, it is
not difficult to realize that the proposed scheme can be associ-
ated with relays of more than two antennas. Therefore, deploy-
ing STBCs in the distributed diversity manner is feasible and is
a promising technique for the future wireless networks where
there exist idle users to take advantage of system resources effi-
ciently.
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