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ABSTRACT

In this paper, we propose a new adaptive cooperation scheme with multi-relay nodes which achieves higher
performance and spectral efficiency than that of some conventional cooperative schemes. The relay-selection is
applied to choose the most potential relay among K ones. Afterward, the instantaneous signal-to-noise ratio
(SNR) differences between S-D, S-R and R-D channels are considered for adaptive selection between the direct
and the cooperation transmission strategy. In the proposed adaptive protocol, if the direct link is of high quality,
the source will transmit to destination directly with all power consumption. Otherwise, the source broadcasts the
signal with a lower power and requires the help of the chosen relay if it decodes correctly, else the source will
transmit again with remaining power. Firstly, the spectral efficiency is derived by calculating the probability of
each mode. Subsequently, the BER performance for the adaptive cooperation scheme is analyzed by considering
each event that one of K relays is selected and then making the summation of all. Finally, the numerical results

are presented to confirm the performance enhancement offered by the proposed schemes.
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Diversity techniques have been developed in
order to combat fading on wireless channels and
improve the reliability of the received message.
Recently, cooperation has been proposed as a new
mean to obtain “space-time” or “cooperative”
diversity[”'[z], Different nodes in the network
cooperate in order to form a virtual MIMO
system and exploit space-time diversity even if
their hardware constraints do not allow them to
support several antennas. Many cooperative

d®% which can be

protocols have been propose
classified in three main families: decode and
forward (DF), amplify and forward (AF) and
compress and forward (CF).

In this paper, we are interested in the first
family which is the more natural ones and studied
most due to their simplicity. It just requires a
symbol processing; this strategy consists in
decoding the received signals at the relays and
then forwarding them. However, most of the
schemes in literature, the cooperation always
occurs. This may waste bandwidth and power
allocated to the relay if the relay fails to decode
the source information. Moreover, relaying is also
not needed if the direct channel, between the
source (S) and the destination (D), is of high
quality. I, cooperation is  decided by
considering the difference in instantaneous SNR
between the S-D and S-R channels, applied to DF
schemes and two equal phases. In general, the
relative quality differences between the three
channels: S-R, S-D, and R-D should be
considered in selection of cooperation strategies.

Additionally, to achieve the higher diversity we
would like to focus on the DF multi- node
schemes in which the transmission from the
source to the destination is helped by the
collection of relays. In some conventional works,
the destination waits to receive all the
re-transmitted signals from the potential relays and
then uses various combining techniques 2HBT (e,
MRC, SC--9) to decode the information. Conversely,

killing the time to collect all the signals is not a
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good choice. Thus, there are various protocols,
which named relay-selection, proposed to choose
the best relay among a group of available relays.

n“o], Laneman et. al. use distributed-

Such as, i
timer technique to choose the best path from the
source to destination. In another way", author
proposes to choose the best relay depending on
its geographic position, based on the graphic
random forwarding (GeRaF) protocols proposed
in™!. With these techniques, we can save the time,
the bandwidth but also get the roughly
performance.

Here, in order to achieve these advantages
which mentioned previously, we propose a new
strategy named  adaptive  cooperation  with
relay-selection for the scheme multi- relay nodes
in which the DF protocols can be applied
whenever the direct link is not good. With this
scheme, we can save the time and the bandwidth
while its performance is higher than the
conventional ones. Firstly, the most potential relay
will be selected based on the instantaneous SNR
of the channels between it and two end terminals:
the source and the destination. This optimal relay
is the one which has the maximum instantaneous
value of the relay metric, which is denoted as

1 The selection decision

equivalent SNRs, as in
can be achieved by the destination after collecting
all the channel coefficients or through setting a

. . [10
timer as 11’1[ ],

Then by using the instantaneous
SNR as the performance measure, the source
checks whether the direct path or the relay path
is better, then choose the higher SNR path for
the transmission with the help of the chosen relay
if it needs to cooperate. We also apply the
re-transmission at the source when the relay fails
to decode the signal to achieve an enhanced
performance.

Through mathematical analysis, we study about
the proposed scheme by investigating the spectral
efficiency and the bit-error-rate performance. To
get the spectral efficiency, we derive the
probability of each mode. Afterward, with the
notation that the spectral efficiency of the
cooperation mode is a half of that of direct
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transmission mode we can get the average
efficiency of the scheme. Subsequently, to obtain
the BER performance, initially, we consider the
event that a relay is the most potential one. Then
we calculate the end-to-end performance by
getting the summation of all scheme’s routine in
each event. To conclude, we will use the Monte-
Carlo simulations to confirm the results of the
mathematical analysis.

The rest of this paper is organized as follows.
Section 2 presents the system model of the
adaptive cooperative relay-selection scheme with
decoded and forward. Next, the spectral efficiency
and the BER performance of the scheme will be
investigated in Section 3 and Section 4. Section 5
illustrates Monte- Carlo simulation and the
numerical results. Finally, the paper is concluded
in Section 6.

II. System models

We consider an adaptive cooperative wireless
network where the information is transmitted from
a source S to a destination D with the assistance
of K DF relays R, (k=1:-- K) as shown in

Fig.1. Each terminal is equipped with single-
antenna transceiver and operates in a half-duplex
mode using the same frequency slot over slow
frequency -flat Rayleigh fading channels, i.e.the
instantaneous channel coefficients are constant
during a symbol transmission block (include two

Fig. 1. Adaptive cooperative scheme with K relays
T8 1 KNS Belol Al Aew /e Ay xd

phases) but change independently to the next one.

Here, we denote ag, ap, and ag as the

independent channel gains for the source-to-
destination (S-D) link, the source-to-kth relay
(S-Rk) link and the kth relay- to-destination
(Rk-D) link, correspondingly. Let -, =|ag),
’V1k:|‘15}?k|2 and 7y = |ag, 17|2 represent the S-D,
S-Rk and Rk-D SNRs. As a result 7, <, and
vy, are modeled as in.d. exponential random
variables with means 1/, 1/, and 1/,

respectively.

The basic idea of the proposed scheme is that
select the most potential relay among the KA
relays to cooperate with the source, if it needs to
cooperate. Here, we address two main questions:
“How to choose the best relay?” and “How does
the source cooperate with this relay?”. The
rationale behind this protocol is that there is no
need for the relay to cooperate with the system if
the direct link (S-D), is of high quality. In
addition, the source picks up an optimal relay to
collaborate with in case it needs help.

Firstly, among K relays, the best relay will be
chosen based on the instantaneous SNR of the
relay channels. According to, the dual-hop

S—R,—D channel can be modeled as an

equivalent single hop with the output SNR -~

eqy.

can be approximated in the high SNR regime as
Veg, = Min{ %21} M

Thus, in order to get the better result which
achieved by the cooperation, the relay links with
the highest equivalent SNR is selected (e.g.,
selected using distributed timers"”). Then the
instantaneous SNR of the relay link through the

best relay can be given by

v =max{y} )

h

Without loss of generality, we let i’ relay is

the chosen relay. After determining the best one,
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www.dbpia.co.kr



g2 A18}EE] 3= %-4] "09-11 Vol. 34 No. 11

the K-relay scheme now is considered as a simple
scheme with one source, one destination and one
relay.

The transmission protocol can be described as
shown in the Fig.2, the source selects cooperation
or non-cooperation at the beginning of each
time-slot based on the ratio -,/ Ve, The

cooperation between source and the relay takes

Bl with one

place according to the scheme in
relay. Due to the qualities of the channels, the
source directly transmits to the destination when

oP= {’Yo = %q.} happens and cooperates with the
relay when &%= {’Yo < fy%} happens.

Note that, it is assumed that the channels are
reciprocal as in the Time Division Duplex (TDD)
mode, hence, the source knows its S-R and S-D
instantaneous channels gain ~y,; and -,. Moreover,
the source does not require the destination to
feedback the value of the R-D channel gain -+,
at the beginning of each time slot. Instead, the
destination only sends one bit that indicates
whether the event {v,/7, = 1} happens or not.
Therefore, the overhead for feedback information
from the destination to the source is negligible.

Hence, in the first phase, the source can know
whether the event @7 or the event &% happens,
and decide to choose the better scheme for
transmitting the signal to the destination in each

case as follow. If ~, =, happens, the source

decides to employ direct transmission with the
total transmitted power of scheme. The received

symbol at the destination can be modeled as

D

yh = VPags+ng, 3)

where P is the total transmitted power, s is
the transmitted symbol of the source, ng, is an
additive noise. This mode is denoted by the
direct-transmission (DT) mode.

If < Veq the relay-cooperation (RC) mode, the
relay will join in the cooperation transmission

from the source to the destination based on the

834

quality of its received symbol. This mode can be
described as follows. In the first time slot, the
source broadcasts its symbol to both destination
and relay. The received symbols at the destination
and the relay can be modeled as

o7

Yp1= VPragstnp, 4)
H

y‘ﬁ» =V P agstng ®)

where P, is the source transmitted power in

the first time slot, n,, and ng, are additive

noises.

In the second time slot, if the relay decodes its
received symbol correctly, it retransmits the
decoded symbol to the destination. Otherwise, it
informs to the source to transmit once more. Due
to mathematical analysis, we assume that the
relay can decide whether the symbol is decoded
correctly or not, perfectly. In the real application,
that can be achieved by using Cyclic Redundancy
Check code to check the signal, or comparing the
SNR with a threshold. Hence, the received
symbol at the destination in the second time slot
can be written as

# _
yfm =/ Pyapstnp, (0)

where a= agp if the relay decodes the symbol
correctly and forwards its symbol, otherwise,
a=ag, the source transmits again. P, is the

transmitted power of the relay or source in the
time slot two with P+ 7, =P and np, is an

additive noise. The noise terms ng, ng, np,

and n,, are modeled as zero-mean, complex

8 O O
» (O 0" /‘8
.’J—.. P *o——®

s O o | s @) p|s ? @] o
Dhrect trangrission decode corecly decode ncorrectly
Mode © 3 27, Cooperation Mode * % < 5,

Fig 2. Adaptive cooperative transmission protocols
a2l 2. A% 9 A4 Zees
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Gaussian random variables with variance V.

Afterward, the destination combines two received
signals within two time slots by using Maximum
Ratio Combining (MRC)!™ technique to decode

the information.
Il. Spectral efficiency

In this section, we obtain the probability of the
direct transmission and the relay cooperation
modes. And then based on these probabilities we
calculate the average spectral efficiency of this
proposed scheme.

Since 7;, and 7,, are exponentially distributed
random variables with means 1/62,, and 1/(2,,

respectively, it is easy to see from (1) that Veq, 18

also an exponentially distributed random variable
with  hazard rate a, =, +02,".  Then,

considering i

relay, with the certain value of
vy; and 7y, we have the probability that it is the

chosen relay is performed as

K
P ()P 0 (0 <00
B K ’ o B K ( e )
_k=1,#iFw“"(’qu) k;l_fLi - Q)
K K 3
=1+, (=" )]

k=1 Mgy, = 1,54
ny <ng <. <mny

k
where 3, = Eam.

=1
With a certain value of +,, the probability of
RC mode can be given by

( 7%]) ZPI ( u])Pr(’yﬂ <’y<q)

K
_E/

i=1 Yo /»—1#1

Each element of the sum above is an integral

— ’7 (8)
e (),

of variable Yeq which is denoted as the minimum
value of 7, and 7,;. Thus, in order to calculate

these  integrals ~we  consider two  cases

{711 < %o Yeq, = i} A0 {3y, > 707, = 72} @S

w K o
H = / 11 (1 —e A‘”’)fm’1(7’(:4,)51’7611,
Y k=1=i

-

Y Y k= 1#;

+//W,

anu)f%(7,27)f%('y11) dygdyy; (9)

“m)f",.,(71;)f"u,<72f) d’h‘d’\/%

According to Appendix (A.1,2) we get the
desired result as

ae (et B

K—1 K

H=c¢ "4+ 3 (—1)f S E

' k=1 Ny = 1,71 @; +ﬂ17\" (10)
Ny < nyg< ... < ny

Substituting (10) into (8) and simplifying the

equation we have

K K
Pr(@ 37%): E(* 1)i! Z e P

1= 1reesTty = 1

= Zl <.?.<m (]1)

S

where (3, = Za

=1
Then, we can get the probability of DT mode

with a certain value of ~, as

Pr (¢ D7'Yl)): 1—Pr (¢R7%)
K _ K
SRy $
i=1 Ny =1 i=1
N, < < ny

—ay ,(,) (12)

By averaging (11) and (12) over -, the

probabilities of two modes can be achieved as

Pr(ef)= f ) Pr( 43R77[1)f7[(70)(h”

K ;
_ / 2 mm. (—1itt 3] et
0 H -1 (13)
n;

Mgyl
ny< . <
K K
SIS S
= Npyeeny; =1 0 i
ny < ..<n;
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Pr(#?)=1—Pr(s )
f}( )il EA] 2
:1_ _1 e
Nysees; =1 ‘QO+5

i1=1

14

i
ny <..<mn

Let r denotes the spectral efficiency of the DT,
so the spectral efficiency of the RC mode is 1/2
(using two time slots). Hence, the expected
spectral efficiency of our proposed scheme can be
defined as the average efficiency viewed in a

long-term perspective, is expressed as

r=Pr(®2)r+Pr(® )g
K i 2y r (15)
=|2— —
/21 Ny,- ;—1 ‘Q[)+B 2
Ny <<y

IV. BER performance analysis

To calculate the BER of our proposed scheme,
we consider BER of each mode. The end-to-end
BER of this scheme can be written as

P.(y)= P,(7, A" Pr(8°)+ P, (v, Ad”)Pr(2?)
s (16)

where P‘I)D:Pe('y@o@D)Pr(@D) denotes the

BER of the DT mode and Pfﬁzfg(mp,@R)Pr(éR)
presents the RC mode BER. Thus, to calculate
the total bit error rate, we consider the BER of

each mode separately.

4.1 Direct transmission mode
For the DT mode, the instantaneous signal-to-
noise (SNR) of the received signal at the

destination is
Vor = Pyl Ny (17
In this paper, we use the BPSK modulation for

transmission scheme so the conditional DT BER

can be given by

836

Voo

IR .
Pe(’Y@DMSD/YO = _/ (& sin’d df

1 / V,aln 0

By averaging (18) over v, we can get the

BER of the DT mode as (Appendix B.1)

(18)

PY'= P,(1,40")Pr (0 7)
- f P10, 7)Pr (@ 2. 30) £ (70) d o
0

i1 b P
SR SIS T

i=1 Ryt =
ny <. <n

19)

where

1[5 sin2d0  1—y/(z+y)
By(zy)=— , =
rsin0+y 2z
4.2 Relay cooperation mode
For the RC mode, it is obvious that there are
two cases happening at relay: correctly decode

and incorrectly decode at the relay.

4.2.1 Incorrectly decode at the chosen
relay

If the relay cannot decode the received signal
successfully, the source transmits twice in two
time slot. Here, we assume that the channel
coefficient is constant within a frame; hence, the
instantaneous SNR of the received signal at the
destination can be written as

ngﬁ = (Pl’Yo +Pz"/u)/]\/b = PfYO/AV() 20)

In this case, the instantaneous SNR is same
with the DT mode (17). However, we calculate
the bit-error-rate based on the conditionals of each
case; therefore, the achieved BER results are
different.

Here, the probability of the incorrectly case is
the error probability of the transmission from the

source to the relay, so we have

www.dbpia.co.kr
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P = P07 P, (0" Pr(@ )

e.i}l'c inc|pll ~jnc R\¢e (2 - (21)
:1;\/.:’1P£(’V¢H|¢ ’ <15”'>Pri(’yeq,)P€(’yli|¢ )f';,('yt)d’yt

where g, deputizes for the instantaneous SNR
of the channel between the source and the
selected relay, ';l present for three variables -y,
Vs Yo;  With  the  definition areas as
’;;': [ 7710 <7 <00,y <y <00y <y <)
and f-()= £, (30)F,, () f, (1) -

By averaging each element of the sum in
equation (21) over ')7[ we can get the result as

(according to Appendix C.1-5)

o7 G b7
‘Pe,inc - EP )
i=1

e,inc

K—1

1)k
zf"] B](QU,Q%,O,O)‘FI;l( 1 (22)
= K
i=1 by By(£2,:425,3,0)

Ny, = 1,74
ny <. <ny

where the function 5, is determined as

Bl(Qw QZi’ﬁik"a‘)

_1 f*/; 2 D
™ 0 P ab,

+982,. )
a2 li .92 2i
Nysin“, Nysin“,

P aP,
.2 .2 + “Qh + “(ZQi
Nysin®f,  Nysin“f, (23)
P aPb,
Ty oy T B T2y, + 8%,
Nysin®@  N,sin“0,
« £2,d6,do,
P aPb,

——t———S—+0, + 2, + 02, + 0
Nysin®6  Nysin®, Big 60, 80 45,

4.2.2 Correctly decode at the chosen
relay

If the relay decodes correctly, it will forward

its re-encoded symbol in the second time slot.

Thus, the instantaneous SNR of the received

signal at the destination can be given as

Vor = (Pryo + Pyvrp) | Ny (24)

where <., presents for the instantaneous SNR
of the channel between selected relay and the
destination.

In the contracting with sub-section above, the
probability of the correctly case is the probability
of successful transmission from the source to the
relay, so we have

P = B (43107 [1 o) i@

e,co e

K
:; f :a(qg,J@ngu)Pr,;(%q,) 25
< [1= 2 (2")] £ ()
By averaging (25) over w: we can get the
result as (Appendix D.1-5)

o7 _ 2
Pe,Fo - Aj] % (26)

where M, and M, are determined as

AK—1
. Bz((lu,(lm,o)+;l(fl)k
M, = K @7
1 1; E : _BQ(Qlﬂ“QZi’ﬁik)
Ny, = 1,74
ny <..<n,

and

K—1
By(92,,2,,0.1)+ Y (= 1)*
k=1

K
M,= K (28)
2 7;1 Z L _Bl(Qlw“Q?ivﬁikvl)
NysenyNy, = 1,710
ny <..<ny

with the function B, is defined as

BZ(‘(ZM’ !ZZH ﬁik)

Py
m .2 +le+921‘
7i/§ 02, Nysin‘d
T Py Py

02y F Bt 24+ 92, (29

]\/'Usin?f) 2 ]\/'Usin?f) ik ! 2 ( )
2

X df

P
St Bt 024+ 24+ 2,
aninlﬁ B v 2 0
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Fig 3. Spectrum efficiency versus the number of relays K
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Finally, the end-to-end BER of the scheme can
be achieved by summation of (19), (22) and (26)
as in (16)

P(y)=pP""+P" +P" (30)

ejinc

V. Numerical Results

In this section, we use the Monte-Carlo
simulation to evaluate the performances of the
different cooperation schemes in terms of their
spectral efficiency and bit error probabilities. For
a fair of comparison to direct transmission, equal

power allocation is used, that is P, = P, = P/2.

5.1 Spectral efficiency

Fig. 3 depicts the spectral efficiency of the
adaptive  cooperation and the conventional
cooperation schemes for the different numbers of
relays. We plot both of simulation results and
theoretical ~analysis in eqn. (15) over the
independent and identically distributed (i.i.d)
channel variances and also independent and not
identically distributed (i.n.d) channel variances.
For the i.i.d case, all the means of channel SNRs
are set to 1, £, =12, =12, =1 with k=1,-K
and for the in.d cases, we change the means of
SNRs of S-R channel (2, to 2, 1/2 and that of

838

R-D channel {2, to 3, 1/3, respectively. Here, we

consider that the spectral efficiencies of the DT
and RC modes equal 1 symbol per channel use
(SPCU) and * SPCU, respectively. Due to Fig. 3,
the spectral efficiency of the proposed scheme
decreases down to % as K rises. It can be
explained that increasing the number of relays
boosts the probability of exiting an optimal
relay’s link better than the direct link. So the
probability of the DT mode lessens down to O
and the average efficiency reaches to the spectral
efficiency of RC mode as K goes to infinitive.
Moreover, we can see that the spectral

efficiency curve for case 2, =2 and (2, =3 is

below the i.i.d one. Here, these variance values
present for the event that the relay links are
better than the direct one, so the spectral
efficiency is low owing to easily choosing a relay
to cooperate with the source. On the contrary,
with 2, =1/2 and 2, =1/3, it means that the
direct link is better, so the results are higher than
the others. Additionally, the spectral efficiency of
the conventional cooperative schemes,
R, =1/(K+1) SPCU, is plotted to show the

conv
significant increase in spectral efficiency of the
proposed relay-selection cooperative scenario over

the conventional cooperative scheme.

5.2 BER performance

Firstly, we compare the BER performance
simulation and numerical results of the scheme
with some difference numbers of relays to
confirm the mathematical analysis results.
Subsequently, we compare our scheme with some
conventional DF  schemes. Afterward, we
concentrate on the scheme with one relay. We
will evaluate the BER performance of the
proposed scheme with the exact BER of DT, the
simulate BER of AF scheme”’ and the adaptive

1 We also consider the results with

scheme in
the iid channel-variances case and the in.d
cases.

Fig. 4 illustrates the BERs versus P/N, of the

proposed scheme with some difference numbers of

www.dbpia.co.kr
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Fig 4. Bit-error-rate of the adaptive cooperative scheme

relay-selection with K relays
38l 4. K Delololx] 458 A Peflo] Ale) w]=

o H 10
=2 3=
L5 3E

relays (A=1, 2, 3) in the iid case
2,=142, =92, =1. The figure shows that the
simulation and numerical results exactly match
together and the scheme performs better as the
number of relays increases.

In the Fig. 5, the BER performances of DF
relaying which the MRC™ and SC diversity
combining techniques are used at the destination
and the proposed scheme are plotted with number
of relays is 3 (K=3). According to this figure, we
can see that, beside achieving higher spectral

efficiency, as in Fig. 3, our proposed scheme’s

| |=w-DF- 3R - using MRC
=&=DF - 3R - using SC i
| —®—Adaptive cooperation 3R |

0 4I é 1‘2 1‘6 20
SNR (dB)

Fig 5. BER performances of Adaptive cooperation scheme
and conventional DF schemes with K=3

T2 5. K=3¢ll4 7]&e] DF 7Pz A58 #Y sYel
BER A3 H|3L

BER performance is superior than these
conventional scenarios. In the comparison, ours
outperforms about 3dB to the SC scheme and
0.5dB to the MRC scheme. Specially, at low
SNR, the proposed scheme is more Dbetter
(roughly 4dB, 1dB over the SC and MRC
schemes, respectively).

In the Fig. 6, focusing on the scheme with one
relay illustrates the BERs of various

cooperative  schemes: DT, AF, Adaptive
schemes in ' (AC ")) and our proposed scheme
(NACR). Here, we consider the i.i.d case. In
comparing with AF scheme and the scheme in Bl
the simulation results shows that the proposed
scheme can achieve full diversity and outperform
those. Fig. 6 also demonstrates that our scheme
provides a performance gain of about 0.5dB over
the scheme in ' and 1.3dB over the AF scheme
in all range of SNRs.

Fig. 7 illustrates the BERs of the proposed

51 over in.d channels

scheme and the scheme in
with the relations among these variances perform
as ()= Mgy =Qp,/M=1. Here, we would
like to consider the case, the channel from relay
to destination is worse than the others. We can
see that, according to the increasing of M, at the

low SNR, our scheme can outperform the scheme
[51

in more, ie. over 1dB. Here, since we
10852
10°
-3
o 10k
w
@ L :
10°*l| ~® ~Direct transmission
—a&-AF
“““““ Adap-coop sim [5]

10°H © Adap-coop theory[5]
| ——New adapt-scheme sim
©  New adapt-scheme theory

0 5 10 15
SNR (dB)

Fig 6. BER performances of Direct ransmission, AF and
Adaptive schemes with one relay
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—=—NACR (M=1)
| —o—AC [5] (M=1)
—=—NACR (M=2)
AC [5] (M=2) &
| ==~ NACR (M=5) [~ y
| o AC [5] (M=5) [ \\
0 2 4 6 & 10 12 14 16 18 20
SNR (dB)

Fig 7. BER performances with in.d channel-variances
0y = Mg, = 2,/ M=1

T8 7. ind AY 3l ) = Mg, = 2,/ M=1 F
A1zkelA BER A% 4

consider two paths of the relay link so although
the source-relay channel is good, we choose the
direct link if the relay-destination one is bad. It is

[5]

contrary with the old scheme in ', the system

still chooses the relay link.
VI. Conclusion

We considered about the adaptive cooperation
with relay-selection for the scheme multi-relay
nodes in which the DF protocols can be applied
whenever the direct link is of low quality. By
apply the relay-selection technique; we reduce the
number of transmissions to save the time slots
and the bandwidth. Additionally, because of using
the adaptive protocol to choose the best one
between the direct transmission and Decoded and
Forward cooperation, our scheme can outperform
than some conventional works. Moreover, the
simulation results show that with our proposed
scheme we can get the better performance than

51 when consider both

another adaptive scheme
channels source-relay and relay-destination with
the direct channel and the re-transmission when
the relay link is fail. For the future work, we can
improve this job with investigate the power

allocation of the rate cooperation as in o,
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Appendix A

Calculate the integral in (9).
Let

= [ f
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Then, combine 7 and

(10) with the notation that (2, +(2,, =«

I, we have the result as

Appendix B
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Appendix C

Calculate P?
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Now we calculate the integrals inside the sum

by consider an element which presents for all.

We also divide this integral into two cases as (9).
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2. For {’y]i>’y%,’yeq!:’y%} we analyze

similarly with (C.3) we have
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Combining the results from (C.3), (C.4) and
note that (2, + (2,
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we can get the result as
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