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Abstract

An adaptive cooperation system is considered with the cooperation decision strategy based on the differences between
instantaneous signal-to-noise ratio (SNR) S$-D and R-D channels. Specifically, if the quality of the direct link (S-D) is
better than that of the link from the relay to the destination (R-D), the source will transmit to destination directly with all
scheme’s transmitted power. Otherwise, the source broadcasts the signal with a lower power in the first time slot. Then,
in the second time slot, if the relay decodes its received signal correctly, it re-transmits the re-encoded signal fo the
destination else the source will transmit again with the remaining power. Firstly, the spectral efficiency is derived by
calculating the probabilities of direct transmission and cooperation mode. Subsequently, the BER performance for the
adaptive cooperation schemes is analyzed by considering the BER routine of each mode. Finally, the Monte-Carlo
simulation results are presented to confirm the performance enhancement offered by the proposed schemes.

Keywords : Bit Error Rate, Decode and Forward, Spectral efficiency

I. Introduction

Diversity techniques have been developed in order
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to combat fading on wireless channels and to
improve the reliability of the received message.
Recently, cooperation has beeﬁ proposed as a new
mean to obtain “spatial” or “cooperative” diversity'™
4 Some 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 protocols have been proposed[%a which
can be  classified in  two man families:
decode-and-forward (DF), amplify-and-forward (AF).
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In this paper, we are interested in the first family
which is studied most due to their simplicity. It just
processing;  this
strategy consists in decoding the received signals at
the relays and then forwarding them. However, most

requires a  symbol-by-symbol

of the schemes in literature, the cooperation always
occurs. This may waste bandwidth and power
allocated to the relay (R) if the direct channel,
between the source (5) and the destination (D), is of
high guality and the relay link is not need. In
addition, employing the direct transmission in some
cases directly improves the spectral efficiency of the
Bl In [5], 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. Nevertheless, in DF

cooperative scheme

schemes, the quality of the received signal at the
destination is based on the channels S-D and R-D (f
relay just forwards the correct data). Thus, the
relative quality differences between the two channels:
S5-D and R-D should be considered in selection of
cooperation strategies.

Therefore, we propose a new strategy named
adaptive cooperation in which the DF protocol can be
applied or not based on the qualities of S-D and R-D
channels. By using the instantaneous SNR as the
performance measure, the source checks whether the
S-D lirk or the R-D link is better in oder to decide
the transmission protocol of the scheme. If the direct
link is superior, the direct transmission mode will be
employed in which the source communicate with
destination directly with all power consumption.
Otherwise, the cooperation mode is occurred where
the source broadcasts the signal with a lower power
and the relay re—transmits the re-encoded signal to
the destination if it decodes correctly. We also apply
the re-transmission at the source when the relay
faills 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 find
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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 transmission mode, we get the
average efficiency of the scheme, Subsequently, to
obtain the BER performance, initially, we calculate
the BER routine of each mode by get the integrals
with some specific conditionals. Then the end-to-end
performance is achieved by getting the summation of
all results. To conclude, we will use the Monte-Carlo
simulations to confirm the mathematical results.

The rest of this paper is organized as follows.
Section II presents the system model of the adaptive
cooperative relay scheme with decoded and forward.
The BER performance will be investigated in Section
M. Next, IV illustrates Monte-Carlo
simulation results. Finally, the paper is concluded in
Section V.

section

1I. Proposed scheme

Consider selection relaying in a wireless network
where the information is transmitted from a source
(S) to a destination (D) with the help of a relay (R)
as shown in Figure 1. We assume all nodes are
equipped  with
operate in a half-duplex mode using the same

single-antenna  transceivers and

frequency slot over frequency—flat block Rayleigh
denoted by their
coefficients,

instantaneous
asp, Let
Y; = la|®  (=S.R and j=R,D) represents the S-R,
S-D and R-D SNRs. As a result, y¢p, Ypp and vsg

fading channels

channel agp, and agp.

12

are modeled as exponential random variables with
means 6§D, cﬁw and 6?913, respectively.

The rationale behind this scheme is that relaying

s D
aE 1, 8 oie g#iolg yixlE HEed g vy
Fig. 1. Adaptive cooperative scheme with one relay.
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is not necessary if the S-D link is better than the
R-D link. Due to the qualities of the channels, the
source directly transmits to the destination when

&”= {ygp = vgp} happens and cooperates with the
relay when &%= {y5, < ypp} happens. Note that,

the souwrce does not require the destination to
feedback the value of the R-D channel gain vy, at

the Instead, the
destination only sends one bit that indicates whether

beginning of each time slot

the event {vsp = vzp} happens or not. Therefore,

the overhead for feedback
destination to the source is negligible.

information from the

Hence, in the first phase, the source can know
whether the event &7 or the event % happens. If
Ysp = Yrp happens, named direct transmission (DT)
mode, the source will transmit data to destination
with the total transmitted power of scheme. The
received symbol at the destination can be modeled as

y%pz VPagps+ngp (1

where P is the total transmitted power, s is the
transmitted symbol of the source.

If vgp < ygpp, the relay cooperation (RC) mode,
the relay will join in the cooperation transmission
from the source to the destination based on the
quality of its received symbol. In the first time slot,
to  both the
destination and the relay. The received symbols at

the source broadcasts its symbol

the destination and the relay can be modeled as

@H . QR
yD,l =4/ Pl aSD3+'n/D}19 Yn = Pl a‘SH8+n.5’H
2

where P, is the source’s transmitted power in the
first time slot.

In the second time slot, if the relay decodes its
received symbol correctly, it will retransmit the
decoded symbol to the destination. Otherwise, it will
inform the source to transmit to the destination once
more. In this paper, we assume that the relay can
decide whether the symbol is decoded correctly or

(1187
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That can be achieved by using Cyclic
Redundancy Check code, or comparing the SNR with

not.

a given threshold. Hence, the received symbol at the

destination in this time slot is given as

7 —_
ygz =/ Pyaps+np, (3)

where (;,;= app for case the relay decodes the

symbol correctly and forwards this symbol,
otherwise, (;;: agp, the source transmits again; P,
is the transmitted power of the relay or source in the
time slot two with 2, + Py = P. We assume that
the channels are unchanged in two time slots. Let
Ngp, Ngg, Np,1 and np ., are the additive noises and
modeled as zero-mean, complex Gaussian random
variables with variance N,. Then, the destination
combines two received signals within two time slots
by using Maximum Ratio Combining technique to get

the information.
. Performance Analysis

In this section, we obtain the probability of the DT
and RC modes, then calculate the spectral efficiency.
Afterward, we will analyze the Bit Error Rate (BER)
of the scheme by investigating each mode separately.

1. Spectral efficiency analysis:
Due to Rayleigh fading, the pdf of v; (=S,R and
J=R.D) performs as

f m(%ﬁj): (1/ 5?;')9?‘9(" %j/ 5%‘) 4)

With a certain value of -yg,, the probability of the
RC mode and the DT mode can be given by
Pf(q" R:’YSD): Pr(vsp < Yap)

- f f «;RD('YRD)dVRD = eﬁvw/% )
RE2

Pr(®2,vsp)= 1= Pr(® %, vsp) 6)

By averaging (5) and (6) over vgp we achieve the
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probability of two modes as follow

Pr(¢ %)= f: Pr (¢ 2, ’YSD)f/ySQ(,ySD)d’ySD
(7)

= Ooe_ g‘l—e E = (ﬁ?D
0 &p Tsp Ssp+ 8hp
Pr(®2)= 1~ Pr(0P)= 6%/ (0% + 0%p) ®

Let r denotes the spectral efficiency of the DT, so
the spectral efficiency of the RC mode is r/2 (using
Hence,

two time slots). the expected spectral

efficiency of our proposed scheme can be defined as

the average efficiency viewed In a long-term
perspective, is expressed as
- » e 20%, + 0%p
r=Pr(@2)r+Pr{ef)r/2= —r T 9)
2(‘550 + 5RD>

2. BER performance analysis

The end-to—end BER of this scheme is given as

BER(y)= BER(7,0"Pr(® )+ BER(, 40" Pr(37)
= BER; o+ BER (10)

?)
BER, »= BER(, A6")Pr(®%) denote the BERs of

the DT and RC modes, respectively. Thus, to
calculate the end-to-end BER, we consider the BER
of each mode separately.

7t. Direct transmission mode

where  BER,» = BER(y, A9”)Pr(® and

For the DT mode, the instantaneous signal to noise
{(SNR) of the received signal at the destination is

Vo0 = Pysp/ Ny (11)

In this paper, we analyze the BER performance, so
we use the BPSK modulation for transmission
scheme and the conditional DT BER can be given by

1

- Py / Ngsin®e
e S 7

BER(v,/0") (12)

G

By averaging (12) over v, we can get the BER
of the DT mode as (Appendix Al, A2)

=EA K 46 A TC H

(1183)
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BER,»= f BER(, 48°)Pr(@°)f, _dvsp
(¥}
2

- 31(1,————55‘9 )— Bl(l b5p SD)

Nﬂ 513‘9’ NO
L+. Relay—cooperation mode:
For the RC, we consider two cases depending the

decoding status of the relay. If the relay cannot
decode the received signal successfully, the source
transmits twice in two time slots. From (3), the
instantaneous SNR of the received signal at the
destination can be written as

Y55 = (Prysp+ Pyvsp)/ Ny = Pysp/ Ny (14)

Here, the probability of the incorrect case is the
error probability of the transmission from the source
to the relay, so we have

BER!"§= f BER(ysp)f ,{1sr)dsr (15)
f / BER(Y3#0")f, (vao)f, (Yop) @Y rosp

By averaging (15) over Yggz, Yrp and Ygp Step by
step, we can get the result as (Appendix A.3)

ime Py8%p 850 Pigp
BERQ,,~31(1,~W()— B, 1+% A (16)

It 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

Yor = (Pysp+ PoYrp)/ Ny a7

The probability of this case is the 'probabﬂity of
successful transmission from S to K, so we have

s e ]

< [ | BERUG S on rrast
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Based on appendix A4, A5 and A6, we get

P152.57~l ” 1
N )| Prp— P

BERS, = [1—31(1, (19)

P &p P5
2 S2°RD | pe SD SD
PzéﬁDBl(l, No_) P(SSDBI(I + 2 ,—NO ]

SR

X

Finally, the end-to-end BER of the scheme can be
achieved by summation of (13), (16) and (19) as

BER(y)= BER, o+ BER;'$+ BER (20)

IV. Simulation results and discussions

In this section, we use the Monte-Carlo simulation
to evaluate the performances of some different
cooperation schemes in terms of their BER and
will BER
performance of our proposed scheme with that of DT,
the Amplify and Forward (AF) scheme” and the
scheme in [5). For a fair of comparison to DT, equal
power allocation is used, that is P, = P, = P/2.

Fig. 2 illustrates the bit error rates versus (P/N,)

of various cooperative schemes: DT, AF scheme[4],

spectral efficiency. We compare the

adaptive schemes in [5] and our proposed scheme.

Here, we consider the channel-variances as

6%p = 0%z = 0%p = 1. In comparing with AF scheme

- Direct transmission
- Amply-and-Forward
----- Adapt-scheme sim [5]

© Adapt-scheme theory [5]
— New adept-scheme sim
10°H_© Nlew adapt-lscheme t’heory

0 5 10 15
SNR (dB)
g 2. shlel 2olE JHEl DT, AF, H2d 7|Ho
BER d& &4
Fig. 2. BER performances of DT, AF and Adaptive

schemes with one relay.
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L —%—New Adapt Scheme (M=1) | ..
--e-- Adapt Scheme [5] (M=1)
—%— New Adapt Scheme (M=2) [
--e-- Adapt Scheme [5] M=2) |~
|| ~%—New Adapt Scheme (M=5)

10 "H --o-- Adapt Scheme [5] (M=5)

107

0 5 10
SNR (dB)
08 3 &y =8/ M= M5, =1 2] BER A5 &

A
BER performances  with
8o = 6%/ M= Mo%,=1.

Fig. 3. channel-variances

in [4] and the scheme in [5], the simulation result
shows that the proposed adaptive scheme can achieve
full diversity and outperform to them. Fig. 2 also
demonstrates that our scheme provides a performance
gain of about 1dB over the scheme in [5] and 2dB
over the AF scheme for any value of P/N,.

Fig. 3 illustrates the BER of the proposed scheme
and the scheme in [5] with the relations among the
variances perform as 8% = 85u/ M= M&%, = 1.
Here, we would like to consider the case that 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 in [5] more, i.e. over 1.5dB.

Fig. 4 depicts the spectral efficiency of the
adaptive cooperation and the conventional cooperation
schemes for the different value of 6%,/0%,. We plot
both of simulation results and theoretical analysis
given by eqn. (9) with the S-D channel variance is 1
(0%p=1) and the R-D channel variance (4%,) runs
from 1/32 to 32. We consider that the spectral
efficiencies of the DT and RC modes equal one
symbol per channel use (SPCU) and 4 SPCU. Due to
Fig. 4, the spectral efficiency of the proposed scheme

decreases down to % as 0%, rises. It can be explained
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~—— Adapt scheme sim
a  Adapt scheme theory I
— — coventional cooperative

Spectral efficiency
o o o
o ~ [+

©
w

14 12 A 2 4 8
R-D Channel Variance

0'14I32 1716 18

a8 4. &,/50 it o 58 84
Fig. 4. Spectral efficiency versus the value of &%,/ 8%p.

that increasing the value of &%, boosts the probability

that R-D link is better than the S-D link.
Additionally, the spectral efficiency of the
conventional cooperative schemes, R,,,, = 1/2SPCU,

is plotted to show the significant increase in spectral
efficlency of the proposed adaptive cooperative
scenario over the conventional cooperative scheme.
The figures also show that the simulations and the

mathematical results are exactly match together.

V. Conclusion

We ahove considered about the adaptive scheme in
which the DF protocols can be applied whenever the
direct link is of low quality. The simulation results
show that with our proposed scheme we can get the
better
Moreover, with the adaptive cooperation scheme we

performance than some literature ones.
can improve the spectral efficiency in order to save
the resource of the wireless network. For the future
work, we will develop this work by investigating the

scheme with rnulti-relay nodes.
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2. Calculate BE ”“
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< [ BERG ) st
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3. Calculate BER%

BERS, = [1 - / OOOBER('YSR)f 2o Vo) d%ﬂ]
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