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Communication over Nakagami-m Fading Channel Considering the
Effect of Channel Estimation Error
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Abstract: This study provides an msight into the selective Decode-Forward (DF) relaymg based
Multiple-Tnput-Multiple-Output (MIMO)-Space-Time Block-Coded (STBC) cooperative wireless communication
system with single and multiple relays over Nakagami-m fading channels, considering the effect of channel
estimation error. Firstly, we examine the Symbol Error Rate (SER) performance at equal power allocation.
Secondly, we have analyzed the SER performance at the optunal power allocation case and compare the Symbol
Error Rate (SER) performance at equal power allocation and optimal power allocation case. Lastly, we have
analyzed the symbol error rate performance with increasing number of relays.
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INTRODUCTION

Multipath fading degrades the performance of the
wireless communication system (Tse and Viswanath,
2005). Installation of multiple antenma on small
communication terminal i3 a very difficult task.
Cooperative commurnication has resolved tlus problem
to a great extent as it mitigates the effect of multipath
fading by creating the virtual MIMO system. Various
cooperation (Laneman et al, 2004) protocols have been
mtroduced such as Decode-Forward (DF) protocol,
Amplify-Forward protocol (AF).

In selective decode-forward protocol,
broadcasts information to all the relays and destination
i the 1st phase. In the 2nd phase the relay sends
information to the destination only if it decodes the
symbol cormrectly and Signal to Noise Ratio (SNR)
threshold value is defined in this case. If the SNR
value of the received signal at the relay 1s greater than the
SNR threshold value, then only it will forward the
signal to destination otherwise it will reman idle. In
Amplify-Forward (AF) relaying, the source sends
mformation to relay, amplification of the received signal
takes place at the relay and then it forwards the amplified
signal to the destination.

Toimprove the Symbol Error Rate (SER) performance,
we have combmed MIMO and Space Time Block Code
(STBC) with selective Decode and Forward (DF)
cooperation scheme. At the receiver Maximal Ratio
Combining (MRC) is used to detect the signal. As in the
case of Alamouti space-time block coded system,

source

Chamnel State Information (CSI) 18 not required.
Selective decode-forward multiple input multiple output
cooperation system with space-time block code based
transmission also does not require the knowledge of
channel state information. Full diversity has been
achieved and drawbaclks of beam forming based multiple
nput multiple output cooperative system have been
overcome as well.

In most of the analysis fading channel is the
rayleigh type without considering the channel estimation
error condition. Liu (2009) a class of cooperative
communication C (m), 1 <m<N where N is the number of
relay has been proposed. In this protocol each relay
combines the signals from all the previous m relays
(l1<m<N) as well as from sources. Exact symbol
error rate expression has been derived for both the
MPSK and MOQAM signal and relay selection
algorithm has been explained over Rayleigh fading
channel.

A two phase (Varshney et al, 2015, Wang et al.,
2016) MIMO-STBC-DF cooperative system protocol C(0)
has been analyzed over the nakagami-m fading channel.
The closed form expression has been derived for exact
symbol error rate and upper bound of symbol error rate.
Also, optimal power allocation is done using the convex
optimization method.

MATERIALS AND METHODS

Multiple relay selective DF C(0) protocol without relay
selection: In the case of C(0) protocol, relay receives
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Destination

Fig. 1: C(0) protocol cooperation model

signals directly from the source. In the case of C(0)
protocol without relay selection, the source node
transmits signal to destination as well as all relay nodes.
Relays which decode the signal correctly will able to
transmit signals to the destination otherwise it will remain
idle. So, we can say that C(0) based protocol is basically
a 2-phase system model In the 1st phase, the received
signal at the source and the R relays is given Fig. 1:

YSD :\/EhSDX +Nap, (1)
Yo, :\/Ehszmgm,i: 1,..R (2)

where, hyy i3 a nakagami-m distributed random
variable for any XYe {SD, SR, SR, ..., R, D, R,D, ..., R;D}
and Mgy C (0, Np) is a zero Mean Complex AWGN. In 2nd
Phase the signal received becomes:

Y., :,fﬁR h, X+m,,.i=1,...,R

where, B, =B, that the ith relay decodes correctly,
otherwise B, =0. Using the concept of maximal ratio
combining, destination signal can be written as:

B "~
Y, = \/Fuh Xsp Ygp T EﬁthDYRID ®)
I=1

The SNR at the destination is given as:

2

_ Pu|hSD|2 *2;131 e
D NU

SNR.

Probability of error is given in Eq. 4

(M-t]m (K
1 bSNR

=_| ™ ik 4 & 4
Y(SNR ) = n-[e:u exp{ g }de 4)

The mstantaneous of probability of symbol error for
PSK system. £', is the set of correctly decoding relays and

- Destination

Fig. 2: Multiple relay selective C(0) protocol with relay
selection

&', denotes its complement. For simplicity, we have taken
Mg, = Mg = My, = . Symbol error rate expression in given
in Eq. 4. The final expression for SER 15 given m Eq. 5. For
optimum power allocation, the optimization problem can
be equation as:

minimize — P, (E) (5)

st [PS + iPRM J P (6)

The optimization problem is Geometric program
and 1t 1s solved efficiently by using CVX (Boyd and
Vandenberghe, 2004) convex optimization problem solving
diversity order is given as:

D.O=- lim

SME —pee

—-2m(R +1)log(28NR ) + logiiF(J,Z)

=0 Z=1

=R+1
log{SNR)

(7
Multiple relay selective df C(0) protocol with relay
selection: In the case of multiple relay DF C(0) protocol
with relay selection, there are 2 phases. In the 1st phase
source calculate the metric B, here [, is the best possible
source relay destination link. Let ¢ be the cooperation
threshold for the event ¢: (PP, and Py = |hg[ then
the source will use only the direct link from
source to destination and transmit the full available power
Py +P; = P system equation 1s given as Fig. 2

Y? =[Psh, X+ JBB, + N, m., (8)

If, &% (Pspcwp,) then the relay cooperation will be
taken into effect and transmission is done using the best
source relay-destination link. The system equation is
given:
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Y =Pehy X+ 4J3P, + N, M, )

¥ =yPeh, X+ J(8R, + N, m,. (10)

In the next phase given that the relay cooperative
system mode 1s selected in the 1st phase, the relay
retransmits decoded symbol in the 2nd phase if decoded
correctly. The system equation 1s given:

Y¢C RD — \/ERhRDX"' (SPR + Ny Mgp (1D

where, B, =P, when decoding is done correctly, otherwise
the relay will remain idle and B, =0 hy 1s nakagami-m
distributed random variable and mg,~C(0, N;) is ZMCS
(Zero Mean Circular Shuft) Complex AWGN. XY = {3D,
RD, SR} denote the Nakagami-m faded channel for
various links:

B, = maX(BSRlD’ BSRID’ s BSRRD)

29,9, BSR, BR,d

,i=1,2,3,..R (12)
QBr.a + 4.Bsx

BSR,D =

The error at the destination 1s given as:
E E
P(E) =R (DR T R (OR(0D) (1Y

P (E/dp) = Direct mode probability of error : ¥ (SNRy,)

Pr(d) = Error probability given direct mode 1s
chosen: Py (Pgrzaf,)
P (E/$p%) = Probability of error given cooperation mode

is being selected: ¥ (SNR ;+SNg,,)
Pr(d") = Error probability given cooperation mode 1s

chosen: Po(Pep <P,

Assuming mgp = Mpp = My, = M. SER expression is
givenin Eq. 14. SER can be summarized as:

P, (E) < (USNR )™ F(r) (14)

Diversity order:

DO=- lim
SMR e
~2m(R + Dlog(28NR) + log F(1)| _ (15)
log(SNR)

The optimum power allocation of the multi-node
relay-selective DF cooperative scenario with R relays 1s:

RX

1- L+ 1+
O 2(R+DX,

opt
2 _RX +, 1+
2(R + DX,

R+2%, [ RX ‘
(R+1X, | 2R+1)

(R +2)%, +{ RX, }

(R+1DX, | 2(R+1)
(16)
X, =(A™PI2R +2)+ A'BUIR))Qy, (17)
X, =(A™BI(ZR + 2)+ ABFI(2R)) (18)
(M-I
M
I(P)= 1 I sin® 6d0 (19)
n 1}
. [ 2n
M-1 S111 M
A=l2)=—nr ,
2M 47 (20)
. 2n . (4w
AM-1) sm(ﬁ} sm(ﬁ}
B=1{4)= + -
M a1 32n

From Eq. 18, the optimal power allocation ratio does
not depend on the parameter m and the channel variance

(source-relay and relay-destination). The Optimum
cooperation threshold 1s given as:
maxCG x W (21)
p
Pr(e) <[CG % —J (22)
NU

Where:
CG = The cooperative gain
W = The bandwidth efficiency and is defined as

R

V3 2[12 :

W=
— Qi
BQ,, AZQRDJ i

2| =

RESULTS AND DISCUSSION

Figure 3-6 we have taken the optimal power allocation
scenario i C(0) without relay selection. Following cases
arise. Case 1:

Qg =0y =0y, =1
F,(source) = 0.4832, P, (relayl) = 0.2584,
P, (relay2) =0.2584
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Wet' = W = 1, W = 21000
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Fig. 3: SNR dB vs. SER performance at optimal power
allocation over the uncorrelated Nakagami-m
fading channel of selective C(0) protocol without
relay selection for m = 0.50
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Fig. 4: SNR dB vs. SER performance over uncorrelated
Nakagami-m fading channel of selective C(0)
protocol without relay selection for various
channel variances for 4PSK symbols and m = 0.50

The above power allocation produces improvement of
the SER performance over equal power allocation. As
source relay links are of the same strength as a result
equal power is allocated to both the relays. Power
allocation depends upon the actual ratio of channel
strengths rather than individual channel strengths.
Case 2:

10"+
10°3
10° 4
o
o
%)
107 4
10”4~ Simulated equal power
- Simulated upper bound equal power
& Simulated optimal power
. | & Simulated upper bound optimal power
10° T T T T 1
0 5 10 15 20 25

SNR (dB)

Fig. 5: SNR dB vs. SER performance at optimal allocation
for C{0) with relay selection
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104 Optimum ratio = 0.69, optimum thredshold = 041,
m=1,Qd-1,0r-1,Qd -1
10-6 T T T T T T T T T 1
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Fig. 6: SNR dB vs. SER performance with optimum ratio
and threshold for increasing number of relays for
relay selection C(0) protocol

Qp=10Q,=10.,=1000
F,(source) = 0.8712, P, (relayl) = 0.0644,
P, (relay2) = 0.0644

The above power allocation produces sigmificant
improvement of the SER performance over equal power
allocation. As relay destination link s very sttong as
compared to source to relay link, the relay needs little
power to forward the symbol to the destination as a result
source has maximum power. The performance difference
between optimal and equal power allocation 13 maximum
in this case (Table 1). Case 3:

Q. =1000, Q. =1,Q, =1
P,(source) = 0.3368, Py, (relayl) = 0.3316,
P, (relay2) =03316
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Table 1: Optimum power ratio and cooperation threshold values for unit
channel variances

No. of relays Power ratio Cooperation threshold
2 0.6900 0.41
3 0.6787 0.35
4 0.6724 0.32

Optimal power allocation will tend to equal power
allocation n this scenario. As the source relay link 1s very
strong, the probability of the symbol being correctly
decoded at the relay becomes high even with low powers.
Thus, resulting i more power to the relay. Figure 4, we
have shown SER performance of C(0) protocol for various
charmnel variances. The SER result shows that higher the
value of £, is more important than higher Q yalue.
Figure 5 shows the SER performance at optimal allocation
for C(0) protocol with a relay selection form =1, & = 0.001
and Qg = Qg = QO = 10. From the results we can say that
the optimal power out performs the equal power allocation
case. Figure 6 analyzes the optunum ratio and optimum
threshold for increasing number of relays.

CONCLUSION

Following conclusion arises in the case of optimal
power allocation SER performance improves as compared
to the equal power allocation. As we ncrease the value of
the shape parameter, m performance inproves. With
increasing the value of the 8, SER performance decreases.
Tn case of C(0) protocol when g, = Q. = Q. = 1000, we
get the highest performance difference between equal
power allocation and optimal power allocation. Also in
case of C(0) relay selection protocol optimum threshold
and optimal ratio produces improvement in SER
performance. Also, as we increase the number of relays
the symbol error rate improves:

u{SNRSD +y SNRRMD}X
R (E)=33 =
i {I\g(l_w(SNRSRM))HTEE[JIJJ(SNRSRT)}
(24)
x

. b

P, (E)< Jz‘az .
(HME%(PRMmUQRMD)Z’“x(Tl;Z[J Qs "

(25)

o]

{Q,ND sz(RH) (ID )Zm(PrJ) (IJ)Zm
A Zm(R-I+1) o
(Rm™) (Qqp Y

1, = f(sin*6) a0 (26)
a a
(R !)Zm (M)Zm(l{ﬂ) I(2R + 2)(2m) (t_z)ZmR
P.(E)< bR - oy
(QSDm)
(R!)Zm(M)Zm(WU(t )Zm(R-U(M)Zm
b : P, <
(QSDm)Zm
((PFI2R + 2)+ () AR
By F,
(27)
2
4 =2 g =P opp b =sintpin),
r r{l-r1)

(M-DTT (28)

A =1(2), B=1(4),1(j) = (VIT) T sin’ 640
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