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Abstract—In the two-way relay (TWR) networks with two
relays between two nodes, the previous scheme proposed a
TWR network coding system using all Decode-and-Forward
(DAF) elements without distributed space time code
(DSTBC). In our proposed scheme, we use modieifed
Alamouti DSTBC with adapative AAF/DAF elements. The
simulation results show that our proposed scheme is better
than the previous scheme at 10°BER by 1.2dB, 1.8dB, 2dB,
and 2.2dB for impulsive noise channel parameter =2, 1.44,
1, and 0.8, respectively.

Index Terms—two-way relay networks; DSTBC; power-line
communication, impulsive noise; generalized Gaussian
distribution

I. INTRODUCTION

Two way relay (TWR) transmission has become a
popular type of modren communications, where both
nodes simultaneously send information to each other.
Applying TWR transmission over the relay networks has
drawn much interest recently from industrial and
academic communties [1]-[3].

At the same time, network coding is a promising
method aiming to improve the throughput of two-way
communication systems. The network coding based on
TWR system can be divided into two groups. The group
of two-time-slot systems often adopt
amplify-and-forward (AAF) relaying as in [4]-[6], the
relay simply amplifies the received signal and forwards it
to the destination. Decode-and-forward (DAF) relaying is
often used in three-time-slot group [7], [8]. The relay
decodes the received signal, and then forwards the decode
information to the destination. The two-time-slot group
with DAF relaying has a higher complexity by using
sphere decoding [9], [10]. In this paper, we focus on the
three-time-slot group for simplicity.

TWR network coding can be used to improve the
network performance as in [8]. It adapts three-time-slot
and transmits using all DAF relaying without DSTBC in
TWR system. When the relays receive packets incorrectly,
the BER performance will degrade. In addition, it doesn’t
adapt STBC so it can’t increase diversity gain.

Furthermore, the impulse noise occurs in some
wireless networks [11] and power line networks [12], and
is not considered in above papers. A TWR system with

Manuscript received July 1, 2014; revised April 21, 2015.

© 2015 J. Adv. Inf. Technol.
doi: 10.12720/jait.6.1.39-43

39

network coding and DAF relaying but no DSTBC for
PLC impulse noise channels is discussed in [8]. In this
paper we proposed a new TWR system using Alamouti
DSTBC with adaptive AAF/DAF matrix elements for the
generalized Gaussian distribution (GGD) [13], [14]
impulsive noise channels which include the Gaussian
noise channels as a special case. If two relays both get
data correctly, two relays transmit the DSTBC matrix
with all DAF elements. Otherwise if two relays get wrong
packet, we transmit by the DSTBC matrix with all AAF
elements, else if only one relay with correct packet and
one relay with wrong packet, we transmit the DSTBC
matrix with embedded adaptive AAF/DAF elements.

The rest of this paper is organized as follows: Section
Il is the system model. Our proposed scheme is described
in Section Ill. Section 1V is the simulation result of our
scheme and Section V is the conclusion.

Il. SYSTEM MODEL

A. System Model for Our Proposed System

First time slot
Second time slot
Third time slot

Figure. 1 The system model of our proposed scheme.

The system model of our proposed scheme is shown in
Fig.1. The system has two sources, node A and B, and
two relays R; and R, between A and B, and all of them
are equipped with single antenna.

We further assume symbol-level synchronization at the
relays [10], each relay requires one bit to notify the
destination about its types so that the destination can
adopt an appropriate decoding policy [15].

B. Noise Model for PLC and Wireless

We use generalized Gaussian distribution (GGD) for
modeling impulsive noise amplitude distribution [13],

[14]. First ') denotes the Gamma function as follows:
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The variance of GGD impulse noise is related to the
parameter « [13] as follows:

(2)=[e't*"dt,z>0
0

@
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Then we can obtain ¢ and signal to noise ratio (SNR)
as follows:

@)

Then the probability density function of GGD is as
follow:

ef(\ y-ulal)’

f,(Y; tty,8) = —>—— 4)

2al"(%)

« denotes the mean of the distribution. The shape
parameter & is inversely proportional to the decreasing
rate of the peak [14]. When 6=2, the GGD reduces to the
Gaussian distribution with mean g and variance Ny/2. It
reduces to Laplace distribution as 6=1.When it tends to
infinity, it reduces to a uniform distribution on (-
a,u+a). For Gaussian noise 5=2 is the special case in
wireless environment, §<2 is for PLC. The shape
parameter & of amplitude distribution changes as the
frequency over the 50-MHz bandwidth based on
measurements. For PLC channels it swings between 0.8
and 1.44 under 12MHz, while above 12MHz, it does not
change significantly and stably tends to 1.44 [13].

C. First Time Slot

Let x, denote the data symbol transmitted from the
source A, and the modulation is BPSK. At the first time
slot, source A will transmit packet to both relays. When
the relay received correct packet, the packet will be
decoded. The transmissions in the first time slot are
shown in Fig. 1 as the solid lines.

The received signals at the relays are as follows:

My = Xa XNy + Wy

(®)
Faz = Xa ¥ Npy +Wep, (©)
where ra; denotes the signal received at the relay R, and
ra» denotes the signal received at the relay R, in the first

time slot, Wga1 and Wga, represent GGD impulsive noise.

ha1 and ha, represent Rayleigh channel coefficients in
wireless[16] or PLC [17]-[19] between the relays and
source A.

D. Second Time Slot

Let xg denote the data symbol transmitted from the
source B, and the modulation is BPSK. In the second
time slot source B will transmit packet to both relays.
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When the relay received correct packet, the packet will be
decoded. The signals in the second time slot are shown in
Fig. 1 as the dashed lines.

The received signals at the relays are as follows:

Mgy = Xg XNy +Weg, )

Mgy = Xg X Ngy +Weg, ®)
where rg; denotes the signal received at the relay R; and
rg, denotes the signal received at the relay R, in the
second time slot, Wgg; and Whgg, represent GGD
impulsive noise. hg; and hg, represent Rayleigh channel
coefficients between the relays and source B.

E. Third Time Slot

After receiving signals from source A and source B,
the relays check if the data symbols from source A and
source B are correct or not then select transmission cases
combining network coding and proposed DSTBC with all
DAF elements, adaptive DAF/AAF elements or all AAF
elements. The third time slot is shown in Fig. 1 as the dot
dashed lines. The cases selection situation at relay R; and
R, with network coding are shown in the next section.

I11l. PROPOSED NETWORK CODING AND DSTBC WITH
EMBEDDED AAF/DAF ELEMENTS

We first define d; as the network coding data at the
relay R, and d, as the network coding data at the relay R,.

Xa + Xg )
P L
RS (10)
rAl + rBl

(9) If we can correctly demodulate xA from rAl after
decoding and can correctly demodulate xB from rB1 after
decoding (DAF)

(10) If we can not correctly demodulate X from ra;
after decoding or can not correctly demodulate xg from
rg; after decoding (AAF)

Xp + Xg (12)
d - X, + Ty,
2, X (12)
rAZ + rBZ

(12): If we can correctly demodulate xa from rp, after
decoding and can correctly demodulate xg from rg, after
decoding (DAF)

(12): If we can not correctly demodulate X, from ra,
after decoding or can not correctly demodulate xg from
rs, after decoding (AAF)

A. STBC Format for Case 1(All DAF Elements)

In this case, where d; is from (9) and d,is from (11),
the relays use DSTBC with all DAF principle, the coding
matrix is as follows:
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dl d2
Cw=| . . 13
AB {_ d; dj (13)

B. STBC Format for Case 2(Adaptive DAF/AAF
Elements)

In this case, there are two situations. First is that the
relay R; can correctly demodulate x5 from rp; after
decoding, so d; is from (9); the relay R, can not correctly
demodulate xg from rg; after decoding, so d, is from (12).
The DSTBC with adaptive DAF/AAF elements is as
follows:

AB

|:d1 ﬂzdz :|
. (14)
_ﬂzdz dl

where the elements with B represent AAF principle and

the elements without B represent DAF principle, where p; ~

[, represent the power normalization factor between relay
to source, P is the power constraint and is equal to P = P,
+PA+Pg, where P, is the power constraint at the relay, Pa
and Pg are the transmit power at source A and B, h,; and
haz represent the Rayleigh channel coefficients between
relays and source A, hg; and hg, represent the Rayleigh
channel coefficient between relays and source B, the
power normalization factor B, ~ B, [4] is given by :

P

P = 2 f > N (15
Pahag|” + Ps|he] +70
Pr
P 2 2 N,
PA‘hAZ‘ +PB‘hBZ‘ +7 (16)

The second situation is the relay R; can not correctly
demodulate x from ra; after decoding, so d; is from(10) ;
the relay R, can correctly demodulate xg from rg; after
decoding, so d, is from (11). The DSTBC with adaptive
DAF/AAF elements is as follows:

CAB :|:ﬂldi dZ *:| a7
_dz ﬁ1d1

C. STBC Format for Case 3(all AAF Elements)

In this case, the relays R; and R, can not correctly
demodulate signals after decoding, where d, is from (10)
and where d, is from (12),we transmit using DSTBC with
all AAF principle, the coding matrix is as follows:

C. - Bd; B,
© o -pd; 18)

For the case 1, the receive signal for Cpg in (13) at

source A, ya can be written as:

y y/ﬁ d 1 d2 hl A Wria
= = N . —+ (19)
’ yAZ - dz dl hZA Waoa
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where the d;, i=1,2 is the correct data and we do some
substitution operations then can get:

h d W
Vﬁ{yﬂ: El*A e H+ e
Yo hA h, d, Wg,a

Az
d2 WRZA

where hya and h,s represent the Rayleigh channel
coefficients from R; and R, to source A, Wga1 and Wgao
represent GGD impulsive noise from R; and R, to source
A

For the first situation in case 2, the receive signal for
Cas in (14) at source A, ya can be written as:

_ yAl _ dl IBZdZ h1A
y _/))zd; dl* h2A

where the d;, i=1,2 is the correct data and we do some
substitute operation then can get:

- Y h d | |W
7= { hlA* P fA} { 1]+ " e
Yao Bl —hy | [ Wroa

_ H{dl} + {Wf“‘ } (24)
d2 WR2A

For the second situation in case 2, the receive signal
for Cag in (17) at source A, ya can be written as:

Ym ﬁ1d1 dz hlA
= = e +
Y, N dz ﬁldl th Weaa

where the d;, i=1,2 is the correct data and we do some
substitute operation then can get:

Fl
d,

~ Yu _Flhm h2A

AT L * *

Yo hZA _Bl hlA

~| d W,
= H[ Ll A @7)

dz Wr2a
For the case 3, the receive signal for Cpg in (18) at
source A, ya can be written as:

yAl ﬂldl ﬁZdZ hlA
= = * * +
yA2 _/’)2d2 :Bldl h2A

where the d;, i=1,2 is the correct data and we do some
substitute operation then can get:

)7 _ Yu :VJHA Bzth] {
Yo B2h;A _ﬂlhl*A

WRlA

Ya (22)

+
WRZA

A2

WRlA

Ya (25)

] Way
+ (26)

*
WRZA

WRlA

Ya (28)

WRZA

A (29)

d1 Weia
d |y
20 [ Wegy
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_ H[dl} + WflA (30)
d2 WRZA

~

d=argmin_, .|y, - I:Idf (31)

E[SlszIr

By ML detection, we get the data, then we do XOR
processing to the data after ML detection with x,, where

YA is defined from (20) (23) (26) or (29), d denote as

d; , and %% are all possible approximate
constellation symbols for dl and d2.
yout_A =d- Xa (32)

Yout_a represent the data subtract operation at source A.
All the mathematical operations will be the same at

source, we replace ya into yg, yAinto VB, hia and hop
into higand hyg , Wgria and Wgopa into Wgig and Wrog
then we get yo,; g represent the subtract operation at source
B.

You 8 = d —Xg (33)

IV. SIMULATION RESULTS

We simulate 1000000 packets and the modulation is
BPSK. We assume channel coefficients will be the same
in three time slots duration.

Scheme A: the scheme proposed in [8]. (a
three-time-slot with all DAF relaying combing network
coding but without DSTBC)

Scheme B: the scheme with three-time-slot and network
coding and DSTBC with all DAF elements (case 1 only)

Scheme C: the proposed scheme three-time-slot and
network coding and adaptive DSTBC (case 1-3)

—&—scheme A
‘| —*—scheme B
—HB—scheme C

Bit Error Rate

SNR in dB

Figure. 2 BER performanceof scheme A, scheme B and scheme C
for 8= 2.

First we consider 5=2 the special case in wireless
environment. The simulation result for §=2 is shown in
Fig. 2, at 10 BER scheme C outperforms scheme B and
scheme A by 1dB and 1.2dB, respectively.
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| —€—scheme A
‘| —*—scheme B
—8B—scheme C

Bit Error Rate

SNR in dB

Figure.3 BER performance of scheme A, scheme B and scheme C
for 6=1.44.

—#—scheme B
—HB—scheme C

Bit Error Rate

SNR in dB

Figure. 4 BER performance of scheme A, scheme B and scheme C
for 6=1.

—&—scheme A
—+—scheme B
—HB—scheme C

Bit Error Rate

SNR in dB

Figure. 5 BER performanceof scheme A ,scheme B and scheme C
for 6= 0.8.

Fig. 3-Fig. 5 show the comparison of the BER
performance of our proposed scheme for GGD shape
parameter 5= 1.44, 1 and 0.8, respectively, Fig. 3shows
that at 10° BER and s=1.44, scheme C outperforms
scheme B and scheme A by 1.4dB, and
1.8dB ,respectively. Fig. 4 shows that at 102 BER and
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3=1 scheme C outperforms scheme B and scheme A by
1.8dB, and 2dB, respectively. Fig. 5 shows that at 107
BER and §=0.8, scheme C outperforms scheme B and
scheme A by 2dB and 2.2dB, respectively.

From Fig. 3- Fig. 5, we can see that we can see that
when § decreases the intensity of impulse noise will rise,
thus the BER increase.

V. CONCLUSION

In this paper we proposed a two-way relay distributed
Alamouti STBC martix with embedded adaptive
DAF/AAF elements combinig network coding impulse
noises channels for PLC or some wirelsess channels. The
simulation shows that at 102 BER the proposed scheme
outperforms the previous three-time-slot with all DAF
elements combing network coding without DSTBC
scheme by 1.2dB for §=2. The comparison of the BER
performance shows that when & decrease the intensity of
noise will rise, thus the performance of BER will
increase.

ACKNOWLEDGMENT

The author thanks Mr. Ching—Hao Hsu for conducting
computer simulations. This work was supported in part by
Ministry of Science and Technology, Taiwan, under Grant
MOST 103-2918-1-027-002.

REFERENCES
[
(2]

R. Knopp, “Two-way wireless communication via relay station,”
presented at the GDR-1SIS meeting, Mar. 2007.

T. Oechtering and H. Boche, “Optimal tranmsit strategies in
multiantenna bidirectional relaying,” presented at the IEEE Intern.
Conf. on Acoustics, Speech, and Signal Processing(ICASSP’07),
Hawaii, April 15-20, 2007, vol. 3, pp. 145-148.

S. Kim, P. Mitran, and V. Tarokh, “Performance bounds for
bi-directional coded cooperation protocols,” presented at the IEEE
International Conference on Communications (ICC’07), Glasgow,
Scotland, June 24-28, 2007, pp. 83.

H. Q. Ngo, T. Q. S. Quek, and S. Hyundong,
“Amplify-and-forward two-way relay networks: Error exponents
and resource allocation,” IEEE Trans. on Communications, vol. 58,
pp. 2653-2666, 2010.

G. Amarasuriya, C. Tellambura, and M. Ardakani, "Two-way
amplify-and-forward multiple-inputmultiple-output relay networks
with antenna selection” IEEE Journal Select Areas in
Communications, vol. 30, pp. 1513-1529, 2012.

H. Pan and C. Chen, "Single-relay selections with amplify
forwarding and network coding in two-way relay channels,”
presented at the Computer Science & Service System International
Conference, 2012. pp. 1232-1235.

C. Hausl and J. Hagenauer, “Iterative network and channel
decoding for the two-way relay channel,” presented at the IEEE
International Conference on Communications (ICC’06), Turkey,
2006.

B. Tan and J. Thompson, “Relay transmission protocols for
in-door powerline communications networks,” presented at the

(3]

(4]

(5]

(6]

(71

(8]

© 2015 J. Adv. Inf. Technol.

43

IEEE Int. Conf. Commun Workshop (ICC), Kyoto, Japan June 5-9,
2011, pp. 1-5.
Q. F. Zhou, Y. H. Li, F. C. M. Lau, and B. Vucetic,
“Decode-and-forward two-way relaying with network coding and
opportunistic  relay  selection,” IEEE  Transactions on
Communications, vol. 58, pp. 3070-0376, 2010.
T. Cui, F. F. Gao, H. Tracey, and A. Nallanathan, “Distributed
space-time coding for two-way wireless relay networks,” IEEE
Trans. on Signal Processing, pp. 658-671, 2009.
K. L. Blackard, T. S. Rappaport, and C. W. Bostian,
“Measurements and models of radio frequency impulsive noise for
indoor wireless communications,” IEEE Journal on Selected
Areas in Communications, vol. 11, no. 7, pp. 991-1001, 1993.
M. Zimmermann and K. Dostert, “Analysis and modeling of
impulsive noise in broadband powerline communications,” IEEE
Trans. on Electromagnetic Compatibility, vol. 44, no. 1, pp.
249-258, 2002.
T. Gikel and E. Ustinel, “Noise modeling and OFDM receiver
design in power-line communication,” IEEE Trans. on Power
Delivery.,vol. 26, no. 4, pp. 2735-2742, 2011.
T. Majoul, F. Raouafi, and M. Jaidane, “Semi-blind turbo
decoding in impulsive noise channels,” presented at the 3rd
International Symposium on Communications, Control and Signal
Processing, St. Julians, Malta, March 12-14, 2008, pp. 12-14.
S. Das and M. Ghosh, “Implementation of full-diversity
distributedSTBC in cluster-based cooperative communication,”
presented at the IEEE Vehicular Tech. Conf. (VTC"08-Spring),
Singapore, 2008, pp. 1216-1220.
T. Yang and I. B. Collings, “Asymptotically optimal error-rate
performance of linear physical-layer network coding in rayleigh
fading two-way relay channels,” IEEE Communication Letters,
vol. 16, pp. 1068-1071, 2012.
C. L. Giovaneli, J. Yazdani, P. G Farrell, and B. Honary,
“Application of space-time diversity/coding for power line
channels,” presented at the Internation Symposium on Power Line
Communications (ISPLC), Udine, ltaly, April 3-6, 2002, pp.
101-105.
S. Gieelg&e and H. Arslan, “A review of wireless and PLC
propagation channel characteristics for smart grid environments,”
Journal of Electrical and Computer Engineering, vol. 2011, pp.
1-12, 2011.
[19] J. Lampe and J. Huber, “Bandwidth efficient power line
communications based on OFDM,” International Journal of
Electronics, vol. 54, 1999.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Shu-Ming Tseng received the B.S. degree
from National Tsing Hua University, Taiwan,
and the M.S. and Ph.D. degrees from Purdue
University, IN, USA, all in electrical
engineering, in 1994, 1995, and 1999,
respectively. He was with the Department of
Electrical ~ Engineering, Chang  Gung
University, Taiwan, from 1999 to 2001. Sinc
2001, he has been with the Department of
Electronic  Engineering, National Taipei
University of Technology, Taiwan, where he becomes a Professor since
2007. His research interests are MIMO, OFDM, queueing analysis,
software defined radio, and cooperative communications. He serves as
an Editor for KSII Transactions on Internet and Information Systems,
indexed in SCIE, since 2013. He is listed in Marquis Who’s Who in
World since 2006.


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Tao%20Cui.QT.&searchWithin=p_Author_Ids:37277084800&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Feifei%20Gao.QT.&searchWithin=p_Author_Ids:37289304900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Tao%20Yang.QT.&searchWithin=p_Author_Ids:38268456200&newsearch=true



