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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 10-3 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. 

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 

II is the system model. Our proposed scheme is described 

in Section III. Section IV is the simulation result of our 

scheme and Section V is the conclusion. 

II. SYSTEM MODEL 

A. System Model for Our Proposed System 

 

 

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 R1 and R2 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: 

First time slot   
Second time slot    

Third time slot  
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           0 , )(
0

1  


 zdttez zt             
(1)

 

The variance of GGD impulse noise is related to the 

parameter α [13] as follows: 

         






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
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2

2

2

0N
               

(2)
 

Then we can obtainαand signal to noise ratio (SNR) 

as follows: 

             





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





















2
2

1
0N                

(3)
 

Then the probability density function of GGD is as 

follow: 

                   
(4)

 

μdenotes the mean of the distribution. The shape 

parameter  is inversely proportional to the decreasing 

rate of the peak [14]. When =2, the GGD reduces to the 

Gaussian distribution with mean μ and variance N0/2. It 

reduces to Laplace distribution as =1.When it tends to 

infinity, it reduces to a uniform distribution on (μ-

α,μ+α). For Gaussian noise =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 xA 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: 

         111 RAAAA whxr        
(5)

 

         222 RAAAA whxr       
(6)

 

where rA1 denotes the signal received at the relay R1 and 

rA2 denotes the signal received at the relay R2 in the first 

time slot, WRA1 and WRA2 represent GGD impulsive noise. 

hA1 and hA2 represent Rayleigh channel coefficients in 

wireless[16] or PLC [17]-[19] between the relays and 

source A. 

D. Second Time Slot 

Let xB 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. 

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: 

        
111 RBBBB whxr         

(7)
 

         222 RBBBB whxr       
(8)

 

where rB1 denotes the signal received at the relay R1 and 

rB2 denotes the signal received at the relay R2 in the 

second time slot, WRB1 and WRB2 represent GGD 

impulsive noise. hB1 and hB2 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 R1 and 

R2 with network coding are shown in the next section. 

III. PROPOSED NETWORK CODING AND DSTBC WITH 

EMBEDDED AAF/DAF ELEMENTS 

We first define d1 as the network coding data at the 

relay R1 and d2 as the network coding data at the relay R2.  

1

1

1

1 1

                               (9)

                             

                             (10)

                             

A B

A B

A B

A B

x x

x r
d

r x

r r
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
 


 

 

(9) If we can correctly demodulate xA from rA1 after 

decoding and can correctly demodulate xB from rB1 after 

decoding (DAF) 

(10) If we can not correctly demodulate xA
 from rA1

 

after decoding or can not correctly demodulate xB
 from 

rB1
 after decoding (AAF) 
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2
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(11): If we can correctly demodulate xA
 from rA2

 after 

decoding and can correctly demodulate xB
 from rB2

 after 

decoding (DAF) 

(12): If we can not correctly demodulate xA
 from rA2

 

after decoding or can not correctly demodulate xB
 from 

rB2
 after decoding (AAF) 

A.
 

STBC
 
Format
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Case

 
1(All

 
DAF

 
Elements)

 

In
 
this

 
case,

 
where

 
d1

 is
 
from

 
(9)

 
and

 
d2

 is
 
from

 
(11),

 

the
 
relays

 
use

 
DSTBC

 
with

 
all

 
DAF

 
principle,

 
the

 
coding

 

matrix
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











*

1

*

2

21

dd

dd
CAB             (13) 

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

Elements) 

In this case, there are two situations. First is that the 

relay R1 can correctly demodulate xA from rA1 after 

decoding, so d1 is from (9); the relay R2 can not correctly 

demodulate xB from rB1 after decoding, so d2 is from (12). 

The DSTBC with adaptive DAF/AAF elements is as 

follows: 

          











*

1

*

22

221

dd

dd
CAB




      (14) 

where the elements with β represent AAF principle and 

the elements without β represent DAF principle, where β1、

β2 represent the power normalization factor between relay 

to source, P is the power constraint and is equal to P = Pr 

+PA+PB, where Pr is the power constraint at the relay, PA 

and PB are the transmit power at source A and B, hA1 and 

hA2 represent the Rayleigh channel coefficients between 

relays and source A, hB1 and hB2 represent the Rayleigh 

channel coefficient between relays and source B, the 

power normalization factor β1、β2 [4] is given by : 

    
2

02

1

2

1

1 N
hPhP

P

BBAA

r





     

(15)

 

       
2

02

2

2

2

2 N
hPhP

P

BBAA

r





     (16) 

The second situation is the relay R1 can not correctly 

demodulate xA from rA1 after decoding, so d1 is from(10) ; 

the relay R2 can correctly demodulate xB from rB1 after 

decoding, so d2 is from (11). The DSTBC with adaptive 

DAF/AAF elements is as follows: 

           











*

11

*

2

211

dd

dd
CAB




        (17) 

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

In this case, the relays R1 and R2 can not correctly 

demodulate signals after decoding, where d1 is from (10) 

and where d2 is from (12),we transmit using DSTBC with 

all AAF principle, the coding matrix is as follows: 

        











*

11

*

22

2211

dd

dd
CAB


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(18) 

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

source A, yA can be written as: 
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where the di, i=1,2 is the correct data and we do some 

substitution operations then can get: 
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where h1A and h2A represent the Rayleigh channel 

coefficients from R1 and R2 to source A, WRA1 and WRA2 

represent GGD impulsive noise from R1 and R2 to source 

A. 

For the first situation in case 2, the receive signal for  

CAB  in (14) at source A, yA can be written as: 
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For the second situation in case 2, the receive signal 

for CAB in (17) at source A, yA can be written as: 
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For the case 3, the receive signal for CAB in (18) at 

source A, yA can be written as: 
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where the di, i=1,2  is the correct data and we do some 

substitute operation then can get: 
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 (29) 

where the di, i=1,2  is the correct data and we do some

substitute operation then can get:

where the di, i=1,2  is the correct data and we do some

substitute operation then can get:
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           



dHyrd

~~minargˆ
2




T
1SS

d    (31)

By ML detection, we get the data, then we do XOR

processing to the data after ML detection with xA, where  

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










2

1

d

d

, and 2
SS

1 are all possible approximate

constellation symbols for 1d
and 2d

.

                    AAout xdy  ˆ
_           (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 yB, A
y~

into B
y~

, h1A and h2A

into h1B and h2B , WR1A and WR2A into WR1B and WR2B ,

then we get yout_B represent the subtract operation at source

B.

                   BBout xdy  ˆ
_          (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)

Figure. 2   BER performanceof scheme A, scheme B and scheme C

for = 2.

First we consider =2 the special case in wireless

environment. The simulation result for =2 is shown in

Fig. 2, at 10
-2

BER scheme C outperforms scheme B and

scheme A by 1dB and 1.2dB, respectively.

Figure.3   BER performance of scheme A, scheme B and scheme C

for = 1.44.

Figure. 4  BER performance of scheme A, scheme B and scheme C

for =1.

Figure. 5   BER performanceof scheme A ,scheme B and scheme C

for = 0.8.

Fig. 3-Fig. 5 show the comparison of the BER

performance of our proposed scheme for GGD shape

parameter = 1.44, 1 and 0.8, respectively, Fig. 3shows

that at 10
-2

BER and =1.44, scheme C outperforms

scheme B and scheme A by 1.4dB, and

1.8dB ,respectively. Fig. 4 shows that at 10
-2

BER and
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=1 scheme C outperforms scheme B and scheme A by 

1.8dB, and 2dB, respectively. Fig. 5 shows that at 10
-2

 

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 10
-2

 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. 
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