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Abstract: A cooperative communication in a two-way relay channel
is a bidirectional communication between two terminals with the aid of
a common relay. In order to improve the performance of the cooperative
communication in a two-way relay channel, a network coding can be
used to exploit the broadcasting nature of wireless transmission. In
[8], it was shown that each individual link can achieve its own capacity
when the length of the codewords is the same. However, the length of
the codewords can be diﬀerent in practical systems since the two-way
relay channel is naturally asymmetric. Thus, in this paper, we show a
practical network coding scheme with a given modulation and coding
set by employing a rate-compatible puncturing technique. Simulation
results show that the proposed scheme can provide at least as good
performance as that obtained in individual link without using special
encoder/decoder.
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Introduction

For reliable wireless communication, diversity techniques have been investigated to overcome the performance loss of fading channel when a transmitter
does not know the channel state information [1]. Although classical transmit diversity can be achieved by using multiple antennas at a transmitter,
a recent research shows that single antenna users can cooperate to provide
transmit diversity [2]. Among cooperative communication schemes, a cooperative communication in a two-way relay channel, which is a bidirectional
cooperative communication between two users with the aid of a common
relay, has drawn much attention due to the bidirectional nature of communication [3] and it has been shown that the performance of the cooperative
communication in a two-way relay channel can be improved by using network coding due to the broadcasting nature of wireless communication [4, 5].
There are two half-duplex orthogonal bidirectional cooperative communication protocols: a 4-step decode-and-forward (DF) protocol and a 3-step DF
protocol using network coding. In the 4-step DF protocol, terminal A wants
to transmit bit stream bA to terminal B and terminal B wants to transmit
bit stream bB to terminal A. Relay terminal R decodes and transmits bA and
bB to terminals B and A, respectively. On the other hand, in the 3-step DF
protocol using network coding, the relay combines bA and bB using network

coding and broadcasts the network coded bit bR = bA bB to both users.
Thus, it is easily seen that the sum throughput of the two-way relay channel
can be improved by a factor up to 4/3 by using a network coding. However,
in order to realize such gain in a practical system, a careful design of joint
network-channel coding scheme is required.
Practical design of joint network-channel coding schemes have been investigated in [6, 7]. In [6], a joint network-channel coding scheme was proposed
based on a turbo code. In [7], it was shown that a scheme applying network
coding after channel encoding (NAC) is more appropriate than that applying a network coding before channel encoding (NBC) or the joint scheme in
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[6]. In [8], it was shown that each individual link can achieve its own capacity with the NAC scheme provided that both link use the same codeword
length. However, in practical systems, diﬀerent codeword length are typically
provided by using a family of modulation and coding set (MCS). When the
two-way relay channel is asymmetric (i.e., the relay is not in the center location), the two links may use diﬀerent MCS options, in which the codeword
length of one link is diﬀerent to that in the other link. Thus, it is required
to devise a network coding scheme which deals with the asymmetric data
rate and performs at least as good as that obtained in individual links. In
addition, it is also desired that the network coding scheme does not require
a special encoder/decoder which increases the system complexity.
In this paper, we show a practical network coding scheme for matching the codeword length by a rate-compatible LDPC codes to deal with the
asymmetric data rate without increasing system complexity and degrading
performance. The performance of the proposed scheme is evaluated through
computer simulation in terms of the bit error rate (BER) and sum throughput.

2

System model description

We consider a half-duplex orthogonal cooperative communication system in a
two-way relay channel using network coding. The network coded DF (NDF)
protocol, based on the selection relaying DF protocol [2], is as follows. In
Step 1, terminal A transmits data to terminal B and relay terminal R. In
Step 2, terminal B transmits data to terminal A and relay terminal R. In
Step 3, if the relay has decoded both the packet from terminals A and B, the

relay network encodes bA and bB and broadcasts bR = bA bB to terminals
A and B. If the relay fails to decode one of the packets, network coding
cannot be used at the relay and the relay transmits the successfully decoded
packet only. In this case, the terminal without the aid of the relay transmits
data to the destination using an additional time slot. When the relay fails to
decode both the packets, the relay remains silent during step 3 and terminals
A and B transmit data to each other using two additional time slots. Note
that 3 time slots are used for the ﬁrst case while 4 time slots are required for
the other cases. The protocol for proposed network coding and traditional
network coding [8] are the same, but the two individual link of the traditional
network coding must use the same modulation method.
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Proposed network coding schemes

For network coding, we adopt an NAC scheme, in which the exclusive-or
operation is performed on the coded bits of the two links and the number of
bits in a time slot depends only on the modulation scheme used at each link.
A general NAC scheme is illustrated in Figure 1 (a). The two information
streams, bA and bB , are respectively decoded from the received signals yA and
yB and re-encoded using channel codes to obtain the same number of bits in
a time slot (the larger one between the two links). At the decoder of terminal
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Fig. 1. Encoders and Decoders (a) re-encoded network
coding scheme (b) ﬂexible network coding scheme.
B, the sign of the LLRs obtained from the relayed signal yR is recovered using
the transmitted data bB . Then, a turbo-like iterative decoding is performed
between the two decoders, DR and D. Thus, for a general NAC scheme, a
special decoder is required at each receiver, which increases the complexity.
The proposed method, ‘Flexible network coding’, is illustrated in Figure 1 (b). We use a rate-compatible puncturing technique to match the codeword length. Let S be the number of symbols in a packet. Let mA and mB
be the modulation order of symbols from terminal A and B, respectively. If
mB > mA , the number of bits of the packet from terminal B (NB ) is greater
than that from terminal A (NA ). At the relay, NB -NA parity bits of the
packet from terminal A are recovered to adjust the codeword length. Then
the code rate of codewords from terminal A is changed to RAR = RA NA /NB ,
where RA is the code rate of codewords from terminal A. When the required
code rate RAR is smaller than the code rate of a mother code, the codeword
is repeated to ﬁll the remaining bits (priority on the systematic part). At
the decoder of terminal B, the sign of the LLRs obtained from the relayed
signal yR is recovered using the transmitted data bB and combined with the
LLRs obtained from the directly received signal yA and passed to the channel
decoder. Again, the ﬂexible network coding scheme does not require a special
decoder with high complexity since an ordinary decoder with LLR combining
is suﬃcient for this scheme.
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Simulation results

In this section, the performance of the proposed network coding schemes are
evaluated through computer simulation in terms of BER and sum throughput. The information block size, g, is set to 512 and number of symbols
in a time slot, L, is set to 768 for the simulation. The MCS options used
for the simulation is shown in Table I, where eﬃciency denotes the spectral
eﬃciency given as ml rl . Here, rl , ml , and ql respectively are the code rate,
the modulation order, and the number of codeword of a packet. For the pro-
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MCS
0
1
2
3
4

rl
No Tx.
1/3
2/3
2/3
2/3

Table I. MCS table.
ml
Modulation
No Tx.
No Tx.
2
QPSK
2
QPSK
4
16QAM
6
64QAM

ql
0
1
2
4
6

eﬃciency
0
0.67
1.33
2.67
4

posed ﬂexible network coding scheme, a rate compatible code with mother
code rate of 1/3 in [10] is adopted. The MCS selection for each direction is
based on the long-term average signal to noise ratio (SNR) at the receiver
after combining. Computer simulation is performed under one-dimensional
linear relay network model. The distance between terminals A and B is set
to 1 and d denotes the distance between terminal A and relay terminal R.
We assume the average channel gain of each link to be gA,B = 1 for the
A-to-B link, gA,R = d−a for the A-to-R link, and gR,B = (1 − d)−a for the
R-to-B link, where a denotes the path-loss exponent. Here, a is set to 4 and
the fading channel is assumed to be a fast fading channel, i.e., symbol-wise
independent and identically distributed (i.i.d) fading channel.
Figure 2 (a) shows the BER performance of the proposed network coding
scheme for various bidirectional modulation schemes when d  1. In this
ﬁgure, ‘DF’ denotes the BER performance of the DF protocol that using
individual links without network coding. Also, ‘Flexible NC’ denotes the
performance of the ﬂexible network coding scheme. From the results, it is
shown that the BER performance of the proposed ﬂexible network coding is
almost same to that using individual links without network coding.
The sum throughput is obtained by dividing the total number of successfully decoded bits at terminals A and B by the total transmission time.
The transmission time of one time slot sets to be 1 so that the sum throughput actually denotes the sum spectral eﬃciency. Figure 2 (b) shows the sum
throughput as a function of the relay location when SNR is 0 dB and 7 dB.
The sum throughput is maximized when d = 0.5 and the sum throughput
is symmetric with respect to the relay location d. When the SNR is 7 dB,
the sum throughput gain of the NDF protocol over the DF protocol without
network coding is approximately by a factor of 4/3 irrelevant to the relay
location, which shows that the proposed network coding scheme can draw
the full advantage of a network coding in a two-way relay channel. On the
other hand, when SNR is 0 dB, the gain of the NDF scheme reduces as the
relay location deviates from the middle of the two terminals A and B. This
is due to the fact that the successful decoding probability in both links at the
relay decreases so that the eﬀect of network coding becomes negligible. In
this ﬁgure, the ‘Traditional NC’ denotes the sum throughput when terminal
A and B must use the same modulation order [8]. When the relay is near
one terminal, the proposed scheme outperforms the traditional scheme.
c


IEICE 2009

DOI: 10.1587/elex.6.1522
Received September 15, 2009
Accepted October 08, 2009
Published November 10, 2009

1526

IEICE Electronics Express, Vol.6, No.21, 1522–1527

Fig. 2. Performance comparison among protocols.

5

Conclusion

In this paper, a practical network coding scheme is proposed to deal with
asymmetric data rates in a two-way relay channel. The proposed network
coding scheme does not increase system complexity because they do not require a special encoder and decoder for network coding. The performance
of the proposed scheme is evaluated using computer simulations. The BER
performance of the ﬂexible network coding is very similar to that of individual links without network coding. Also, we can see that the proposed scheme
improves the sum throughput of the selection relaying DF protocol approximately by a factor of 4/3 except when SNR is low and the relay location is
far from the middle of the two terminals. Thus, the proposed network coding scheme can be adopted without increasing system complexity to improve
practical systems such as a cellular system using cooperative communication
or for an ad-hoc network using bidirectional transmission.
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