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Abstract— Cooperative communications achieve MIMO-like
diversity gains by introducing a relay that createsan independent
faded path between the source and the destinationCoded
cooperation integrates cooperation with channel cadg in order
to increase the bit error rate BER) performance of cooperative
communications. Turbo codewords can be built effigintly at the
destination using encoded portions of the informatin sent by the
source and the relay. This paper presents a distriied turbo
cooperative coding scheme that utilizes convolutiah codes
defined over the finite ring of integers 7 that performs better
than its equivalent binary counterparts.

Index Terms—Cooperative coding, coded cooperation, turbo
code, quaternary codes.

I. INTRODUCTION

THE basic idea of cooperative communication is tovallo

mobile devices to share their single antennas dmgla
multiple-input multiple-output (MIMO) system. Thdoee, the
cooperation in a multiuser system produces spdtigrsity
by replicating the transmitted signal by using amremore
relays between source and destination. This gersedifferent
independent fading versions of the signal at thstidation
that are combined to better
information [1] [2]. The simplest cooperative commuation
scheme utilizes a single relay between source astnation
as shown in fig. 1.

Coded cooperation integrates channel coding to eadion
in order to increase the bit error raBER performance of
such cooperative communication systems [3] [4]. plecess
proceeds as follows:

1. The source encodes the

broadcasts a codeword to both destination and;relay

information symbols arzboperation [5].
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Fig. 1 Single relay cooperative communication scheme.

There are several ways to combine such codewordig@an
decode the resulting codeword to estimate the mmétex
information.

The data transmission of both source and relapased on
frames of lengtm = n; + n, symbols, where each frame is
divided into two sub-frames of lengty, and n, symbols,

estimate the transinittéespectively [1]. Depending on the cooperation lietre relay

can transmit data related to the source in onésdfub-frames
or even in its whole frame. Notice that the encgdinocesses
at source and relay do not need to be the same.

This letter presents a cooperative coding scheiatebthilds
turbo codewords at the destination making use aternary
convolutional encoding schemes at the source dag. r€his
coded cooperation scheme is known as distributdub tcoded
At the destination both codewordse
combined as a turbo codeword and iteratively dedodde

2. The relay decodes the received sequence and oglesic quaternary convolutional codes are defined ovenigefring

the estimated information;
3. The new codeword is then transmitted to the detitima
4. At the destination both codewords from source rahaly
are combined to obtain the best estimate of thgirai
information.

of integers 4 [6].

These convolutional codes allow shorter codewohdm t
their binary equivalent counterparts and providegeafect
match between their symbols and the quadratureeps$izift
keying (QPSK) modulation signals [6].

The way that the relay establishes cooperatioroismthe
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II. QUATERNARY TURBO CODED COOPERATION SCHEME

The proposed distributed coded cooperative schesne
shown in fig. 2. The source broadcasts coded irdtiom
using a Y-rate recursive systematic convolutiorREQE)

encoder defined ovet,. The relay receives the faded noise-
it using the Viterbj

corrupted codeword and decodes
algorithm. The estimated information is then irgaxled and
re-encoded by an identical %-rate RSC encoder diatysthe
parity check portion of the codeword is transmittedthe
destination. Therefore, the relay provides a samé& of
lengthn, =n/2 symbols during cooperation process.

At destination, the-length encoded sequence transmitted by

the source is combined to th&-length parity portion sent by
the relay and decoded iteratively. The quaternanya code is
only realized on the input of the destination. Theo code
has coding rate equal to 1/3. Noise and fadingéhtced by
each channel are considered to be mutually indegpend

Notice that the interleaver in the relay could lieni@ated
because of the independence of the channels. Howiévie
kept in the proposed scheme to facilitate the titexadecoding
implementation.

As already stated the modulation is QPSK. Moreotiee,
information bits are assigned to the symbols gpfdlowing
the Gray mapping in order to minimize the bit errate
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Fig. 2 Quaternary coded cooperative scheme.

Three simulation scenarios are presented on tablEath
scenario is a combination of 3 dB attenuation auptio the

SIMULATION RESULTS

to suitably represent the effects of a flat fadimgthe channels
without loss of generality. The results are presgftty curves
plotted in terms of bit error ratBER versus energy per bit to
ulnilateral noise power spectral density ratg/io). For the
sake of reducing the simulation delay, the numlbéecations

was set to 3 for the iterative decoding process.

Table 1: Three attenuations scenarios applied to each channel

Channel Attenuation
Channel 1 Channel 2 Channel 3
Source/Destinatic | Source/Rela | Relay/Destinatin
Scenario - 1 3dB 0dB 3dB
Scenario - 2 3dB 3dB 0dB
Scenario - 3 3dB 0dB 0dB

Fig. 3 presents the performance of the quaternaryot
coded cooperative scheme. This quaternary cooperati
coding scheme follows the block diagram of figwhere the
Y,-rate quaternary recursive systematic convolutienaoders
(RSC) are identical with generator matrix given[®l

3
g(D):|:12+D+2D2:l
1+D+3D

@)

The length of the codeword transmitted by the seisn =
n; = 1024 symbols, whereas the codeword (redundanky o
transmitted by the relay has length = 512 symbols.
Therefore, the turbo codeword formed at the inpltthe
destination has length equal to 1536 symbols.

Notice that the source does not cooperate withrétey,
only for the sake of simplicity and to make caltigas
simpler. All three channels are perturbed by adeliGaussian
white noise (AWGN). For the sake of comparison, 8calso
presents the performance of an equivalent quaternabo
encoding scheme without cooperation, i. e., a (1528&)
turbo encoder in the source generates codewords atfiea
transmitted straight to destination.
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Fig. 3 Performance of quaternary turbo coded cooperatolesme.

channels. The 3 dB attenuation value was chosen for

convenience to facilitate the simulation and it hasn shown
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Fig. 3 shows that the proposed quaternary turboeadodboth turbo codes. However, the minimum Euclideastatice
cooperative scheme performs better in scenarioh@revonly ¢4, BPSK modulation is 2 whereas for QPSK it\]@ which

the direct channel (channel-1) suffers 3 dB attdona
Moreover, the quaternary turbo coded cooperatiherse has
slightly lower performance than the non-cooperatiuebo
encoding scheme when a 3 dB attenuation is present
channel 2 (scenario 2) or in channel 3 (scenaridd)ice also
that the proposed scheme has presented a higberfleor for
scenario 2.

Fig. 4 presents a performance comparison of théeoguary
and an equivalent binary coded cooperation schehhe.
binary encoded cooperative scheme is similar to gheen in
fig. 2. The binary coded cooperation scheme usemt&:-
recursive binary systematic convolutional (RSC) celers
with generator matrix given by [7]:

} )

The length of the binary codeword transmitted g/ gburce
is n =n; = 2048 bits, whereas the codeword (redundancy) onl
transmitted by the relay has length= 1024 bits. Then, the
binary turbo codeword formed at the input of thetotion
has length equal to 3072 bits. The lengths for heary

1+D+D3%+D*
1+D?+D*

9(D)= {1

codewords are made double of the quaternary codgg

cooperation scheme because each quaternary sysaniigisc2
bits. The modulation at source and relay are bipagse-shift
keying (BPSK). Scenario-3 was chosen for the comspar
only.
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Fig. 4 Performance comparison between quaternary andrpihabo
coded cooperation schemes.

Fig. 4 shows that the proposed quaternary turboedod
cooperation scheme performs around 1.7 dB bettn fts
equivalent binary turbo coded cooperation scheme.

For a fair comparison both binary and quaternacynsve
systematic encoders have 16 trellis states. Moreote
coding rates and the lengths are the same, in tefibiss, for

gives a certain performance advantage for the pioger the
guaternary turbo code scheme.

IV. CONCLUSION

The proposed distributed quaternary turbo
cooperative scheme defined over ring of integersag shown

betterBER performance than its equivalent binary turbo coded

cooperative. Moreover, quaternary codes associat€gP SK
modulation allows a more efficient way to accomntedde
redundancy produced by the encoding process tkdiriary
equivalent counterparts associated to BPSK modulatior
the same amount of information bits.

There is also sufficient evidence that coded coatper is
more effective when the source-destination chahasl more
severe impairments than the source-relay and/orrefey-
destination channel.

Notice that if the source and relay presented ¢ £
perform the encoding process using full turbo cotle
proposed cooperative scheme can still be implerdestethe
¥elay, the received turbo codeword could be decadwtithe
estimated information re-encoded using only one thod
constituent RSC encoder where only the parity clsschbols
are sent to destination. This iterative decodingcess at the
ay improves even further tBBERperformance.
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