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Abstract—Space-time block code(STBC) has been studied to get
full diversity and full rate in multiple input multiple output(MIMO)
system. Achieving full rate is difficult in cooperative communications
due to the each user consumes the time slots for transmitting
information in cooperation phase. So combining MIMO systems
with cooperative communications has been researched for full diver-
sity and full rate. In orthogonal frequency division multiple access
(OFDMA) system, it is an alternative way that each user shares their
allocated subchannels instead of using the MIMO system to improve
the transmission rate. In this paper, a Decode-and-forward (DF)
based cooperative communication scheme is proposed. The proposed
scheme has improved transmission rate and reliability in multi-path
fading channel of the OFDMA up-link condition by modified STBC
structure and subchannel sharing.
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I. Introduction

MANY researchers have studied various multiple antenna
techniques to provide high reliability or high data rate

in wireless communication [1]-[8]. It is not always practical
that the receiver deploys multiple antenna in limited size
and cost. So user cooperative communication system is very
attractive for wireless communications. The users share their
antennas each other to achieve high reliability or high data
rate like multiple input multiple output(MIMO) system. But
cooperative communications have a disadvantage that the
transmission rate is decreased to transmit own signal for
relaying in cooperation phase. To overcome the disadvantage
of cooperative communication, it is proposed that modified
space time block code (STBC) with increased transmission
rate[4],[6]-[8]. In this paper, it is proposed that another modi-
fied STBC with 3/4 transmission rate by sharing subchannels
of two users each other in orthogonal frequency division
multiple access (OFDMA). It is shown that the system model
of cooperative decode-and-forward (DF) In fig. (1).

II. OFDMA SystemModel

The OFDMA system consists of K orthogonal subcarriers
and P active users. Each user accesses a subchannel which
is a cluster of subcarriers. Each user is assigned to following
subchannel Kp [8].

Hyoung-Muk Lim, Won-Jun Choi, Hyoung-Kyu Song(Corresponding Au-
thor) are with uT Communication Research Institute, Sejong University, Seoul,
Korea e-mail: sandrockc@nate.com, songhk@sejong.ac.kr.

Jae-Seon Yoon is with Car Infortainment Reaserch 2 Department, LG
Electronics

Manuscript received April 19, 2005; revised January 11, 2007.

user i

user j

BS

Cooperation 

DF-STBC

Fig. 1. Cooperative DF-STBC system model.

Kp =
{
k|NKP · (p − 1) ≤ k < NKP · p

}
, (1)

where k is subcarrier index and p is user index, respectively,
and NKp = K/P is the number of subcarriers assigned to each
user. In frequency domain, the data symbol S p(k) of the p-th
user is mapped into following symbol.

Xp(k) =

{
S p(k), k ∈ Kp

0, otherwise.
(2)

Equation (2) is transformed to an OFDMA symbol by
the inverse fast Fourier transform (IFFT) during the symbol
duration T . In the time domain, the n-th sample for the p-th
user can be written as xp

n = IFFT {Xp(k)} , k ∈ Kp;

xp
n =

1√
K

∑
k∈Kp

Xp (k) exp

(
j2πkn

K

)
. (3)

The transmitted signal by each user goes through multi-path
fading channel and the received signal at the base-station(BS)
can be briefly written as

rn =
1√
K

P∑
p=1

∑
k∈Kp

{
Hp(k)Xp (k) exp

(
j2πkn

K

)
+ ωn(k)

}
, (4)

where ωn(k) is the zero-mean additive white Gaussian noise
(AWGN) with two sided power spectral density of σ2. After
Eq. (4) is transformed by the fast Fourier transform (FFT)
from the time domain into the frequency domain, this received
signal is equalized through 1-tap equalizer and is decoded.
Therefore, the received signal for the proposed cooperation
scheme is decoded in the frequency domain.
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Fig. 2. Transmission procedure of proposed scheme.

III. CooperativeModified Space Time Block Code Structure
With OFDMA Band Sharing

In this section, the new structure of STBC is proposed in DF
cooperative communication for two users. It is assumed that
the user with the best inter-user channel condition is already
selected by the base station (BS) using the received signal
to noise ratio (SNR) value. The inter-user channel condition
means the relative difference of received signal’s SNR value
between the direct channel and the inter-user channel. It is
considered that the subcarrier assignment of two users are
same and each channel remains constant for the duration
of one round of user cooperation (5 consecutive time slots).
The basic transmission structures of the proposed scheme are
described through the following equations.

User i=

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

user i subchannel︷︸︸︷
Xi(1)

user j subchannel︷︸︸︷
null

Xi(2)
(
X j(1)

)∗
Xi(3)

(
X j(2)

)∗
Xi(1)

(
X j(3)

)∗

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
, (5)

User j=

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

user i subchannel︷︸︸︷
null

user j subchannel︷︸︸︷
X j(1)(

Xi(1)
)∗

X j(2)(
Xi(2)

)∗
X j(3)(

Xi(3)
)∗

X j(1)

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
, (6)

where the row and column are respectively the time
slot and user’s subchannel, and (·)∗ means ”conju-
gate”. In Eqs. (5) and (6), Xp, Rp, and Hp

{1,2,ic} are

the vector notations for
{
Xp(1), · · · , Xp(k), · · · , Xp(Kp)

}
,{

Rp(1), · · · ,Rp(k), · · · ,Rp(Kp)
}
, and {Hp

{1,2,ic}(1), · · · ,Hp
{1,2,ic}(k),

· · · ,Hp
{1,2,ic}(Kp)}.

Basically, the power of the second, the third and the forth
transmitting signals in Eqs. (5) and (6) is already normalized
by 1/

√
2 like STBC because the total transmit power of

cooperation-mode is the same as that of non-cooperation-
mode.

In the first phase, the user i and j broadcast the first symbol.
After the first phase, each user decodes the symbols from
each other user and reconstruct symbols for DF according to
Eqs. (5) and (6). The next symbols are transmitted through
own subchannel and the reconstructed symbols are transmitted
through the other user’s subchannel. The BS receives the
superposition signals from user i and j at each phase.

+

+

+

+

+

+

user i subchannel user j subchannel

Phase 1

Phase 2

Phase 3

Phase 4

Fig. 3. Received signal at BS in frequency domain.

In this paper, it is considered that decoding process takes
only user i since the received signals of the user i and j are
decoded by same process. So, at the BS, the received signals
for the user i in the frequency domain can be expressed as
follows,

Ri(1) = Hi
1Xi(1) +W(1), (7)

Ri(2) = Hi
1Xi(2) +Hi

2Xi
DF(1) +W(2), (8)

Ri(3) = Hi
1Xi(3) +Hi

2Xi
DF(2) +W(3), (9)

Ri(4) = Hi
1Xi(1) +Hi

2Xi
DF(3) +W(4), (10)

where Xi
DF(·) is the decoded and re-constructed symbols form

subcarrier of the user j and Xi
DF(·) = (Xi(·))∗.

The received signals of the user i can be decoded by the
following combining rules.

X̂i(1) = demodulation(Ri(1)). (11)

Xi(1) ≈ X̂i(1)
Hi

1 ≈ Ĥi
1

Hi
2 ≈ Ĥi

2,

(12)

where X̂i(1) is the demodulated symbol, and Ĥi
1 and Ĥi

2
are estimated channels. X̂i(1) and estimated channel are ap-
proximated to Eq. (12) assuming that Ri(1) is demodulated
perfect and the channel is estimated perfect. So

(
X̂i(1)

)∗
Hi

2

is combined at the BS. using
(
X̂i(1)

)∗
Hi

2 and Eq. (8), α1 is
derived as follows,

α1 ≡ Ri(2) −
(
X̂i(1)

)∗
Hi

2.

= Hi
1Xi(2) +W(2)

(13)

β2 is derived as follows,

β2 ≡ Ri(3)(Hi
1)∗ − α∗1Hi

2

=
∣∣∣Hi

1

∣∣∣2 Xi(3) +
(
Hi

1

)∗
W(3) −Hi

2 (W(2))∗ .
(14)

β1 is derived as follows,

β1 ≡ Ri(4) − X̂i(1)Hi
1

= Hi
2

(
Xi(3)

)∗
+W(4).

(15)

α2 is derived as follows,

α2 ≡
(
Ri(3)

)∗
Hi

2 − β1

(
Hi

1

)∗
=

∣∣∣Hi
2

∣∣∣2 Xi(2) +Hi
2 (W(3))∗ −

(
Hi

1

)∗
W(4).

(16)

X̃i(2) and X̃i(3) are derived as follows,

X̃i(2) = α1

(
Hi

1

)∗
+ α2

=

(∣∣∣Hi
1

∣∣∣2 + ∣∣∣Hi
2

∣∣∣2) Xi(2) + η2,
(17)
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TABLE I
Simulation parameters of proposed scheme.

Parameters Value
Size of FFT 256

Cooperation users 2
Subcarriers in subchannel 128

Length of cyclic prefix 32
Channel H1 Rayleigh fading multipath 8
Channel H2 Rayleigh fading multipath 8
Channel Hic Rayleigh fading channel multipath 8

with dB gain

X̃i(3) = (β1)∗Hi
2 + β2

=

(∣∣∣Hi
1

∣∣∣2 + ∣∣∣Hi
2

∣∣∣2) Xi(3) + η3,
(18)

where η2 and η3 are the following noise elements, respectively.

η2 =
(
Hi

1

)∗
W(2) +Hi

2 (W(3))∗ −
(
Hi

1

)∗
W(4)

η3 = −Hi
2 (W(2))∗ +

(
Hi

1

)∗
W(3) +Hi

2 (W(4))∗ .
(19)

In Eq. (18) and (19), the DF cooperative communication
using modified STBC structure can get the channel diversity(∣∣∣Hi

1

∣∣∣2 + ∣∣∣Hi
2

∣∣∣2) and the transmission rate 3/4.

IV. Performance Evaluation

In this section, it is shown that the error performance of
the proposed cooperative scheme. OFDMA symbol is modu-
lated by QPSK without channel coding, and Rayleigh fading
channel is used for this simulation; the channel model has a
characteristic of independent and identically distributed (i.i.d.)
Rayleigh fading channel with 8 multipaths. The number of
subcarriers is same as each user. It is assumed that the symbols
of the first phase are decoded perfectly in the BS and the
channel estimation is done completely. It is shown that the
simulation parameters in the TABLE. I.

Fig. (4) shows the BER performance of the proposed
scheme and the basic OFDMA system, according to the
various inter-user channels at the SNR -3, 0, 3, and 10[dB].
The relative condition of the inter-user channel can be easily
deteriorated because reconstructed symbols are corrupted by
symbol decoding error in cooperation phase. The BER per-
formance of proposed scheme is lower than basic OFDMA
system in case of -3[dB] and 0[dB]. It is shown that the BER
performance of proposed scheme is 5[dB] better than basic
OFDMA system at 10−3 in case of 3[dB] and 8[dB] better
than in case of 10[dB].

Fig. (5) shows the BER performance of the proposed
scheme, the basic OFDMA system, and DF-STBC system
with one relay at the inter-user channels 3[dB]. The BER
performance of proposed scheme is 5[dB] lower than DF-
STBC system at 10−3 because the noise is superposition to
decode symbols and the error propagation is occurred by
the added noise in the BS. But the transmission rate of the
proposed scheme is 50 percent higher than DF-STBC system.

V. Conclusion

To achieve high transmission rate in OFDMA system with
DF-STBC structure, it is proposed that the modified STBC

Fig. 4. BER performance of proposed scheme according to relative condition
of inter-user channel (-3[dB], 0[dB], 3[dB], 10[dB]).

Fig. 5. BER performace of proposed scheme compares with simple
OFDMA system and DF-STBC cooperative communication according to
relative condition of inter-user channel (3[dB]).

structure and user subchannel sharing. As a result, an OFDMA
system adopting the proposed cooperative communication is
higher rate than the previous DF-STBC cooperative commu-
nication. Therefore, this proposed scheme is very effective in
the OFDMA system to satisfy reliability and high transmission
rate at once.

However, the error performance of the proposed STBC
structure is worse than the DF-STBC cooperative communica-
tion as shown in Fig. (5). Therefore, to satisfy various wireless
communication environments, the modified STBC structure
with noise cancellation will be worked.
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