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Abstract

In this paper, incorporation of MISO concept is proposed as a solution for
increasing energy efficiency and improving BER performance of OFDM-
CDMA downlink system with pilot tone and threshold detection combining
(optimum TDC). The new presented system with MISO included uses space-
time block coding applied to two, three and four transmit antennas. BER
(Bit Error Rate) performance in the case of Ricean frequency selective fad-
ing is evaluated for the original system as well as for the one with MISO
included. For that reason an adequate simulation model is developed. The
results show that the proposed system significantly outperforms the OFDM-
CDMA downlink system with pilot tone and optimum TDC. The proposed
system provides greater energy efficiency and lower BER in comparison with
the original system.
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1 Introduction

Future mobile-radio systems should be able to cope with continuously
increasing user demands for high bandwidth services and applications. Multi-
carrier (MC) techniques represent an attractive solution for achieving high
speed data transmissions. Additionally, increased downlink capacities can be
accomplished by the combination of MC and code division multiple access
(CDMA) [1, 2]. If orthogonal subcarriers are used, this MC-CDMA scheme
is known as orthogonal frequency division multiplexing (OFDM-CDMA) [3,
4].

In the case of frequency-selective fading channel, received signals suffer
from frequency distortion and thus orthogonality destruction occurs, thereby
producing large multi-user interference (MUI). Frequency-domain equaliza-
tion is necessary at the receiver to restore orthogonality among different users.
In [1], OFDM-CDMA downlink scheme with pilot tone and threshold detec-
tion combining (optimum TDC) as a combining technique at the receiver
is presented. It has been shown that optimum TDC outperforms orthogonal
restoring combining (ORC) and controlled equalization combining (CEC).
However, implementation of optimum TDC requires computation of op-
timum weighting coefficients for each SNR, and it is more complex than
ORC and CEC.

In the case of high subcarriers offsets due to Doppler spreading, the sys-
tem presented in [1] shows very poor BER performance. Thus, a solution was
proposed in [2] for improving BER performance of the OFDM-CDMA sys-
tem with pilot tone and optimum TDC, in the case of propagation conditions
characterized with high Doppler spread.

Furthermore, in the scheme from [2], in order to improve BER perform-
ance transmitted power should be increased or the number of subcarriers used
for transmitting single data symbol should be greater, i.e. wider frequency
bandwidth is necessary.

Since energy efficiency improvement is one of the most actual problem
and research activities on a global level, increasing transmitted power with
the goal to decrease BER is not an acceptable solution. Also, radio spectrum
available for mobile communications is a scarce resource thus one of the main
targets in the design of radio access technologies is to optimize their spectrum
efficiency.

In order to achieve better BER performance while providing greater
energy efficiency and frequency resources utilization the OFDM-CDMA
system from [2] should be improved. Multiple antennas approach is very
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attractive for that purpose. Multiple antennas technologies are nowadays fully
integrated into existing systems, being always foreseen as a promising tech-
nology for future communication systems, due to their ability to provide
increased data rates, greater energy efficiency, better reliability, improved
spectrum efficiency, etc.

In this paper, Multiple-Input Single-Output (MISO) with space-time
block coding (STBC) is proposed as a solution for improving energy ef-
ficiency and BER performance of the OFDM-CDMA scheme from [2]. It
is shown that, with the same transmitted power and spectrum efficiency,
the proposed system achieves significantly lower BER than the original
scheme. Moreover, the proposed scheme enables better BER performance
even with the reduced frequency bandwidth, while retaining the same trans-
mitted power. Also for the same values of BER the proposed system provides
representative SNR gains. Besides better energy efficiency, reliability and
spectrum efficiency, the presented solution has another advantage since the
implementation of a very complex optimum TDC equalization technique is
avoided.

The paper is composed in the following order. In Section 2 the proposed
MIMO OFDM-CDMA system with STBC is described. Simulation model
and results are presented in Section 3. Conclusions are drawn in Section 4.

2 System Model

The transmitter of the proposed MISO OFDM-CDMA downlink transmission
system is shown in Figure 1. A single cell system with N users is assumed,
with binary transmitted data mapped at the base station according to a chosen
modulation scheme. After serial to parallel (S/P) conversion, at every S/P out-
put (p = 1, . . . , F ; F is the number of S/P outputs), a space-time block coder
is implemented in order to collect a block of M successive symbols which are
mapped into a sequence of L consecutive vectors ap[l] = [ap

1 [l] . . . ap

Mt
[l]]T ,

0 ≤ l < L. The code rate is Rc = M/L and it is assumed that the mobile
radio channel remains constant during one code block [6]. In this way, Mt

symbols for each l are assigned to Mt STBC outputs, corresponding to trans-
mit antennas. A sequence of pilot tones is implemented at each output of the
every space-time block coder and multiplexed with coded data symbols.

Further on, at each STBC output the same signal processing is performed
in such a way that after spreading in frequency domain using K-length or-
thogonal spreading sequence k = 1, . . . , K, K ≥ N , signals originated
from different users are summed. Then, they are multiplied by a long pseudo
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Figure 1 Transmitter of the proposed MISO OFDM-CDMA downlink transmission system.

noise (PN) sequence CPN(j) = {−1, 1}, j = 1, 2, . . . , R, R � K, used
to randomize the multi-user interference produced by partial destruction of
orthogonality due to imperfect frequency equalization. Thereafter, orthogonal
subcarriers are modulated.

Orthogonal subcarriers are organized in F groups, each having K sub-
carriers mutually separated by 1/TS (TS is the length of a data symbol).
Frequency separation between the subcarriers fp (p = 1, . . . , F ) belonging
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Figure 2 Distribution of subcarriers in the frequency domain.

to different groups, i.e. to different space-time block coders, is 1/FTS . Fig-
ure 2 shows the subcarriers distribution in the frequency domain. The sum of
F ·K modulated subcarrier components forms the OFDM-CDMA waveform
of length FTS . This process can be performed using the inverse fast Fourier
transform (IFFT). Finally, a guard interval (GI) of length Tguard is added to the
OFDM-CDMA symbol, to form a resultant OFDM-CDMA symbol of length
T = FTS + Tguard.

OFDM-CDMA symbols formed in the previously described way are then
transmitted by Mt antennas. Thus, a MISO channel is established and for the
k-th subcarrier it can be described with the next channel coefficient matrix:

H = [h1(k) h2(k) . . . hMt
(k)], (1)

where hi(k) represents the channel coefficient between the transmit antenna
i (i = 1, . . . ,Mt ) and the receive antenna.

The output signal r(k) from the receive antenna is given by

r(k) = H

⎡

⎢
⎢
⎢
⎣

u1(k)

u2(k)

...

uMt
(k)

⎤

⎥
⎥
⎥
⎦

. (2)

In the relation (2) ui(k) represents a symbol transmitted from antenna i, while
n(k) is an additive white Gaussian noise (AWGN).

3 Simulation Model and Performance Analysis

In order to analyze performance of the proposed MISO OFDM-CDMA sys-
tem, we have developed an original simulation model. It is based on the
assumption that channels between the i-th transmit antenna and the receive
antenna are uncorrelated. In that case MIMO channel is modeled with Mt
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Single-Input Single-Output (SISO) wireless channels. Propagation conditions
are defined with Ricean fading statistics. For the given Ricean channel para-
meter (KdB), the maximum delay spread (Tmax), and the rms delay spread
(Trms), the simulation model generates one direct and many reflected waves
for each channel.

Subcarriers from Figure 1 are realized using the IFFT. In the simula-
tion we have used QPSK modulation, Walsh Hadamard matrix whose rows
represent orthogonal spreading sequences for every user, Tmax = 150 ns,
Trms = 150/7 ns.

As was mentioned in Section 2, space-time block coding is implemented
in the proposed system. For the purpose of simulation we have used STBC
that can be applied to two, three and four transmit antennas and to an arbitrary
number of receive antennas. The space-time codewords arranged in space and
time can be described using vector notations [7]:

X2 =
[

a1 −a∗
2

a2 a∗
1

]

, (3)

X3 = 1√
12

⎡

⎢
⎣

2a1 −2a2

√
2 a∗

3

√
2 a∗

3

2a2 2a∗
1

√
2 a∗

3 −√
2 a∗

3√
2 a3

√
2 a3 −a1 − a∗

1 + a2 − a∗
2 a1 − a∗

1 + a2 + a∗
2

⎤

⎥
⎦ ,

(4)

X4 = 1√
16

⎡

⎢
⎢
⎢
⎣

2a1 −2a2

√
2 a∗

3

√
2 a∗

3

2a2 2a∗
1

√
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3 −√
2 a∗
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2

⎤
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⎥
⎥
⎦

.

(5)
X2, X3 and X4 are codewords for systems with two, three and four trans-

mit antennas, respectively. The columns comprise symbols transmitted at a
certain time instant, while the rows represent symbols transmitted over a
certain antenna.

In analyzing the proposed system, the instantaneous channel estimation
for the n-th user at the k-th subcarrier frequency position, between the trans-
mit antenna i and the receive, is taken to be hn

i,(k). Thus, after space-time
block decoding, frequency equalization weight factor at the k-th subcarrier
frequency position, for the n-th user becomes

wn(k) = 1
∑Mt

i=1 |hn
i (k)|2 . (6)
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Table 1 Simulation parameters.
Modulation QPSK
System capacity 200 Mb/s
Number of users 64
Subcarrier separation 1/(4TS)
Rice channel parameter (KdB) 4 dB

Other simulation parameters are given in Table 1.
BER performance of the proposed MIMO OFDM-CDMA system is

analyzed and compared with OFDM-CDMA system from [2] in different
conditions, described with three simulation scenarios. In the first scenario,
for both systems we assume the same number of subcarriers that are used
for transmitting single data symbol, so the systems have identical spectrum
efficiencies. In that manner it is possible to verify if the proposed scheme
has better BER performance and energy efficiency while using the same
frequency resources. In the second scenario, the spectrum efficiency of the
proposed system is examined, so less subcarriers are used in the proposed
scheme, i.e. smaller frequency bandwidth is occupied. The aim of this scen-
ario is to investigate if the proposed system can achieve better spectrum
efficiency while retaining the lower BER and greater energy efficiency. Fi-
nally, in the last scenario BER performance of both systems (with the same
number of subcarriers) are compared taking into account Doppler spreading.

We have assumed that 128 subcarriers are used in both systems compared
in the first scenario. BER performances over the average received SNR are
depicted in Figure 3 for the proposed system (Mt = 2, 3 and 4 transmit
antennas) and for the original scheme from [2]. It can be seen from Figure 3
that the proposed system achieves better performance especially in the region
of medium and high SNRs. It is obvious that it even provides significantly
lower BER when just two antennas at the transmitter side are applied. For
example, for the BER value of 10−4 the proposed system with Mt=2 transmit
antennas attains the SNR gain of around 1.5 dB in comparison with the ori-
ginal scheme, while for the analyzed system with Mt = 3 transmit antennas
this SNR gain is about 1.7 dB. In the case of Mt = 4 transmit antennas the
proposed system enables SNR gain of about 2 dB.

In the second scenario we have assumed that the proposed scheme uses
less subcarriers than the original system. Figure 4 shows BER performances
of the proposed system (Mt = 2, 3 and 4 transmit antennas) and of the
original scheme from [2]. It has been assumed that 64 subcarriers are used
in the scheme including MISO, while the number of subcarriers for the ori-
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Figure 3 BER performance of the proposed system (Mt = 2, 3 and 4) and of the original
scheme from [2].

ginal scheme is 128. From Figure 4 it is clear that, despite using a smaller
number of subcarriers, the proposed system has better BER performance.
The proposed system even with two times less number of subcarriers is more
energy efficient than the original. For example, for the BER value of 10−4

the proposed system with Mt = 3 transmit antennas attains the SNR gain of
around 0.5 dB in comparison with the original scheme, while for the analyzed
system with Mt = 4 transmit antennas this SNR gain is about 1 dB.

Frequency shifts due to Doppler spreading were taken into account in the
third scenario. For the various values of the normalized maximum Doppler
frequency fdT, BER performances of the proposed and the original scheme
from [2], both with 128 subcarriers, are shown in Figure 5. It can be seen
from this figure that the proposed scheme obviously outperforms the original
scheme from [2]. Also, with increasing frequency shifts, BER increases more
rapidly in the original scheme from [2]. For example, for the BER value of
10−3 and fdT = 0.0001, the proposed system with Mt = 2 transmit antennas
reduces the required SNR for around 1 dB in comparison with the original
scheme, while for the BER value of 10−3 and fdT = 0.0015 this reduction
equals around 1.5 dB.
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Figure 4 BER performance of the proposed system (Mt = 2, 3 and 4) with 64 subcarriers and
of the original scheme from [2] with 128 subcarriers.

Figure 5 BER performance of the proposed system (Mt = 2) and of the original scheme from
[2], in the case of Doppler spreading.
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4 Conclusion

In this paper, the MISO OFDM-CDMA scheme was proposed as a solution
for improving energy efficiency and BER performance of the OFDM-CDMA
system with pilot tone and optimum TDC combining. Evaluations and com-
parisons between the proposed and the original systems were performed
using the originally developed simulation model. Three different scenarios
were analyzed.

In the first scenario, an equal number of subcarriers is assumed for both
systems, with the goal to verify if the proposed scheme can provide better
energy efficiency and BER performance while using the same frequency re-
sources. It was shown that the proposed scheme significantly outperforms
the original system, even when only two transmit antennas and one receive
antenna are applied.

In the second scenario, besides BER performance and energy efficiency,
the proposed scheme is analyzed from the point of its spectrum efficiency.
Thus, it was shown that with a smaller number of subcarriers, i.e. with higher
spectrum efficiency, the proposed system still provides noticeably better BER
performance and energy efficiency.

In the last scenario, two schemes were compared taking into account the
level of Doppler spreading.

Regarding the obtained results, it is evident that the proposed system can
be considered as a good solution for energy efficiency and BER performance
improvements of the OFDM-CDMA system with pilot tone. As it was shown,
significantly increased energy efficiency, lower BER and frequency resources
utilization can be achieved. Besides these improvements, another advantage
of the proposed system is in avoiding implementation of the very complex
optimum TDC equalization technique.
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