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Abstract This paper presents a number of results obtained based on a CDMA–OFDM sim-
ulator developed in Matlab. The simulator has been extended to accommodate in a flexible
manner to different modulation schemes, multiple access techniques, spreading codes types
and lengths, convolutional codes rates, number of users and types of channels. The perfor-
mances are evaluated and compared based on the Bit Error Rate (BER) as a function of the
Signal to Noise Ratio (SNR) results achieved in different scenarios. In this paper are presented
the results obtained by the developed simulator for two types of spreading codes—perfectly
orthogonal Walsh type codes versus pseudo-orthogonal Gold type codes. The performances
are evaluated in different channel environments the classical AWGN, pedestrian, vehicular
and indoor ITU-R M.1225 models, for BPSK and QPSK modulations and 1/2 respectively
3/4 rate channel coding. Furthermore, since the results shown that the Gold spreading codes,
QPSK modulation and 1/2 rate coding achieves the best performances in all type of channels
analyzed, the authors investigate the effect of the code length and of the number of users on
these results.
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1 Introduction

During the last decades several modulation and multiple access schemes have been developed,
each of them having their specific advantages and disadvantages. The classical Orthogonal
Frequency-Division Multiplexing (OFDM) system has numerous advantages, among which
we can mention that it can face severe fading channel conditions without the need of complex
equalization algorithms, the Inter Symbol Interference (ISI) is reduced due to longer bit or
symbol period and by the proper choose of the cyclic prefix. However it proves to be sensitive
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to frequency offset errors or timing issues and may lead to relatively high Peak-to Average
Power Ratios (PAPR).

The Orthogonal Frequency-Division Multiple Access (OFDMA) multiple access schemes
are efficient if the subcarrier frequency allocation is properly developed, providing flexibility
of deployment into fragmented spectrum environment but, on the other hand, requires com-
plex software/hardware equipment to be implemented, it proves to be sensitive to frequency
selective channels when only a small number of carriers are used and requires a coordination
of the carrier allocation in neighboring cells to ensure a reduced level of co-channel inter-
ference. Code Division Multiple Access (CDMA) is significantly simpler to implement then
OFDMA and is significantly affected by frequency selective channels due to its large band-
widths, but it does not offer spectrum aggregation options, the capacity is limited by multiuser
interference and, may achieves lower spectral efficiency then OFDMA with Multiple-Input
and Multiple-Output (MIMO) [1].

In order to exploit all the advantages of these systems, one can find a method to combine
them in order to take benefit of all their advantages. Such a combination may be made between
the OFDM technique and the CDMA systems, such that each spread symbol is mapped on
an OFDM subcarrier. In such a way, the system will take benefit of both OFDM advantages,
such as adjacent channel interference avoidance, the ability of reducing the inter-symbol
interference by choosing appropriately the cyclic prefix and the facility to implement low
complexity channel equalizers as well as on the Multi-Carrier CDMA (MC-CDMA) bene-
fits, like a low complexity implementation and a more straight-forward channel allocation
technique. Such an OFDM–MC-CDMA system has numerous advantages, such as the ability
operate in worse channel conditions, determined by selective fading or multipath phenomena
with low cost implementation techniques, as well as good anti-jamming properties and low
probability of intercept.

A second advantage stands from the fact that the CDMA-type systems has a soft limit of
the capacity, since the number of codes in CDMA system is relatively high, the limitation
appearing from the self-interference of the codes if they are pseudo-orthogonal. Moreover, the
CDMA–OFDM combination allows optimal detection at the receiver, offers the possibility
to use the available spectrum in an efficient way, it allows simple cell-separation by using
frequency hopping, and a simple hardware realization then OFDMA [2].

Several papers published lately address the issue of performances in an MC-CDMA sys-
tem under different circumstances. In [3] the authors investigate the resource allocation issues
multiuser wireless transmissions based on OFDM technique based on convex and stochas-
tic optimization tools. In [4] are investigated some aspects regarding subcarrier and power
allocation issues for an OFDM-based multiuser cognitive radio (CR) system.

In [5] a based blind channel estimation scheme is proposed for downlink wideband
Wideband-CDMA (W-CDMA) systems using chaotic codes under Weibull and Lognormal
fading channel conditions, results showing that the multiuser-OFDM system achieves better
performance than the W-CDMA one. In [6] the authors investigate the near far effects in
Minimum Mean Square Error (MMSE) linear multiuser detection, proposing a method to
reduce the transmit-power dependent user-specific bit error rates by introducing an addi-
tional post-processing by a combination of nonlinear parallel and successive interference
cancellation.

In [7] a low bit error rate/low complexity MIMO multiuser detector for OFDM systems
is proposed, and performances are analyzed under different channel environments. In [8] the
authors derive the error probability expression for an MC-CDMA system with maximal ratio
combining in correlated Nakagami channels, and evaluate the error probability bounds for
spatially multiplexed MC-CDMA systems with zero forcing unified successive interference
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cancellation technique, while in [9,10] the authors analyze the effect of blind residual carrier
frequency offset and timing offset on minimum output variance criterion using uplink MC-
CDMA systems in AWGN and multipath channel environment.

In [11] the authors evaluates the performances of efficient image transmission over MC-
CDMA systems using chaotic interleaving while in [12] are presented the results obtained by
several multiuser detectors when image transmission is involved. In [13] the performances
of multiuser CDMA systems with different space time code schemes are analyzed when the
channel is affected by Nakagami fading and in [14] the authors presents the performances
of different modulation schemes in a multi-user OFDM system for different lengths of the
cyclic prefix, while in [15] the performances of three subcarrier allocation methods used
by OFDMA for different modulation schemes and under different channel conditions are
analyzed.

The main scope of the present work is to evaluate the performances of a CDMA–OFDM
system depending on the type of the spreading codes used—perfectly orthogonal Walsh type
codes versus pseudo-orthogonal Gold type codes. The performances are evaluated in different
channel environments the classical AWGN, pedestrian, vehicular and indoor ITU-R M.1225
models [16], for BPSK and QPSK modulations and 1/2 respectively 3/4 rate channel coding.
The performances are evaluated and compared based on the BER as a function of the SNR
results obtained based on extensive simulation performed in Matlab. Furthermore, since the
Gold spreading codes, QPSK modulation and 1/2 rate coding show the best performances,
the authors investigate the effect of the code length and of the number of users on these
results.

The paper is organized as follows: Sect. 2 describes the OFDMA and CDMA main char-
acteristics and the MC-CDMA system used to evaluate the performances, Sect. 3 presents the
numerical results based on BER performances as a function of SNR and these performances
are compared in different environments. In the final section, Sect. 4, a number of interesting
conclusions are highlighted.

2 The OFDM–MC-CDMA System Model

In the OFDM systems, the frequency range is divided into a high number of orthogonal
subcarriers, transmission being performed in parallel on all subcarriers, at a lower symbol
rate, increasing thus the spectral efficiency. The data rate transmitted on each sub-carrier
becomes lower as the number of subcarrier increase, therefore the symbol duration increases
and the ISI caused by the multipath phenomenon or other channel imperfections is also
reduced. The cyclic prefix (CP), added at the beginning of each symbol, help us in controlling
the ISI, depending on the channel characteristics. Moreover, since the data transmitted on
each sub-band has of narrow bandwidth, the transfer equivalent characteristic of the channel
may be considered as being flat on each sub-band, so the estimation and compensation of the
channel effects should be easier than in the case of wideband systems. The complex OFDM
signal, during the [mTu, ; (m + 1)Tu] time interval, can be written as

sOFDM(t) =
Nc∑

k=1

xk(t) =
Nc∑

k=1

a(m)
k ej2πkΔ f t (1)

where Nc is the number of subcarriers used, xk(t) is the sub-stream modulated on the k-th
subcarrier with the frequency of fk = kΔ f , k = 1. . .Nc and is the m-th symbol transmitted
on k-th subcarrier in each useful symbol duration Tu of the OFDM signal.
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Fig. 1 The proposed MC-CDMA system

In order ensure the multiple access, we choose to use the CDMA principle, in which the
users are identified based on their specific codes, with the chip rate larger than the data rate.
Data receiving has to be performed based on the correlation between the received signal and
each user’s code, considered as being known at the receiver. In this paper we considered,
for spreading purposes, two families of codes, namely the Walsh–Hadamard family and the
pseudo-noise (PN) family, that includes the M-sequences, Gold codes and Kasamy codes.
For a N users system, if

∑N
j=1 c(m)

j,i is the spreading code sequence used by user i , the
OFDM–CDMA signal is

sOFDM−CDMA(t) =
M∑

i=1

Nc∑

k=1

a(m)
k,i

N∑

j=1

c(m)
k,i ej2πkΔ f t (2)

The MC-CDMA system model used in our simulation is presented in Fig. 1. For simplicity
purposes a two user system is implemented, even though the system can be extended to a
larger number of users. One can see that the data from each user is first randomized, in order
to avoid long data blocks of successive ‘0’s or ‘1’s, ensuring a better synchronization at the
receiver. Next, the data is convolutionally encoded with a 1/2 or 1/3 rate code, in order to
be able to detect and correct part of the errors at the receiver. The data stream is data is then
interleaved in order to map the data on non-adjacent subcarriers but also to map the data bits,
in the signal constellation, on relevant and irrelevant symbols. In the modulation block the
data is modulated in accordance with one of the basic modulation schemes BPSK, QPSK,
16QAM, 32QAM, depending on the quality of the channel. Next the data is serial to parallel
converted and spread with the user specific codes. In this paper the results obtained with 32
Walsh-Hadamard codes and 31 Gold codes respectively are presented. After that the Inverse
FFT (IFFT) algorithm is applied, to convert the data form frequency domain to time domain.
Finally the CP is added and the data is converted parallel to serial in order to be transmitted
over the radio channel.

The radio channel is modelled using the ITU-R M.1225 recommendations, which empir-
ically specify three types of environments that can be used for testing purposes: indoor
office—inside a building, outdoor to indoor pedestrian for low speed users and vehicular-
high antenna for high speed users. The channel parameters are given in Tables 1, 2 and 3
[16].

The indoor and pedestrian channels are characterized by low transmit powers and small
cells. In the indoor case, the path loss varies due to scatter and attenuation by walls, floors,
partitions and other cabinets. A log-normal shadow fading standard deviation of 12 dB can
be expected. Fading ranges from Rician to Rayleigh, with Doppler frequency offsets set by
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Table 1 Channel models for indoor office [16]

Path Channel A Channel B Doppler spectrum

Relative
delay (ns)

Mean
power (dB)

Relative
delay (ns)

Mean
power (dB)

1 0 0 0 0 Flat

2 50 −3 100 −3.6 Flat

3 110 −10 200 −7.2 Flat

4 170 −18 300 −10.8 Flat

5 290 −26 500 −18 Flat

6 310 −32 700 −25.2 Flat

Doppler shift 1 Hz 1 Hz

Table 2 Channel models for indoor office [16]

Path Channel A Channel B Doppler spectrum

Relative
delay (ns)

Mean
power (dB)

Relative
delay (ns)

Mean
power (dB)

1 0 0 0 0 Classical

2 110 −9.7 200 −0.9 Classical

3 190 −19.2 800 −4.9 Classical

4 410 −22.8 1,200 −8 Classical

5 2,300 −7.8 Flat

6 3,700 −23.9 Classical

Doppler shift 70 Hz 70 Hz

Table 3 Channel models for indoor office [16]

Path Channel A Channel B Doppler spectrum

Relative
delay (ns)

Mean
power (dB)

Relative
delay (ns)

Mean
power (dB)

1 0 0 0 −2.5 Classical

2 310 −1 300 0 Classical

3 710 −9 8,900 −12.8 Classical

4 1,090 −10 12,900 −10 Classical

5 1,730 −15 17,100 −25.2 Flat

6 2,510 −20 20,000 −16 Classical

Doppler shift 100 Hz 100 Hz

walking speeds. In the pedestrian case, the antennas are placed in higher locations then in
the indoor case. A path loss rule of R−2 can be used in the areas with Fresnel clearance,
while a loss proportional to R−4 is valid for the areas with no direct visibility, and even R−6

for shadowed areas. Log-normal shadow fading with a standard deviation of 10 dB can be
used in the pedestrian case, as well as Rayleigh and/or Rician fading, with the rates set by
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Table 4 Main parameters of the simulator

Bandwidth 10 MHz

FFT length 1,024

OFDM symbol duration 102.86 µs

Cyclic Prefix 11.429 µs

Total number of subcarriers 1,024

Number of useful/pilot/guard/DC subcarriers 720/120/183/1

Multiple access scheme CDMA–OFDM/OFDMA

Modulation scheme BPSK; QPSK; 16QAM; 64QAM

Coding rate 1/2; 2/3; 3/4

Number of users 2· · · 30

Spreading codes used for CDMA Walsh; PN Gold; Kasami

Fig. 2 Average BER versus SNR for 32 bits Walsh code spreading, BPSK modulation and convolutional
coding. a Coding rate 1/2, b Coding with the rate 3/4

walking speeds. The vehicular channel model is characterized by higher transmit power and
larger cells. A path loss proportional to R−4 fits the best for suburban or rural areas, while in
mountain areas R−2 may be appropriate [16]. For each of the three environments are defined
2 types of testing parameters A and B, which show the time spread of the path delays as
shown in Tables 1, 2 and 3 [16,17].

At the receiver the reverse operations has to be performed in order to recover the data: FFT,
Derandomization, Despreading, DeInterleaving, Demodulation. Additionally, the receiver
has to estimate the communication channel based on the symbols transmitted on the pilot
sub-carriers, which have a fix position in the OFDM symbol. For this paper we used the Least
Square (LS) method [18]. Finally, the decoding part is performed based on Viterbi decoding
algorithm. The main parameters of the simulator are summarized in Table 4.

3 Simulation Results

Based on the Matlab Implementation of the system model described in Sect. 2, a large
number of simulations have been performed to evaluate the performances of the proposed
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Fig. 3 Average BER versus SNR for 33 bits Walsh code spreading, QPSK modulation and convolutional
coding. a Coding rate 1/2, b Coding rate 3/4

Fig. 4 Average BER versus SNR for 31 bits Gold code spreading, BPSK modulation and convolutional
coding. a Coding rate 1/2, b Coding rate 3/4

Fig. 5 Average BER versus SNR for 31 bits Gold code spreading, QPSK modulation and convolutional
coding. a Coding rate 1/2, b Coding rate 3/4
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Fig. 6 Average BER versus SNR basic PUSC, QPSK modulation and convolutional coding. a Coding rate
1/2, b Coding rate 3/4

Fig. 7 Average BER versus SNR optional PUSC, QPSK modulation and convolutional coding. a Coding rate
1/2, b Coding rate 3/4

Fig. 8 Average BER versus SNR, AMC, QPSK modulation and convolutional coding. a Coding rate 1/2, b
Coding rate 3/4
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Fig. 9 Average BER versus SNR for 31/63/127 bits Gold code spreading, QPSK modulation and convolutional
coding with the rate 1/2 for different channels. a Indoor A channel, b Pedestrian B channel, c vehicular A
channel

system in terms of Bit Error Rate (BER) as a function of Signal to Noise Ratio (SNR). First we
will present the performances of a two user CDMA–OFDM system for a Walsh–Hadamard
spreading codes of length 32 (the code bit rate being thus 202.4 kbps) and for Gold spreading
codes of length 31 (with the code bit rate of 211.6 kbps), for AWGN only channel and the
six channel models presented above.

The results are presented for one of the two users in different circumstances regarding the
modulation scheme used, namely BPSK and QPSK, with 1/2 and 1/3 convolutional coding
rates, as follows. In Fig. 2 are presented the results obtained by using a 32 bits Walsh spreading
code, BPSK modulation and convolutional coding with the rate 1/2 (Fig. 2a) and respectively
3/4 (Fig. 2b). In Fig. 3 the same results but for QPSK modulation are presented, in Fig. 4 the
results obtained for 31 bits Gold spreading code and BPSK modulation will be presented.
In Fig. 5 the results under the same conditions with QPSK modulation. The average BER
obtained for each configuration at SNR=15 dB are given in Table 5.

From those results we can highlight the following conclusions:

– the use of rate 1/2 code is significantly more efficient with respect to the performances
achieved then the 3/4 rate code, the values of BER achieved with the first ones being
10−2, 10−3 times lower then with the former ones;

– as expected, the use of BPSK modulation leads to lower BER values then the QPSK
modulation, in a ratio of 10 : 10−2;
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Fig. 10 Average BER versus SNR for 31/63/127 bits Gold code spreading, QPSK modulation and convolu-
tional coding with the rate 1/2 for different channels. a Indoor A channel, b Pedestrian B channel, c vehicular
A channel

– the best results are achieved with the AWGN only channel, which obtains values of BER
less than 10−5 for SNR values less than 14 dB for all scenarios studied;

– in most cases the Indoor channels leads to smaller BER results then the Pedestrian ones,
even though the difference is not very large;

– the use of Gold codes for spreading leads to better performances then the use OVSF ones,
in the latter situation the results being dependent on the particular choice of code;

– the Vehicular A channel achieves higher BER results then the Indoor or Pedestrian ones,
the highest difference being observed for Gold code spreading and QPSK modulation; the
Vehicular B achieves the worse results in all environments, the values of BER decreasing
very slowly as the power increase at about 10−1 at SNR = 30 dB.

As a comparison, in Figs. 6, 7 and 8, the results obtained under the same simulation scenarios
by the classical OFDMA technique are presented. For the OFDMA simulations the basic
Partially Usage of Sub-Channels (PUSC) subcarrier permutation algorithm, Optional PUSC
algorithm, and Adaptive Modulation and Coding (AMC) algorithm, used in IEEE Std 802.16
[16] are implemented. The average BER obtained for each configuration at SNR = 15 dB
summarized in Table 6. It can be easily observed that, for all algorithms, the BER values are
significantly higher than the ones obtained by the OFDM–CDMA system.

To study the effect of the spreading code length on the system performances, in Fig. 9 are
shown the results obtained for three different type of channels using 31, 63 and 127 bits Gold
spreading codes, QPSK modulation and 1/2 rate coding. It can be easily observed that the
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BER results are lower as the length of the code increases. On the other hand, as the spreading
code is longer the rate of the spreaded data is higher, therefore we have to extend to overall
bandwidth of the system has to increase, either by increasing the number of subcarriers, by
increasing the frequency spacing between subcarriers allowing the increase of the bandwidth
around each subcarrier or by increasing the order of the modulation (M-QAM with M = 32,
64 etc).

Finally, to study the effect of the number of users increase in the system performances,
in Fig. 10 we represented the results obtained for the same type of channels using 31 bits
Gold spreading codes, QPSK modulation and 1/2 rate coding, the system being use, in each
case, by 6, 15 and 30 users. It can be observed that, as the number of users increase, the BER
results increase slowly, this increase becoming more important when the SNR is high. For
example, for 6 users we have a value of BER around 10−5 at a SNR = 20 dB for Indoor A
and Pedestrian A channels and at SNR = 26 dB for Vehicular A channel, while for 30 users
we need a SNR = 25 dB to reach a BER of 10−5 Indoor A and Pedestrian A channels and of
42 dB for Vehicular A. If the number of users will further increase is to be expected that the
performance will degrade.

4 Conclusions

This paper studied the results obtained by an OFDM–CDMA system in different channel
environments, based on the channel models recommended by ITU-R M.1225 for BPSK and
QPSK modulation schemes, 1/2 and 3/4 convolutional encoding, 32 bits Walsh–Hadamard
and 31 bits Gold codes for data spreading. We observed that the best performances are
achieved by the AWGN only channel in all cases, followed by the Indoor type channels
and the Pedestrian type ones. The worst results are obtained in all cases by the Vehicular B
channel model, for which the BER values does not go under 2 · 10−2 in any scenario. Since
the QPSK modulation, rate 1/2 encoding and Gold codes spreading seemed to achieve better
results than the other combinations, we further studied the effect of the code length increase
on the BER performances based on this combination.

Simulations have shown the fact that the performances increase as the code length
increases, but, on the other hand, since the data rate increase we have also to increase the
system bandwidth. Finally, for the same scenario, we studied the effect of number of users
increase on the system performances. Simulation results have shown that the BER increase
as the number of users is higher, this effect being more pronounced at high SNR values.

The simulator is still under development to include multiuser techniques at the base sta-
tion receiver, to introduce other type of codes, to study other channel models or to search
optimization techniques for resource allocation in cognitive systems.
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