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Abstract: In this paper a new expression of the signal to noise ratio (SNR) for Group orthogonal Code Division
Multiple access (GO-CDMA) in frequency selective fading is derived and investigated. The SNR performance
for frequency selective fading channel is shown by computer simulation The wireless industry is currently
undergoing a major transition from second generation (2G) to third generation (3G) wireless technologies and
the increasing demands for communication services require higher transmission rates that further stimulates
the demand on wideband technologies depicted in the form of code division multiple access (CDMA) on one
hand. Also, as the privacy is a prime issue in modern communications then the carriers orthogonality is a
fundamental concept for a sustainable development of the communications sector. This paper attempts to
assess wireless communications channels and propose N strategic perspective, an analytical study into the
performance of Group Orthogonal Multi Carrier Code Division Multiple Access (GO-MC-CDMA) in which sub
carriers assigned to users which are orthogonal to other groups, the channel bandwidth is the main theme of
this paper; from which the problems that may affect the communications link are high lighted and measures to
counterbalance and alleviate multi path fading are proposed and investigated. Such measures are: Space
diversity combining techniques and minimum – mean square error and interference cancellation and detection
are considered in this research. 
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INTRODUCTION operation is in the frequency domain) and other spreads

OFDM is a robust scheme to frequency selective given spreading code and then modulates a different
fading, however, it has several disadvantages such as subcarrier with each of the data stream (the spreading
difficulty in sub carrier synchronization  and  sensitivity operation in this is in the time domain); similar  to a
to frequency offset and nonlinear amplification, which normal direct sequence code division  multiple  access
result from the fact that it is composed of a number of sub (DS-CDMA) scheme [1]. In order to exploit the maximum
carriers with their overlapping power spectra and exhibits possible channel diversity while being able to
a non-constant nature in its envelope. However, the accommodate  dynamic  load  changes, a group
combination of OFDM signaling and CDMA scheme has orthogonal multi carrier code division multiple access
one major advantage that it can lower the symbol rate in (GO-MC-CDMA) scheme is developed. This scheme does
each subcarrier so that a longer symbol duration makes it not require complex code assignment operations. The set
easier to quasi-synchronize the transmissions. The Multi of subcarriers is partitioned into groups and the users
carrier CDMA schemes are categorized mainly into two who are assigned sub carriers of the same group are
groups: One spreads the original data stream using a separated using spreading codes. Furthermore, it can be
given spreading code and then modulates a different sub seen that grouping the subcarriers together will help the
carrier with each chip (in a sense that the spreading user  to achieve full multi path diversity which is essential

the serial-to-parallel (S/P) converted data streams using a
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Fig. 1: System model of GO-MC-CDMA

for the mitigation of the multi path effects. Also the users
in each group are immune to interference from other
groups, hence explains the name of this scheme, as group
orthogonal MC-CDMA.

System Model: In this section a complete modeling of the
system is presented. A symbol-spread case is considered,
where each active user transmits only one symbol over a
block   of  N   chips,  the  symbol    period  is  T = N T .c c c

The entire available bandwidth is utilized with N  subc

carriers that are spaced by 1/T apart. If f  denotes the ithi

column of the Fast Fourier Transform (FFT) matrix F ,Nc

then f  is the ith digital sub carrier. The N  subcarriers arei c
*

partitioned  into  Ng  groups  with  each  group    having
Q = N /Ng subcarriers. A user chooses a specific group ofc

subcarriers to transmit its information bearing symbols;
and Q users share Q subcarriers per group, which ensures
no spectral efficiency loss  [2].  The  system  model of
GO-MC-CDMA is illustrated in the block diagram of
Fig.(1). Let S ( i ) be the information bearing symbol ofn,m

user m in the nth group transmitted during the time
interval [iT, (i + 1)T)]. 

A Q × 1 spreading code c  is used to spread S (i) tom n,m

the Q subcarriers of the nth group. the Q × Q matrix is
Defined as C:= [c , c ,..., c ], whose columns consist of Q0 1 Q-1

spreading codes of the nth group. The spreading code
matrix C does not have to be identical for different groups.
But since there is no MUI between users of different
groups by design, the same code matrix is chosen for all
groups. C is designed such that, all user codes are linearly
independent, with |c (i)|  = 1/Q, T = N T  q, i = 1,..., Q,q c c

2

where c (i) is the ith entry of c . This design condition  isq q

Fig. 2: Equi-spaced group subcarrier assignment\

satisfied when c  is a scaled binary code e.g. Walsh-q

Hadamard or Gold Code or, any constant modulus
complex field code.

Let the columns of the N  × Q matrix F  comprise ofc NC

the Q digital subcarriers of the nth group, while any Q
subcarriers can be assigned to a group of users, then if a
set of equi-spaced subcarriers is selected, the following
matrix is obtained [2]: 

(1)

where * denotes complex conjugate. This group of
subcarrier assignment is illustrated in Fig. 2 with.

Nc=9, Ng = 3 and Q=3

Where, The N ×1 signal vector of user m in the nth groupc

during the ith block, modulated on Q subcarriers, may be
expressed as

(2)
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After parallel-to-serial (P/S) conversion, a cyclic prefix
(CP) chips are added to each block and the signal is
transmitted over a frequency-selective fading channel.
Notice that X (i) in (2) can be computed using a Q-pointn,m

FFT and N +1 complex multiplications, which considerablyc

reduces the complexity (especially with N  large) whenc

compared to the case where Q sub carriers in a group are
arbitrarily chosen. At the receiver end, after removing the
CP to eliminate inter block interference (IBI) and FFT
processing the IBI-free signal, the received samples
belonging     to   different   groups   of   sub   carriers   are
de -multiplexed.

Let h = [H (e ),...,H (e ] contain then,m n,m n,m
?j2 n/Nc j2 (n+(Q-1)Ng/Nc)

frequency response samples on the FFT grid of the FIR
channel of the mth user in the nth group. The Q ×1 data
vector for the nth group can be written as [2]. 

(3)

Where N  is the number of active users in the nth group,a,n

D(x) stands for a diagonal matrix with x on its diagonal and
w  is zero-mean complex additive white Gaussian noisen

(AWGN) with variance N /2 per dimension.Since there is0

no IBI. Based on y  in eq.(3) and since there is non

IBI,MUD can be applied to detect the information-bearing
symbols  in the nth group. In order to reduce

the loss of bandwidth and power efficiency due to CP, the
block spreading approach can be incorporated, where K
>1 symbols are transmitted per user per block. The KNc

subcarriers are used to transmit a total of KN symbols perc

block without increasing signal bandwidth. The
subcarriers are partitioned into Ng = KN /Q groups. Eachc

user is assigned to K groups and transmits one symbol in
each group. At the receiver, using the K input-output
Equation (2), the K symbols are detected of the same user
independently. This block spreading of GO-MC-CDMA
avoids ISI among symbols from the same user, which
facilitates accommodation of the dynamic load changes in
the system to improve the performance at low load [2,3].

Fading Channel Model: The tapped delay line is shown in
Fig (3). The time variant tap weights {h (n)} are zero meanp

complex valued stationary Gaussian random process and
they correspond to the L different delays  = pT ,m

p=1,2,…L. For all practical purposes, the tapped delay line
model for the channel can be truncated at L = [T W]+1m

taps,where T  is a total multipath delay spread and W ism

signal bandwidth. Then, the noisy received signal can be
expressed in the form [4-6]:

Fig. 3: Tapped delay line model of frequency selective
channel [7]

(4)

Space Diversity Techniques: The space diversity is used
in this work. It uses M antennas to receive M copies of
the transmitted signal. The antennas should be spaced far
enough apart so that different received copies of the
signal undergo independent fading. Different from
frequency diversity and temporal diversity, no additional
work is required on the transmission end and no
additional bandwidth or transmission time is required.
There is several possible diversity reception methods
employed in communication receivers. The most common
techniques are [8, 9]. 

Selection Diversity: The major diversity combining
techniques are selection diversity, maximal ratio
combining and equal gain combining. Selection diversity
(SD), shown in Fig. (4), is the simplest of these methods.
From a collection of antennas, the branch that receives
the signal with the largest signal-to-noise ratio at any time
is selected and connected to the demodulator. As one
would expect, the larger the number of available branches,
the higher the probability of having a larger signal-to-
noise ratio (SNR) at the output [10, 11].

The inputs to the two branches in Fig.( 4) are the
fading signals s  and s . The signals s  and s  are received1 2 1 2

with amplitudes r  and r  and with phases  and1 2 1 2

respectively. The analysis that follows will primarily focus
on the magnitude of the received envelopes (r , r ) since1 2

the value of these variables determines the strength of the
received signals. s  and s  are assumed to be time1 2

synchronized and contain the same transmitted
information but are received at the receiver with different
strengths and phases due to the propagation effects of
the channel. Both branches are corrupted by additive
noise sources n  and n  respectively; however, n and n1 2 1 2

are identically distributed white Gaussian noise sources.



− −= = +DD 1 T 1y R C r Ab s R n

World Appl. Sci. J., 32 (2): 259-266, 2014

262

Fig. 4: Block diagram of a two-branch selection diversity system for equal noise powers

Fig. 5: Block diagram of a two-branch maximal ratio combiner for equal noise powers

Maximal Ratio Combining: Maximal ratio combining multiplied by the same branch gain (G) and the resulting
(MRC) takes a better advantage of all the diversity signals are co-phased and summed. The resultant output
branches in the system. The results of the simulation signal is  connected  to  the  demodulator as shown in
comparing variuos systems will be shown in later Fig. (6). 
sections. And other techniques will be presented in the Figure (6) describes EGC technique in which all
next section to ameliorate the fading effects. Figure (5) branches are pre-multiplied by G and then co-phased,
shows the configuration of a two-branch diversity such that the amplitude of the output signal is the direct
system. Both branches are weighted by their respective addition of branch envelopes.
instantaneous voltage-to-noise ratios, the branches are
then co-phased prior to summing in order to ensure that Multi Users Detection: This is another scheme proposed
all branches are added in phase for maximum diversity to overcome the MAI problem. There has been great
gain. The summed signals are used as the received interest in improving MC-CDMA detection through the
signals, connected then to the demodulator. MRC use of multi user detectors. In multi user detection, code,
combining always performs better than either selection timing and amplitude information of multiple users are
diversity or equal gain combining EGC because  it  is  an jointly utilized to detect each individual user  [5]. The
optimum combiner. The information on all channels is three receivers of interest are studied, the minimum mean
used with this technique to get a more reliable received squared error (MMSE) receivers, multistage parallel
signal [12,13]. However, the disadvantage of MRC; it is a interference cancellation (MPIC) receivers and multistage
complicated technique that requires accurate estimates of successive  interference  cancellation (MSIC) receivers.
the instantaneous signal level and average noise power to The fall investigational analysis of the above recievers is
achieve optimum performance. The advantage on the shown in the simulation section.
other hand is the improvements that can be achieved with
this configuration even when both branches are MMSE  Detector: The  linear  detectors  mainly  include
completely correlated. A special case of MRC is presented the de correlating (zero-forcing) detector and  the
in the next section. minimum mean square-error (MMSE) detector. The de

Equal Gain Combining: Equal gain combining (EGC) can conventional match filter with the inverse of the
be viewed as a special case of MRC. In this scheme, the correlation matrix [11,12].
gains of the branches are all set to a predetermined fixed
value. As with the previous case, both branch signals are (5)

correlating detector multiplies the output of the
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Fig. 6: Block diagram of a two-branch equal gain
combiner for equal noise powers. Fig. 7: MMSE Detector

Where y  is the output of de correlator detector, C  is A complete structure of the MMSE detector isDD T

Na×K transpose spreading codes matrix, r is base band depicted in Fig. (7) below:
received signal, A is the amplitude of the fading signal, b A full simulation analysis of this MMSE is presented
is the transmitted signal bits, ó is the noise power, n is a in the simulation section
Gaussian noise vector and R is Na×Na a cross correlation Note that; in each stage the estimate of the users is
matrix of high length spreading codes defined as [2]: obtained by making a decision at the output of the

(6) out in a descending order is because the strongest user

and therefore fully decouples the multiuser signal. removal of this signal will provide the most benefit to the
However, it suffers from the problem of noise remaining users [5,11].
enhancement [12]. Although the MAI is completely
removed, the noise level is increased by this process. In RESULTS
extreme cases, the extra noise can be higher than the MAI.
In this situation, the de correlation will actually result in In order to demonstrate the numerical results, assume
worse performance than the conventional match filter. that:

The MMSE detector, which can be regarded as an
improved de correlating detector, can solve the problem Data rate 3 Mbps (BSK Data rate 3 Mbps (BSK
of noise enhancement in low signal-to-noise ratio (SNR). Modulation)
The MMSE detector is expressed as [11]: Walsh code with length K=32.

(7) No. of active users Na=4.

Where y  is the output of MMSE detector, T is Coherence time = 0.167 ms.MMSE

transformation matrix and y  is the output of match filter. Doppler shift fd =10 KHz.MF

However, the minimum square-error is expressed as: Cyclic prefix interval Cp =1.8 MHz.

(8)

Also the transformation matrix T can be expressed as: illustrates the bit error rate (BER) performance versus

(9) CDMA systems in two paths Rayleigh fading channel,

Where compared with MC-CDMA system.

(10) versus signal to noise ratio (SNR) of GO-MC-CDMA
system       using different    number    of       subcarriers.

conventional detector. The benefit of sorting the signals

can give the most accurate estimate and consequently the

No. of subcarriers Nc = 256.

Delay spread Td = 20 ns (Two path).

Partial cancellation factor = 0.03.

BER Performance of GO-MC-CDMA: Figure (8)

signal to noise ratio (SNR) for GO-MC-CDMA and MC-

fading channel variance in urban region is -6 dB. The GO-
MC-CDMA system gives better BER performance, as

Figure 9) shows the bit error rate (BER) performance
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Fig. 8: BER performance of GO-MC-CDMA and Fig. 10: BER performance of GO-MC-CDMA system
MC-CDMA systems versus number of active users for different

Fig. 9: BER performance of GO-MC-CDMA system using Fig. 11: Performance of GO-MC-CDMA using different
different number of sub carriers coherence time

By increasing the number of subcarriers, the bit error rate when the number of active users is increased. If the load
is reduced, but the system complexity increases. In Fig.( is not full linking in GO-MC-CDMA system, the bit error
10), if the number of active users per group is increased, rate also decreases. 
the bit error rate difference between different subcarriers Figure (11) shows the bit error rate (BER) versus
reduces. Therefore, there is no need to increase the signal to noise ratio (SNR of GO-MC-CDMA system with
number of subcarriers, because the performance will be different coherence times. The bit error rate decreases
nearly the same. when coherence time is increased.

CDMA systems corresponding to the number of Figure(12) shows a comparison between three types
active users at SNR = 18 dB. The GO-MC-CDMA gives a of spreading code in GO-MC-CDMA system. The three
good result when the group size is small. The bit error rate types of spreading code (m-sequence, Gold code, Walsh
increases when the number of active users per group is code) give almost the same bit error rate at low SNR
increased, while the MC-CDMA gives a fixed  error  rate, values, because the noise level is  very  high  compared

number of subcarrier
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Fig. 12: BER performance of GO-MC-CDMA using problems that may affect the communications link are high
different types of spreading code in two paths lighted and measures to counterbalance and alleviate
Rayleigh fading channel multi path fading are proposed and investigated. In this

Fig. 13: BER performance of GO-MC-CDMA system with Engineering,
different types of data detection techniques 4. Jagan naveen, V., K. Murali Krishna and K. Raja

with MAI. This result leads to reduce complexity, if SNR and OFDM in wireless Rayleigh Channel,
is low, a simple code design (m-sequence) is used, or large International Journal of Advanced Science and
number of squences (Gold code) is used.Walsh code Technology, pp: 25,
gives good BER performance at high SNR values. 5. Qatawneh, I.A.Z., 2002. “Bit error Rate  performance

Figure (13) shows the bit error rate (BER) versus of orthogonal frequency division multiplexing
signal to noise ratio (SNR) of GO-MC-CDMA system (OFDM) (utilizing) differentially encoded 16 star
using different detectors. The three stages PIC detector quadrature amplitude modulation ( QAM ) with
gives a better BER performance, while SIC detector is differentially coherent demodulation in AWGN,
reducing the error rate at SNR values (7-11) dB. For high frequency flat and two path fadingchannels”
number of active users, SIC detector is efficient because Mansoura Engineering Journal (MEJ), Faculty of
the number of stages is equal to the number of active Engineering, Mansoura University, Vol. 27. No.3.
users, but the time delay between the users is very high. Eygpt. pp: E 37- E48. 

PIC detector also has a good result when the number of
active users is increased and it becomes more complex for
design.

CONCLUSION

This paper attempts to assess wireless
communications channels and propose techniques to
improve the performance of modern wireless
communications. Hence from a strategic perspective, an
analytical study into the performance of Group
Orthogonal Multi Carrier Code Division Multiple Access
(GO-MC-CDMA) in which sub carriers assigned to users
which are orthogonal to other groups, the channel
bandwidth is the main theme of this paper; from which the

paper, expression of SINR of GO- MC-CDMA system over
a frequency selective Rayleigh fading channel is
evaluated.
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