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Abstract

In multicarrier code division multiple access(OMC-CDMA), the total system bandwidth is
divided into a number of sub-bands, where each subband may use direct-sequence(DS)
spreading and each subband signal is transmitted using a subcarrier frequency. In  this paper,
the system performance analysis of MC-CDMA using to gain combining(EGC) and maximal ratio
combining(MRC) method over frequency selective Nakagami- fading charmel is analyzed. In the proposed
system, a data sequence is serial-to-parallel converted, and MC-CDMA is used on each of the parallel data
streams. The data streams are spread at both the symbol fraction level and at the chip level by the
transmitter. In this paper, the compare to analysis two standard diversity combining techniques, EGC and
MRC, The good performance of system using to MRC more than EGC
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RECENTLY, Many wireless access systems based

on direct sequence code division multiple access
(CDMA)1][2] have been proposed for  next—
generation mobile communications to flexibly  offer

wideband services that camnot be provided by present
cellular  systems. In  multicarrier code  division
multiple access(MC-CDMA)[3]4][11], the total
band width available is divided into a number of
subbands, where each subband signal is transmitted
with the aid of a sub-cammier. In MC-CDMA systems,
invoked at the
transmitted
symbol rate for the sake of mitigating the effects of
inter symbol  interference(ISI).
n MC-CDMA systems is
repeating  the transmitted in the
domain with the aid of several sub-carriers. A
of MC modulation and CDMA henefits
techniques.
scheme is that it needs a lower symbol

serial to parallel(SP) conversion is
transmitter, in  order to decrease the
Frequency  diversity
usually  achieved by
signal frequency
combination
from hoth
combination
rate, since m a multicarrier CDMA system with N

carriers, the entire bandwidth of the systems is divided

The major advantage of the

into N sub-bands, and the symbol rate in each suhcarrier
lowed to make
synchronization of the transmissions. Recently much
efforts has been making to study the MC-CDMA system

performance based on the more general fading model, ie,

can  he it easier for the quasi

frequency selective Nakagami fading modell5]. However,
most of the wok made assumption to experience
independent  flat Nakagami-m  fading. The subcarrier
independency issue of MC-CDMA was discussed in for
To the

performance

frequency selective Rayleigh fading channels.
knowledge, the
comparison between the

authors analysis  of

independent and  correlated
systems based on the Nakagami- Nfading channel model
has not been studied. Bit-error rate(BER) is one of the
most important performance measures for communication
systems and th BER analysis of various systems has

been studied extensively. To analyze the BER performance
of MC-CDMA systems, including MC-CDMAI6] and
MC-DS-CDMA, the multiple access interference(MAI) is
commonly assumed to be Gaussian distributed Hower, the
accuracy of this approach depends on the system
configuration, especially on the number of users and their
powers. In this paper, our goal is to present an accurate
and unified BER analysis of synchronous MC-CDMA over
Nakagami-m fading channels using diversity method.
Combine method used equal gain combining(EGC)[11]or
(MRC)  are
Specifically, for frequency selective fading channels, the
difference of the BER obtained from the Rayleigh fading

maximum  ratio  combining considered.

chamnel and Nakagami-m fading channel can usually be
neglected if all subcarriers are independent. Other
contributions of this work include that a general Nakagami—
m (m = 0.5) fading chanrel model is studied, and both
independent and carrelated fading models for different
subcarries are considered.

The organization of this paper is as follows. The
system model and Nakagami—-m fading the frequency
domain are briefly described in section II. In section
theBER  analysis
MC-CDMA under the assumption of independent fading

Ill, we present of synchronous

for different sub-carriers. Both downlink and uplink
with EGC or MRC are considered. In Section IV, The
BER expressions for both uplink and downlink are

derived and compared. Section V concludes this paper.

[l. Nakagami— m Fading Channel

2.1.Transmitter

Consider a MC-CDMA system with k& users and N
sub—carriers. A synchronous uplink is assumed. We will
only describe the uplink, but it is straightforward to
tailor the presentation to the downlink case. Fig.1
[llustrates the block diagrams of the transmitter and
k 1t should be noted that Fig.1l is

shown for illustration purposes only. In practice, MC

receiver of user

modulation/demodulation can be implemented by
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IFFT/FFT algorithms. In addition, if the data rate is
high, a serial to parallel converter can be used before
Assume that BPSK

the multicarrier modulation.

N
modulation and binary spreading sequences( {ck ,n} n=1)
for user k are employed. The transmitted signal of

user k may be expressed as[7]:

o N-1

5= 3 PP T -uT)e,, costn +6,)

u=—oon=0

Where b, (u) represents the Uth data substream of userk

and bk; (u)is assumed to be a random variable, assuming
values of +1 or _1 with equal probability. Furthermore, Ck;,n

is the 1th chip of the spreading code assigned to userk,

which is also assumed to be a random variable taking values
+1 or -1 with equal probability. @, 11th the subcarrier

frequency, P : power of data bits identical for all users, P7T}:

rectangular pulse defined in [057;)], T, b : bit duration , Ok:

random carrier phase of user K

f f
G, cos(yt+6,)
w [ R
Sk
G, cos(ayt +6,)
t f —
G cos(@, . +6,)

Fig 1. MC-CDVA trarsmitter of user K

2.2. Channel Model

A slowly varying fading channel, whose parameters
are unchanged over one bit duration, is assumed. Since
Nakagami—m distribution is a versatile yet relatively
is well suited to

simple statistical model and it

characteristic a radio mobile channel, we use a

Nakami—m distributed to represent the amplitude of

channel gains. By properly selecting the number of

sub—carriers, we assume that signals on each
subcarrier experience flat fading. The fading amplitude
Qv ,is a random variable obeying the Nakagami-7m

distribution having a PDF given by[8]

Sai, () (mj y P exp( —my?)

) O o
Where I'( -+ ) is the gamma function, = £l(@,)" ] and

Mis the

MC-CDMA systems an important issue to consider is

Nakagami-m  fading parameter. For

the correlation between sub—carriers. This is due to
the fact that an MC-CDMA system may be subject to

correlated fading for different sub—carriers if the
subcarrier spacing is less than the coherence
bandwidth of the channel. In this paper, both

independent and correlated fading channel models are
considered. At the transmitting side, the bit stream

with bit duration Tjis serial-to-parallel converted into

M parallel streams. The new bit duration on each
streams is 7= MT,. Each stream feeds S parallel

streams such that the same data stream exists on the
branches. The S branches carrying the same data
stream are denoted as indentical-bit branches, and
after modulation, the frequencies carrying the same
data stream are denoted as identical-bit carriers. On
the identical

interleaved such that on two contiguous branches, the

bit branches the data streams are

replicas of the same bit are separated by an interval.
This interleaving is required to achieve time diversity.
All data streams are spread by the same PN code of

length N and chip duration 7such that 7= NT..
One of MS orthogonal carriers is used for QPSK
nodulation of each stream The transmission BW is assumed
to be the pass-band null-to-null BW(2/ T, ), where,

T 4is the PN code ship duration for single carrier

case(M=S=)).

carriers is given by[2]:

The total BW ins case of MS
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To keep the BW fixed for and selections of Mand
S , the PN code chip

T, = MT,/N, the period N of the PN sequence

T.. Consequently with

must be as follows. The matched filter outputs of the

identical-bit carriers are de-interleaved and the
decision statistics of the same bit are added prior to
the threshold device in an MRC. The multipath
Nakagami fading channel is assumed. when the

maximum delay spread of the channel is 7, the

m?’

number of resolvable paths L is given by equation(4).

L= {72“' _1)}1
MS +1

2.3 Receiver
All users are assumed to be synchronized throughout
this paper. The received signal at the base station is
given by[9]:

0= 5220 TaTy S e, costni b om0

Where

(Dk,n:e yTO ko (n=0,---N—-1)

and n(t)is an additive white Gaussian noise(AWGN)
with zero mean and double-side power spectral density
N,/2. A coherent correlation receiver with EGC or
MRC is employed. Perfect channel estimation for the
desired user is as summed. The MC-CDMA receiver
considered is based on coherent at correlator detector.
As shown in Fig.2, the decision variable D, of the Oth

data bit in the wuth data substream of the reference

user given by:

N-1
Du = Dun

p=0 (6)
D= % aie, Tl oega .

Where «,,, =1 for EGC and ¢, ,, = 3., for MRC.

Base on the decision variable, D, #=12,--,U  the
current data bit of the U th substream is decided to

be 0 or 1, depending on whether D, is higher then
U number of

substreams are parallel to serial converted, in order to

zero. Finally, the parallel data
output the serial data bits. Let us now analyze the
statistics of the decision variable and the achievable

BER with the aid of these statistics.

el
cos(cf +6,0) %o
A R
ma![+[l'.l) 0%,1%

OB 1+ 1) O Gina

Fig 2. MC-CDMA receiver of user k

lll. BER Analysis

3.1 Decision Variable Statistics

If maximal ratio combining is employed for detection
by multiplying each subcarrier by a factor ¢, after
dispreading the signal of the kth user, the decision

variable D, can be expressed as
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Where D denotes the desired signal term given
by(assuming b, (0) ==+ 1). In order to obtain the
probability density function(PDF) of the decision
variableD,, of (8) for deriving the bit error probability,
we approximate the multiuser interference(MUD by
additive Gaussian noise, since it is constituted by the
sum of numerous independent random variables. Based
on the Gaussian approximation, the decision variable
D,of (8) can be approximated as Gaussian random

variable having a mean given by
E [D u] =D 9

and a variance given by
Var [D,]= (K = DVar [1y, 1+Var [1y] (10
Where Var[Iy] was previously given in the context

of (10), while Var[I,;,;] is given by

E 21 N-1
Var [IMA] ] = %Z aszI ,,,,,,,,,,,,,,,,,,,,, (1)
n=0

Upon substituting Var[Iy] and Var[l,;] of (11
into (10), we obtain the variance of the decision

D

variable &« ,which is expressed as

Vm{D”]:[(K_l) [ Ny

W (2Bl IE, ]E[(““’)‘]};% ,,,,,,,,,,,, )

Where E, = PT ,is the bit energy and E /N

is referred to as the signal to noise ratio(SNR). Having
obtained the statistics of the decision variables, be low
we derive the BER expression of the MC-CDMA
system, when communicating over both AWGN, as well

as over frequency selective slow and fast Nakagami—

m fading channels.

32 Bit Error Rate
With the aid of (9 and (12),

interference plus noise ratio(SINR) for the given

the signal to
channel parameters of (O‘i,n) can be expressed as

E’[D,]

SINR(a;,,) = Sealb ]
Var[D, ] (13)

N T S P
sl

In the context of AWGN channels we have ozim =1

and correspondingly also FE [(Oz,‘,7,l)2] =1. Upon

substituting these results into(13), the SINR achievable
over AWGN cab be expressed as

-1
SR = [2E=D | (NJ
3N E, ]| - [ (15

With the aid of (13) and (14), let us now derive the
corresponding BER expressions. In the context of the

frequency—selective Nakagami— m fading channels, the

BER conditioned on the fading amplitudes {ak,n} can

be written as

p= o2 sINR (a2 1) ) ©

-1
, - 2(1<—1)+(N0J
3N 2E, )| i, 9
Where O(X) is the Gaussian € function. The
unconditional BER of the MC-CDMA systems

communicating over frequency selective Nakagami— /77
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fading channels, can be obtained by average(16) with
respect to the PDF with the aid of (2). Hence we
obtain the following BER expression[10].

T | e
P +7e Z[N—Hn] l+y.

), =
2 =0 n

IV. Simulation

The uplink BER results of MC-CDMA with EGC and
MRC in Nakagami— m fading are displayed in Fig.3
and Fig4 Similar to the downlink case, the fading
BER  performance

parameter 1 influences the

significantly, especially when the number of user is
small. Also, we can see that the fading parameter m
affects the BER performance more apparently for MRC
than for EGC. Clearly, the BER performance changes
considerably with the fading severity parameter m.
Compared with EGC and MRC appears to be more

sensitive the change of m.

; Uplink BGC
10 e

i i
i 5 10 15 20 26 a0 36
Eb / Na (dB)

Fig 3 BER of EGC

Uplink MRC

t

i i
0 5 10 15 20 25 0 35

Eb / Na (dB)
Fig 4. BER of MRC

Table 1. Comparison of MRC of EGC

MRC EGC
m=05 10—5.3 104.8
el 10—5.9 10—5.2
m2 1076 10 -5.5
V. Conclusion

The average bit error probability of a uplink,
downlink synchronous MC-CDMA system with MRC

and EGC reception was investigated base on the

frequency selective Nakagami-1m  fading channel
model. Both downlink and synchronous uplink,
independent fading and correlated fading were

independent fading for different
sub—carries it was found that MRC
performs better than EGC in the uplink and downlink.
We showed the BER of the independent subcarrier

considered. When

is assumed,

system with varying fading parameterm are very
close to that of the independent subcarrier system
experiencing Nakagami-m fading, especially when the
number of multipath L

Gaussian approximation

is large. As expected, the
is generally not accurate
enough, especially when the number of users is small.

However, for the case of MC-CDMA with MRC in the
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synchronous uplink, the Gaussian approximation gives
good accuracy. Compared to MC-CDMA with MRC,
MC-CDMA with EGC appears to be more sensitive to
the charge of the fading parameter m in both the
downlink and synchronous uplink
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