RIS LA P48 51- 8 N - F 27
Journal of Science and Engineering Technology, Vol. 4, No. 3, pp. 27-39 (2008)

Designing a Two-Dimensional (2-D) Rake Receiver Scheme for
an MC-DS-CDMA System

JOY IONG-ZONG CHEN', CHIEH-WEN LI0oU? and YUNG-NAN HU'
Department of Communication Engineering, Da-Yeh University
No. 112, Shanjiao Rd., Dacun, Changhua, Taiwan 51591, R.O.C.
’Department of Electrical Engineering, Chin Ming Institute of Technology
No. 110, syuefu Rd., Toufen, Miaoli, Taiwan 351, R.O.C.

ABSTRACT

On the basis of a scenario that assumes the existence of a BC (branch correlation) in the
environments of an MC-DS-CDMA (multi-carrier direct-sequence coded-division multiple-access)
system, a two-dimensional Rake (2-D Rake) receiver for such a system is proposed and designed in
this research. The performance of the proposed system is validated by an evaluation that considers
the state of the working space in frequency-selective fading environments. Furthermore, some of the
system parameters, e.g., the resolvable multipath number, the finger number of a Rake receiver, the
fading parameters, the power decay factor, the MIP (multipath intensity profile), and the correlation
characteristics between the antennas, are adopted for analysis, thus constituting the original proposal
for a scenario with this kind of receiver in this system. To validate the accuracy of the derivation,
some of the numerical results are presented in this report. It is worthwhile to assert that the fading
parameter of the correlated-fading model dominates the performance of the MC-DS-CDMA system
and that the number of antennas also definitely affects the system performance.
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I. INTRODUCTION
Recently, the wideband radio system combining with the
and CDMA

(coded-division multiple-access) schemes has been considered

application of multicarrier modulating
interesting in the cellular wireless communications. It is the
reason that DS (direct-sequence) waveform exist the broader
bandwidth for combating the ISI (inter-symbol interference)
caused by the multipath fading during the transmission.
Generally, a Rake receiver can be adopted to avoid the
multipath fading and to promote the system performance
whenever the bandwidth of the propagating signal exceeds the
coherent bandwidth of the fading channel, which is called as
the frequency selective fading channel [15, 17]. The Rake
receiver provides a correlator for each carrier and the signal at
the output of the correlators is combined with some tapped
delay lines. The operation methods of a Rake receiver can be
seen same as that of an MRC (maximal-ratio combining)
diversity. As both of the multipath diversity and the antenna
diversity are included into the calculation of diversity gain, the
receiver model can be considered as a multiple dimension Rake
receiver, i.e., except the diversity gain the total received
intensity of the signal can be summed up with the individual
signal come from different antennas [7, 20].

However, in order to create broader bandwidth and
suppress the interference effect for a wireless radio system the
multicarrier scheme has been applied. Based on the
motivation, the 4G (fourth generation) wireless cellular system,
MC-CDMA (multi-carrier CDMA), which based on the OFDM
(orthogonal frequency division multiplexing) signaling
techniques, is now engaged in exploring [19]. One of the
most important types of multi-carrier CDMA system is called
MC-DS-CDMA (multi-carrier direct-sequence CDMA) system,
which has the data sequence multiplied by a spreading
sequence modulates disjoint multiple carriers. The receiver
provides a correlator for each carrier and at the output of the
correlators combined with MRC diversity. Generally,
multi-carrier DS systems can be categorized into two types: (1)
a combination of OFDM and CDMA, and (2) a parallel
transmission-scheme of narrowband DS waveform in the
frequency domain [8].  Furthermore, in wireless mobile
communications the performance of the antenna diversity is

always an attractive area of interesting to study [2, 10-11]. In

additions, for the purpose of increasing the ability of the
resolve and combination for multiple paths the wideband
spread spectrum techniques illustrate an extra source of
diversity due to the multipath phenomenon of the wireless
mobile channel. Although there exist a lot of numbers of
statistical distributions that well characterize the statistics of the
mobile radio signal; however, empirical results as well as
physical reasons have shown the fact that the Nakagami-m
distribution is not only a more versatile model for a variety of
fading environment such as urban, suburban radio multipath
channels and even for indoor propagation, but also including
Rayleigh distribution as a special case with the fading figure
m=1 [14]. On the other hand, it is well known that the
correlation phenomenon will impact the performance of the
diversity combining schemes [9].

In this paper we propose a multi-dimension Rake
receiver, called as 2-D Rake receiver, that adopts both
multipath and antenna diversity at the output end. The system
performance with BER (bit-error rate) of the MC-DS-CDMA
system with 2-D Rake receiver is evaluated under the
assumption both of the independent and correlated
characteristics between the receiver paths. On the other hand,
the performance of an MC-DS-CDMA system was analyzed
over correlated-Nakagami-m distributed. Besides, in order to
validate the accuracy of the evaluating results some of the
parameters, e. g., the arbitrary fading figures of fading channel,
the MIP and the power delay ratio are all considered in the
numerical analysis section.

The paper is organized as follows. In section II the
system model of an asynchronous MC-DS-CDMA is described,
i.e., we describe the transmitter, channel, and receiver models,
and derive the expression for the soft decision statistics of the
BPSK (binary phase shift keying) with M-D Rake receiver. A
closed-form expression for the pdf (probability density
function) of the decision static is shown in section III. In
section IV illustrates the closed-form expression for the average
BER with the impact of correlated and uncorrelated fading
among spatially separated Rake fingers on system performance
the numerical results are presented in section V. Finally, there

is a simple conclusion drawn in section VI.



Joy IoNG-Z0ONG CHEN, CHIEH-WEN Liou and YUNG-NAN Hu: 29

Designing a Two-Dimensional (2-D) Rake Receiver Scheme for an MC-DS-CDMA System

I1. SYSTEM MODELS

1. Transmitter Model
In Fig. 1 the transmitter block diagram proposed in [8]
was presented again for adopting as the transmitter model in
An MC-DS-CDMA system in Fig.

unique spreading sequence is assumed to serve for each user

this paper. 1 where a
and the active user employs M subcarrier, which is supposed
equal to the number of the branch number of propagation
L=M, and the BPSK modulation scheme is
The overall bandwidth of a MC-DS-CDMA
system with all the subcarrier is given by BW,=(1+u)/MT,,

channels, i.e.,

considered.

where 0 <u < 1 is the roll-off factor, M is number of subcarrier,
and T, is the chip duration. From the points mentioned above,
the total bandwidth of the MC-DS-CDMA system of the k-th
user can be computed as BWr=(1+p)/T..
signal of a MC-DS-CDMA system of the k-th user shown in
Fig. 1is given as [7]

The transmitted

SO =\2E, 3 dPab), panmr, r(k))ZRe[ J@aft+6)* ’)}

n=—0o0 i=1

(M

(k)

where Ec is the chip energy, c,’ is the pseudo-random

spreading sequence, dL(:f } NG {+1,-1} denotes the data bit of
the k-th user, U is the floor function extracts the integer

value, where N indicates the length of PN (pseudo noise)
sequence, 4(f) is the impulse response of the chip wave shaping
filter, 7¥ is an arbitrary time delay uniformly distributed over
[0, NMT,], Re[-] denotes the real part, 9,«(1{) and f;5, i=1, 2,...,
M are a random carrier phase uniformly distributed over (0, 27]

and the carrier frequencies, respectively.

2. Channel Model
The low-pass equivalent impulse response of the

bandpass channel from the transmitter to the j-th receiver

\/Ecosi ot +6")

Impulse h(t) s (¢
W Q<>+ Modulator [™] H(w) —(X 2 _l)
d -
n ? Energy / Chip  Chip wave \/Ecos(wzl Low
‘ 2

* =Ec shaping filter
C |

n
|

N2 cos(m, 1 +61)

Fig. 1. The transmitter and channel block diagram of an
MC-DS-CDMA system for user k

antenna for the k-th user can be written as

L(M 1

h(t) = Z a“”e”’”&(r o )

Where L® is the number of resolvable propagation paths that

reach the receive antenna. Each path is characterized by its

instantaneous fading amplitude (x( )

k
propagation delay 15 1).

, its phase shift, and its
The path phases and path delays

are assumed to be independent and uniformly distributed over
[0, 2] and [0, T], respectively. A tapped delay line model
describes the frequency selective channel with the /-th
=19 HT.[3],

where j is the number of antenna, is assumed in this report.

multipath delay of the k-th user given by 7,

Assume that the fading amplitude is modeled as Nakagami-m
fading channel model, the instantaneous power of the /-th
path, / = 0, 1,...,

gamma pdf given as

L®-1, can be easily shown follows the

By )
(k) m;; -1 _
1 0= T (k)) (1) xexp{ (k)} nz
jl
©)

where ng) :E[(a[(k))z] is its average channel power. In

addition, the total time average channel gain per antenna for

each user is normalized to one, i.e.,

10

z (a(k))

1=0

Z Q(k) =1 @

In order to discuss the effect of MIP phenomena,
generally it considered as exponential type and given as

o) =a¥e™ 1=0,1,.., L9-1 )

where the parameter J indicates the rate of decay of the

average path strength as a function of the path delay.

3. Receiver Model
The 2-D Rake block diagram
MC-DS-CDMA system with BPF (band-pass filter) and LPF

(low pass filter) for the referenced user (the first subscriber) is

receiver of a

illustrated in Fig. 2, in which two antennas are assigned to
receive the waveform and to pass them to the corresponding
band-pass filter, then the signal for the referenced user will be
summed up after the Rake receiver shown in Fig. 3. The

received equivalent low pass signal, 7;(¢), can be obtained as
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Fig. 2. The receiver block diagram of two-dimensional Rake receiver for a referenced user (first user)
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Fig. 3 The block diagram of a Rake subchannel
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(6)

where the subscript LP of r;p(f) represents the activity of
low-pass, the symbol ® denotes the convolution operator, & 7)
is the impulse function, z(#) is the equivalent of low pass
AWGN, z,(¢) indicates PBI after low pass filter.
low-pass equivalent impulse response of the i-#4 channel is
{e=&d0, i=1,.., M}y, and &P =a®exp(je")) |

o®) )

The complex

where
and 31‘( are corresponding to represent the attenuation

factor and phase-shift of the i-th channel of the k-th user. The

complex equivalent impulse response of the channel is
expressed as cl(t)zzlL:la,é‘(t—ch) . Hence the received

signal at the output of receiver is given as [8]

(k))

K )
(1) = Z{«/ZEC S dPeOn — nMT, —
k=1

n=—00

x Af;a,(")cos(zzyfir + 1//,("))} +N, (O +N,;0) (7
i=1

where K denotes the user number, (//(k )= H(k) +5(k) N, (9 is

AWGN term with a double-sided PSD (power spectral density)

of 7¢/2, Njt) is partial band of Gaussian interference with a
PSD of Snj (f), which is written as

B Yo pcp, 20
S Ji S s

0, otherwise

SnJ (f) = (8)
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where f; and W, represent the bandwidth of the interference and
the center frequency, respectively. Then the interference
(Jamming)-to-signal ratio, JSR, is defined as the ratio of the

interference power value to signal power value, and can be

written as
SR =2y N ©)
E,/T Ey M

The output signals after LPF, {l«(l)(t), i=1,..., M, of the

chip-matched filter in the branch for the referenced user is

given by

20
= Lp{[r(t) ®3! {H*(w - a)i)+ H*(w +w; )}] \/Ecos(wit + 0;(1))}

K o , .
=3y JECdlgk)cf,k)ai(k)cos(ei"(k)—9[.(1))‘3_1{|H(a))\2 e*f‘”“’MTu””}

k=1n=—w

+ Lp{ ln(t)® 3! {H*(w -, )+ H (0+o; )}J \/Ecos(wit + 0;(1))}

+1p{ln, (0@ 5 (0-0)+ 1 (0+ @)} | V2 coslar+ 60
= DL () + MAIL) () + JSRE) (1) + NE (1) (10)
where the symbol Lp{-} is applied to express the function of

LPE, 37'{}
H" (a) -w;)+ H : (a) +a;) is the frequency response of the BPF

represents the inverse Fourier transform,

in the receiver of MC-DS-CDMA system. The first term of

(10) indicates the desired signal of the referenced user can be

written as
D) = JE.a; S.dyc,x(t—nMT,) (11)

n=—o0

where ¢, i=1,..., M, denotes as fading envelopes characterized
by Nakagami-m RV’s (random variables). The second term in
(10) is the interference comes from the other users, called as
MAI (multiple access interference), and can be determined as

(the superscript of user will be omitted form here)

MaL, ()= Y {JE_cfi 3 d, -y -t~ nMT, -r)} (12)
k=2

n=—0

where &i= ag,cosg; is the envelope of the MAI component,
which is allowed to approximate Gaussian random variable
under the assumption with large user number K [19]. The
third term in (10) is the JSR defined in (9) and can be

represented as
JSR; (1) =Lp {\/Enl«’ (Dcosfit + a//[)} (13)

and the last term of (10) presents the output signal caused by
the fact that the AWGN passes through the LPF, and it can be

expressed as
Ng ()= Lp{\/ani’w(t)cos(Zzy’it + y/,.)} (14)

where the terms 7; ,(¢) in (13) and n; ,(?) in (14) are results from
passing Nt) and N,(t) into (7), respectively, through the i-th
bandpass filter. It is necessary to evaluate the SNR
(signal-to-noise ratio) at the output of the receiver for the
referenced user such that the system performance can be
achieved. Thus all of the statistical characteristics of the
signal at the output of the i-th correlator are to be determined

and expressed as

Zi=D, +MAI, +JSR, +N, (15)

where terms shown in previous equation are adopted as the
same results that evaluated and shown in [8].

The concatenated orthogonal/PN spreading sequences
can be considered as random signature sequences. Although
there are some approaches that do not rely on Gaussian
approximations for the MAI of random sequences [13], in this
work, we follow up the analysis in [13] and [4], in which
employs the SGA (standard Gaussian assumption) to
approximate the interference induced by the other users on the
desired user. Therefore, conditioned on the channel
amplitudes ¢;,, the noise variance of the n-th Rake finger of
the j-th antenna due to all the multiple access users in the same

cell is given by

2 E.T 5 K L-1
Umai,j,n :#(an) kgzlgogj,l (16)

Similarly, the variance of the SI (self-interference) due

to multipath is approximated by [13]

N-1 N-1
Var{JZi}:NRji(0)+ sz,v(aMTc)'zz CnCn—a (17)

a=1 n=a

and the variance due to AWGN is
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VarVah= N2 as)

where Q;; denotes the average power of the /-th path in the
Jj-th antenna, and E,=PT is the received signal energy per bit
per antenna. Without loss of generality, we assume identical
=Q,, j=1,2,....M,).

It follows that the desired signal of the 2-D Rake receiver

MIP among receive antennas (i.e., €,

(conditioned on the path amplitude, ¢,) is a Gaussian random

process with mean

N A S (19)

2]1)10

and the variance is given by the total, G%, interference term

with the expression as
0'72~ = Var{MA]Z,»}-i— Var{NZ,-}-Q— Var{JZ,»}
— (K'I)NEch (l_ﬁJ+N770 +N77J (20)

2 4 2 4

Therefore, for the 2-D Rake CDMA receiver, the SINR
(signal-to-interference-and-noise ratio) at the output of an

MRC output is written as

U2 2 L.-1
y=">5 _O-OZ Z (0.’] n) (21)
2O'T j=1n=0

Furthermore, with the help of (4), the term o, in the

previous equation can be obtained as

-1
_Jm(K-1) M 1
= {—N a 4)+—770/Eb mL} (22)

1. STATISTICAL ANALYSIS OF 2-D RAKE
DECISION
The instantaneous SINR y at the output of the 2-D Rake
receiver was shown in the previous section, and the expression

can be written as

2 L1

y=2 2jn (23)

Jj=1n=0

where the antenna number at the receiver is preset as M,=2 for
the two-dimensional Rake receiver, L, indicates the finger

number of the Rake receiver, and ;;-,,,=Go(aj,,,)2 is the

instantaneous SINR of the n-th finger of he j-th antenna. For
the purpose of evaluating the system performance of the
dual-Rake receiver proposed in this report. The computation
of statistical characteristics of the SINR is required, i.e., the
computation of pdf of SINR is necessary. It is known that the
expression of the pdf of y modeled as Nakagami-m fading with
the integer value of fading figure (fading parameter) has been
illustrated in [1]. In words, when the fading figure are real
and arbitrary, the pdf of 7 is given as an approximate expression
and shown in [14], it can be expressed as an indefinite integral
n [15] too.

the pdf of yis the method of adopting the product of the MGF

The other most common mean for determining

(moment generating function), and followed by the calculation
of the inverse Laplace transform. Hence, by means of
substituting (21) into the MGF formula the MGF of y, can be

expressed as

M, (D)= jg’ e 1y, @)dx

(yj,n)m/'n 0 _xt _m;, -1
=—J.Oe x " exp(=y; ,x)dx (24)

l"(mjvn)
Where
m
Vin=—2—.j=12,.... M;,n=0,1,....L,-1 (25)
O-OQ‘]',l’l

By adopting the closed form defined in [6], the formula
Based

on some of the integral formulas, shown in [11] and [16], the

(24) can be computed by some of the steps as follows.

closed form of integral in (24) can be easily evaluated.
However, the integral in (24) will be determined by using of
the approach proposed in [1].  Firstly, the exponential

function may be expressed as a contour

exp(—x)zj.izol"(—s)xsds/Zﬂi [15], where i=+-1. By

integral

interchanging the order of integration and substituting it into
the MGF formula (24), which can be derived as

My, )
(y n) . +s—1 _—x
mz ICF( S)(yj ,,) I o dyds
1 Yinm;, 1 Vin
F(mf")( t ) %XICF(_S)F(mJ,n +S)(jT) ds

(26)

where the components of the multipath channel are assumed
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all identical and via the imaginary axis (in the complex
s-plane), separating the poles of T'(m;,+s), j=1,2,..., M,,
n=0,1,..., L,-1 from the poles of I'(-s). Thus following the
inverse Laplace then the pdf, f(y), of the SINR can be
calculated in terms of the confluent form of the multivariate

Lauricella hyper-geometric function and obtained as [18]

fy(y): H H (yj,n)mm

1 [ 2 L1 1
7 L1
r(Zﬁlzn':o mj )| j=1n=0

(52, 5trtm; , 1

(2gL,)
xy Q5= (my g, my ey g g,

2 L1
Z,vzl Do M= VL0V 5= V11V 5= V2,1, 1)
(27)

where ®(2”)(b1,...b,,;c,xl,...,x,,) is the confluent Lauricella

hyper-geometric function define as [18]

- i in
By -G, 5 x
d)(z'l)(bl,...bn;c,xl,...,xn)= > ‘——'7”'

ity =0 (it ai, B!

.....

(28)

In (28) the parameters y;, are defined in (25) equals to
the ratio of the amount of fading m;, divided by the
corresponding average SINR, 6(Q;,, of the n-th Rake finger
of the j-th antenna. For the negative exponential MIP with
power decay factor, ¢, from (4) and (5) , the average power of

the n-th path can be written as [2]

-nd

Q. = L
" Le) !

=12,..., M,, n=0,1,...,L,-1 (29)

where the number of multipath L is considered for the desired

user and the

(30)

1-e*
1-¢°

5

L-1
q(L,6)=) " =
1=0

IV. BIT ERROR PROBABILITY
1. The Effect of Un-Correlated Channels
The coherent BPSK (binary phase shift keying) was
applied as the modulator at the post-detector. It is known
that the conditional BER of that in AWGN channel is given by

[6, 15]

1
-z 31
P = =

where o) is the Marcum-Q-function, and

00
I'(o,x) = L *e~'dt denotes the complementary incomplete

gamma function [17, (8.350-2)].

BER is determined as an equation function of Lauricella

Therefore, the system

multivariate hyper-geometric and shown as (see Appendix
A)

1 2 L1
_ F(§+Zj:1z,z;o Min) [ 2Lty
Pp = 2 L.-1 [T =
NEINCEDY o120 Mn)

j=ln=0 Yjnt1

L)1 . 2 Ll
XFD (5+m1’0,m1,1,...,mz’Lr__l,l-k—zj:]zn:O mj‘n,

Yo D
o+l yiu+l yyp 1+l

Ya,L, -1

(32)

The average BER presented in the previous equation
converges for all practical values of the system parameters
(fading parameters), and where the representation in (32)
provides a convenient method for fast and accurate numerical

computation of the multivatiate hyper-geometric function.

2. The Effect of Correlated Channels

Although multipath fading can be assumed to be
independent because paths with different delays arrive at each
antenna after traveling different routes, each path with the
same delay may suffer correlated fading among the spatially
separated receive antennas. The degree of correlation
depends on the distance between the antennas and their
configurations [2, 10].

Similarly, the average BER in the spatially correlated

Nakagami-m fading channel becomes (see Appendix B)

2 L

1 2 L.-1
S TG a2l i) Yin _ym,
n)

PE = ——
2 L ; (
2\/;1—(1 + ijlzn:O m./n”) J=1n=0 y.fv”’ + ﬁ']

2., 1 L1

XFé r)(5+m1’0,ml,l,...,mM”Ly_l;l-kZzn:O my,;

V1,0 Y11 YL -
Vihs

(0)
o +4;

(33)

V. NUMERICAL RESULTS AND DISCUSSION

In this section the effects of system and channel
parameters on the average BER of a coherent BPSK 2-D Rake
receiver of an asynchronous MC-CDMA system working in

both un-correlated and correlated Nakagami-m fading
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environment with arbitrary fading parameters are evaluated
numerically. Accordingly, the un-correlated fading effects
are presented with the formula (32) and the correlated fading
The effect of the
power decay factor, o, with different antenna numbers, M,=1
(1D-Rake) and M,=2 (2D-Rake), and different Rake finger
numbers, L,=2, 4 and 6, are presented in Fig. 4 and Fig. 5

effects are illustrated in the equation (33).

respectively. It is except reasonable to describe that the
system performance become more superior when the antenna
number increase and the lever number of power decay factor
The fading MIP and

the degradation of the number of Rake finger on the system

will deteriorate the system performance.

BER performance is shown in Fig. 5, in which the finger
number of Rake receiver are varied with L. = 2, 4 and 6, the
subscriber K=25, and power decay factor are varied with 6= 0,
0.5, and 1. It is valuable to describe from this plot that the
system performance can be improved by adding the extra
number of the Rake receiver. Moreover, consider the much
more of the fading pathos, i. e., 6 paths, it is known that the
higher values of power decay factor can supply better
performance when the finger number of Rake is L, =2. The
lower decay factor includes the higher power. In words,
when the Rake finger is 4, the medium values of power decay
factor can supply better performance inversely compared to
the lower values. The reasons are that: (1) The balance of the
combined Rake fingers can be reached, (2) The power of the
combination of the Rake receiver is stronger, and thus it can
The other thing

worth while noting is the lower value of power decay; the

obtain higher gain at the diversity receiver.

better performance is when all the fading pathos equal to the
finger number of Rake receiver, i.e. L =L,.= 6. This feature

is same as that of being described in Fig. 6.

Average BER

1E-4

-10 0 10 20 30
E /m, per antenna(dB)

Fig. 4. Average BER versus Ey/n, per antenna for 1-D and
2-D Rake receiver in Rayleigh fading with L =L, =4
and K =25

Averate EBR

1E-3

-10 0 10 20 30
E,/, (dB)

Fig. 5. Average BER versus Ey/n, for 1-D Rake receivers in
Rayleigh fading with L = 6 and K=25
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Fig. 6. Average BER versus E,/n, per antenna for 1-D Rake
receivers in Nakagami-m fading with L = L, = 6 and
MIP decay factor §=0.5

In Fig. 6 the different user numbers, K=1, and 25 are
presented with the results of corresponding to the distinctive,
m=[1,1,1,1,1,1]and m =[2.0, 1.5, 1.25, 1.0, 0.75, 0.75].
The fading finger and the decay factor dare setas L =L, =6
and 8 = 0.5, respectively. It is clear to say that the system
performance will be definitely degraded by the subscribers
The bit SNR is fixed in

Ey/ny=15dB per antenna, different antenna number, M, = 1 and

since the reason of MAI phenomena.

M, =2, and different decay factor, =0, 0.5 and 1, are conduct
for comparison with the channel capacity performance. Show
in Fig. 7. The results shown in Fig. 7 described the same
outcomes that shown in Fig. 4. The results presented in Fig. 8
mentioned about the effect of channel correlation in which the

coefficients are set as p= 0 and 0.7, and the fading parameter is
fixedin m =[1.5,1.25, 1.0, 0.75] with 4 fading paths.
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Fig. 7. Average BER versus number of users K for 1-D and
2-D Rake receivers in Rayleigh fading with L = L, =
4 and Ey/n, =15dB per antenna

Average BER
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Fig. 8. Average BER versus Ey/n, per antenna for 1-D and
2-D Rake receiver in Nakagami-m fading with L = L,
=4, m=[1.5,1.25,1.0,0.75] per antenna, and K=50

The inferior system performance is. Especially, the distance
between different decay factors, 6= 0 and 6= 1, will become
much larger as the correlation coefficient increases. In Fig. 9
the bit SNR versus BER curves are illustrated for comparing
with the different number of subcarrier number. There are
three different subcarrier umbers, N = 128, 256 and 512, are
illustrated, the path number and the subscriber number are L =
L, =4 and k = 50, respectively. It is worthwhile noting that
the larger number of subcarrier the superior performance of the
MC-CDMA system is. This is accordance with the research
reports in [8].

VI. CONCLUSIONS
The extension of system performance of MC-DS-CDMA

system is investigated in this paper. The antenna diversity is

average bit error probability

1E-4 4
E —N=128
] —N=256
1E54 | ----- N=512
1E-6 T T T T T T

-10 30

0 10
E /n, Per antenna (dB)

Fig. 9. Average BER versus Ey/n, per antenna for 1-D and
2-D Rake receivers in Rayleigh fading with L = L, =
4 and K=50

adopted as a two-dimensional Rake receiver and the fading
channel is characterized as the versatile Nakagami-m statistical
distributed. The most important parameters are applied for
the numerical analysis, e.g., the fading path number, the
subscriber number, the power decay factor, the correlation of
fading branches, and the fading m-value etc.. It is reasonable
for the analysis in this paper compared with the previous
researched report. However, the interesting thing needed to
claim is that the dimension of the antennal definitely affects the

system performance of the MC-DS-CDMA systems.
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APPENDIX A

By means of the random process the average BER of the dual-dimension Rake for MC-CDMA system working in
Nakagami-m fading channel is then written as

Pp =y Pe) 1, ()dy (A1)

It is known that the definition of the Lauricella multivariate hyper-geometric function F g’) (...) shown as[19, 20]

& (@i, (b)) (b)) X Xy

ng)(a,bl,...,bn;c;xl,...,xn Y= > Ixi[<1,..., |x]<1

i, =0 (©)i) +..4i, gl
_ I'(c) L B )
“T@re—a jot (1-t) g(l x;t)~" dt,Re(c) > Re(a) > 0 (A-2)

where the Lauricella function F, g')(...) for the order of n =2 is able to provided with a library function in a common mathematical

software package. By using of the following transformation and the convergence of the Lauricella multivariate hyper-geometric
function in (A-2) can be derived advanced [5]

n
FO (@, byynbyicsxy ey ) =| [[A=x)7" | = F ¢ = by by c;— .., =2 (A-3)
i=1 x-1 x,-1

Hence, the system BER can be evaluated as an equation function of Lauricella multivariate hyper-geometric as

1 2 L.-1
T+Y. o> m ) [ 2L,
2 j=l1&=n=0 ""J.n s y_/,,, m;, 2.1, 1 . 2 L.-1
[ [T (L™ | xF§ )(E‘H”I,O’ml,lv-"mZ,L,.—l’1+Zj=1zn=0 m; o,

PE =
WAL+ X Shg i) im0 Vi

V1,0 Y11 Y2,Lp-1
s ey
N+l ypg+l V2,11 +1

(A-4)
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APPENDIX B

Let the sequence of branch SINRs, {;/ g } , be a set of correlated, but not necessarily identically distributed, gamma varieties

with parameters m, and 6y, ,, respectively, and let p(”) denote the correlation coefficient between y(") and 7/5") ,l.e

(m) (n)
(n) () _ Cov(y; " a}’jn )

P =pl, 0<p) <l (B-1)
s (n) (n)
var(y; Var(j/ )

where 7, j =1,2,..., M,, and n=0,1,....L,-1. From [12], we find that the CF (characteristic function) of the instantaneous SINR y
given in (23) is obtained as

L1 2
()= 1‘[ ‘1 A ST [+ ) AT (B-2)
n=0 n=1 j=1

where || is the determinant operator, and / M, is the M, x M, identity matrix. The matrices A™ n=0,1,...,L,-1, are M, x M,

diagonal matrices with entries JOQJ-’,, /= (Vi )'1 ,and C™, n=0,1,...,L,-1, are M, x M, positive definite matrices defined by

A

(n) 1

c = |yP,a pzz (B-3)
M M
pé'l') 1

In (B-2), /11(-”) ,j =1, 2,..., M,, are the M, eigenvalues of matrix C"”. In the case of independent fading among the receive
antenna, we have /15") =1,j=1,2,...,M,, n=0,1,...,L,-1. It can be shown that (B-2) reduces to [18, p. 44].

L.-1 .
6, ()= {1 L1 0 A0 | Fymy e 220 (B-4)
n=0 j=1 /1('”)1‘

The confluent hyper-geometric function in (B-4) may be written as a Barnes-Mellin contour-type integral [18, p. 43]:

J~ L(m+s)

) ['(—s(p-t)°ds (B-5)

Folmy=5=p-t)=—:

By substituting (B-4) into (B-5), the CF becomes as

4,(0)= (—)” e Je,le,, Hﬂ I T (s Ty +5 )| 22

j=1n=0 r(m ) (n)t

/1(’1) 51,0d31,1~~-d32,L,—1

(B_6)’

which is very similar to (28). It then follows that the pdf of yin the case of correlated fading among Rake fingers with the same path
delay in spatially separated antennas is given by
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1 2 L,-1 yj‘n m, (z.erflm )-1 2L L,-1
SN Ll RO 2 g,y iy g 132 Ty )
F(z'zn;o mn) j=1n=0 Z’j t =
Yo N V2,1, -1
- 7) B7)

_}/7-_2/""’_—
0 1 L -1
20730 A D

with the only restriction that m;, =m, for j =1, 2,..., M,. By comparing (B-7) with (33) for the independent fading case, we can

obtain the outage and average BER expressions for the correlated fading case by replacing y;,, with (y; ./ /1(/”) ).



