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The Joint Impact of FBC and CFO in an
Asynchronous MC-CDMA System

*Joy long-Zong Chen, Pin Xun Lia, Jhih Yuan Wangj Chung Yu

Abstract— The factor of CFO (carrier frequency offset)
definitely degrades the final results of system performance
evaluation for an asynchronous MC-CDMA (multi-carrier
coded-division multiple-access) system is one of the most
frequently discussed issuesin every kind of assuming situations.
However, the other one important parameter of FBC (fading
branch correlation) is much rare for implying in the study of
MC-CDMA system, since they are almost considered as
independent each other for the reason of algebra simplification.
The issue of exploring aggregately to the matter of which
parameter, CFO or FBC, is mainly dominating the system
performance of an MC-CDMA system would like to be studied
in this paper. The calculation of system performance with BER
(bit error rate) for an MC-CDMA system is by simultaneously
taking CFO and FBC, which are symbolized as & and J ,
respectively, into account for the investigation in this paper. On
the basis of adopting the same quantity to the serve of simulation,
that is, valuesof £ and J areequally assigned to 0.4, ..., 1.C

for the CFO and FBC, respectively. Moreover, some formulas
which function both of the CFO and FBC parameters are
provided to this investigation. The simulation results from the
evaluation of an MC-CDMA system are illustrated with the
CFO and FBC at thesame graph for the pur pose of comparison.

Keywords: BER;CFO (carrier frequency offset); FBC (fading
branch correlation);M C-CDM A system

I. INTRODUCTION

The phenomena of CFO (carrier frequency offsst)
mainly caused by the reason of frequency mismattich
can be caused by Doppler shift due to the vehic&an or
the frequency differences, between the transmitied
receiver oscillator [1]. In multicarrier wirelesgstems, CFO
is going to give rise to ICI (inter-carrier interf@ce) which
thereby incurs the degradation of system perfor@dorcan
MC-CDMA (multi-carrier coded-division multiple-acss)
system. In the past, there are several researcices find
discuss about the issues of CFO. Most recentlj2]ithe
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multiplexing) system subject to CFO. A pdf (probipi
density function) of MAI (multiple access interface) plus
background noise was not only derived for the dssorus
uplink CDMA system, but it was also extended toreixee the
impact of the CFO on the BER (bit error rate) perfance of
an MC-CDMA system over frequency-selective fading
channel by the authors of [3]. On the basis of ctaig1g the
CFO error in different kinds of propagation fadicizannels,
the performance of an OFDM system was evaluat@diin
Furthermore, in order to maintain high bandwidth
efficiency, an MC-CDMA system are subject to caatetl
fading for different subcarriers because the frequepacing
between adjacent subcarriers of an MC-CDMA systenoi
enough, thus, usually it is suffering correlatedirig among
the spatially separated receive antennas. The F&fing
branch correlation) problem occurred in an MC-CDMA
system combining with MRC (maximum ratio combining)
scheme has ever been investigated and publisheevaral
researches. In [5] the MGF (moment generating fangt
methods was adopted to analyze the BER of an MC-BDM
system running with the cases of independent aneleted
Nakagamim fading. The performance of an MC-CDMA
system with MRC diversity working over correlated
Nakagamim fading in a multiple-cell environment was
calculated in [6]. The rest of the paper is orgedias follows.
The system of an MC-CDMA system is establishedeition
il. The first, second moment and the system BER are
evaluated in section Ill. In section IV the resualis presented.
There is a brief conclusion drawn in section V.

Il. SYSTEM MODEL OF ANMC-CDMA

On the basis of Fig. 1 the block diagram of an MGMA
system, where in there existsimultaneous subscribers with
N subcarriers within a signal cell, that is, thene M
orthogonal subcarriers shared by1 uplink subcarribers. A
signhature sequence chip with a spreading code, hwisic
assumed has the equivalent spreading factor toutmber of
subcarriers, of length is applied for BPSK (binary phase
shift keying) to modulate each of the subcarriefbe
techniqgue mentioned above is the same as the loehaivi
OFDM (orthogonal frequency division multiplexingh @&
direct-sequence spread-spectrum signaling when
frequency of the subcarrier igr, Hz, whereT, is the symbol

duration. In order to ignore the ISI (inter-symbuérference)
between contiguous OFDM symbols, the length of @fe
(cyclic prefix) has been considered longer thamtagimum
access delay time, and assume that a perfect phaséation
can be obtained. Thus, after the zbmrder interpolation the
nondiscrete time signal comes from the paralleddadal
converter is given as

the
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W 14 small-term channel is to be shown. Consideringtiannel is
= O — =— 1
. Z; % R(EVD M gé @ with the multipath delay and the signals of diffégrasers are
whereR, (1) is defined as the unit amplitude pulse over thessumed as independent of each other, then theyaith, ,
interval of chip timefo, T.], and i=0,1,.M -1 is Rayleigh distributed. The jpdf (joint
N ommv _ 2 probability density function) of the assumed cated
o ‘ﬁ%‘(&m @Xp[‘ M } v=0.L..M- © channel shown in [9] is adopted and the meansabwvdéh the
whereM is the number of subcarrier, azfgvm is defined as correlated fading channel in each branch is deraed
Som =06, [, [Cy, » M=0,1,.M -1 (3) Loa L o? & (11 2),
! ] f v Q) = 7|2 — 7'2 X
where by, 0[-1, 1] denotes the data bit of the referenced uset"“""""“’(a0 o) (Ui Jexpt ;20, ) g n!
during theith user’s signal@,, indicates the amplitude of the "{ZC h{Lg(a} /(ZUJZ)’l)st @; /(251.'2),1)}'_. 9)
referenced user, and,, represents themth chip of ! ! !

referenced subscriber during iltie bit interval. The subscript
i will be omitted here after. Assigning the delayéi ., as
the time delay during each user’s bit interval or uplink where L (v,w) is the generalized Laguerre polynomial of

asynchronous system. The received signal at theiviesc degreey , defined as [6]
input during the bit interval that is impaired HetCFO is '

o h[Lg(a'i 1207)) L, @, (207 ),1)}}"
12..(2L) 1 1

written by (-di)y [v/P(Y ]
K =t X :Vi
(=3 K by (1) (@) LW =L = (10)
wheret =VTk;Otk k=01. K- 1and , and{--}" is a symbol of theith power of a multinomial.
o - Ja Traditionally it exists a little troublesome to elitly obtain
Vo :iZexp[j mﬂ’}zg&m Dex{j Fig gk} 5) the jpdf ofL corrected variables with Rayleigh distribution
M= M Jiwo M instead of the methods with MGF (moment generating

where ¢, is shown in (3),e denotes the normalized function) or CHF (characteristic function).
frequency offset and it's defined ags=f,,/f, , where 1, is
the frequency offset of usds and f, =(MT.,)™. When the

carrier frequency offset that is involved in theawed signal .
for the referenced subscriber, hence, it can baiméd as the !N order to compute thBNRfor the signal at the output of
vth FET (fast Fourier transform) input correspondiogtte  the decision maker, the expectation (first momeritthe

MAI (multiple access interference) without noise dandesired signal and the variance (second momenthef
expressed as interference and AWGN should be calculated firsiljne

1 statistical calculation for the MC-CDMA system wiith
Vou= | T 'OE-vT)dt single-cell environment will be analyzed below. Téwdter,
e the error probability with coherent technical demlation
=izzszi @, [T, ex;{j QTM] v= 0,1,.M- conditioned on the instantaneo88lRfor an asynchronous
M A5 M MC-CDMA system working in the environment

_ _ _ _ (6) simultaneously accompanying the CFO and FBC isrgag&
The received signal shown in the previous equatidrbe [10]

passed into the FFT block, then the complex-valtéd 5

samples, which are sampled within an OFDM symbdhat R(eror|a;, 1=0,%; L- 1 Q(vSNR = ({ /((g;sz))] (11)
time instantt, =iT/M, i=0,1,.M - 1, of y',, accompanied by T

the AWGN at the output of FFT can be determined as where (£)? and (¢2) present the first moment of the desired

Ill. THE CALCULATION OF MOMENTS ANDBER

()T,

- L= L2 signal and the second moment of all the interfexemdtich
on =V ol ”)_;y‘”ex'o( AN VERARC! (7) includes the three terms shown in (7), respectjvaiyg Q(y
=D, + hyar T lero N awen is the well-known MacuamnQ-function, which can be

where the contribution of AWGN is expressed in thet alternately expressed as [11]
component byN, , D, is the desired signal component of the
referenced subscriber, and thg and 1., denote the MAI _ . .
and the CFO, respectively. The ICI (inter-carrigeiference) ~ After the desired signal and the total interfereraze
caused by the CF@enerated at theth subscriber of the determined, the average error probability for an-GIOMA
referenced user can be shown and easily expressecaw SyStem in correlated-Rayleigh fading channels can b

Q=1 [z (12)

geometric series as [8] accomplished by averagingerror|a;, 1=0,1;-- L- 1, over L
LK explj 7Tl + €] variates with the jpdf shown in (9), and denoted as
cFov = = M (8) ,:}T
_ sinprv+ £l @xplirM — Dy +£*)/M ] R=l,J, ], Rerrorla, 120, 1 L- 1) (13)
M Ein[ﬂ(v+gk N X fan,-- P @i Ay Ydlada, - da,_,

In addition to determine the result of the sigralme from Once the jpdf can be obtained, the previous equatio

both the transmitter and the receiver for an MC-ObM jnyolving L-fold integration can be evaluated. Furthermore,
system, now the correlated-Rayleigh channel of the
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the second moment of AWGN within cellular enviromne IV. REsULTS

without any other interfering can be determined as The previously derived results of system performeafos
(JﬁWGN)=§[(JiWGN)}=%Q@ (14) an MC-CDMA system with simultaneously including CFO
o b o . _and FBC are numerically evaluated in this secfidrere is a
Wher_eC denot_es th_e number of Cell_s, |t_|sn_’t mv_olved "3_dimension diagram shown in Fig. 2, where theic@riAxis
previous equation, since the macro diversity isotisidered represents the BER, while the other two Axis (chlis
in this paper, an@® =E((a”)7, i=0.1...M - 1, represents the y ;s ang Y-Axis) corresponding to express diffier€FO
average power of theh path for the B user (referenced user). and FBC value. Both the values of CFO and FBC ssaraed

In order to consider the correlation factor in ge@ for an 5,4 assigned in the interval of (0.4, 1), thav.i& ¢ .6)< 1.
asynchronous MC-CDMA system, the correlation cogffit

should be taken into the account of assumption, iand
becomes as

The system BER performance of an MC-CDMA systenh wil
stay at stable status after some fixed values @ @fd FBC.
For instance, in case ttg/N, and subcarrier number are

considered asdB and M =64, respectively, the system BER
will stay at aboutio® after the value of CFO arrives at
X3 o U5 o U5,F, _é _’} 1A) £=0.42 and Whatever of FBC values are. Itis known that t
i#] 2 larger value is for the CFO, the more degradatibrihe
where a quasi-Gaussian correlation model of eqealiced system performance is. However, the affect of FB€ystem
linear array with an arbitrary correlation coeféiot, A, is performance is not same as that of Ck@, the system
adopted here, being given as [12] performance of an MC-CDMA will become superior when
p e ’[—0 . ?_9)2 GFLij= 0l - (16) the value of FBC increases, since the FBC is detexnby
" p_ ' : T y 7 ’ ) _the distance between the correlated branches. Mergthe
where 021.4 is a coefficient which chosen from setting thisyiher important viewpoint worth to note is the camigon
correlation model equal to the Bessel correlatiaieh [35]  petween the results from the effect of CFO and FABIS.easy
with a -3 dB point, ands is the normalized distance between, seize the fact that the system BER will staplaut10®
two neighboring branches, with denotes the wavelength of

the carrier frequency. The parametér is applied to

E[(f al(k))Z] =2 Ni(gl(k)) +[2 N( N—1)r2(1.5)
1=0 1=0

(15)
|

jo !

and 10? corresponding to the values of CFO and FBC are set
! ) - as the same 0.66. Thus, the system performancenof a
determine the threshold Igvel of .correla'uon. TI%lgr_]ed MC-CDMA system is definitely deeply dominated byeth
values ofs are arranged in the interva.4, 1, in which factor of CFO. The mentioned facts can also be ratoed in
9=0.4 and o=1 represent two extreme conditions,, fully  the compared results come from the Fig. 3 and #ighere

correlated and uncorrelated branches, respectively. the plane of BER to the parameters of CFO and FBC a
For allK interfering users the amount of AWGN inCIUdingrepresented respectively. Furthermore, the restitisn

the CFO component accompan:gs; W'thza” the SUBIRCEN  \\ yerical calculation of subcarrier with differariues of,
be calculated S I =Xt {0%ue) - Where g4 515 andioz4 are illustrated as different layers in Fig.
12 =Zg”:j(|mg)2 . Next, the second moment of the MAI plus2. Hence, the larger number of subcarrier, theebetystem

the ICI for the referenced user caused by the otherfering Performance of multi-carrier transmission systesus i

user conditioned on the fading gain over the fregye
selective fading channel, which is with correlatedyleigh
distributed, can be obtained as V. CONCLUSION S

On the basis of considering fading channel andudinb
the variate of the local oscillator, to the best afthor
knowledge, it is almost few of publications to ex@ the
gystem performance of an MC-CDMA system with the
i parameters FBC and CFO simultaneously. In this pbpth
user. Thus, the total second momerit, can be obtained by t EBC and CFO are adopted as the parameters &twation

2 1 K i 2 2 0] 0
Onarici :§Z[Zlcro,g Eﬂaék)) Qi(k)—(gé ))ZQS )ICFO‘ o] (17)

k=0\_g=0

where a® is one of the fading gain of the reference

combining (14) and (15) and expressed as the BER performance of an MC-CDMA system. Someltesu
o L& (¥, N2 ) © from figuring out the two factors, FBC and CFO, shewn in
o= 3n{§[;|“°'gma Yoy -(a)0s CF‘“’J 3-dim curves at the same time. It is easily toizeathe fact
M MN (18) that the system performance of an MC-CDMA systestils
. ﬁm.gfﬁ 4T°Q(n°)j} mainly dominated by the effect of CFO. It is knothat the
9=0 b

. solution of solving CFO and FBC has been propogezbime
The average BER of an MC-CDMA system with both CFQy yjications, there are still many spaces for beiblg to be

and FBC operating can be derived by combining &08)(16) jnvestigated. In the future, the authors are Kegpim
after the second moment of the total interferenceex at, exp|oring and developing the maximal performance

and where the derivative of signal power is nongdio be algorithms for solving the critical problems.
shown in the paper. Based on the results, the phenon of

correlation between different branches will besttated by

means of numerical analysis.
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Fig. 1 The system block diagram of an MC-CDMA syst€a) The
transmitter, (b) The receiver
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Fig. 2 The plots of BER vs both different CF® Y and FBC ¢ ) values
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Fig. 3 The plots of BER corresponding to differealues of CFO €),
FBC (J ), and fading parameters

VI. CONCLUSION

A conclusion section is not required. Although
conclusion may review the main points of the papernot
replicate the abstract as the conclusion. A cormumight
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