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Abstract—Orthogonal frequency division multiplexing
(OFDM) is sensitive to carrier frequency offset (CFO).This
CFO mainly occurs because of the frequency mismatch in the
transmitter and the receiver. As a result, the orthogonality
between the subcarriers are destroyed causing not only the inter
carrier interference (ICI) in a sub carrier but also a phase
rotation in the received complex signal. Due to the phase
rotation of the received data the receiver decode the data
incorrectly.Several methods like self cancellation, modified self
cancellation, pulse shaping, maximum Likelihood offset
detection are developed to overcome the ICI problem. Self
cancellation techniques are based on algorithms making use of
symmetry and conjugate properties of the sub-carriers [1,2].
But none of these methods ensure the reduction of phase
rotation problem. In this paper we have proposed a self
cancellation method which uses for sub carriers for a particular
data transmission to reduce the Phase Rotation of the received
signal. We have compared the phase rotation of the received
signal with respect to the Carrier Frequency Offset (CFO) of
our proposed scheme with the ICI Self Cancellation Schemes.
From our simulation, we find that our proposed scheme
provides less rotation to the received data for a particular CFO
than any other schemes.

Index Terms—OFDM, Inter carrier interference, phase
rotation error, carrier frequency offset

I. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) is
being considered for many emerging wireless applications. It
has been accepted for several wireless LAN standards as well
as mobile multimedia applications [ 3]. One major difficulty,
however, is its sensitivity to frequency offset caused by
misalignment in carrier frequencies or the Doppler shift.
These imperfections will destroy sub-carrier orthogonality
and introduce inter carrier interference (ICI) among
subcarriers in addition to attenuation and rotation of each
subcarrier [4].Several methods have been developed so far to
minimize or cancel the effect of frequency offset. One of the
effective methods is ICI self cancellation method. In
conventional OFDM system each sub carrier carries a single
data. So interference comes from all other sub carriers.

In self cancellation technique [5], the same data(“a”) is
transmitted in two adjacent sub carriers n and n+1. The first
one is weighted by 'l' and the second one is by '—1' . It is
assumed that, the two adjacent sub carriers will have same
inter carrier interference effect. So, if we deduct the received
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signal Y(n+1) from Y(n) the inter carrier interference effect
will be nullified.

In the modified self cancellation scheme [6], it is
considered that, the ICI effects on nth sub carrier and (N —1—
n)th sub carriers are same, where N is the total number of sub
carriers. So, data 'a' is transmitted in nth and data '-a' in
(N-1-n)th. Or in other words nth data is weighted by 'l' and
(N —1- n)th data is weighted by '—1' . In the receiver end,
received signal Y(N-1-n) is deducted from Y(n).

One constrain of these schemes is that, the probability of
the phase rotation error in the received signal created by
carrier frequency offset is almost equal to the basic OFDM
system.

In the proposed work, an algorithm has been proposed for
minimizing the phase rotation error. In this algorithm, the
derivation of Phase rotation error has been carried out in two
steps. In the first step, mathematical derivation of the Phase
Rotation error has been presented. In the second step,
numerical calculation using MATLAB has been
implemented. to show the comparison of Phase Rotation
Error between the proposed and the existing schemes.

II. PHASE ROTATION OF CONVENTIONAL OFDM SYSTEMS

In a conventional OFDM system normalized carrier
frequency offset (CFO), is being considered. Then the
received signal on sub-carrier n can be written as

N-1
Y(n)=X(n)S(0)+>. X(0)S(t=n) +w, (D
(=0
where n=0,1,---, N-1.

In (1) X(n) is the transmitted symbol for the n
sub-carrier, {X(f), €=0,1,---,N-1} are independent

th

equally probable QPSK symbols, w, is the additive noise
sample and N is the total number of sub-carriers.

The first term in the right-hand side of (1) represents the
desired signal. The second term is the ICI components. The
sequence S(¢ —n) is defined as the ICI coefficient between

¢™ and n™  sub-carriers. So the phase rotation for basic
OFDM system is
Im[S(0
0 = tan-' | IMLS(D] Q)
Re[S(0)]

In the case of ICI self cancellation scheme the received
signal is
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Y (7) = X(m)[-S(=1)+2*S(0)+ S(1)] +

2

> X (O[-S(t-n-1)+2%5(t-n) O

=S (L=n+1)] +{w(n)—w(n+1)}

We can see that, for n=0 and N=64 the first term is the
original signal. The message signal X(0) is multiplied by
I[-S(=1)+2*S5(0)+ S(1)] This coefficient gives a
rotation to the X(0) and creates the phase rotation error. If the
rotation is more than 45° in QPSK modulation the bit is
considered as out of the decision region. So the phase rotation
for this scheme is

0 = tan-' [ IMLI[=S(=D+2*5(0)+ S]] “
Re[[[-S(-1)+2*S5(0)+ S]]

Similarly, for modified self cancellation scheme the phase
rotation is

o - tan_l{Im([zS(O)—S(63)—S(—63)])} (5)
Re([25(0) - S(63) - S(-63)])

III. PROPOSED ALGORITHM

Here, instead of two sub-carriers for a single data, four
sub-carriers have been used. The data allocation for the K™
sub-carrier is {X(n), ¢ T Xm), - XMm), . T X(m)},
n=0,4,.....N- 4. Here,N is the total number of sub-carriers.
That means, the same data is shifted by different phase in
different sub carriers. For example, if in 0™ carrier the

complex data is ‘a’, then in 1% subcarrier contains

3

ae '’ the next two contains ‘-a’ and ‘ae’2 * respectively.
Suppose, ‘a’ is a complex data and it is 1+1j. So data in four
consecutive carriers will be like 1+1j, 1-1j, -1-1j, -1+1j
respectively. As the received signal is the summation of
desired signal and ICI components, so the received signal at
n™ sub carrier Y(n) is like,

Y(n)= NZIX(K)S(K —n)+ w(n)

= X (1)S(0)+ X (n+1)S(1)+ X (n+2)S(2) +
X(n+3)S(3)+ Nf X (0)S(L=n)+w(n)

(#n,n+l,
n+2,n+3

S XS0 +e TX (n)S()— X (n)S(2) +

> XS =n)+w(n)
Zig,n+l,
n+2,n+3

T X (n)S(3)+

L X()[S(0)+e TS1)=52)+e TS (3)]+
Nf X(O[S(=n)+e 280 —n+1)-

0
1
n

~~

+4
n

(%

~

- ©)
S(l—n+2)+e 250 —n+3)]+wn)
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For (n+1)",(n+2)", (n+3)" carrier received signal will be

Y(n+1) = Nf X(l)[S(l—n—l)+e_j%S(l—n)— -

I=1+4
I#n

S(l—n+1)+ej%S(l—n+2)]+w(n+l)

Y(n+2)= Nf XDISU=-n-2)+e 28U-n-1)- ®
o
SU—m+e'TSU—n+1)]+w(n+2)
N—4 s
Y(n+3)= Y. X()[S(U-n-3)+e 2S(I-n—2)-
©

I=1+4
I#n

SU—n—1)+¢2 51— n)]+w(n+3)

The received signal is then decoded in the following
manner to decode the received signal in the n™ sub-carrier,

Yy =Y(n)—e Y (n+1)=Y(n+2)+
eV (n+3)

= Nf XD[[B3*S(—-n)-2*S(—n+2)-
=0
I=1+4

S(l—n—2)]+e_j%[2*S(l—n+l)—
3#S(U—n-1)+S>I-n-3)]+

e’i%[S(l—n+3)—S(l—n+l)]+

e F[-SU-n)+S({—n-2)]]+{w(n)-
wn+1)—wn+2)+w(n+3)}
=X(M[3*5(0)-2*5(2)-5(=2)]

+e_j%[2 £S(1)-3*S(~1)+S(-3)]+

2 S(3) - S+

e [=-S(0)+ S(-2)]]+

Af X(DIB*SU=n)=2*SU—n+2)—
t?+4

SU-n-+e 2[2*SU—n+1)-
3%S(U—n—1)+S(U-n-3)]+

¢ SU=n+3)=SU—n+1)]+
e "[-S(I-n)+S(I—n—-2)]]+{w(n)-
wn+1)—-wn+2)+wn+3)}

(10)

Here, the first term is the message signal and its coefficient.
Second term is the ICI component and its coefficient. So for
n'™ carrier the ICI coefficient term is
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S\(l-n)= ﬁ [[3*S(I—n)—2*S(—n+2)—

1=0
1=1+4
I#n

SU-n-2)+e 2[2*S(-n+1)-

3%S(I—n—1)+S(I—n-3)]+ an

¢ [SU—n+3)—SU—n+1)+
¢ =S —n)+S(—n—2)]]

Finally for n=0" sub carrier the ICI coefficient term is

S'(I—0)=[[3*S(0)—2*S(2)-S(-2)]

+e”§[2*5(1)—3*S(—1)+S(—3)]+ (12)

¢[SG)-SO]+e " -SO)+S2)]

As discussed earlier, any signal X(n) is rotated by its
coefficient term. In this proposed scheme the signal is rotated
by the

term[3*S(0)-2*S(2)-S(-2)+ ¢ 2 {2*S(1)-3*S(-1)+S(-3)}+
ej2 {S(3)-S(1)}+e ™" {-S(0)+S(-2)}].Suppose , for QPSK
modulation if this phase shift is greater than 45° then that
message will be logically corrupted. So the phase rotation is

Im(3*S(0)-2*S(2)-S(-2)+
{2#s(1)-3*S(-1)+S(-3)}+
{s@@)-s)}+{-s(0)+s(-2)p
Re(3*S(0)-2*S(2)-S(-2)+
{2*s(1)-3*S(-1)+S(-3)}+
{s(3)-s)}+{-s(0)+s(-2)p

(13)

6 = tan~

phase Vis. CFO in BPSK

—+— modiied

: : =4 proposed

045

Fig. 1. Phase shift vs. normalized frequency offset

IV. RESULT AND DISCUSSION

Phase shift in the modulation schemes changes according
to the change of the frequency offset. If the phase shift is
significant enough for a particular modulation scheme, than
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the original data may be corrupted. For example, in case of
QPSK, if the phase shift is more than 45°, the original bits
might change.

The graph above clearly shows the significance of
proposed algorithm. For all the other cancellation schemes,
we can see that if the frequency offset is 0.25, the phase shift
is about 45°, which can be a serious problem if the
modulation scheme is chosen as QPSK. Instead the proposed
algorithm shows a better performance.

The curve for this scheme is more flat and the phase shift
shows better immune to the value of & Hence the same
frequency shift 45° will occur when the frequency offset is
0.45.

V. CONCLUSION

In this paper, we have suggested a simple ICI cancellation
algorithm to reduce the phase rotation error of the OFDM
system by using four sub-carriers for single data transmission.
Form the simulation result of phase rotation comparison , the
proposed algorithms have shown significant improvement
than the existing schemes. In our proposed algorithms, only
QPSK modulation scheme has been considered. Further
comparison could be done based on other modulation
schemes such as QAM, BPSK etc.
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