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ABSTRACT

A well known problem of orthogonal frequency division multiplexing (OFDM), is its sensitivityste, frequency
offset between the transmitted and received signals, which may be caused, by Doppler shift‘in"the channel, or by
the difference between the transmitter and receiver local oscillator frequencies. This carrier frequeney offset
causes loss of orthogonality between sub-carriers and thé signals transmitted on €ach carrier are not
independent of each other. The orthogonality of the carriers is no,longerfmaintainedfwhichresults in inter-
carrier interference (ICI). Symmetric symbol repeat{(SSR) inters*carrier interference (ICI) self cancellation
scheme has proved to be a simple and convenienttechnique to reduce ICI caused by fréquency offsets. It utilizes
data allocation and combining of (1,-1) on4wo symmetrically placed subcarriers'to mitigate the effect of ICI.

However, the data allocation factors (1,-1) are not angptimum. In this paper, an optimum data allocation (1,-
A ) and combining (1,- 2 ) scheme is proposed to maximizehnCIR performance for an estimated normalized
frequency offset_ . But, this requires continuous CFO estimation and feedback circuitry. A sub-optimal scheme
utilizing sub-optimal pair ( 280, 2 SO)uis also proposed to ¢ompletely eliminate the requirement of CFO

estimation. Simulation results confirm the outperfermance of the proposed optimal scheme over conventional

SSR ICI self cancéllation scheme. Sub-optimal scheme can be applied for the any range of _ and a sub optimum
value can be"( A S0, i)s0) calculated'using proposed sub-optimal scheme. The CIR of SSR ICI self cancellation

schemefusing the proposed, sub-optimal\approach is also found to be better than conventional SSR ICI self
cancellation.
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I. INTRODUCTION

In recent years, direct conversion receiver has drawn a lot of attention due to its low power consumption and
low implementation®cost. However some mismatches in direct conversion receiver can seriously degrade the
system performance, such as in-phase and quadrature-phase (1/Q) imbalance and carrier frequency offset (CFO).
The 1/Q imbalance is due to the amplitude and phase mismatches between the | and Q-branch of the local
oscillator whereas the CFO is due to the mismatch of carrier frequency at the transmitter and receiver. It is
known that the 1/Q imbalance and CFO can cause a serious inter-carrier interference (ICI) in orthogonal
frequency division multiplexing (OFDM) systems. As a result, the bit error rate (BER) has an error-flooring. In
assuming that the channel frequency response is smooth, a frequency-domain estimation method has been

proposed to jointly estimate the 1/Q imbalance and channel frequency response. Recently, exploiting the fact
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that the size of the DFT matrix is usually larger than the channel length in OFDM systems, a time-domain
method was proposed for the joint estimation of 1/Q and channel response. Both the frequency-domain and time-
domain methods need only one OFDM block for training and can achieve a good performance.

In this paper, we have proposed an optimum data allocation scheme for SSR ICI cancellation scheme to improve
the CIR performance. The scheme is based on SSR ICI self cancellation scheme, in which a data is modulated at
two symmetrically placed subcarriers i.e.k** and N-1-K™ and utilizes a data allocation of (1,- 1 ) to improve

CIR performance. To further reduce the effect of ICI, received modulated data signal at . Kth and N-1-K™

subcarriers are combined with weights 1 and - . The 4 and . are the optimal valyes resulting in maximum

CIR. The optimum values of 1 and p are the function of normalized f; ffset i.e. for every

normalized frequency offset, there exist an unique value of A and 4 .This process requires continuous CFO

requirement of complex the hardware circuitry.

Il. SYSTEM MODEL

2.10FDM System

@)
Where is total numbers of st modulated data symbol transmitted on k"
subcarrier.
Due to AWGN ¢

)

N-1
Y(k) = X(0)S0) + > X(DSU—k) +W(k). k=0.1...N—1
=02k (3)

Where W(K) is the k™ sample of DFT of additive noise. The Sequence S(I-k) is defined as the ICI coefficient

Ith

Between k™ and I'" subcarriers, this can be expressed as

jﬂ'{.r'-hs‘—k)(l—%]] sin(fa(l +&—k))

N sin[%(! rE— k)}

S — k)= e(
4)

The CIR at the k™ subcarrier can be written as
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f=0_FI=ik (5)

2.2 SSR ICI Self Cancellation Scheme

In SSR ICI self cancellation scheme [6], the data symbol to be transmitted at the k™ subcarrier is repeated at the

N- 1- k" subcarrier with opposite polarity, i.e.

X(N=1)==X(0)... X(N—1-k)=-X(k)

The block diagram of the proposed SSR ICI self cancellation scheme is depic . The received data
signal at the krsubcarrier is thus given by

N

— 1

2
Y k)= > X(DSW — k) —S(N —1—1— k) +W(k) \

-0 (6)
Combining the received data at k*and N-1-ki subcarriers, wi
N _ 1 - 1 1 _
V' (k)=Y'(k)=Y'(N =1-k)n, -
Using (6) & (7) we have
*"2*' 1
Y'U(K) = > X(D[SU—K)—S(N —1—I—k)— S+ k+1—N)+S(k—I)+ W (k)
F=0
—PAN—1—K) : k—at2. .2
/7 2 )
Thus, CIR of conventional SSIMn scheme can be written as
2
CIR. = — | —S(—N —1—2k)+ 25(0) — S(1 — N + 2k) |
S |
2
> |—SU —kY—S(N—=1—1—k) =Sl +k+1—N)+S(k—=D|*
I=01=k (9)

Yy

mitter a data allocation (1,-1) is utilized at krand N-1-k"subcarriers .i.e.

X(N=1)=-AX(0), X(N =2) = =AX (1), X(N -1-k)=-AX (k)

Hence, the received data signal at the k~subcarrier is

L

2
Y'k) = Z XS — k)Y — AS(N —1 — 1 — k)Y + W (k)
=0 (10)

After combining the received data at k*and N -1- krsubcarriers with weight 1 and - we have

Y'"' (k) =Y¥Y'"(k)— pu¥Y'(N —1— k) a1
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N

2
Y (k)= D X(D[SU—K)—AS(N —1—1 —k)— g5 + k+1—N)
=0

N
+ L AS(k — D)+ W(k) — gtV (N —1—k) k=01, % —1

(12)

Thus, CIR of proposed optimal SSR ICI self cancellation scheme is given by

| =4Sk +1— N) +(1+AdS(0)— AS(N —1—2K) |?

CIR, =——;

2

2
S-S~ N+ k+1) + S~ k) — AS(N —1—1— k) + p2S(U — k) *
=0, 1=k

combining the data at k"and N-1-k"subcarriers to maximize the

a continuous CFO estimation.

New ICI
Input MPSK Serial to —> Canicallion — Pt Parallel to
—|Modulation|™] Parale Modultion i} Serial
>_ (11';')_4‘
Channel
New ICI
Output] MPSK Parallel to [ € Cancelltion [€— ¢ Serial to
Demodulatii« : i FFT
< < Serial | | Demodulton Parallel [<€
on R (11' /I) { (_'

. Block diagram for the Proposed Scheme

F

For each pair o o), the has been calculated, which forms a CIR matrix as shown
[CIR, (5 Forsblor) e CIRp(Em-.1&olaﬂo])_
CIR, (& A 11,) =
thRp(Eh.ﬂm#m-) S | Cpr(Ev;ﬂm-,ﬂop)

- (14)
Here, CIRp (g1,Ao1,101) corresponds to maximum value of CIR for €1, and CIRp (g2 ,Ao2,1102) cOrresponds to
maximum CIR for €1 and so on and

O O 7 Sk % Y

NE (15)
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Where, ¢ Hand sL are the lowest and the highest possible values of the normalized frequency offset. Here, we
have considered ¢+=0.25 and L= 0.03. To avoid the problem of continuous ¢ estimation, sub-optimal pair (Aso,
uso) amongst all (Ao, po) has been found by using the following criterion as

F=
> P — CIR(E ;. Aga £45))

- Jg=1
(Avos biyo) = max | p—
Ag Lo

-
(16)
In the above expression, p represents the maximum CIR of a particular row of the matrix given by (14) and the
second term represents the mean deviation of the CIR of that row from the peaky(p) of that row. Thus
irrespective of the value of €, (Aso,us0) can be used for data allocation and combining to get a sub-optimal CIR
performance. In the proposed scheme, Agis taken as 0.02 and thus v is 12..Applying the above described
algorithms, sub-optimal values are As=0.6164 and pso =1.0351. This optimization andsub-optimization

technique can be applied for any range as required.

IV. SIMULATION RESULTS

The simulations were performed for the improved ACI caneellation‘scheme and the same*were compared with
the existing schemes and standard OFDM. In this\paper, we have considered an OFEDM system with N =256
subcarriers and QPSK modulation scheme 4§ used to moedulate each of the subcarriers. The simulation model of
the OFDM system is shown in Fig.1. The camputer simulation using MATLAB are performed to evaluate CIR
and BER performance. Fig. 2 shows the CIR performance of standard OFDM system, SSR ICI self-cancellation
[6], Proposed SSR ICI self cancellation using optimal & sub-optimal approach. Fig. 3 shows BER performance
of the standard OFDM system, conventional SSR ICI self «£ancellation and the proposed SSR ICI self
cancellation using sub optimal approach:“As seen from Fig. 2 the CIR performance of the proposed optimal
approach is about20dB better than the cafiventional SSR ICI self cancellation scheme. However, the proposed
suboptimal appreachyalso provides better CIR scheme performance over conventional SSR ICI self cancellation
scheme, proposed suboptimal approach provides a gain of more than 10dB at £=0.15 over conventional SSR ICI
self cancellation scheme.“TheyxCIRperformance of proposed SSR conventional SSR ICI self cancellation scheme
for £[0.08,0.08] . The BER performance of the proposed SSR ICI self cancellation scheme is very much
improved In_comparison tostandard OFDM system and very close to conventional SSR ICI self cancellation
scheme. ICI self cancellation“scheme is slightly worse than conventional SSR ICI self cancellation scheme for
£€[0.03,0.08] .

The BER performange of the proposed SSR ICI self cancellation scheme is very much improved in comparison
to standard OFDM system and very close to conventional SSR ICI self cancellation scheme. In the proposed
scheme, Ag is taken as 0.02 and thus v is 12. Applying the above described algorithms, sub-optimal values are
250=0.6164 and uso=1.0351. This optimization and sub-optimization technique can be applied for any range as

required.
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Comparison of CIR Performance
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Fig.3 BER performance comparison

V. CONCLUSIONS

The proposed scheme very well improves the CIR performance of the OFDM system without increasing

hardware complexity. The proposed sub optimal scheme completely removes the requirement of CFO

estimation. However, the proposed scheme is slightly less efficient than conventional SSR ICI self cancellation

in terms of BER.
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