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ABSTRACT

Multiple Input Multiple Output-Orthogonal Frequend®ivision Multiplexing (MIMO-OFDM) is a
promising technique to handle impairments of maltipchannel. Alternatively, one of its major dracksa

is drift in carrier frequency, called Carrier Fregay Offset (CFO). Due to CFO, Inter Carrier Irdeshce
(ICI) occurs and results in a large performancerattagion. The study proposes a novel two stage CFO
estimation and compensation technique based oncktjmn and Maximization (EM) algorithm with an
iterative scheme. Unlike other CFO estimation atljor, in our proposed CFO estimator a search iatdsv
computed in two stages, hence the estimated dgfsadre optimal. In the first stage, coarse CF@nedion is
done whereas fine estimation is performed in tleorse stage. This two stage computation resultsdarem
accurate and faster convergent estimate. Fromirthdation results it is proved that the Bit Errcat® (BER)
performance of proposed method is more close & {dmmer-Rao Lower Bound (CRLB) curve.

Keywords: Orthogonal Frequency Division Multiplexing (OFDMMultiple Input Multiple Output
(MIMO), Carrier Frequency Offset (CFO), Expectateinmd Maximization (EM)

1. INTRODUCTION Subcarriers are orthogonal in time domain, whichesa

bandwidth in frequency domain, resulted in ICI

11 MIMO-OFDM cancelation. Additionally, cyclic prefix as a guard
Broadband wireless multiple access networks havelnterval with a length, longer than delay spre&af is a
attracted  much  attenton  recently. In  the copy of last samples, in front of each symbol, d¥dSI

IEEE802.16/WIMAX family of standards, Orthogonal therefore OFDM technique is a method to remove the
Frequency Division Multiple (OFDM) has been seldcis effects of frequency selective fading channels amd
a physical-layer technology (Kaur and Singh, 2012). enhance the bandwidth efficiency (@tal., 2005). OFDM
OFDM is a modulation technique, which is used in system combined with multiple antennas in bothssioe
frequency selective fading channels, divides a ligta  link, resulted in MIMO-OFDM system and higher chahn
rate bit streams in to a number of lower data Gte capacity (Torabiet al., 2006). These characteristics of
streams over subcarriers transmitted simultaneouslyOFDM are achieved when the receiver has exact ehann
through a channel. Each sub stream experiences flainformation and the system parameters of trangmtel
fading in narrowband channel (Mathest al., 2013). receiver are perfectly matched. But in real scentrese
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ideal condition does not prevail. Hence resultsnon- Where:

ideality like CFO. It is known from (Yuet al., 2007) that

CFO will cause severe Inter Carrier Interferendg)(in _ 1 =
OFDM which degrades the system performance. The W = me

impact of CFO on OFDM is estimated in (Tseng and

Chung, 2013). A time domain method was proposed in A matrix C is inserted in to transmitted signal eHi
(Chung and Phoong, 2010) for the estimation of @FO pehave like cyclic prefix to avoid the problem ofer
MIMO OFDM system. Zhang and Dai (2010) maximum block interference. Hence Equation 4:
likelihood method was proposed for CFO estimation.

In the study, we focus on the estimation and U, (n)=CL5 (n) (4)
compensation of CFO in MIMO-OFDM system. In
general, applying the maximum likelihood method for )
estimation of CFO leads to the problem of high Whefe,CﬂONg x (N- Ng,),lNgilNJ- The notation 0 and |
complexity (Zhang and Dai, 2010). Thus we resothto
Expectation-Maximization (EM) algorithm and deriae
iterative scheme to overcome this difficulty. Irewi of
computational complexity, we divided the estimation

denotes the zero and identity matrix respectiveiy \a
subscript of the dimension.
The data transmission unit is carried out in burst

: T mode. Each mode consist of D+1 OFDM blocks. The
process in to two stages. A coarse CFO estimasiohe first is preamble block deals with channel and CFO

first stage whereas fine estimation is a secongesta S -
coarse CFO estimation is performed to evaluate theeStimation, whereas the remaining D blocks are.data

search range for fine estimation. Then the fingreston ;[jheescsrt'u?gnwgs fOC.Ltﬁ ?Reprae:sm?riet'glr?cfﬁa-[hih;o”fcjavél'zg
is performed for more accurate result. pti IS Wi umpt 'ng

processes associated with different antenna pags a
uncorrelated and remain static during each block bu

2. SYSTEM DESCRIPTION vary from one OFDM block to another and that the CP

. length is longer than or equal to the maximum ckann

2.1. MIMO-OFDM System with CFO delay spread. All antenna pairs are assumed to be

Consider a MIMO-OFDM system consist of, N affected by same CFO.

transmit antenna, Neceive antenna and subcarriers over - . . .

channel suffer from a CFO. Input data are modulated 2.2. Signal on Receiver Sidewith CFO

M-ary QPSK mapping in transmitter side. Followed by In receiver side, a superimposition of L faded algn

mOdu|atI0n, each modulated S|gnal vector at tingexn affected by noise from all N transmit antennas are

is encoded by MIMO encoder. Now the signal vector yecejved. The signal received by i-th receiver aneis

Equation 1: expressed as Equation 5:
X (N) =[XOXE -, XN T =1,2,---,N, 1) j2r6m Ny (4
A fm=e " 33 h, (% (m- D+ (n) 5)
=1 1=0

where, x(n) denotes the n-th transmitted symbol from

the j-th transmit antenna anq'\‘X denotes the signal where, y(n) is a complex Additive White Gaussian
corresponding to the (N-1)-th subcarrier. Afterérse  Noise (AWGN) with zero mean and variance. After
Fast Fourier Transform (IFFT) process, the time @0m  serjal to parallel conversion, cyclic prefix ismelnated
signal §n] can be expressed as Equation 2: by multiplying the C matrix inverse with receiveigrsal
q(n) _p D)g( ) @ vector. Hence Equation 6:

: : o : y, =C0§ (m) (6)
F is N-point IFFT matrix defined as Equation 3:

The remaining samples are written in Nx1 vector.

-00 -01 —0(N-1) '
Wa Wo oo Wy Now Equation 7 and 8:
y w0 wlt : 3)
= W " |
j2TBNg Ny
WoNTDO (DL (DD y, =e N zr (G)ED,- D],j N+ v (n) (7
n n n =1
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Where:

re) = diag{ 1,ex;(j2T%) ,ex(ﬂz”e(N_ %)}

(8)

is a CFO matrix with normalized frequency offset

Equation 9:

(D, Ja'b:LXjJ(a,b)modNy 1<as< N,
1<bs<L

(9)

is a received signal matrix;{l) is a channel response of

j-th transmit antenna to i-th receive antenna Eqo&atO:

v =[v, (), v, @)y (N= DT (10)
is a noise vector.

To simplify the transmitter and receiver relatiopsh
(7) can be rewritten as Equation 11 and 12:

y,F@®) D0 +v ,i=1,2;--N (11)
Where:

Jaeng IO Ny
D:[e N [D,,-,e N IZIDNt] 12)

3. PROPOSED CFO ESTIMATOR
3.1. The CFO Estimator

The likelihood function based on signal model &) i
Equation 13:

L(%ij:(ﬂoivi)

where,0? is the variance of the system.

o’v

NeXp[( _1v )‘)’I - (G)ED)Z] (13)

3.2. EM Algorithm Computation Steps
(A). E- Step:

In E-step expectation is taken with respect to y

conditioned or® Equation 14:

F(e/6%)= E{Nzl logL, (%i ﬂ} y, 8%

(14)

F(e/e%) =§:Real(yr 0 )0D) (15)

i=1

(B). M-Step:

M step is used for computing (k+'lpstimate of®
which is represented as Equation 16:

(k1) — )
8P =arg max F(e <} ) (16)
Considering real part of (16) Equation 17:
Nr
8% =arg rr(])axz Real(yr € )D a7
i=1
On further expanding (17) Equation 18:
Ny N-1 j2nen
8 =arg n(])ap{ Rezﬁzz y (n)) DI eM ]} (18)
i=1 n=0

The exponential term of (18) is further expanded by
Taylor series as Equation 19:

H 2
_ 1+(12|'|NenJ_(2E2n]mz

(19) is approximated to first two terms by consicigr
the assumption that is very small.

By substituting (19) in (15), the likelihood furan
become quadratic function 6f. An optimum solution is
obtained by taking the first order derivative agating
to zero. Hence Equation 20:

j2ren
e N

(19)

Ny N-1
_y 22 nam(y; (n)D)
(K+1) — 'Y i=1 n=0
6 _2|'| Nr N-1 N
n’ (Re(y (n)OD)

i=1 n=0

(20)

3.3. Two Stage CFO Computation

CFO estimation procedure is divided in to two
stages:

First stage-Coarse CFO estimation
Second stage-Fine CFO estimation

Estimation is performed in two stages using already
discussed EM iteration algorithm as above. Thistten
scheme has to be performed distinctly for coarse

Taking real part, (14) can be further reduced asestimation as well for fine estimation with diffete

Equation 15:
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CP B/S OFDM Txxn
IFFT : oo N
Insertion Converter Frame
Preamble
Fig. 1. MIMO-OFDM transmitter
.R_‘il
FET | Remove S/P _ J
i =1 cp *  Converter *+—
MIMO
Decoder
Detected 4— Demappmg o
Cutput
Rx
Remove /P J S
Ml | cpP Converter %
v
CFO Estimation and
Compensation
Fig. 2. MIMO-FDM receiver
First Stage second stage. So, search range becomes very small.

(Coarse CFO Estimation) Search interval can be reduced down to 0.0002. élenc
Above discussed EM based iteration scheme iswith lesser number of EM algorithm based iteration,

applied to achieve the frequency offset in the eafigm
-0.2 to +0.2. This is only a coarse estimationislfine
tuned in second stage. This stage of computatiao is
reduce computational complexity.

Second Stage
(Fine CFO Estimation)

more accurate frequency offset value is achieved.

A MIMO-OFDM model as discussed fifig. 1 and 2 is
constructed and its key parameters are listedainle 1.
Computation steps procedure are describ&agrs.

On comparingrig. 4 and 5 it is proved thafig. 5
shows better BER performance thaiy. 4, since CFO
estimation is done in both coarse and fine staiges ih
two steps). Also, better BER performance is acldeve

The obtained Carrier Frequency Offset value from with lesser number of iterations itself. The samse i

the first stage is applied as initial search raigehis
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Fig. 3. Flow chart for proposed CFO computation in MIMO{QM system

Number of iteration versus BER using in EM algorithm in
one stage computation
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Fig. 4. Iteration versus BER for 2x2 MIMO-OFDM system f@rious SNR values without fine estimation (ongsteomputation)
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Number of iteration versus BER using in EM algorithm in two stage computation
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Fig. 5. Iteration versus BER for 2x2 MIMO-OFDM system f@rious SNR values with fine estimation (two stageputation )

SNR versus BER for a MIMO-OFDM svstem whit CFO
randomly selected from [-2.0. +0.2] and a fixed CFO 0.5

saadas = 3425048 s baassssna s
e 4| —g=Ttr 4 fix CFO
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Fig. 6. SNR versus BER for 2x2 MIMO-OFDM system with randand fixed CFO values
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SNR versus BER performance of proposed
system whit different antenna configurations
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Fig 7. BER performance of proposed CFO estimator Ver®R r different antenna configuration

Table 1. System parameters for simulations for the random values [-0.2+0.2] is performed fiffedent
Parameter Value antenna configurations likex2, 2«4, 4x4. From the
Subcarrier N 128 simulation result it is proved that the performant€FO

CP length N N/16 estimation increases as the number of receivemaate
Subcarrier symbol rate 7.8 KHz increases. Hence 4x4 with iteration 9 has imprd3e&R
Bandwidth 1MHz performance than other 2x4 and 2x2 antenna
CFO range [-0.2+0.2] configuration for the same 9 iterations. This gaidue to
Modulation QPSK increase in receiver diversityable 2 gives a comparative
Symbol/frame 8+1 performance analysis of MIMO-OFDM system using EM
ELe;ng:e 11__63'”'”9 sequence jteration algorithm for CFO computation in one stamd

Number of T and R ox2. 2%4, 4x4 two stage with simulated data’s.

The illustration of simulation result ifrig. 6 is 4. CONCLUSION
BER performance of the proposed CFO estimator for  The study proposed a novel CFO estimation and
random value in the range [-0.2+0.2] and fixed ealu compensation in MIMO-OFDM system based on EM
with 0.5 respectively. o algorithm with iterative scheme in two stages of

The BER curves for 4 iterations and 9 iteratiorss ar Computation' The prob|em of estimating the freq[yenc
compared with Cramer-Rao Lower Bound (CRLB) offset in MIMO-OFDM system is investigated. In the
curve. From the result it is proved that proposétDC first stage called Coarse CFO estimation a sim#®© C
estimator with 9 iteration is more close to idealue estimator is derived. The resulted value from tist f
CRLB curve. stage is used in second stage iteration rangedchiie

The effects of various number of antennas in MIMO- CFO estimation. Since the search range is fineduae
OFDM systems on the CFO estimations are performed i more accurate result can be achieved with lessabau
Fig. 7. The BER performance of proposed CFO estimatorof iterations itself.

% Sdience Publications 1532 JCS



Malarvezhi Pandy and Kumar Ramamoorthy / Journ&@lahputer Science 9 (11): 1526-1533, 2013

Table 2. Performance analysis of EM algorithm for CFO eation in one stage and two stage computation

Type of computation SNR (dB) Number of iterations EmB
One stage computation 5 20 5.8%10
(Only Coarse estimation) 15 20 0.08%10
25 20 0.04x18
Two stage computation 5 10 5.4%10
(Both coarse and fine estimation
15 10 0.12x18
25 10 0.05x18

Simulation results shows that the proposed CFOTorabi, M., S. Aissa and M.R. Soleymani, 2006.

estimator with coarse initial estimate and fineafin MIMO-OFDM Systems with Imperfect Channel
estimate has an excellent performance and it isemor Information: ~ Capacity, Outage and BER

close to Cramer Rao Lower Bound (CRLB). Also, it is Performance. Proceedings of the IEEE International
ﬁ‘\r(c;)r\(/-:‘zdse;h\%th?rlfclz\r)eaF)s(aerfi?]rrrT(;igic\/%rc(;];vtfrrsci)glosed system Conference on Communications, (ICC’' 06), IEEE
' Xplore Press, Istanbul, pp: 5342-5347. DOI:

10.1109/ICC.2006.255510
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