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ABSTRACT

This paper investigate the frequency and time recovery for the uplink ofyan orthogonal frequency-division multiple
access (OFDMA) system. We proposed alternating methods for estimating the frequency and timing offsets of a new
user entering in the system. The timing estimator is derived from maximum likely hood criterion, where as frequency
estimator is based on ad-hock reasoning. Both the techniques_rely separation of a fixed gilot symbol. These
techniques provide feed forward estimates and allow_synchronization in only two OFDM blocks. The performance
of the proposed frequency and timing synchronization has been investigated by simulation in a frequency selective

fading channel.

Keywords: Frequency Estimation, Maximums-Likelihood (ML), Orthogonal Frequency-Division
Multiple Access (OFDMA), Timing Estimation.

I INTRODUCTION

Orthogonal frequency. division multiple acecess (OFDMA) is a multiplexing technique in which users simultaneously
transmit their own databy modulating an exclusive set of orthogonal subcarriers. OFDMA has gained increased
interest in the last few yearsiand has beenproposed for the uplink of wireless communication systems [1], [2] and
cable®TV (EATV) networks< 3] Its main advantage is that separating different users through frequency-division
multiple aceessi(FDMA) techniques at the subcarrier level can mitigate multiple-access interference (MAI) within a
cell. Also, com-pared with{ single-carrier multiple-access systems, OFDMA offers increased robustness to
narrowband interference, allows straightforward dynamic channel assignment, and does not need adaptive time-
domain equalizers, since channel equalization is performed in the frequency domain through one-tap multipliers [3].
For all this to be true, however, proper frequency and timing synchronization is necessary to maintain orthogonality

among the active users.
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Il. OFDMA UPLINK SYSTEM

2.1 System Description

We consider the uplink of an OFDMA system employing N subcarriers and accommodating a maximum
of K simultaneously active users. Each user transmits on a set of L=N/K assigned subcarriers. The block

diagram of the transmitter for the k™ user is shown in Figure.1. 9

k
¥ a® 8"

® s“
e Add
L0 frea 1127 mprr PS> o ] 80 4(?—’
e . .
(K

1] and it is fed to

n = pi;.-) 0
atherwise,

420 = {om O-1f (1)

Ith

5% (1) is theindex of the subcarrier modulated associating with 1" component of

with in the interval (0,N-1), since ; ers of a given user are grouped together.

® () = 0<n<N-1 @)

Vot ) kg FE T - mT) ®)

==-Ng

%)

Where m counts OFDM blocks and | counts the time domain samples within a block. As discussed later in Section

I1-B, the parameters Fﬁ' and 7% serve to compensate for the Doppler shift and transmission delay incurred by

¥ (in passing through the channel. The receiver at the BS is sketched in Figure.2.

264 |Page
WWw.ijarse.com




International Journal of Advance Research In Science And Engineering http://www.ijarse.com
IJARSE, Vol. No.3, Issue No.8, August 2014 ISSN-2319-8354(E)

f)

r(t) R
__,Rgizrve —-o;o—-)( = >
» Equaler Data
| CE[C] e \
I, : :
—»
Figure.2 Block diagram of the k receiver.
I11. SIGNAL MODEL
Denote  Xm=[X(MN1),X(MN1+1), N the receiver filter (after

0<n<P-1, with P <Ng.
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Also, wp=[w(mN7),w(mN+1),........ w(mN++N-1)]" is a zero-mean Gaussian vector with covariance matrix a°ly (Iy
is the identity matrix of order N ). To separate the user of interest from the others, we compute the DFT of X, and

select those outputs that correspond to the subcarriers of user #1. This produces the L-dimensional vector

lr’::}:' — Fil:'.rm (7)

M

Where F™ jsan LxN matrix with entries

2ampltin
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[F ]iﬂ—_.—ne M DEn=N-10=[=L-1 (8)
Then, substituting (10) into (14) and exploiting the identity F '~ Bmm = 0,.4, whichholds fork=23,..... (0p.z is
an LxP matrix with all-zero entries), yields
. L T ) i i

Pm._lj =g’ W F-.ﬂr{b.:_lj :]Drr{ . "ﬂ}h"ﬂ + £ 4 (9)
Where #,, = F"“w,, is Gaussian with zero mean and covariance iXglE - =1Enl, . Thi ation is a crucial
step in our derivation. It says that ¥,."* exhibits no interuser interference. Clearly, this relies on the assumption
that the already-present users are perfectly synchro (k) =y = 3, K The effect of users’

Wh +q 1l €m=M (10)

is to exploit vectors ¥, to estimate ¥ andx. An ML approach is

The performance of t osed frequency and timing synchronizers has been investigated by computer simulation

in a frequency-selective fading channel. The following assumptions have been made.
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MSE versus SNR with M=2,4
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Figure.3 MSE vs SNR for M=2, 4
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average ISI power versus SNR
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performance loss due to users imperfect synchronization
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Figure .5 Probability error vs SNR
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Figure .6 Performance loss due to imperfect synchronization
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BER wersus SNR of BPSK in OFDM
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Figure .7 BER vs SNR for Uncoded BPS

4.1 System Parameters

1) The total number of subcarriers is N=256.

i.e., EfllDCulrlly

orrespondingly, the SNR equals Fi , Where ¢ * is the variance of the Gaussian noise.
6) The cell radius is R22km, so that the maximum propagation delay is 6.66ps. Recalling that T =0.5us, this makes

the maximum of p equal to 26 and the search in (38) can be limited to .0< &< 26

7) Application of RCTE-USS would require a cyclic prefix of Ng =32 samples. This is nearly twice the channel
duration and may represent an excessive overhead for the system under investigation. For this reason, we have set N.

¢ =16 in the simulations.
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8) The maximum frequency offset is + = 0.3 . As shown in Section 1I-B, 1 is related to the system parameters by
the following equation:

p = skt (11)

Where f, is the carrier frequency, v the mobile speed, and c is the speed of light. Assuming f,=4GHz, it is seen

that v=0.3 corresponds to a mobile speed greater than 300 km/h.

4.2 System Performance

Figure .3 illustrates the mean-square error (MSE) of the frequency estimatés provided by RCFE,as a function of
SNR. For &=4,6 and M=2, the loss with respect to the bound is approximately 2 dB,‘andyéduces to 1 dB with M=4.
Figure. 4, which shows the average ISI power versus SNR for P=2;"8,"15316. Note that doubling M increases the
performance of RCTE by approximately 3.5 dB. The overall system performance has been .computed in terms of
uncoded bit-error rate (BER). Figure 5 illustrates P(€) as a function,0fs<SNR with M=2 with different covariance
matrices. Figure 6 shows simulations illustrating the performance loss“incurred by RCFE and RCTE in a scenario
where the signals of the interfering users are not peffectly synchronized. In particular, frequency errors are modeled
as random variables with uniform distribution@ver [-F , F ] Whereas timing etrersstake integer values within [-D,D]
with uniform probability. The SNR is 15 dB and the,frequency.and timing offsets*of user #1 are v=0 and p=10. It is
seen that both the MSE of the frequency estimates and the average“ISI power increase with F and D . However, the
loss with respect to the ideal case F=D=0 (perfect synchronization of the already-present users) is quite tolerable.
Figure 7 illustrates the BER for'a BPSK system employing the preposed frequency and timing estimators with v=0
and M=2 . The curve labeled “PCKX correspondsito perfect channel knowledge (7 = h)and reflects the degradations
due to frequency and timing errors, \Curvef*CFTE? assumes channel, frequency, and timing estimates. Channel
estimation is pefformed by replacing 1#and i with their estimates ¥ and i in (4.19). Theoretical results with ideal
synchronization are also indicated for reference. We see that the results with PCK and with ideal synchronization are
very close, meaning that the performance l0ss due to frequency and timing errors is negligible. Imperfect channel

estimation is seen to bring abouta degradation of 1 dB.

V. CONCLUSIONS

Synchronization algorithms have been proposed for frequency and timing recovery in the uplink of an OFDMA
system. They exploit knowledge of pilot symbols and require a limited computational load. In contrast to other
existing methods, they have a fast acquisition and can be used in applications where the subcarriers of different users
are interleaved. Their performance has been investigated by theoretical analysis and computer simulations. It has
been found that a receiver endowed with these algorithms has virtually the same performance as a perfectly

synchronized system.
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