I nter national Journal of Scientific Research in Computer Science and Engineering

I SSN No. 2320-7639

Volume-1, Issue-2, March- April-2013

D L SEOSETS Available online at www.isr oset.org

A Comparison Study for PSD Performancein OFDM Systems Based on Using

Autocorrelation Techniques
Piyush Vya$ Navneet Parihdy Vidusha Gupty Romila Jaifi

123%\ssociate Professor, AsBtrofessorAsst. Professor, AsstProfessor
ECE Department, SLBS Engineering College, JodHpajasthan

Abstract - Cooper ative wireless communication relay networks in OFDM -based systems have been shown to improve per-
formance in various systems using digital modulation techniques as a form of spatial diversity, OFDM, a multicarrier
modulation technique, is widely adopted because of its many advantages. Most of the time, in-band spectrum of the multi-
carrier signal is assumed to be flat. A recent literature analyzes the PSD and concludes that the assumption of flat spec-
trum is not completely correct. This paper analyzes the PSD with different approach. The modulated carriers are cropped
in an interval of symbol length and viewed as a modulated pulse. An expression for the PSD with the necessary and suffi-
cient conditions is revealed. The validity of the flat PSD assumption of multicarrier signalsis also suggested. This method
indeed improves the performance in comparison in various aspects of PSD with fixed and random values of input applied on functions
on FFT, IFFT etc. to existing when filtering is necessary for band limited conditions.
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I. INTRODUCTION ?i’ii:,,i

Orthogonal Frequency Division Multiplagi (OFDM) ™%, yop | i’ E L’ —{ oyt~ Lowpass || upcam.
is a digital modulation technique who consistsrahsmitting a &l b s
data stream using a large number of parallel nabamd sub E I T
carriers instead of a single wide-band carrierh@ybnal fre- processing Inthe ———— | | &
quency division multiplexing (OFDM), a form of midérrier frequency - demain | time - domain g
modulation techniques, is one of the most widelgged R s
modulation techniques because of its many advastaipr P S :
example, the ease of implementation using discFeterier —™**eemn — '\ . | E[, | il i R
transform and the immunity to multipath fading gainfrom s | aus [P |
the extended symbol length [1]. Figuratively spagkiOFDM =

partially overlays the spectra of a number of narb@and mod-
ulated signals and makes use of the orthogondlittyeocarriers

Baseband signal HF signal

to extract the data from the combined wavefornmsdme liter-
atures, e.g., [2], OFDM power spectral density (PBS0reated
as a flat spectrum. An intensive analysis in a vepent work
shows that the assumption of flat PSD is not cotepletrue,
especially for the case of the OFDM adopted by882.11a
standard [3].

In this paper, a different approach is used to yeeal
the PSD of OFDM. The orthogonal carriers are crdppea
size of the symbol length and they are viewed asrtirogonal
symbol. The results are identical to the resulinfbin [3] but
in this work, the remark is that orthogonality i:@t required
condition. The result is then taken to analyze Bf&D of
OFDM signals. A conclusion on the validity of tHatfPSD is
drawn, finally.
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Fig. 1 Block diagram of OFDM Transmitter receiver PSD
optimization

2. PSD OF COMBINED WAVEFORMS

A set of functions, f0(t), f1(t), f2(t), ... } is said to be orthogo-
nal over a symbol intervalT¢2, T92] if

“T.13 |’
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where pp is the energy of the functiofp(t). Let s(t) be a
transmit waveform of which digital information i€t on the
coefficients of the orthogonal basis pufpé). Such a modula-
tion technique is named R-dimensional orthogonal scheme.
The transmit waveforrg(t) can be written as
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wherean,p denotes the digital data of théh symbol carried on
thepth pulse (dimension). It is shown in [4] thHRf) the pow-
er spectral density of one-dimensional s(t), whacty fO(t) is

available, can be written as

whereFO0(f) is the spectrum of the basis pufé&) andn n k R

k aa+ () =0. More specifically, the signal is saidite antip-
odal if the binary data is used to sign the basisgfO(t), i.e.,
anp € {-1, 1}. Assuming uncorrelated binary daRQ(k) = 1
for onlyk = 0 and zero elsewhere. The summation term ins(3)
removed. As a result, the PSD of the antipodalaignjust the
magnitude squared of the basis pulse Fourier tamsélivided
by the bit period. It can also find out through theannel using
in device in transmitter and receiver sides.

E(f) =Ti|fa(f)f" {iﬁg[ﬂ-jgr‘“ﬁ @)
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Fig. 2 Block diagram of OFDM using Constellation ppar
device (for BPSK/QAM/QPSK) Network System.

Now, let us generalize the results for the PSB(Hf PSD can
be determined either directly by its definitionindirectly us-
ing Wiener-Khintchine theorem. The choice of théofeing
analysis is based on the direct method. By dedinjtthe power
spectral density (PSD) of a random proc#sis given by

- r{f.}
( :|:v1I

4

whereST(f) is Fourier transform of the truncated version
of infinite waveforms(t).

Let us observe the original sigrsff) for 2N+1 symbol
periods, from Nthto Nthsymbol. The truncated signal
sT(t) can be written as

N P
sp(0)= > > a,,f,(t—nT)
e 58 ®)
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Its Fourier transform is then

N P _—
S.T (J!}= E Eﬂn,;Fp{f}e_me

NN pui]

‘o
s

(6)

WhereFp(f) is Fourier transform of the basis pufpé). Thus

Sr() = 5:()S7 ()

™)
(> 2 . I_'-' N P41 . _ rr\'
=| X X an, BN | 3 3 0, F, (£
, RN =il N M= gl !
N N PP o i e
= 2 2 22, (e a, H, (f)e™
Rm—N =N p=l g0 (8)

In (8) nandmrepresent the time index whiteandq identify
the basis pulse numbers. Thus, the PSBT{) becomes

1 X X
HOETEDIDIPW)

| =N Pim—N pull p=ll

a, PFF(J{')E—..‘MI;GR?FG' (f}eh-‘m!: E
©)

whereT = Tg2N+1). Since onlyan,pandam,gare random, the
ensemble averaging operator affects only on themuaton (9)
reduces to

: 1
P(f)=lim——
’ ¥—=T,(2N +1)

N N PI1P
E E ET[{TH ﬂ'a?ﬂﬂ

tm— V' M & ol gl

}J_J.u(ﬁ—m}?':j_-_.p (J!}Fq‘ {_f}

(10)
The termn pmga g, is in fact a cross correlation function of
the nth and mth data bits carried on thgeth andqth pulses, re-
spectively. It is referred bRpgqm, n). Assuming the random
processes associated wipth and gth dimensions are jointly
wide sense stationariRpgm, n) can be written aRpgmn) =
RpdKk) wherek = m-n.

Let us define a cross spectral funct®gk, f) by
PP _ ) .
Gk, [) =23 Ry (k) EF,()F, (f)
p=lg=0 (1)
G(k,f) can be decomposed into co-spectral compoGentk,f)
and cross-spectral compon&uttrosgk,f) where

P-1 . ;
G, (k. 1) =3 R (K)e P | F,(f) (12)
= 3
P-1P-1 P (13)
Gores k. 1) =3 3 R () = ®EE (£)F,'(f)
.'.1-'.1.;-{!
Thus PSD becomes
N N
B(H)= Y ,T \_'G{k ¥
TN D, S .
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For a givenN, the outer and the inner summations together
produce a total of (2+1)2 adding terms. The valueslofange
from -2N to 2N. For a giverk, (14) evaluate§(k,f) in total of
(2N+1) - k| times. By lettingm = k-n and summing over the

yyYyy =
yYYy
\AAj

P/S

outer summation results in Dbt T M-ary > .
»| SP QAM IFFT
Modulator Front
1 .. IN+D) ¥ End
B()==lim EED S 64 ) .
L¥==(2AN+1):5., .
(15) l
Moreover, assuming the digital data on the sanisepan,p Wb
andamp, are independenRppk) = O fork # 0. Therefore the

N 2N ‘

power spectral density of such a signal is justgten of the

N

magnitudes of the Fourier transform squared ofbidwss puls- < > >
es. < -+ < Front
? . i Data bits out s r‘é:la' - : FFr End
P: {.f} = g R__pp Ifﬂ:]' i F_p L‘F] i Demodulator J and
‘D-E (16) Diseard SIP

s - =

- -

This result is a generalized version of the PSinfda for mul-
ti-dimensional antipodal waveforms developed in [&h es-
sential remark is thahe derivation does not require the or- Fig. 3 Block diagram of M-ary QAM on OFDM Relay Net
thogonality of the basis pulses at.dlherefore orthogonality is work System.

not a necessary condition. The sufficient condifemthe PSD

is that the data must be uncorrelated. Note tisa@ence with Simulation of PSD is implemented based on a comynonl
channel coding does not satisfy this condition. theo note is known rectangular pulsél(t/T) = 1 for {| <T/2 and zero else-

that a pulse train modulated by random data where. The Fourier transform pair of the pulsexjgressed as
appears orthogonal to another modulated pulse thaign ob- s =i
served for a sufficiently long time. Hi & |4—:- T sm (7T )

T afr

3. COMPARISON OF SIMULATION RESULTS Then the results based on this time probability are

Available transmission bandwidth. OFDM is the
modulation technique used in many new broadbandraami . .
cation schemes, including digital television, digitaudio Direct PSD, first 32-point block only
broadcasting, ADSL and wireless LANSs. It also akodigital
data to be efficiently and reliably transmitted o\ radio
channel, even in multipath environments [11-13].QRDM,
although sub-carriers overlap, this does not craateproblem
since they are orthogonal, that is, the peak of aowirs when
that of others are at zero. This is achieved bliziag all the
subcarriers together using the inverse fast Fourersform
(IFFT). The analysis of BER performances have ssiggethat
OFDM is better than CDMA which is currently incorpted in 0
most existing 3G systems [4, 5]. A major problemniost
wireless systems is the presence of a multipathraialn this
environment, the transmitted signal reflects offesal objec- 3
tives and a result, multiple delayed versions ef ttansmitted
signal arrive at the receiver which causes theivedesignal to
be distorted. A multipath channel will cause twolgems for 2
an OFDM system. The first is ISI which occurs whba re-
ceived OFDM symbol is distorted by the previousgnsmitted
OFDM symbol and has a similar effect to the ISk thecurs in f
a single-carrier system. However, in such systéhesinterfer-
ence is typically due to several symbols other tbaly the 0 . . . . .
previous ones; and the symbol period is typicallycmshorter 0 100 200 300 400 AO0 GBOD 700 8OO 900 1000
than the time span of the channel, whereas thedly@FDM

symbol period is much longer than the time spathefchan- Fig. 3.1 Direct PSD & Autocorrelation for 32 point
nel. block only
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Fig. 3.2 Direct PSD for 32 point block & Autocoragbn
For entire sequence of 63 points

Direct P30, 512-point block
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Autocorr PS0, 512-point block
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Fig. 3.3 Direct PSD & Autocorrelation for 512 point
block only

Spectrurn of 1024-point PH sequence
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Fig. 3.4 Spectrum of 1024 point PN sequence & Iegul
Response of coloring filter
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4. CONCLUSION

The analysis shows that the PSD ohsadigitally
modulated signal can be evaluated from the surhefburier
magnitude squared. Independent random data is fisof
condition whereas the basis pulse orthogonalitpds neces-
sary. It is shown that PSD of an OFDM with rectdagdime
window is not perfectly flat but reasonably conséateflat. The
future works will focus on the analysis of the P®D the
802.11 a/g standard, in which a raised-cosine btse win-

dow is used. If M-ary QAM/BPSK/QPSK OFDM-based sys-

tem with Best Relay Selection the best-relays selecooper-
ative has PSD better than the regular cooperaiiversity. In

OFDM, although sub-carriers overlap, this doesarneate any
problem since they are orthogonal, that is, thek pgaone oc-
curs when that of others are at zero [18]. Thiadkieved by
realizing all the subcarriers together using thesise fast Fou-
rier transform (IFFT). The analysis of PSD perfontes have
suggested that OFDM is better than CDMA which igently

incorporated in most existing 3G systems [4, 5, T8 major
problem is resolved by using 512/1024 points farckl& au-

tocorrelation for different sequences in OFDM schémmost
wireless systems is the presence of a multipathredigor get-
ting good PSD for various systems and broadbandcesr of

[19] TV transmission and mobile channel operatidnsthis

environment, the transmitted signal reflects offesal objec-
tives and a result, multiple delayed versions ef titansmitted
signal arrive at the receiver which causes theivedesignal to
be distorted. Many wired systems also have a sirpiablem

with reflection occurring due to impedance mismatcin the
transmission line
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