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A Performance Analysis of OFDM Systems in Excessively
Dispersive Multipath Channels

Wookwon Lee and Christopher S. Curry

Abstract: For orthogonal frequency division multiplexing (OFDM),
the discrete Fourier transform (DFT)-based processing at the re-
ceiver has been perceived equivalent to the matched filter (MF)-
based processing. In this paper, we revisit the equivalence and
mathematically show that when the guard interval is insufficient,
the well-known DFT-based processing inherently causes more in-
tersymbol and interchannel interference (ISI/ICI) than the MF-
based processing. Then, with the adverse increase of interfer-
ence, analytical expressions for the link performance are derived
in terms of bit error rate (BER). Numerical results from computer
simulation and analysis are presented to justify our claims.

Index Terms: Discrete Fourier transform (DFT), dispersive mul-
tipath channel, interchannel interference (ICI), intersymbol inter-
ference (ISI), orthogonal frequency division multiplexing (OFDM).

L. INTRODUCTION

For the signal processing in orthogonal frequency division
multiplexing (OFDM) systems, the inverse discrete Fourier
transform (IDFT) at the transmitter is well known to be equiv-
alent to the traditional subcarrier modulation with an array
of oscillators [1]. Correspondingly, the discrete Fourier trans-
form (DFT)-based and the matched filter (MF)-based process-
ing at the receiver have been perceived equivalent, regardless of
whether the maximum channel delay, 7.y, exceeds the guard
interval (GI), T, or not. The equivalence indeed holds when
Tmax < T as initially shown in [1].

Interestingly, however, our preliminary experiment reveals
that for the same OFDM parameters and in a common multi-
path channel with 7, > T, the mathematical expressions of
these two processing models do not produce the same numeri-
cal values at the output of their OFDM demodulator, i.e., DFT
or MF. Also from computer simulation, it is observed that they
are equivalent only when the MF-based processing is performed
with IV samples per OFDM block while the simulation data do
not agree with the numerical data from its mathematical expres-
sion. Moreover, when the MF-based processing is simulated
with more samples, i.e., an integer multiple of N samples per
OFDM block, its MF output values tend to approach those from
analytical expressions.

Motivated by these observations, in this paper, we revisit
the mathematical equivalence of the DFT-/MF-based process-
ing in [2] and [3] with emphasis on the multipath channel with
Tmax > Ty. To the authors’ knowledge, the equivalence has
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never been proven when the GI is insufficient. The study on the
intersymbol/interchannel interference (ISVICI) caused by mul-
tipath channels when 7y, > T, might be arguable but is indeed
important for a complete understanding of OFDM, as evident
from the previous research [4]-[6]. The contributions of this
paper are i) to analytically show that at the receiver the equiva-
lence holds only for multipath channels with 7,,,x < T}, but not
for Timax > T, i) to demonstrate that the DFT-based processing
causes more ISI/ICI than the MF-based when 7. > T, and
iii) to provide accurate analytical expressions of bit error rates
(BERs) taking into account the difference in ISI/ICIL. For the
BER evaluation, among various results in the literature [7]-[9],
we extend the analysis in [8].

The rest of this paper is organized as follows. In Section II,
we briefly revisit the MF-/DFT-based processing at the receiver
to better understand the origin of discrepancy between the two
models and in Section III, exact mathematical expressions are
provided along with illustrative examples for the discrepancy.
Analytical expressions and numerical results are presented in
Section IV for the effect of discrepancy on the link performance
and finally, conclusions are made in Section V.

II. TWO MODELS OF OFDM PROCESSING
A. MF-Based Processing

Consider an OFDM communication system where complex
data signals are serial-to-parallel converted and de-multiplexed
onto a set of N orthogonal continuous-time subcarriers with
an appropriate guard interval inserted. For the continuous-time
baseband signal at the receiver, a bank of MFs are employed for
coherent demodulation. Then, adopting the notations in [2], the
time-domain transmitted signal for a stream of OFDM blocks
can be written as

400 N-1

2(t)= > > Xnrok(t —nTy)

n=—o0 k=0

@

where {X,, 1} are the complex baseband data for the n-th
OFDM block, 7}, is the OFDM block duration equal to the sum
of the guard interval T, and the effective block duration T5.
The orthogonal basis functions {¢y(t)} are defined as ¢ (t) =
/25t with the k-th subcarrier frequency fi £ f. + k/T}, and
fe the fundamental frequency. The orthogonal basis functions
are primarily defined over 7} but also assumed to maintain mu-
tual orthogonality over Tl;. For notational simplicity but without
loss of generality, we assume that f is zero and the noise at the
receiver is omitted until Section I'V.

For the multipath channel, a finite impulse response (FIR)
function h(t) is assumed for N, path components such that
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h(t) = et hy(£)6(t — m) where hy(t) £ a,edi2min,t)
is a normalized complex path gain with a;, 8;, and fp, denoting
the real path gain, phase variation, and Doppler frequency, and
7, is the relative delay of the I-th path. We consider that the max-
imum path delay m.x = Tn,—1 can be longer than the GI but
shorter than the effective OFDM block duration, i.e., Tmax < T},
and the Doppler shift is relatively small such that f DTI; < 1.

In the receiving end, following a similar approach in [2], we
can write the k-th MF output, Y, , for a multipath channel with
some (but not all) path delays exceeding the GI as

Yn,k = Z hl,ne_jZWf’“Tan:k + Z hl,nﬂk,k(Tl)Xn,k
lE{Tlng} le{n>Ty}

N-1
+ Z Z hl,nﬂ'm,k(Tl)Xn,m

le{n>Ty} m=0

N-1
+ 3 Y hadma () Xa1m

le{n>Ty} m=0"

@

where the third and fourth terms are the overall_ICI and ISI,
respectively, y , £ hi(nT,), and

Tb—;z-i-Tg e—j?ﬂ'fmn ifm==%k

b Y

pm (1) = { Lo fm = (fm—fi) (=T
x sinc(m(frm — fu)(11 — Ty)), otherwise

, 3
Tl%Tge—jQﬂ'fm(n—Tb)’ ifm=k%k
b ’
Amk(T1) = Ty =32 fn (=)= fon = Fi) (=T )

X sinc(m(fm — fx)(m1 — Ty)), otherwise
)

which are dependent upon 7, T, and T}, in particular.

B. DFT-Based Processing

For the same OFDM system as in Section II-A but in a form of
discrete-time signals processed with the N-point IDFT/DFT, let
L denote the length of GI normalized to the fundamental period,
T £ T,/N, of OFDM. For the channel impulse response h(t),
the path delay 7; can be rounded to an integral multiple of T’
with the normalized channel length of L, ie., Tmax = (L. —
1)T. The complex path gain ¢, at t = mT is given by hy if
m = |1;/T|; otherwise 0, for m = 0,---, L, — 1. Then, after
the DFT operation, the frequency-domain received signal Y,
which corresponds to {Y, 1} in (2), can be written as

1 = -
Yo = Wi (CooaWiXn1 + CaWiXa) ()
where W y is the N-dimensional DFT matrix, X,, isan NV x 1
vector of complex baseband data, the superscript ()¢ denotes
the complex conjugate, and C; for i € {n — 1,n} is a modified
subchannel matrix of size (N x N) given in [3].

1. DISCREPANCY IN MF-/DFT-BASED PROCESSING

In deriving the expression (2) or (5), the MF operation, i.e.,
integrate and sample over Ty, or the DFT operation for the cur-

rent OFDM block is straightforward when 7; < T}, as the previ-
ous OFDM block signals do not appear in the integration inter-
val and the basis functions maintain mutual orthogonality over
that duration. But when 73 > T, the previous block signals
do appear in the integration interval and thus, mutual orthog-
onality is destroyed among all subcarriers and ISI terms, ie.,
Am k(1) Xn—1,m for all m, and ICI terms, i.e., fm k(71) Xn m
for m # k, appear as shown in (2). This is well known for
OFDM, either with the MF- or DFT-based processing. How-
ever, as will be shown below, when 7, > T, the degree of non-
orthogonality between a received subcarrier signal and other ba-
sis functions turns out to be different between the MF- and DFT-
based processing, and this difference results in a different level
of ISI/ICI between them, destroying their equivalence.

Below, as the MF-based processing is typically implemented
in a discrete-time format, we first convert the expression in
(2) by properly replacing the continuous-time parameters with
discrete-time ones and compare it with (5). Although our focus
is on the case of L. — 1 > L but for the purpose of comparison,
the case of L, — 1 < L is also presented.

A. Maximum Path Delay L. — 1 < L

For a discrete-time form of (2), let k and m represent the sib-
carrier and time indices, respectively, normalized to the funda-
mental period 7, ie., k/N from f, = k/T, = k/NT and m
from ¢t = mT'. The path gains are normalized to the total pover
gain of 1. Then, for L, — 1 < L, with only the first summation
remaining, (2) becomes

L.—1
§ : —j2 k/N
Yn,k = Cm€ j2mmk/ Xn,k~

m=0

6)

For (5), it can be easily verified that én_l = Oy and the DFT
output is simplified to

Y, =H{X, 7

where HY 2 (1/N)WxC, WS, is an N-dimensional di-
agonal matrix with its diagonal element Hy, = Z,anz_ol Con
.e~127mk/N which is the well-known DFT-ed channel impulse
response for the subcarrier k. From (6) and (7), it is clear that
there is no mathematical discrepancy in the MF- and DFT-based

processing when L, — 1 < L.

B. Maximum Path Delay L, — 1 > L

In this case, with Ty, = NT, T, = L, and T, = (N + L)T,
and the MF and DFT outputs given by (2) and (5), respectively,
can be collectively written as

(8)

Y. =G )| |

where Hs\i,) 2 (1/N)W xC; W5, with its kp-th elements of
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S e I2mEIN S e (m), ifp =k

o me{m<L} me{m>L}
Hkp = .
Z Cm;ufkp(m)) lfp ?é k
me{m>L}
9
B = Y et a0
mE{m>L}
where
(m—L) —j2ap(m—(N+L))/N ifp==%
s e o=
)\k:p(m) = { ﬂkpg:]nwL) e—j27rp(m—(N+L))/N, if p 7& k (n
(N—m+L) —j2rkm/N ifp==k
N —€ 9 up
pp(m) = { — BeplmsL) o—j2mpm/N | if L ) 42
with
m—(L+1)
D e—d2mi(k—p)/N for DFT
=0
Bro(m, L) = ik om—L)/N (g 1) (13)

X sinc (%’L—_—L)) for MF

which is herein referred to as the discrepancy factor (DF). Note
that in Hgf,) for both ¢ = n and n—1, the main diagonal elements
given by (9) and (10) for p = k are the same for the DFT- and
MF-based processing as Aip(m) and g, (m) are not affected
by Bkp(m, L), but off-diagonal elements, i.e., p # k, are not the
same since Agp(mm) and pp(m) are scaled by By, (m, L), which
is different in the DFT-/MF-based processing. This translates
into a different level of total ISI/ICIL.

C. Numerical Examples

An illustrative example of the DF, By,(m, L), is shown for
subcarrier k = 1 in Fig. 1 where the DF is evaluated at m = 18
and 19 with N = 64, L = 16, and L. — 1 = 20. Note that
the discrepancy is relatively small when the distance between
k and p is small, e.g., up to p = 35 in Fig. 1(a) and p = 45
in Fig. 1(b), but as the distance further increases, the discrep-
ancy rapidly increases as the DF for the DFT-based process-
ing increases. Moreover, the maximum value of the DF for the
DFT-based processing depends on the maximum path delay as
its value is accumulated as shown in (13).

The discrepancy can be further illustrated by comparing data
from simulation and numerical evaluation at the OFDM demod-
ulator output. For brevity but without compromising its mean-
ing and interpretation of the data, we use a small N such that
N =8,L=4,and T; = 4.0 us. The power delay profile (PDP)
of the multipath channel is assumed to be exponentially decay-
ing and modeled with pe, (m) = e~™/™ where mgs determines
how slowly the PDP decays with time and is assumed to be
50. Furthermore, only two paths are assumed to be non-zero
while m € {0, L. — 1} with L. € {5, 6} such that the case of
L.—1 < Lisillustrated with L, = 5and thecaseof L_—1 > L
with L. = 6. A stream of complex data {X,, } € {—1,1} for
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Fig. 1. Magnitude of the discrepancy factor 8y, (m, L) for k = 1 and

L =16 when L. — 1 = 20: (&) m = 18, (b) m = 19.

Table 1. llustrative MF and DFT outputs: L — 1 > L.

de-OFDM Simulated Numerical outputs
input (i.e., outputs
ch. output) (MF & DFT) MF DFT
0.04 — 0.214 0.66 — 0.661 0.96 — 1.03¢ 0.66 — 0.661¢
—0.13+0.05¢ | —0.55+0.844 | —0.2940.42¢ | —0.55+ 0.844
0.13 — 0.05¢ —0.34 - 0.66¢ | —0.15—1.10¢ | —0.34 — 0.66:
0.13 — 0.30¢ 0.87 — 0.164 0.97 — 0.57¢ 0.87 — 0.167
—0.13-0.20¢ | —0.34 +0.34 | —0.314+0.02¢ | —0.34 + 0.34¢
0.38 — 0.30¢ 0.16 — 0.871 0.18 — 1.061 0.16 — 0.87¢
0.13 + 0.30: —0.34 —0.66¢ | —0.27 —0.73¢ | —0.34 — 0.661
0.13 + 0.05:¢ 0.16 4+ 0.13¢ 0.35 + 0.14% 0.16 + 0.132

OFDM are randomly generated with its energy normalized to 1.
For L. — 1 < L, we have observed that the numerical data at
the outputs of the MF and DFT with N samples/OFDM block as
per the Nyquist rate are exactly the same both from simulation
and numerical evaluation (not shown as well known). However,
as shown in Table 1, with the same configuration except for the
channel, i.e., L, — 1 > L, there exists some discrepancy be-
tween simulated and numerically evaluated data. Two impor-
tant observations can be made from this table: i) Simulated data
for the MF- and DFT-based processing are the same and they
agree with those of numerical evaluation from the DFT-based
processing and ii) numerically evaluated data for the MF-based
processing do not agree with those in i). Table 2 further shows
that when more samples are used for the MF-based processing
in simulation, the discrepancy between the simulated and nu-
merically evaluated becomes less.

To illustrate the effect of the discrepancy and sampling rate
on the OFDM demodulation, we look at the correlation between
the k-th basis function from the first path and the basis functions
from the other delayed paths of an N,-path channel. For this
purpose, the OFDM signals are generated as aforementioned
but with N = 64, L = 16, and T, = 4.0 ps with all com-
plex data {X,, 1} set to 1. The MF processing is used to easily
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Table 2. MF outputs for varied number of samples: L. — 1 > L.
MF simulated outputs Numerical
N samples 2N samples 32N samples outputs
/block /block /block MF)

0.66 — 0.661 0.81 — 0.99¢ 0.95 — 1.03¢ 0.96 — 1.037
—0.55+0.84i | —0.454+0.537 | —0.30 + 0.42; | —0.29 + 0.425
—0.34—-0.66: | —0.29-0.93: | —0.16 —1.09¢ | —0.15 — 1.10¢
0.87 — 0.16¢ 0.89 — 0.37% 0.96 — 0.561 0.99 — 0.57%
—0.34+0.34¢ | —0.324+0.19¢ | —0.31 4+ 0.03; | —0.31 +0.02:
0.16 —0.87¢ 0.20 — 0.96¢ 0.18 — 1.06:¢ 0.18 — 1.067
—0.34—-0.66¢ | ~0.26 —0.71 | —0.26 — 0.73¢ | —0.26 — 0.73i
0.16 4 0.13¢ 0.29 +0.11% 0.35 + 0.144 0.35 + 0.14%

allow two different sampling rates, N and 2N per OFDM block.
Fig. 2(a) shows that for the considered scenario of N, = 2, the
cross-correlation is very small when m = 15 as expected and its
difference due to the sampling rates used is negligible, but when
m = 19, the cross-correlation is dramatically larger than case (i)
and the difference due to the sampling rates increases with the
subcarrier index. A similar observation can be made in Fig. 2(b)
where the correlation is calculated between the first-path k-th
basis function and the sum of all other multipath components.
It is clear, in addition to the well-known fact that the subcarrier
orthogonality is destroyed in OFDM when the GI is insufficient,
that this situation is worse in the N-point DFT-based process-
ing than the MF-based or its somewhat practical discrete-time
implementation with a sampling rate higher than N per OFDM
block.

IV. ANALYSIS OF LINK PERFORMANCE

For the effect of the discrepancy on the link performance, we
adopt the analysis in [8] performed in the notion of the DFT-
based processing, but with some minor corrections! and further
extend it for the MF-based processing. We assume f DTZ; <1,
i.e., time-invariant over the OFDM block, for simplicity as we
are mainly focused on the discrepancy. Note that while in the
previous sections L is set to a preset value and L. — 1 is varied,
the analysis in [8] is presented with L. — 1 set to a preset value
and L varied from 0 to L, — 1. In this section, we follow the
way in [8] for easier referencing of our analysis to it. As part
of this, Agp,(m), prp(m), and By, (m, L) are substituted by their
full expressions and integrated in the final expressions. A key
relationship for such comparison is

Le—L—2

1 L1 m— L
¥ o2 2 em= D, —yem
=0 m=e+L+1 me{m>L}

form > Land L, > L + 1. From (8)—(13), the k-th OFDM
demodulator output during the n-th block can be written as

(14)

Yoo = HOD X+ Zop + Sup + Noje (15
where H ,EZ)X,I, & 1s the signal componeht, Zp, i is the ICI from
the n-th block, S, i is the ISI from the (n — 1)-th block, and

1Based on numerical evaluation of (6) in [8], and (7) and (8) of this paper,
which agree with the numerical results from [2] and [3], we believe that (6) in
[8] is valid for L < L. — 1 but invalid for L > L, — 1.

JOURNAL OF COMMUNICATIONS AND NETWORKS, VOL. 8, NO. 3, SEPTEMBER 2006

0} (i)

10° bye o

[ —— Nsamples per block
. . | = — 2N samples per block]

Correlation
Correlation

80 0 20 40 82

0 20
Subcarrier index Subcarrier index
(@
0] (ii)
1Y S— P — P, ]
S
W0 H e T [ — N samples per block
X | = — 2N samples per block| |-
]0_4 ........... o o d
5 ot ] ‘5
© ®
© ®
Sl 5
SRR : : 8]
10*|O
10*12
10"t
; ; ; 10 ; ; :
0 20 40 60 0 20 40 60
Subcarrier index Subcarrier index
(b)
Fig. 2. Correlation between the first-path second subcarrier (k = 1)

basis function and sum of all basis functions ¢ (t) from the other
delayed paths: N = 64, L = 16, and T,; = 4us: (a) Np = 2 with the
2nd path delay of (i) m = 15 < Land (i) m = 19 > L, (b) Np = L.
pathswith (i) L — 1 =15< Land (i) Lo —1 =19 > L.

N, i 1s the AWGN. The frequency-domain transfer function for
the signal can be rewritten from (9) but with the use of summa-
tions in [8] as

N-1

L.—1
% Z Z cme—j27rkm/N

{=max(0,L.—L—1) m=0

(n)
Hklc =

L.—L-2 ¢{+L

+ § 2 /‘ Cme—jQﬂ'km/N
£=0 m=0

16)

and its variance 0% = E{H\") (H")*} can be derived as
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1 N-1 N-1 L.—1
2 _ 2
9" = N3 Z Z Tm
£= ma.x(O L.—L-1) u=max(0,L,—L—1) m=0
N-1 Le—L—2 u+L
2
2 ) >, 2om
¢=max(0,L,~L~1) u=0 m=0
L.—L—2 L,—L~2 min(u,f)+L
2
2 X X on| an
£=0 u=0 m=0
where o2, is the power gain of the m-th multipath component.

As they are different for the MF- and DFT-based processing, the
second and third terms of (15) are separately discussed in the
next subsections. The AWGN term in (15) can be written as

Npg = 1/\/_ Zp _0 Ny e ~2™*P/N such that its variance
is given by 0%, = N,,, where N, is the one-sided power spectral
density of the AWGN.

A. Interference in the DFT-Based Processing

The ICI term in (15) is from the other subcarriers in the cur-
rent block and can be written as

1
¥ > Xop
p#k
N-1 L.—1
% E § cme—]27'rpm/Ne]27rZ(p—k:)/N
f=max(0,L.—~L~-1) m=0
L.—~-L—-2 ¢+L
+ E E cme—jQme/NejQTrZ(p—k)/N
£=0

(18)

m=0
and the ISI term is from the previous block and simplified to
L.—L-2

1 N-1
Sn,k = N;Xﬂ_l’p Z

£=0
Lc.—-1

p>

m=£+L+1

cmeﬂﬂp(L—m)/Nej?ﬂé(p—k)/N' (19)

Following the same approach as in [8], the variances of the ICI
and ISL ie., 03 = E{Z, 2}, } and 0§ = E{S, xS}, .}, re-
spectively, can be written as

B L1
0% = e N(N —max(0,L, — L — 1)) Za
m=0
Lo—L—2 2+L
N> D
£=0 m=0
N-1 N-1 L.—1

2
- om

- o2 20

where E, = E,/(1+ L/N) is the effective symbol energy with
E, denoting the symbol energy of i.i.d. zero mean data {X,, 1}
and

Lo—L—-2 L.—1

> o2,

=0 m=~{+L+1

2y

Q
b
Il
2|5

B. Interference in the MF-Based Processing

Extending the results in Section IV-A with the discrepancy
factor in (13), the ICI and ISI terms in (15) in this case are de-
rived as

1 Le—L—2 L.—1 ‘
Zn k = _N Z Xn,p Z Z Cme_J27rpm/N
pik £=0 m=f+L+1
) - —L
x eI (P=k)(m=L)/Nginc <7r(p kj)ém )) 22)
Lo—L—2 L.—1

n—1p Z Z ¢y, 32T R(L=m)/N

=0 m=£4+L+1

o-Hin-D) g

1
nk::NZ

jn(p—k)(m—L)/N
X e sinc ( N

Then, the variances of Z,, ; and Sy, & can be written as

E/ 1 N-1 N-1 |L.~L-2 L.-1 ]
i EE(ES[E S cemmn
k=0 p=0 £=0 m=£+L+1
2
pino—k)m=L)/N g (TP = Y(m = L)
N
N—1|L.—L—2 L,-1 2
_ Z CmeI2mPmIN (24)
p=0 =0 m=£¢+L+1
El 1 N—-1 N-1 |L.—L-2 L.-1 )
Ay T[S e

£=0 m=f+L+1

x eI p=R)(m=L)/N g TP

s —li\(fm——L))

2
} . (25)

C. Error Rates

With the variances from the previous subsections, the average
SINR can be written as [8]
©_ 2 2 2
Y= E,oy/(0cz + 05+ No) (26)
where the interference terms in the denominator already include
the effective symbol energy E,. Then, considering the Gray-

mapped 16-QAM OFDM system, one can write the BER aver-
aged over Rayleigh fading as {8]
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Number of subcarriers, N

(@)

108
Number of subcarriers, N

(b}

Fig. 3. BERvs. N = {8,16,32,64,128,256,512} when L. = 5 and
L =1{0,1,2,3,4}. In (a), the BER values when L = 4 = L, — 1 are
all zero (not shown): (a) E,/N, = oo, (b) E; /N, = 15 dB.

D. Numerical Results

For the accuracy of the expressions for the DFT-based, i.e.,
(16), (18), and (19), and those for the MF-based processing, i.e.,
(16), (22), and (23), we have verified by numerical evaluation
(not shown) that they produce the same results under all sce-
narios in Section I1I-C, e.g., Table 1. Below, the discrepancy in
link performance between the MF- and DFT-based processing is
evaluated in terms of BER given by (27) for various situations
and L. = 5. The BERs of both MF-based and DFT-based are
shown in Fig. 3(a) as a function of the number of subcarriers
N for varying GI lengths L without the presence of noise, i.e.,
E,/N, = oo. Note that the BER difference exists between the
MF-/DFTI-based processing and becomes slightly larger as L be-
comes shorter. Also, we can observe that as L becomes shorter
and thus, effectively the maximum channel delay exceeds the
GI, the BERs decrease as expected. On the other hand, the BER

Fig. 4. BERvs. E,/N, when L =5and L = 0.

is improved with a larger IV as it means a longer effective dura-
tion of OFDM for the same fundamental period 7" and thus less
ISL

From Fig. 3(b) for E;/N, = 15 dB, the same observations
can be made except that a noise floor is observed at a BER of
about 1.4 x 1072, That is, for a given E}/N,, the BER per-
formance reaches a limit and cannot be further improved by
increasing IV in practice, and the performance discrepancy be-
tween the MF-/DFT-based processing can be considered effec-
tively disappeared. Fig. 4 shows the BERs as a function of
Ey /N, for the case of no guard interval, i.e., L = 0. Note that
as the E}, /N, increases, the performance difference between the
MF-/DFT-based processing becomes larger.

V. CONCLUSIONS

We have shown that there exists inherent discrepancy in the
amount of ISI/ ICT and thus link performance between the MF-
and DFT-based processing for an OFDM system in excessively
dispersive multipath channels. Also, the numerical results in this
paper suggest that there could be a discrete-time implementation
of an OFDM receiver more robust in harsh multipath environ-
ment than the typical N-point DFT.
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