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Fig. 1. Conventional OFDM transmitter/receiver structure.

II. SYSTEM OVERVIEW

In this section, we begin with a brief overview of the
conventional OFDM and later, OFDM/TDM using MMSE-
FDE is presented. The information bit sequence of length M
is channel coded with a coding rate R and mapped into the
transmit data symbols, corresponding to quadrature phase shift
keying (QPSK) modulation scheme. This sequence is divided
into blocks {dm(i); i = 0 ∼ Nc−1}, m = 0 ∼ M/Nc−1,
with E[|dm(i)|2]=1, where E[·] denotes the ensemble average
operation. In this work, without loss of generality we consider
a transmission of one block and thus, the block index m is
omitted in what follows.

A. Conventional OFDM

The conventional OFDM system model is illustrated in Fig.
1. In the conventional OFDM system, an Nc data-modulated
symbol sequence {d(i); i = 0 ∼ Nc − 1} is fed to JNc-
point inverse fast Fourier transform (IFFT) to generate an
oversampled time-domain OFDM signal with Nc subcarriers.
Throughout this work, the oversampling ratio J is used to
approximate the time domain transmit signal with high accu-
racy. After insertion of guard interval (GI) the signal is fed to
pre-linearized HPA (i.e., the signal is clipped and filtered by a
soft limiter model), where linear amplification is achieved until
the saturation output power level Ps (normalized by the input
signal power). We assume that the amplifier saturation level
equals to the clipping level. Finally, the signal is transmitted
over a frequency-selective fading channel.

At the receiver, after removing the GI, the JNc-point FFT is
applied to decompose the received signal into JNc frequency
domain components {R(n); n=0∼JNc−1}, from which the
first Nc components are selected. The distortion in the channel
has the effect of changing the phase and amplitude of each
subcarrier, which is corrected by the single tap FDE through
multiplication of the received signal R(n) by the equalization
weight w(n) [3].
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(b) Receiver

Fig. 2. OFDM/TDM transmitter/receiver structure.

B. OFDM/TDM Using MMSE-FDE

The OFDM/TDM transmission system model is illustrated
in Fig. 2. In OFDM/TDM the Nc-subcarrier OFDM sig-
naling interval (i.e., OFDM/TDM frame) is divided into K
slots. A date-modulated symbol sequence {d(i); i = 0 ∼
Nc − 1} to be transmitted is divided into K subblocks
each having Nm (=Nc/K) data-modulated symbols. A time
and frequency symbol arrangement for conventional OFDM
and OFDM/TDM is presented in Fig. 3. The kth subblock
{dk(i); i=0∼Nm−1} is transmitted in the kth slot, where
dk(i)=d(kNm+i) for k=0∼K−1. Then, JNm-point IFFT
is applied to generate the kth slot oversampled time-domain
OFDM signal with Nm subcarriers as

sk(t) =
√
2P

Nm−1∑
i=0

dk(i) exp

{
j2πt

i

JNm

}
(1)

for t = 0 ∼ Nm − 1, where P = Es/TcNm denotes the
transmit signal power. Es and Tc denote the data-modulated
symbol energy and the sampling interval of the IFFT. The
OFDM/TDM signal can be expressed using the equivalent low-
pass representation as

s(t) =
K−1∑
k=0

sk(t− kNm)u(t− kNm) (2)

for t = 0 ∼ Nc − 1, where u(t) = 1(0) for t = 0 ∼
Nm−1 (elsewhere). After insertion of guard interval (GI) the
OFDM/TDM signal is fed to pre-linearized HPA as in the
case of conventional OFDM and transmitted over a frequency-
selective fading channel.

The OFDM/TDM signal propagates through the channel
with a discrete-time channel impulse response h(τ) given as

h(τ) =
L−1∑
l=0

hlδ(τ − τl), (3)

where hl and τl are the path gain and the time delay of the lth
path having the sample-spaced exponential power delay profile
with channel decay factor β (i.e., E[|hg,l|2] = 1−β

1−βL β
l). We


