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Abstract: This paper provides a comprehensive study of OFDM-IDMA. Comparisons with other alternative technology such as
OFDM-CDMA are provided. CP reduces the ISI in the OFDM Block and MAI is reduced by IDMA in the AWGN channel. A signal-tonoise ratio (SNR) evolution technique is developed to predict the bit-error-rate (BER) performance of OFDM-IDMA by using BPSK
modulation. Also, we provide simulation results in the MATLAB environment.
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1. Introduction
Multiple access schemes are used to allow many mobile
users to share simultaneously a finite amount of radio
spectrum. The sharing of spectrum is required to achieve
high capacity by simultaneously allocating the available
bandwidth to multiple users. IDMA (Interleave Division
Multiple Access) is the extension of CDMA [1] .All users in
a CDMA system use the same carrier frequency and may
transmit simultaneously. A conventional random waveform
CDMA (RW-CDMA) system involves separate coding and
spreading operations. So, the whole bandwidth is used by
coding. In this case, interleavers can be employed to
distinguish signals from different users [2]. Due to AWGN
channel Multiple Access Interference (MAI) and Inter
Symbol Interference (ISI) are major sources of impairments
in wireless communication systems. OFDM-IDMA resolves
interference. The cost of Conventional multi user detection
(MUD) is very high. OFDM (Orthogonal Frequency
Division Multiplexing) is a multi carrier modulation
technique. OFDM transmits data in parallel by modulating a
set of orthogonal sub carriers. The carriers have minimum
frequency separation required to maintain orthogonality. In
Multiple carrier modulation inter symbol interference
occurred due to channel. By using cyclic prefix in the OFDM
can reduce the inter symbol interference [8]. OFDM-IDMA
system inherits so many advantages of OFDM-CDMA that it
can effectively deal with ISI and reduce interference between
cells. The output of CDMA has very high because it uses one
simple and effective Turbo iterative for MUD algorithm, on
the other hand, OFDM-IDMA doesn’t need spectrum
spreading because its users are differentiated by interleavers,
so the whole band spreading of system can be used for FEC
to get higher gain.

2. Transmitter
OFDM-IDMA transmitter is shown in Fig .1. The transmitter
structure of the multiple access scheme under consideration
with M simultaneous users. The input random data sequence
of length L and M is the number of users 𝒂𝒂𝒎𝒎 =
[𝑎𝑎𝑚𝑚 (1), 𝑎𝑎𝑚𝑚 (2), 𝑎𝑎𝑚𝑚 (3) … … … 𝑎𝑎𝑚𝑚 (𝐿𝐿)].User-m is encoded
based on a low-data rate code C. It generates a coded data
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sequence 𝒄𝒄𝒎𝒎 = [𝑐𝑐𝑚𝑚 (1), 𝑐𝑐𝑚𝑚 (2), 𝑐𝑐𝑚𝑚 (3), … . 𝑐𝑐𝑚𝑚 (𝑁𝑁)] where N is
the frame length. The elements in is permutated by an
interleaver 𝜋𝜋𝑚𝑚 , producing
𝜋𝜋𝑚𝑚 = [𝜋𝜋𝑚𝑚 (1), 𝜋𝜋𝑚𝑚 (2), 𝜋𝜋𝑚𝑚 (3), . . . 𝜋𝜋𝑚𝑚 (𝑁𝑁)].
After encoding users are separated by their interleavers.

Figure 1: OFDM –IDMA Transmitter
2.1 Mechanism of Interleaving Process
The advantage of IDMA is that the interleavers 𝜋𝜋𝑚𝑚 should
be different compare to other users. This is the principle of
IDMA. Here, we assume that the interleavers of different
users are generated randomly and independently. The
adjacent chips are approximately uncorrelated because these
interleavers disperse the coded sequences [2]. 𝜋𝜋𝑚𝑚 =
[𝜋𝜋𝑚𝑚 (1), 𝜋𝜋𝑚𝑚 (2), 𝜋𝜋𝑚𝑚 (3), . . . 𝜋𝜋𝑚𝑚 (𝑁𝑁)].The
interleaver
is
termed as a mechanism which rearranges the ordering of
a data sequence by means of a deterministic bijective
mapping. Let 𝒄𝒄𝒎𝒎 = [𝑐𝑐𝑚𝑚 (1), 𝑐𝑐𝑚𝑚 (2), 𝑐𝑐𝑚𝑚 (3), … . 𝑐𝑐𝑚𝑚 (𝑁𝑁)] be a
sequence of length N. An interleaver maps C onto a
sequence
𝑿𝑿𝒎𝒎 = [𝑥𝑥𝑚𝑚 (1), 𝑥𝑥𝑚𝑚 (2), … … . 𝑥𝑥𝑚𝑚 (𝑛𝑛), … . . 𝑥𝑥𝑚𝑚 (𝑁𝑁)]
such that X is a permutation of the elements of C.
Considering C and X as a pair of N-dimensional vectors,
there is one-to-one correspondence ci →x j between each
element of C and each element of X, as shown in Figure 2.
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Figure 4: Cyclic-prefix

3. Additive White Gaussian Noise Channel
Figure 2: Mechanism of Data Interleaving
An interleaver can then be defined by the one-to-one index
mapping function. Original sequence ‘C’ and the interleaved
sequence ‘X’, respectively. The mapping function can be
expressed as an ordered set called interleaving vector
𝜋𝜋𝑚𝑚 = [𝜋𝜋𝑚𝑚 (1), 𝜋𝜋𝑚𝑚 (2), 𝜋𝜋𝑚𝑚 (3), . . . 𝜋𝜋𝑚𝑚 (𝑁𝑁)].The 𝑛𝑛𝑡𝑡ℎ element
of the permuted sequence X is 𝑋𝑋 𝑛𝑛 = 𝐶𝐶 𝜋𝜋[𝑛𝑛] . The interleaver
sequence is mapped by using BPSK modulation. Because
BPSK has less bit-error-rate compare to other psk
modulation techniques in AWGN channel. BPSK mapped
bits are shown below fig.3.,

In communication theory it is often assumed that the
transmitted signals are distorted by some noise. The most
common noise to assume is additive Gaussian noise, i.e. the
so called Additive White Gaussian Noise channel, AWGN.
Even though the noise in reality is more complex, this model
is very efficient when simulating for example background
noise or amplifier noise.

4. Iterative Receiver
Assume that channel has no memory. The received signal
𝑟𝑟(𝑛𝑛) from M users can be written as
𝔯𝔯(𝑛𝑛) = ∑𝑚𝑚 ℎ𝑚𝑚 (𝑛𝑛)𝑥𝑥𝑚𝑚 (𝑛𝑛) + 𝓏𝓏(𝑛𝑛), n=1 ….N

Here 𝓏𝓏(𝑛𝑛) are samples of AWGN process with variance
𝜎𝜎 2 = 𝐸𝐸0 ⁄2. ℎ𝑚𝑚 is channel coefficients. It is priori at the
receiver. At the receiver cyclic prefix length 𝑁𝑁𝑐𝑐𝑐𝑐 is removed
prior to the OFDM block .To process the signal FFT is used
to convert time domain to frequency domain. N-point DFT is
written as

Figure 3: BPSK Mapping
2.2. Inverse Fast Fourier Transform
Orthogonality property is applicable in the IFFT. The
modulation output is in the frequency domain. IFFT converts
the signal from frequency domain to time domain. In the
OFDM transmission system, N-point IFFT is taken for the
𝑁𝑁−1
transmitted bits {𝑋𝑋[𝑘𝑘]}𝑁𝑁−1
𝑘𝑘=0 , so as to generate {𝑥𝑥[𝑛𝑛]}𝑘𝑘=0 , the
samples for the sum of N orthogonal sub carriers[8]. The
FFT algorithm reduces the number of complex
multiplications 𝑁𝑁 log 2 𝑁𝑁 and additions𝑁𝑁 log 2 𝑁𝑁.
2

𝑁𝑁−1

1
� 𝔯𝔯(𝑛𝑛)𝑒𝑒 𝑗𝑗 2𝜋𝜋𝜋𝜋𝜋𝜋 /𝑁𝑁 , 0 ≤ 𝑘𝑘 ≤ 𝑁𝑁 − 1
𝑁𝑁
𝑘𝑘=0
. The problems of multiple access and encoding limits can be
figured out by chip-by-chip detection and decoders, the
output of chip-by-chip detection and decoders is LLRs about
��𝑥𝑥𝑚𝑚 (𝑘𝑘)��that is we usually called extra information [6].
Chip-by-Chip detection and decoders are shown in fig .5.:
𝑅𝑅(𝑘𝑘) =

… (1)

The N-point IDFT of 𝑥𝑥(𝑛𝑛) can be written as
𝑥𝑥(𝑛𝑛) =

𝑁𝑁−1

1
� 𝑋𝑋(𝑘𝑘)𝑒𝑒 𝑗𝑗 2𝜋𝜋𝜋𝜋𝜋𝜋 /𝑁𝑁 , 0 ≤ 𝑛𝑛 ≤ 𝑁𝑁 − 1
𝑁𝑁
𝑘𝑘=0

2.3 Cyclic-Prefix (CP)

To avoid inter symbol interference in AWGN channels, a CP
of length 𝑁𝑁𝑐𝑐𝑐𝑐 is inserted prior to the OFDM block. During
this interval, a cyclic prefix is transmitted such that the signal
in the interval −𝑁𝑁𝑐𝑐𝑐𝑐 ≤ 𝑛𝑛 < 0 equals the signal in the
interval(𝑁𝑁 − 𝑁𝑁𝑐𝑐𝑐𝑐 ≤ 𝑛𝑛 < 𝑁𝑁. The OFDM signal with cyclic
prefix is thus[9] shown in fig.4.:
𝑁𝑁−1

1
𝑥𝑥(𝑛𝑛) = � 𝑋𝑋(𝑘𝑘)𝑒𝑒 𝑗𝑗 2𝜋𝜋𝜋𝜋𝜋𝜋 /𝑁𝑁 , −𝑁𝑁𝑐𝑐𝑐𝑐 ≤ 𝑛𝑛 < 𝑁𝑁
𝑁𝑁
𝑘𝑘=0
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Figure 5: OFDM-IDMA Iterative Receiver
ℛ(𝑘𝑘) = ∑𝑀𝑀
𝑚𝑚 =1 ℋ𝑚𝑚 𝒳𝒳𝑚𝑚 (𝑘𝑘) + 𝜉𝜉𝑚𝑚 (𝑘𝑘)………………. (2)
Where,
𝜉𝜉𝑚𝑚 (𝑘𝑘) = ℛ(𝑘𝑘) − ℋ𝑚𝑚 ′ 𝑋𝑋𝑚𝑚 ′ (𝑘𝑘)
= ∑𝑘𝑘 ′≠ 𝑘𝑘 ℋ𝑚𝑚 ′ 𝒳𝒳𝑚𝑚 ′ (𝑘𝑘) + 𝒩𝒩(𝑘𝑘 )………… (3)
is the distortion (including noise and interference) in ℛ(𝑘𝑘)
with respect to 𝑀𝑀𝑡𝑡ℎ user. According to central limit
theorem the sum of a large number of random variables can
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be characterized by a conditional Gaussian probability
density function [3].
𝒫𝒫 �

ℛ(𝑘𝑘)

𝒳𝒳𝑚𝑚 ′ (𝑘𝑘)

= ±1�,…………………………..(4)

4.1 Chip-by-Chip detection algorithm

Step (i): Set 𝑒𝑒𝑐𝑐 (𝑥𝑥𝑚𝑚 (𝑘𝑘)) = 0 , Initially
Step (ii):1.Estimate the mean and variance of received
signal ℛ(𝑘𝑘), given in equation (2).
2. Expected value of ℛ(𝑘𝑘) is mean 𝓔𝓔(ℛ(𝑘𝑘)) and variance is
𝑉𝑉𝑉𝑉𝑉𝑉(ℛ(𝑘𝑘))
3. Estimate the mean and variance of distorted
signal𝜉𝜉𝑚𝑚 (𝑘𝑘), given in equation (3).
Step (iii): Log-likelihood ratio
From equation (1) and (4)
𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑 (𝑥𝑥𝑚𝑚 (𝑛𝑛)) = 𝟐𝟐𝐻𝐻𝑚𝑚 .

(ℛ(𝑘𝑘) )−𝓔𝓔�𝜉𝜉𝑚𝑚 (𝑘𝑘)�
𝑽𝑽𝑽𝑽𝑽𝑽�𝜉𝜉𝑚𝑚 (𝑘𝑘)�

Figure 7: Performance analysis of User 2

,

Step (iv): From equation (1) 𝑒𝑒𝑐𝑐 and 𝒳𝒳𝑚𝑚 (𝑘𝑘) are extrinsic
LLRs .So the mean { 𝓔𝓔(𝒳𝒳𝑚𝑚 (𝑘𝑘) )} and variance
{Var (𝒳𝒳𝑚𝑚 (𝑘𝑘))} are used to generate and update for every
user.

5. Performance Analysis
5.1 Simulation Parameter
Figure 8: Performance analysis of User 3
In this simulation, number of users are 4, number of input
random bits are 1024, spreading sequence is 16, FFT length
and number of carriers are 1024, cyclic prefix is 32, All the
users use the same spectrum spreading code sequence:
s={+1,-1,+1,-1,…} with the same length 16, the chip
interleaver assigned to each user is randomly output by the
system. Fig.4 depicts the performance of OFDM-IDMA for
multi-users in AWGN channel; it is shown that without
energy distribution, the performance of system with different
users is still close to the performance with one user with
increasing SNR, so the system shows the better performance
for multiple users.
5.2. Performance analysis
Figure 9: Performance analysis of User 4
Above figures (6, 7, 8 &9) show the performance analysis of
OFDM-IDMA and OFDM-CDMA with different users.
Figure shows the OFDM-IDMA has best performance
compare to OFDM-CDMA.

6. Conclusions

Figure 6: Performance analysis of User 1
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OFDM-IDMA system structure based on theory of OFDM
and IDMA is constructed and simulation results for AWGN
channel. All show that OFDM-IDMA system inherits all the
advantages of OFDM and IDMA and it shows better
performance than traditional multiple access technology,
especially with larger users, it has more simple multi-user
iterative detection algorithm and lower complexity. In a
word, OFDM-IDMA based on multi-carrier modulation and
interleaving multiple access technology will draw more
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attention in the future wireless communication. OFDMIDMA shows the better performance compare to OFDMCDMA.
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