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Abstract— In this paper a comparative analysis of OFDM 

IDMA systems is determined by variation of number of 

users .In this paper we have compared between bit error rate 

of the OFDM IDMA by varying the number of users. Firstly 

bit error rate BER of single user has been shown and then a 

comparative study has been performed by varying the 

number of users. The comparison is done by using 

MATLAB software. 
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I. INTRODUCTION 

Communication between the people while in motion has 

been taking place from the ancient time. But During last 

three decades there has been a remarkable growth in the 

wireless communication. The wireless communication 

technology has been on demand among the society which 

leads to the extensive growth in technology.[1] 

The requirement for the wireless communication 

has been elevatated so much that there is need to improve 

the bandwidth, efficiency and number of users. There has 

been different techniques through which we can fulfill all 

these requirement. The multiple access technique that exist 

in the world such as 1G/2G/3G etc does not fulfill these 

requirements up to certain extinct. The first generation (1G) 

has fulfilled the basic mobile voice, while the second 

generation (2G) has focused on the capacity and coverage of 

wireless communication. Whereas the third generation (3G), 

provides the high data rates which will be further realized by 

the fourth generation (4G). 4G provides the data rate up to 

100 Mbps for high mobility and up to 1 Gbps for low 

mobility [6]. 

There are various multiple access schemes such as 

TDMA, FDMA and CDMA. But CDMA offers the better 

bandwidth and efficiency as compared to other two 

schemes. Thus CDMA is widely used in 3G technology. But 

there are many problems with CDMA. The two main 

problems faced by code division multiple access is Multiple 

Access interference (MAI) and Inter symbol Interference 

(ISI). 

The computational cost and complexity of 

multiuser detection are also one of the main disadvantages 

of CDMA. Therefore we switch to a new multiple access 

technique which combat the disadvantages of CDMA. This 

technique is known as INTERLEAVE DIVISION 

MULTIPLE ACCESS (IDMA).[9] Interleave division 

multiple access is the technique in which interleaver are 

used as the only means for user separation. 

II. OVERVIEW OF IDMA SCHEME 

Interleave division multiple IDMA access can be considered 

as a special case of direct sequence- code division multiple 

access. IDMA exhibits excellent bit error rate (BER) 

performance, spectrum usability, and low complexity of the 

receiver. It can also effectively deal with the inter symbol 

interference and reduce interference between the cells. This 

scheme allows a low complexity multiple user detection 

technique which is applicable to the systems with large 

number of users in multipath channels. The spreading 

process is carried out before interleaving in the transmitter 

part of IDMA.[4] 

The spreading process is carried out before 

interleaving in the transmitter part of IDMA. This spreading 

process can be same for all users. Thus to combat 

disadvantages of conventional CDMA in second and third-

generation cellular mobile communications, IDMA is 

proposed as a new spread spectrum technique.  

A. IDMA Transmitter and Receiver: 

The structure of a transmitter and a receiver for an IDMA 

system with K simultaneous users is demonstrated in Figure. 

1) Transmitter Section: 

The upper part of the figure.1 [12] shows the transmitter 

section of IDMA scheme whereas lower part of the figure 

shows the receiver section of IDMA. Input data sequence 

that are given by the K users are d1, d2,………. dK 

represented by.  dk = [ d1,d2, …….. , dK ].  

 
Fig. 1: Transmitting and receiving scheme of IDMA system 

[7] 

In the transmitter section firstly the input data 

sequences are passed through an Encoder at the rate R using 

low rate code C. Then it is passed through a spreader where 

each user has assigned a common signature sequences Sk 

having length S. The spreader for the users spreads a coded 

bit to a chip sequence (ie.it transmit either SK or –SK to 

represent one bit. The spreading operation expands the 

bandwidth. Thus a coding sequence is generated which is 

represented as 

CK = [ cK(1), cK(2), ……………, cK(j) ]T Where, 

j is the Frame length. 

Sequence is passed through an interleaver. This 

interleaver permutes the coded sequence to produce xK =[ 

xK(1), xK(2), ………… , xK(j)]
T
.[7] After interleaving 

process the XK is transmitted over multiple access channel. 
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2) Receiver Section: 

In the multiuser detection technique of IDMA, the receiver 

consist of an Elementary Signal estimator (ESE) and a 

posteriori probability (APP) decoder (DEC). The received 

signal from different user from multiple access channel can 

be written as – 

Rj = Σ hK xK(j) + n(j), j= 1,2,3, ………, j (1) 

Where 

n(j) – Samples of a zero mean additive white 

Gaussian noise (AWGN) with variance =N0/2. 

Xj(K) is the jth chip transmitted by the Kth user, 

the channel coefficient for the Kth user. 

hK is the channel coefficient of the user K. 

In the receiver section of IDMA system, the 

detector deploys a chip by chip detection strategy. The 

Elementary signal estimator (ESE) exchange the 

information with a posteriori decoder (DEC)[8]. e(xK(j)) 

denotes the extrinsic information about xK(j). Further it can 

be discriminated as eESE((xK(j)) and eDEC((xK(j)) 

depending on whether it is generated by elementary signal 

estimator or decoder. The input of elementary signal 

estimator are [r(j)] and [eDEC(xK(j))] and the output of the 

ESE is the extrinsic information [eESE((xK(j))] about 

(xK(j)). The output of the ESE that is [eESE((xK(j))] is first 

applied to Deinterleaver of the Kth user. This extrinsic 

information generated by ESE (after deinterleaving) is used 

as a priori information in the Kth DEC for user K. 

Then output of the Kth DEC (after interleaving) is 

the updated extrinsic information [eDEC(xK(j))]. This 

procedure is repeated a number of times until a hard 

decision {dK`} on the information bits {dK}. The output of 

elementary signal estimator is defined by the logarithm 

likelihood ratio (LLR) 

e(xK(j) = log[
),1)(/(

),1)(/(

hjxKrjP

hjxKrjP



 ]   for all k, j      (2) 

B. CBC Algorithm used in Mud: 

1) Step 1:- First of all set [eDEC(xK(j))] =0, for all K, 

j….. 

2) Step 2:- Estimation of the mean and variance of the 

transmitted signal xK. 

E(xK(j)) = tanh(eDEC(xK(j))/2  ,   for all K , j……….. 

Var(xK(j)) = 1- (E(xK(j)))
2  ,              

for all K, j……….. 

Where E(.) and Var(.) shows the mean and the 

variance respectively. 

3) Step 3:- Estimation of the mean and variance of the 

received signal. 

E(r(j)) = ∑ hK E(xK(j)) ,                  for all j 

Var(r(j)) = ∑│hK│
2 
Var(xK(j))+ 2 ,   

   for all j,…. 

4) Step 4:- Generation of LLR- 

 

III. OFDM IDMA SYSTEM 

OFDM IDMA is a scheme which offers a lot of advantages. 

OFDM IDMA can achieve inter-symbol interference (ISI) 

free transmission in multi-path channels. The related 

receiver cost is independent of the number of resolvable 

paths. OFDM IDMA allows each user to select subcarriers 

with high channel gains. The OFDM-IDMA scheme 

presented in [4,5] combines most of the advantages of the 

multiple access schemes mentioned above (such as 

OFDMA, CDMA, OFDM-CDMA, and IDMA)and avoids 

their individual disadvantages. OFDM-IDMA, ISI is 

resolved by an OFDM layer and MAI is suppressed by an 

IDMA layer both at low cost. The OFDM IDMA system 

provides better bandwidth and power efficiency. The 

difference between the IDMA and OFDM IDMA system is 

that in OFDM IDMA system input signal is applied by 

doing the fourier transform of it. OFDM-IDMA inherits 

most of the merits of OFDM and IDMA.[6]The key 

advantage of OFDM-IDMA is that MUD can be realized 

efficiently with complexity per user independent of the 

channel length and the number of users, which is 

significantly lower than that of other alternatives. 

 
Fig. 2: Transmitting and receiving scheme of OFDM IDMA 

system. 

Figure 2 shows the transmitter/receiver structure of 

an OFDM-IDMA system with K users. The coded signals 

are first interleaved by user-specific interleavers ΠK . Then 

the resultant signals, again denoted by {xk(n)}, are 

modulated onto subcarriers by using IDFT. Each subcarrier 

can be occupied by several users, so users are solely 

distinguished by their interleavers.[3]. The received signal 

after DFT can be represented by 

Rj = ∑ hK(n) xK(n) + z(n),   k= 1,2,3, …………, K   (3) 

where Hk(n) is referred to as the channel gain of 

the nth subcarrier for user k, Z(n) denotes AWGN at 

subcarrier n, 

IV. SIMULATION RESULTS AND PERFORMANCE ANALYSIS 

Fig. 3: depicts bit error rate of the OFDM IDMA.  
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In FIG data length taken is 512 bits with 10 bits as 

block length and 16 as spread length. Iterations used is taken 

to be 13 

 
Fig. 4: depicts bit error rat e of the OFDM IDMA. 

In Fig. 4, data length taken is 512 bits with 10 

block length and 16 as spread length. Iterations used are 

taken to be 13. 

 
Fig. 5: depicts bit error rate of the OFDM IDMA. 

In FIG data length taken is 512 bits with 10 bits as 

block length and 16 as spread length. Iterations used  is 

taken to be 13. Graph has been drawn for different number 

of users. 

V. CONCLUSION 

From the above results we conclude that in an OFDM 

IDMA system when we increase the number of users the bit 

error rate decreases. Here we have shown three results in 

which the best bit error rate is obtained from that OFDM 

IDMA system in which number of users are 8. 
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