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Abstract: Interleavers are basic building blocks of IDMA system-which is the next version CDMA multiple access technique.
Interleavers are used in IDMA system for user separation and in CDMA for coding gain. Interleavers are used in optical fiber
communication as periodic optical filters that combine or separate a comb of dense wavelength division multiplexed signals.
This paper contains comparison of the frequency of operation and hardware requirement of two interleavers— random and
master random interleaver. Random interleavers are the first proposed interleavers for IDMA system.
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1. INTRODUCTION

Interleavers are used in the same manner for IDMA system
as PN-sequences are, for user separation, in CDMA systems.
Using interleaver in multiple access schemes improves
spectral efficiency and lowers receiver complexity [1]. As
interleavers are the key components in this multiple access
scheme, it is called Interleaver Division Multiple Access
scheme [2]. IDMA acquires many advantages from CDMA,
for example— diversity against fading and mitigation of the
worst-case other-cell user interference problem.

A conventional random waveform CDMA (RWCDMA)
system (such as IS-95) takes separate coding and spreading
operations. The analysis shows that the optimal multiple
access channel (MAC) capacity is realizable only when the
entire bandwidth expansion is devoted to coding. This evokes
combining the coding and spreading operations, using low-
rate codes, to maximize coding gain. But separation of
users — without spreading operation — is not feasible in
CDMA [3].

So, Possible Solutions for User Separation are:

• Narrow band coded-modulation scheme using trellis
code structures [4].

• Employing chip-level interleavers [3], [4], [5], and [6].

Further, though both the above-mentioned methods are
useful for raising the performance, employing different
interleavers to different users improved the performance of
CDMA scheme [3], [6]. Hence, the potential solution to this
problem is to employ chip-level interleavers for user
separation. An interleaver based multiple access scheme has
also been studied for high spectral efficiency, improved error
performance and low receiver complexity. [7], [8].

Interleavers are basically data scramblers. Interleaving
is permutation rule which scrambles data to break up

neighborhood-relations, one of the most popular ways to
rectify burst errors and  generates a pattern which works
well on random errors. Interleavers   interleave the bursts to
“spread out” the errors, so that they appear random to the
decoder. Interleaving should have minimum correlation
because, with increase in correlation, performance decreases.

2. INTERLEAVERS

Interleavers are the key component in designing of the IDMA
systems. Once the interleaver is assigned to the user, they
are fixed so, it is important that the interleavers used should
be efficient and least complex. Here we are discussing
different interleavers that are compared according to their
hardware requirement and time constraints. We are going to
deal with random interleaver, master random interleavers.

2.1 Random Interleaver

Random interleavers scramble the data of different users with
different permutation pattern. Patterns of scrambling the data
of users are generated arbitrarily. Because of the scrambling
of data, burst error of the channel is randomized at the
receiver side. After randomization of the burst error — which
has rearranged the whole block of the data— the latter can
now be easily detected and corrected. Spreading is the
important characteristic of random interleavers [3].

2.2 Master Random Interleaver or Power Interleaver

In random interleavers, the base station (BS) has to use a
considerable amount of memory to store the random patterns
of interleavers— which may cause serious concern of storage
when the number of users is large. Also, during the initial
link of setting-up phase, there should be messages passing
between the BS and mobile stations (MSs) to inform each
other about their respective interleavers. Further, for this
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purpose, extra bandwidth resource will be consumed if the
interleavers used by the BS and MSs are long and randomly
generated. To overcome this problem, master random
interleavers are proposed [6].

In master random interleavers or ‘power-interleaver’
method, a master interleaver pattern Φ is assigned. Then K
(K is an integer) interleavers can be generated using πk =
Φk. Here, Φk (c) is, Φ1 (c) = Φ (c), Φ2 (c) = Φ (Φ (c)), Φ3 (c)
= Φ (Φ (Φ (c))), etc. By this rule, every interleaver is a
‘power’ of Φ. The principle for this method is that if Φ is an
‘ideal’ random permutation, so are all {Φk}, and these
permutations are also approximately independent from each
other. Now BS assigns the power index k to each user k, and
then Φk will be generated at the MS for user k accordingly.
This method of generating patterns increases the
performance in the term information that has to be sending
by the base station to the mobile station.

3. COMPARISON

We have programmed the interleaver in the VHDL Xilinix
for the comparison of their hardware and time constraints.
We have developed it for 8 users with 8 bits/chip. Now the
different platforms of comparison are given below.

3.1 Summary of Hardware

In this part we are comparing the number of D-flip flops,
comparator, adder/substractor and multiplexers that are
required to form these interleavers.

are also shown. These factors in combination show the timing
behavior of these interleavers.

Table 1
Hardware Specifications

Random Master-random
Interleaver Interleaver

D Flip-Flop 832 3520

Adder/Substractor 272 1152

Comparator 128 576

MUX 576 2592

3.2 Timing Summary

In this comparison we are going to show the maximum
frequency at which these interleavers can operate. This
maximum frequency shows how fast these interleavers can
be operated. According to this maximum frequency the
period of operation of interleavers are decided. Minimum
arrival time before clock and maximum output time required

Table 2
Timing Specifications

Random Master-random
Interleaver Interleaver

Minimum period 132.745 ns 264.074 ns

Maximum frequency 7.533 MHz 3.787 MHz

4. CONCLUSION

On the basis of above comparison we can see that hardware
requirement in master random interleaver is much more than
random interleaver and timing or frequency of operation is
more in master random interleaver. This is so because
number of loop count increases in master random interleaver.
So on the basis of above comparison we can conclude that
random interleaver has better performance than master
random interleaver.
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