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Multistage Recursive Interleaver for Turbo Codes in
DS-CDMA Mobile Radio

Akira Shibutani, Hirohito Suda, Member, IEEE, and Fumiyuki Adachi, Senior Member, IEEE

Abstract—A multistage recursive block interleaver (MIL) is
proposed for the turbo code internal interleaver. Unlike con-
ventional block interleavers, the MIL repeats permutations of
rows and columns in a recursive manner until reaching the final
interleaving length. The bit error rate (BER) and frame error
rate (FER) performance with turbo coding and MIL under
frequency-selective Rayleigh fading are evaluated by computer
simulation for direct-sequence code-division multiple-access
mobile radio. The performance of rate-1/3 turbo codes with MIL
is compared with pseudorandom and -random interleavers
assuming a spreading chip rate of 4.096 Mcps and an information
bit rate of 32 kbps. When the interleaving length is 3068 bits, turbo
coding with MIL outperforms the pseudorandom interleaver by
0.4 dB at an average BER of 106 on a fading channel using
the ITU-R defined Vehicular-B power-delay profile with the
maximum Doppler frequency of = 80 Hz. The results also
show that turbo coding with MIL provides superior performance
to convolutional and Reed–Solomon concatenated coding; the gain
over concatenated coding is as much as 0.6 dB.

Index Terms—DS-CDMA, interleaver, turbo codes, W-CDMA.

I. INTRODUCTION

W IDE-BAND direct-sequence code-division multiple ac-
cess (W-CDMA) [1], [2] is attracting much attention

for the third-generation mobile communications system called
IMT-2000 [3]. Since all users use the same carrier frequency
in CDMA systems, the radio links are not only power-limited
but also interference-limited. Therefore, the link capacity is in-
versely proportional to the required signal energy per informa-
tion bit to (background) noise plus interference power spectrum
density ratio [4]. This suggests that the use of powerful
channel coding can contribute directly to increasing the link ca-
pacity. Initially, convolutional coding (CC) or convolutional and
Reed–Solomon concatenated coding (CCRS) were candidates
for W-CDMA. However, the use of binary parallel concatenated
coding or turbo coding [5], [6] has recently attracted much at-
tention [7] due to its larger coding gain.

A turbo encoder consists of two or more recursive system-
atic convolutional (RSC) encoders separated by interleavers (in-
ternal interleaver). Turbo coding performance strongly depends
on the length and structure of the internal interleaver. The in-
ternal interleaver assumed in [5] is a pseudorandom interleaver
and offers relatively good performance. However, in some cases,
the pseudorandom interleaver may generate poor permutation
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Fig. 1. Turbo encoder structure.

patterns (or interleaving patterns) that degrade the bit error rate
(BER) and frame error rate (FER) performance. In this paper, we
call these poor permutation patterns critical patterns (see Sec-
tion II-D). To avoid these critical patterns, several interleaving
methods have been proposed [8]–[10]. They are classified into
two types: 1) searching for all or as many as possible pseudo-
random interleaving patterns under a certain condition and 2)
deterministic generation of interleaving patterns using schemes
based on modified block interleaving. An example of 1) is the
modified pseudorandom interleaver called the-random inter-
leaver [8], and examples of 2) are block interleavers with row
sequence permutations as proposed in [9] and [10].

The design criteria of the internal interleaver for turbo-coded
W-CDMA is to avoid the critical patterns for a wide range of
interleaving lengths. For multimedia communications, code
lengths with a wide generated range (for example, 300–8000
bits) are required. The-random interleaver can be adopted for
various interleaving lengths of turbo coding. However, there
is increased computational complexity when searching for a
good interleaving pattern in the case of a longer interleaver
length. Compared to the -random interleaver, interleaving
pattern generation is much simpler for the deterministic block
interleavers because they usually use very simple equations
(for example, add or multiplication operations). However,
algorithms that generate interleaving patterns that avoid the
critical patterns for a wide range of interleaving lengths have
not yet been thoroughly studied.

This paper proposes a multistage recursive block interleaver
(MIL) that repeats permutations of rows and columns in a
recursive manner until reaching the final interleaving length.
MIL can generate good interleaving patterns avoiding the
critical patterns for a wide range of interleaving lengths. We
apply this MIL to turbo coding and evaluate by computer

0018-9545/02$17.00 © 2002 IEEE
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Fig. 2. Recursive process of MIL (only row permutation is shown). (The superscriptof M denotes the stage number of the block interleaver, i.e.,(x)th
stage block interleaver has an interleaving pattern ofN �M .)

simulation the BER and FER performance of W-CDMA under
frequency-selective Rayleigh-fading environments. Section II
presents the principle and implementation of MIL. Section III
describes the computer simulation model, and Section IV
presents the simulation results. In Section IV, the BER and
FER performances with turbo coding using MIL are compared
to those using the -random interleaver. Furthermore, the
impact of various turbo-coding parameters (i.e., number of
decoding iterations and interleaving length) and radio channel
parameters (i.e., maximum Doppler frequency and power-delay
profile shape) on the achievable BER and FER performance is
discussed. We also compare the coding gains of turbo codes to
those of CC RS concatenated coding.

II. M ULTISTAGE RECURSIVEINTERLEAVER

A. Principle

The turbo encoder with rate 1/3 and constraint length
considered in this paper is illustrated in Fig. 1 [1]. The RSC en-
coders have generator polynomials of 5/7 in octal notation. The
data sequence of length bits
is input into the encoder. The output of the turbo encoder is a
systematic sequence and two parity sequences and

, where and are the outputs of RSC encoders without
and with the internal interleaver, respectively. The desired char-
acteristics for the internal interleaver are [6]:

1) avoiding critical patterns (see Section II-B);
2) having a high degree of randomness.

To produce good random interleaving patterns with a high de-
gree of randomness while avoiding critical interleaving patterns,
the MIL is designed as follows.

• Product permutation of each row and each column of data
is performed at each stage.

• The permutation is repeated in a recursive manner until
reaching the final interleaving length.

The recursive process is described below. Consider the row data
permutation at theth stage while referring to Fig. 2.

1) The row data sequence of length bits (stored in
the previous, th stage -block in-
terleaver) is written to theth stage -block
interleaver row by row. In this paper, the superscript

of denotes the stage number of the block inter-
leaver, i.e., the th stage block interleaver has dimen-
sions , where is the number of rows
and is the number of columns.

2) The th ( to ) row data sequence of theth
stage interleaver is read and passed on to the next stage

block interleaver row by row.
3) The stage block interleaver is read column by

column and the data are returned to theth row of the th
interleaver.

This recursive process is repeated until the final stage inter-
leaving size is reached. A similar recursive process is applied to
the column data permutation. In this paper, we call the

-block interleaver the primary (first) interleaver. We call
the block interleaver with a higher (the
second, third, fourth, etc.) stage interleaver. The final stage in-
terleaver has one of 2 2-, 2 3-, 3 2-, and 3 3-block in-
terleaving patterns.

To describe the recursive interleaving process, the following
operands are introduced in this paper.

1) : An input sequence of length bits is inter-
leaved by an block interleaver, where .
This is the conventional block interleaver.

2) : Write the bit se-
quence to the block interleaver row-by-row and
then interleave each column sequence ( bit length) using
the same block interleaver.

3) : Write the -bit
sequence to the -block interleaver row-by-row
and then interleave each row sequence ( bit length) using
the same block interleaver. An example of
the combination of and

is shown in Fig. 3(a).
4)

: Permute the bit order
of the th row data of the -bit
sequence by using the block interleaver. An
example is shown in Fig. 3(b).

5)
: Permute the bit

order of the th column data of the
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(a)

(b)

(c)

Fig. 3. Examples of interleaving operations.
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Fig. 4. MIL interleaving flowchart.

-bit sequence by using the block in-
terleaver.

In addition, the following operand is introduced in this paper
to randomize the interleaving pattern.

6) : Reverse the bit order of a sequence of-bits. An
example is shown in Fig. 3(c).

B. MIL Implementation

When turbo coding is applied to variable-bit-rate transmis-
sion as required in multimedia communications services, the
interleaving length ( in bits) may be changed in each
frame (defined in milliseconds). Therefore, a different MIL in-
terleaving pattern must be generated for each frame. Attempting
to store, in a read-only memory (ROM), the interleaving patterns
for all possible interleaving lengths is not feasible. It is practical,
however, to synthesize an interleaving pattern (when the frame
data is input) and store it in a lookup table implemented by a
random access memory (RAM) before interleaving each frame
data.

The MIL has a complex construction because it has inter-
leaved rows and columns multiplied in a recursive manner.
The following describes a method for generating the MIL
interleaving pattern in an efficient way. MIL interleaving is
performed according to the flowchart shown in Fig. 4. The MIL
interleaving flowchart comprises two steps:

Step 1) construct the MIL pattern;
Step 2) interleave based on the MIL lookup table, where a

one-to-one mapping of the input bit to the output is
stored.

Step 1) is performed once when the frame data sequence is
input. We assume . This is because that the per-
formance of turbo codes with is better than that
of the convolutional codes (constraint length of nine) [7]. Step
1) is further broken down into two substeps: Step (1-1) deter-
mines the interleaving patterns of the primary interleaver and
higher stage interleavers (see Fig. 5) and Step (1-2) synthe-
sizes the overall interleaving pattern using higher stage inter-
leaving patterns (see Fig. 6). In Fig. 5, are the smallest in-
teger larger than or equal toand are the largest integer
smaller than or equal to, respectively. The resultant interleaver
is represented by the equation shown at the bottom of the page,
where PIP stands for the predefined interleaving pattern (each
PIP is constructed in a recursive manner from the final stage
interleavers and occupies less than 61 bits). In this example,

PIP and PIP represents the
PIP with a length of bits, which is listed in Table I.

In Step (1-2), an overall interleaving pattern is synthesized
from PIPs. How to synthesize the overall interleaving pattern is
illustrated in Fig. 6. Let us consider the bit interleaving

PIP PIP PIP

PIP PIP

...

PIP PIP
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Fig. 5. Flowchart for finding PIPs used in each stage.N = 7 and the column data interleaving pattern isRf7[3� 3[2� 2]]g = (4; 1; 5; 2; 6; 3; 0) for the
input of (0, 1, 2, 3, 4, 5, 6).

pattern at the th stage. It is synthesized from the
bit pattern , which was synthesized at theth stage,

and bit PIP

mod

(1)

If , we prune some of the elements of
, i.e., the value of the elements larger than or equal

to . The above step is repeated until the bit inter-
leaving pattern of the th row of the primary (first stage) in-
terleaver is synthesized. The same procedure is performed for

– . Finally, the overall interleaving patternis generated
by -bit PIP and the synthesized -bit interleaving
patterns , –

mod mod
(2)

If , we again prune some of the ele-
ments of , i.e., the value of the elements larger than or equal to

. In Step 2), the bit sequence is interleaved simply
by accessing the MIL lookup table.

C. Synthesizing 3068-Bit MIL Pattern as an Example

The synthesis of a 3068-bit MIL pattern is illustrated in Fig. 7.
The value of is set to seven. Since

, the primary (first stage) interleaver is a
block interleaver. The PIPs necessary to synthesize the

interleaving patterns of each stage are found from Table I. To
increase the degree of randomness, the seven interleavers of the
second stage, each corresponding to one of the seven rows of
the first stage, are all different. First, we design the second-stage
block interleaver corresponding to the first row of the first stage.
The value of is seven (since bits) and

. The PIP of length
63 is not found in the PIP table of Table I. Therefore,
we go to the third stage. is the largest integer smaller than
or equal to the square root of and . Thus,

. The PIP of length nine is found
from Table I, and we do not need to go to a higher stage. The
same procedure is repeated for the second row, third row
seventh row of the first-stage block interleaver.

After finding all PIPs of all stages, the overall interleaving
pattern is synthesized in a recursive manner starting from the
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Fig. 6. Synthesis of overall interleaving pattern.

third stage [see Fig. 7(b)]. The second-stage interleaving pattern
of length is synthesized using the PIPs of length

and of length using (1) [note that is
PIP in (1)]. Thus, (1) can be rewritten as

mod

where and are given by the patterns defined in index
and index of Table I, respectively. The first-

stage interleaving pattern of length is synthe-
sized using the synthesized interleaving patterns of length

and PIP of length using (1) (pruning is
necessary to adjust the sequence length to 439). Finally, by using
the PIP of length for column permutation and the
synthesized seven row-permutation patterns of

length , the overall interleaving pattern can be syn-
thesized using (2). The synthesized MIL pattern is represented
as shown in (3) at the bottom of the page.

D. Avoiding Critical Patterns

1) Description of Critical Patterns:
a) Weight-2 information data:The most critical inter-

leaving pattern for the turbo encoder in Fig. 1 is found to be the
one that interleaves the input sequence in such a way that pairs
of bits with a distance of 3 bits are separated by a distance of 3
bits in the case of a weight-2 information data sequence [8], [9].
This is demonstrated below. Consider that a 16-bit-information
data sequence having a weight of two

for the columns of the primary interleaver
for the 1st row of the primary interleaver

2nd row
3rd row
4th row
5th row
6th row
7th row (3)

Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 07,2010 at 19:35:57 EST from IEEE Xplore.  Restrictions apply. 



94 IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 51, NO. 1, JANUARY 2002

TABLE I
PIP LIST

is input to an RSC encoder. The outputof Fig. 1 is

which has the Hamming weight of four. If the input sequence
is interleaved to {1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1}, the
RSC decoder output is

In this case, the Hamming weight of the encoded sequence
is [6]. In other

words, even if one RSC produces a redundant sequence with a
lower weight, the other can produce a redundant sequence with
a larger weight, thereby producing an overall codeword with a
large weight. However, if the input sequence is interleaved to {
0, 1, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0} by the interleaver, the
RSC encoder output is

In this case, . Our computer
simulation shows that when , the BER floor value de-
creases almost 200 times compared to that when .

b) Weight-3 information data:In the case of a weight-3
information data sequence, the most critical interleaving pattern
for the turbo encoder in Fig. 1 is found to be the one that in-
terleaves the input sequence in such a way that consecutive 3
bits are interleaved to consecutive 3 bits. This is demonstrated
below. Consider that a 16-bit-information data sequence having
a weight of three

is input to an RSC encoder. The outputof Fig. 1 is

which has the Hamming weight of two. The same is true for
if the input sequence is interleaved to

. In this case, the Hamming weight of the
encoded sequence is
[6].

We call the following patterns the critical patterns in this
paper [8], [9].

1) The one that interleaves the input sequence in such a way
that pairs of bits with a distance of 3 bits are separated by
a distance of 3 bits (weight-2 information data).

Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 07,2010 at 19:35:57 EST from IEEE Xplore.  Restrictions apply. 
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Fig. 7. Example of synthesis of 3068-bit MIL pattern.

2) The one that interleaves the input sequence in such a way
that consecutive 3 bits are interleaved to consecutive 3 bits
(weight-3 information data).

2) Description of Avoiding Critical Patterns:How the most
critical pattern can be avoided is explained below assuming

bits. Our MIL, designed for the turbo encoder
shown in Fig. 1, has a primary (first stage) block interleaver
with seven rows. In the first stage, the first to sixth rows
have 439 bits each and the seventh row has 434 bits [see

Fig. 3(b)]. After interleaving, the sequences are stored in
all rows as described previously, and then the column data
are interleaved. In our MIL, the column data interleaving
pattern is for all
seven columns. Remember that the primary interleaver is read
column by column to output the interleaved sequence. This
means that when reading each column entry, the bit stored in
the fifth row appears first, followed by, in order, bits stored
in the second, sixth, third, seventh, fourth, and first rows. In

Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 07,2010 at 19:35:57 EST from IEEE Xplore.  Restrictions apply. 
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TABLE II
SIMULATION PARAMETERS

Fig. 8. W-CDMA reverse link model.

the case of weight-2 information data, the pairs of bits with
a distance of three in the interleaved sequence (the pairs of
bits are, for example, two bits read from the fifth and third
rows) correspond to the bits with a distance of more than 439
in the input sequence. Furthermore, in the case of weight-3
information data, consecutive 3 bits in the interleaved sequence
(the consecutive 3 bits are, for example, three bits read from
the fifth, second, and sixth rows) correspond to nonconsecutive
3 bits in the input sequence because at least 1 bit is separated
from the others with a distance of more than 439. Thus, the two
critical patterns can be avoided.

III. COMPUTERSIMULATION

The improvement in the average BER and FER performance
with turbo coding by using the MIL is examined by computer
simulation assuming a power-controlled W-CDMA reverse link
under frequency-selective Rayleigh fading. The simulated BER
and FER performance are compared with those achieved using
a random interleaver. MIL can also realize channel interleaving,
so the effects of using the MIL as a turbo internal interleaver and
as a channel interleaver are also evaluated.

A. W-CDMA Reverse Link Model

Fig.8 shows the W-CDMA reverse link model [1] considered
hereafter. Table II shows the simulation parameters. We assume
a single mobile user that is continuously transmitting data at 32
kbps. The information data to be transmitted are divided into a
sequence of data frames, each bits long ( ms in
time). The data sequence is first turbo coded frame by frame.
Turbo coding with the rate and constraint length

is assumed (see Fig. 1). Channel interleaving is then

(a)

(b)

Fig. 9. Power-delay profiles. (a) Vehicular B (L = 6). (b) Uniform (L = 4

case).

applied before data modulation using quaternary phase-shift
keying (QPSK). The coded QPSK symbols are mapped over
multiple slots of the radio channel; each slot has four pilot
symbols at its beginning and is 0.625 ms long [1]. The resultant
QPSK-modulated symbol sequence of 64 k symbol/s (sps) is
spread by a 4.096-Mchip/s (cps) complex, long, pseudorandom
spreading sequence (the spreading factor is 64) and then trans-
mitted over a frequency-selective Rayleigh-fading channel.
Signal-to-interference ratio based closed-loop fast transmit
power control (TPC) [12] is applied; the power-control step
size is 1 dB and the power-control rate is 1600 Hz.

Two fading channels with different power-delay profiles are
considered: The ITU-specified Vehicular power-delay pro-
file (six discrete paths) [11] and an-path uniform power-delay
profile – . These power-delay profiles are illustrated in
Fig. 9. Two spatially separated antennas and a four-finger co-
herent RAKE combiner are used at the base-station receiver.
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TABLE III
COMBINATION OF TURBO AND CHANNEL INTERLEAVERS

Channel estimation for the coherent RAKE combiner is per-
formed by simply averaging the eight received pilot symbols of
two consecutive slots [13]. The RAKE-combiner output sample
is deinterleaved and turbo decoded. Two soft-in/soft-out Viterbi
decoders are employed in the turbo decoder [7]. The decoded
BER performance improves as the number of decoding itera-
tions increases. However, since the BER improvement is basi-
cally saturated at eight iterations [7], turbo decoding with eight
iterations is assumed in this simulation.

B. Interleaver Design

We consider four turbo internal interleaver and channel in-
terleaver combinations, as shown in Table III. The MIL turbo
interleaver of length bits (corresponding inter-
leaving length in time is 80 ms) is described by (3). On
the other hand, the pseudorandom interleaver changes its inter-
leaving pattern frame by frame.

The MIL channel interleaver of length bits
(corresponding length in time is 80 ms) is represented
as 9216[72[9[3 3] 8[4[2 2] 2]] 128[16[4[2 2]

4[2 2]] 8[4[2 2] 2]]]. The number of columns in
the primary stage equals the number of radio channel slots per
data frame (i.e., 128). The higher stage interleavers are designed
to be as square as possible because square interleavers provide
better performance.

C. Simulation Results

The average BER, FER, and values per antenna
were first measured for different target values of fast TPC; the
resulting BER and FER performance curves are plotted as a
function of the average per antenna in Fig. 10. It can be
clearly seen from this figure that the combination of MIL-MIL
provides the best performance, especially when BER .
Moreover, an approximate 0.4-dB reduction in the required

for the average BER is achieved compared to
RND-BLK (random interleaver for the turbo interleaver and
block interleaver for the channel interleaver).

It is well known that the -random interleaver with a large
value of achieves better BER performance than the pseudo-
random interleaver [8]. The-random interleaver is designed to
separate (by more thanbits) all the neighboring bits within a
distance of bits from the target input bit. An -random inter-
leaving pattern is generated as follows. First, the output position
of the target input bit is randomly selected. The selected posi-
tion is compared to the selected (determined) output positions
of previous input bits, to check if the-rule is satisfied. If
the current selection does not satisfy therule, the current se-
lection is rejected and a new selection is made. This process is

(a)

(b)

Fig. 10. Performance comparison between different combinations of turbo and
channel interleaver. (a) BER and (b) FER.

repeated until output positions of all bits in the input sequence
are determined.

With a large value of , since the -random interleaver
can avoid the severe critical patterns by applying the-rule,
it can offer better BER performance than the pseudorandom
interleaver can. However, larger computational complexity is
incurred in searching for a good interleaving pattern in the
case of a long interleaver length. This is because the number
ofposition-reselection operations increases almost exponen-
tially with the interleaving length. Fig. 11 compares the BER
and FER performance achievable with MIL to that offered by
the -random interleaver (SRI). The-random parameter is

. It can be seen from this figure that the performances
of MIL-BLK and MIL-MIL are better than that of SRI22-BLK
( -random interleaver for the turbo interleaver and block
interleaver for the channel interleaver) despite the deterministic
generation of MIL patterns. MIL-BLK and MIL-MIL reduce
the required to achieve the BER by more than
0.2 and 0.3 dB, respectively, from that with SRI22-BLK. We
also have performed computer simulations on the BER and
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(a)

(b)

Fig. 11. Performance comparison with SRI(S = 22). (a) BER and (b) FER.

FER performances achievable with MIL, SRI22, and RND in
the additive white Gaussian noise channels. It has been found
that MIL provides the same performance as (or slightly better
than) the -random interleaver.

Fig. 12 compares the BER and FER performance levels of
turbo coding with MIL-MIL to those of convolutional coding
(CC) and CC RS. The parameters of CC are rate
with a constraint length of , and (36, 32) RS coding
with 8 bits/symbol is assumed. For CC and CCRS, a block
interleaver of 72 128 was used for the channel interleaving.
Furthermore, a block interleaver of 1448 symbols was used
for the outer interleaver [1] for CCRS. It can be seen from
Fig. 12 that turbo coding with MIL-MIL reduces the required

(a)

(b)

Fig. 12. Performance comparison with convolutional coding (CC) and
concatenated convolutional and RS coding (CC+RS). (a) BER and (b) FER.

for BER by more than 0.6 dB compared to
CC RS.

So far, we have assumed an interleaving length of
bits ( ms). The impact that the value of

has on the required for the average BER was
evaluated. The results are plotted in Fig. 13 for four different

values: 380 bits ( ms), 760 bits (20 ms),
1520 bits (40 ms), and 3068 bits (80 ms). The interleaving pat-
terns of the MIL channel interleaver used in this simulation are
shown in the equation at the bottom of the page. The inter-
leaving patterns of the conventional block channel interleaver
are 72 16 (10 ms), 72 32 (20 ms), 72 64 (40 ms), and
72 128 (80 ms). Fig.13 also plots the results of CCRS con-
catenated coding. It can be clearly seen that as the interleaving

ms
ms
ms
ms
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Fig. 13. Impact of interleaving size.

Fig. 14. Impact of fading maximum Doppler frequencyf .

length increases, the performance superiority of MIL-MIL over
RND-BLK strengthens. The gain of MIL-MIL over RND-BLK
is about 0.4 dB at ms ( bits), while
it is only 0.1 dB at ms ( bits).
Turbo coding (MIL-MIL) is even more powerful compared to
CC RS(BLK); the gain of turbo coding (MIL-MIL) against
CC RS(BLK) is about 0.6 dB at ms,
while it is only 0.1 dB at ms.

Transmission performance is affected by the fading
channel parameters, i.e., maximum Doppler frequency,
power-delay profile shape, and number of resolvable paths.
How these factors affect the coding gain was examined.
Fig. 14 shows the required received for a BER
as a function of . The maximum Doppler frequency

vehicular speedcarrier wavelength Hz for
60 km/h and 2-GHz carrier frequency. The Vehicular
power-delay profile was assumed. While fast TPC works
almost perfectly in the presence of very slow fading, e.g.,

Hz, its tracking ability against fading wanes as fading
increases. On the other hand, channel coding starts to work
satisfactorily if the interleaving length is sufficiently long, e.g.,

ms ( bits). Therefore, the required

Fig. 15. Impact of numberL of resolvable paths.

only gradually increases with the value of when
bits. Fig. 14 also shows that turbo (MIL-MIL)

gives larger coding gains compared to turbo (RND-BLK) and
CC RS (BLK) for all values.

So far, we have considered only the Vehicularpower-delay
profile. Here, we assume a uniform power-delay profile with
resolvable paths ( – ). How the value of impacts the
required for BER is plotted in Fig. 15. For
comparison, the results for the Vehicularpower-delay profile
are also plotted. It can be seen that the turbo-coding gain of
MIL-MIL over RND-BLK is as much as 0.6 dB when
and falls as increases; however, MIL-MIL is always superior
to RND-BLK.

IV. CONCLUSION

Turbo coding is an attractive channel coding scheme for
the third-generation mobile communications systems. The
interleaving performed inside the turbo encoder plays an
important role and requires a high degree of randomness while
critical permutation patterns must be avoided. To meet these
requirements, a multistage recursive block interleaver (MIL)
was proposed in this paper. The BER and FER performance
levels of turbo coding using MIL were evaluated by computer
simulation assuming a power-controlled W-CDMA reverse link
in frequency-selective Rayleigh-fading channels. We found that
for 32-kbps data transmission, the gain of MIL over the pseu-
dorandom interleaver is 0.4 dB at a BER assuming an
interleaver length of 3068 bits and the Vehicular-power-delay
profile; the gain of MIL over the -random interleaver exceeds
0.3 dB. We also found that the gain of turbo coding with MIL
over the convolutional and RS concatenated code is 0.6 dB at
a BER .
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