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Abstract—In this paper, we present a novel design framework
for Turbo codes (TCs). Referring to the generator functions of
the employed recursive systematic convolutional (RSC) codes, we
develop a method to determine not only the multiplicity, but also
detailed patterns of low-weight (LW) input and LW parity-check
(LWPC) sequences for the component codes. Next, we select the
component RSC code based on the knowledge obtained by the
proposed method and derive expressions necessary to evaluate the
free distance df of the resultant TC. Finally, we propose a novel
interleaver class, named Coset interleaver, with its parameter
selection criteria to enlarge df . Based on the proposed design
framework, we succeed in designing a rate 1/3 TC with df = 42
for frame size N = 1024. At an Eb/N0 of 2dB, our proposed
design demonstrates a bit-error rate (BER) of 1.232 × 10−10,
which represents a significant improvement of 6.18 × 10−8 and
2.207 × 10−8 when compared to the BERs exhibited by the
Quadratic Permutation Polynomial (QPP, df = 30) and S-
random (df = 21) interleavers, respectively.

Index Terms—RSC codes, low-weight codewords, Turbo Code,
codeword patterns, interleaver design

I. INTRODUCTION

The Turbo code (TC) [1] is known to be the first error-
correcting code to achieve near Shannon limit performance
over AWGN channels, and it has been adopted by many
industrial standards, e.g., IEEE 802.16e [2] and long-term
evolution (LTE) [3]. There are many code constructions which
are considered to be members of the TC family. By TC,
we mean parallel concatenated convolutional codes (PCCC),
i.e. codes which are generally constructed by concatenating
recursive systematic convolutional (RSC) codes (usually of
the same kind) in parallel via an interleaver. A well-designed
TC realizes a large free distance df via the interleaver, which
maps each input sequence with a low-weight (LW) parity-check
(LWPC) sequence in a RSC code onto that with a high-weight
one in other RSC codes. Thus, the TC design framework is
essential in both RSC code selection and interleaver design,
and requires the complete knowledge, that is, multiplicity and
detailed patterns, of all low-weight codewords (LWCWs) of
the employed RSC code and missing even one may result in
TC with an imperfect error-correcting performance.

The transfer function (TF) of RSC code is a tool that can
be used to obtain information about the different codeword

weights in the code as well as their corresponding multiplic-
ities, i.e., the distance spectrum. However, the complexity of
calculating TF increases with the number of states of RSC
code, and other methods such as Mason’s Rule [4] must
be used. As an added downside, it provides no information
regarding the detailed patterns of LWCWs. Research into more
efficient methods for finding the distance spectrum of the RSC
code has been carried out over the years, including the fast
algorithm for searching a tree (FAST) algorithm [5] and the
bidirectional efficient algorithm for searching trees (BEAST)
algorithm [6]. Even though these algorithms can be used to
obtain the multiplicity of the LWCWs, they do not reveal their
patterns. However, it is possible to adapt these algorithms to
reveal the LWCW patterns because they use the RSC code
state diagram in some form, though the required complexity
and accuracy depends on the specific algorithm

Perhaps, due to this possibility, there are very few, if any
studies, where discussion concerning the detailed patterns
of LWCWs for RSC codes is considered independent of
interleaver design for TCs, as in [7], [8]. However, in [7],
[8], there is rarely any discussion with respect to LWCWs
generated as a result of input patterns of Hamming weight
3 and 4, which may be of importance for certain RSC codes,
such as the (5/7)8 RSC code. This is evident in the interleaver
design method used in [8]. To the best of our knowledge, there
is no systematic method that provides information about the
LWCW patterns for a given RSC code that does not require
the use of a state diagram.

In this paper, we propose a novel design framework for TCs
based on complete knowledge of LWCWs of rate r = 1/2
RSC codes. First, we develop a method to determine the de-
tailed patterns for LW input and LWPC sequences of Hamming
weight up to 4. The complexity of this proposed method is
independent of the number of states of RSC code.

For the actual construction of the TC, we select RSC codes
based on the proposed method and present the expression of
df for the resultant TC. Then, we propose a novel interleaver
class, named coset interleaver, with its parameter selection
criteria to enlarge df . Based on the proposed design frame-
work, for frame size N = 1024, we succeed in designing



a rate 1/3 TC with df = 42. Compared to S-random [7]
(df = 21) and Quadratic Permutation Polynomial (QPP) [8]
(df = 30) interleavers, our design suppresses the error floor
level to approximately 10−2 and 3 × 10−3, respectively, at
Eb/N0 = 2dB.

II. PRELIMINARIES

A polynomial in x with degree M is an expression of the
form

v(x) =

M∑
m=0

vmx
m, (1)

where vm, 0 ≤ m ≤M are called the coefficients and vM ̸=
0. If vM = 1, v(x) is called a monic polynomial. We say
the total number of the non-zero coefficients of v(x) is the
Hamming weight of v(x), denoted as wH(v(x)).

For a prime number p, if the addition and multiplication of
two elements in the integer set {0, 1, · · · , p−1} are performed
on the terms mod p, we call the set a Galois field, denoted as
GF(p). If the coefficients in (1) are elements of GF(p), v(x)
is called a polynomial over GF(p).

For two polynomials v(x) and w(x) with degrees M and
N , respectively, the addition and multiplication over GF(p)
are defined as

v(x) + w(x) =

max{M,N}∑
m=0

[vm + wn]px
m, (2)

and

v(x)w(x) =

M+N∑
m=0

m∑
i=0

[viwm−i]px
m, (3)

respectively.
We say a monic polynomial is a prime polynomial if it

cannot be represented by multiplication of some lower-degree
polynomials. For two polynomials v(x) and w(x) over GF(p),
w(x) ̸= 0, there exists polynomials q(x) and r(x) over GF(p)
such that

v(x) = w(x)q(x) + r(x), (4)

with deg(r(x)) < deg(w(x)). We represent r(x) in the
expression (4) as

r(x) ≡ v(x) mod w(x), (5)

and call it the remainder polynomial, while q(x) is called the
quotient polynomial of the division of v(x) by w(x).

Let v(x) be a prime polynomial over GF(p) with
deg(v(x)) = M > 1 and V(x) be the polynomial set of
size pM containing all polynomials over GF(p) with degree
less than M . Then, the extension field of GF(p), denoted by
GF

(
pM

)
, is the set V(x) with addition and multiplication over

GF(p), where the multiplication is carried out modulo-v(x)
over GF(p).

For each non-zero element x ∈ GF
(
pM

)
, there exist

integers ϵ such that xϵ = 1 and the least positive integer among
them is called the order of x. We say that elements with order

ϵ = pM − 1 are primitive elements. For GF
(
pM

)
generated

by a prime polynomial v(x) with deg(v(x)) = M , if x is a
primitive element in GF

(
pM

)
, then v(x) is called a primitive

polynomial. Finally, the root of v(x) is the non-zero element
φ ∈ GF

(
pM

)
, such that v(φ) = 0. If v(x) is a primitive

polynomial, the order of φ is ϵ = pM − 1, otherwise ϵ is
a division of pM − 1, denoted by ϵ|pM − 1. Moreover, the
elements φi, 0 ≤ i ≤ ϵ− 1, are all distinct from each other.

III. COMPONENT CODE SELECTION FOR TCS

In this section, we introduce a systematic method to deter-
mine the detailed patterns of the input sequences that are most
likely to produce LWCWs based on the generator function of
RSC code.

A. The Characteristics of LWCWs

Assuming a tail-biting scheme, i.e., codes terminated in
such a way that the initial and final states are the same after
N information bits are transmitted, without using any extra
bits, we consider a rate r = 1/2 RSC code for the sake of
simplicity. Then, the outputs of any RSC code are determined
by the input sequence b(x), states of the shift register, and
feedforward and feedback connections of the shift register
determined by its generator function, which can be written
as

G =

[
1
f(x)

g(x)

]
, (6)

where 1 replicates b(x), and the output bit sequence h(x),
called the parity-check (PC) sequence, is associated with the
feedforward and feedback connections of the shift registers,
specified by f(x) and g(x), respectively. For a given G, the
RSC code outputs are a mixture of the input and PC sequences
as

c(x) = b(x2) + xh(x2), (7)

where

h(x) = f(x)g−1(x)b(x). (8)

From (7), it is trivial that

wH(c(x)) = wH(b(x)) + wH(h(x)), (9)

and hence, each LWCW is a combination of LW input and
LWPC sequences.

RSC codes posses an infinite impulse response characteris-
tic, and under the assumption of large frame sizes, the presence
of g−1(x) in (8) may involve a particular input sequence that
repeats a large number of times, thus yielding a high-weight
PC sequence. The LWPC sequence occurs if and only if

b(x) mod g(x) ≡ 0. (10)

Any b(x) satisfying (10) is called a return-to-zero (RTZ)
input sequence. Obviously, each LW input sequence is a RTZ
input sequence and can be factorized as:

b(x) = a(x)g(x), (11)



and substituting (11) into (8), we can characterize the LWPC
sequence as

h(x) = f(x) · g−1(x) · a(x)g(x)
= a(x)f(x).

(12)

In this paper, we attempt to find a(x) values that satisfy
(11) and (12) simultaneously for the LW input and LWPC
sequences, respectively. However, since there is no essential
mathematical difference between them, in this section we
present a method for determining the LW input sequence
patterns for wH(b(x)) = 2, 3, and 4.

B. The Pattern Identification of LW Input Sequence

Let g(x) be a polynomial over GF(2) and we assume it can
be factorized into K prime polynomials over GF(2) as:

g(x) =

K−1∏
k=0

gγk

k (x), (13)

where γ0, γ1, · · · , γK−1 are positive integers and let φk be a
root of gk(x) of order ϵk.

Now, starting from the simplest case, K = 1, i.e., g(x) =
gγ0

0 (x), we consider the solution of

b(x) mod g(x) ≡ 0. (14)

Then we know from (11) that each root of g(x) is also a root
of b(x) and we distinguish the cases γ0 = 1 and γ0 > 1. For
the former case, since all φi

0, 0 ≤ i < ϵ0, are distinct from
each other, the equation

b(φi
0) = 0, 0 ≤ i < ϵ0, (15)

is the necessary and sufficient condition of (14), wheareas it
is necessary but not sufficient for the latter case. Thus, for
the case γ0 > 1, we obtain extra conditions using differential
equations as

d(j)b(x)

dxj

∣∣∣∣
x=φi

0

= 0, 0 ≤ i < ϵ0, 1 ≤ j < γ0, (16)

where the derivation is calculated using the Hasse derivative
defined as

djxk

dxj
=

{
[kCj ]2 x

k−j , k ≥ j

0, otherwise
, (17)

for the binomial coefficient kCj , where [α]β denotes the
remainder α divided by β.

For the case where K > 1, we may repeat the above solver
for the roots φk, 0 < k < K, and take the intersection of the
results.

1) The Weight-2 LW Inputs: Each weight-2 LW (W2LW)
input can be written as

b2(x) = xu (1 + xα) , p ∈ Z+, (18)

without loss of generality. Thus, we have from (15) that

(φi
0)

α = 1, 0 ≤ i < ϵ0, (19)

and since the order of φ0 is the least integer satisfying φϵ0
0 = 1,

α should satisfy the condition [α]ϵ0 = 0. Thus,

b2(x) = xu (1 + xpτ ) , (20)

where α = pτ, τ = ϵ0. The multiplicity of the W2LW inputs
starting from position u = 0 is given by

N2 =

⌊
N

τ

⌋
. (21)

2) The Weight-3 LW Inputs: Without loss of generality, the
weight-3 LW (W3LW) inputs can be written as

b3(x) = xv
(
1 + xα + xβ

)
, α < β (22)

and hence, (α, β) should satisfy the condition

φα
0 + φβ

0 = 1. (23)

The pairs (α, β) satisfying (23) can be determined by referring
to the table of the extended field for GF

(
2M

)
. Let (m,n) be

such a pair and let M = {ϵ0ℓ+m}ℓ∈Z and N = {ϵ0ℓ+n}ℓ∈Z
be two indexed sets. Then, it is obvious that each pair (α, β) ∈
M⊗ N satisfies (23). For a fixed α, on the other hand, since
α+ ℓ, 0 ≤ ℓ < ϵ0, are distinct from each other, any integer β
that satisfies (23) must be such that [β]ϵ0 = n. Letting v = 0,
then the multiplicity of W3 inputs can be expressed by

N3 = |M⊗ N|
N2−1∑
α=1

(N2 − α) = |M⊗ N|N2(N2 − 1)

2
, (24)

where M⊗N denotes the tensor product between M and N.
3) The Weight-4 LW Inputs: By representing the weight-4

LW (W4LW) inputs as

b4(x) = xu (1 + xpτ ) + xv (1 + xqτ ) , (25)

for u < v, we consider the following equation

xu (1 + xpτ ) = xv (1 + xqτ ) . (26)

Letting u = 0 for simplicity. Then, the equation (26) holds
if 1 + xpτ = 1 + xqτ = 0 or 1 + xpτ ∈ GF(pM ). For the
former case, the solution is trivial as [pτ ]ϵ0 = [qτ ]ϵ0 = 0. For
the latter case, on the other hand, the equation implies either
xv = 1 or xv+qτ = 1, and by exchanging variables, can be
formulated to the former case. Thus, the W4LW inputs can be
represented as

b4(x) = b2(x) + b′2(x), (27)

where b′2(x) = xv (1 + xqτ ). The multiplicity for u = 0 is
bounded by

N4 < NN2
2 . (28)

While W4SCs of the form in (27) always exist, there might
exist those that do not conform to (27) depending on g(x).
Fortunately, such W4LW inputs can be avoided by selecting
g(x) such that xα+xβ +xη ̸= 1, where 0 < α, β, η < ϵ0 and
are distinct from each other.



TABLE I: Polynomial examples

Example K γ type g(x) order(s) of root(s) period τ

1

1
γ0 = 1

primitive g0(x) = 1 + x+ x2 ϵ0 = 3 3
2 prime g0(x) = 1 + x+ x2 + x3 + x4 ϵ0 = 5 5
3 γ0 = 2 primitive g20(x) = (1 + x)2 = 1 + x2 ϵ0 = 1 2
4 γ0 = 4 primitive g40(x) = (1 + x)4 = 1 + x4 ϵ0 = 1 4

5 2 γ0 = 1 primitive g0 = 1 + x ϵ0 = 1 7
γ1 = 1 primitive g1 = 1 + x2 + x3 ϵ1 = 7

C. Examples

We demonstrate our method for the polynomials shown in
Table I, which take the form in (13).

1) W2LW Inputs: We determine the period τ , with the
values shown in Table I. For the cases γ0 > 1, we solved
the following second order differential equation

db(x)

dx
= [pτ ]2x

pτ−1 = 0, (29)

in Example 4, while the following additional equations are
obtained for Example 5 as

d2b(x)
dx2 =

[
pτ(pτ−1)

2

]
2
xpτ−2 = 0

d3b(x)
dx3 =

[
pτ(pτ−1)(pτ−2)

6

]
2
xpτ−3 = 0.

(30)

For the case K > 1, τ is determined using the least common
divisor, i.e., τ = lcm(ϵ0, ϵ1).

2) W3LW Inputs: The W3LW inputs are identified by
referring to Table II.

TABLE II: Elements of GF(2M )

g(x) 1 + x+ x2 1 + x2 + x3 1 + x+ x2 + x3 + x4

Power Polynomial

x0 1 1 1
x x x x
x2 1 + x x2 x2

x3 1 + x2 x3

x4 1 + x+ x2 1 + x+ x2 + x3

x5 1 + x
x6 x+ x2

For Example 1, it can be confirmed that there is a pair
(1, 2) satisfying x1+x2 ≡ 1 mod g(x). Thus, if we let M =
{3ℓ + 1}ℓ∈Z and N = {3ℓ + 2}ℓ∈Z, xα + xβ ≡ 1 mod g(x)
for each pair (α, β) ∈ M ⊗ N. Therefore the W3LW inputs
can be expressed as

b3(x) = 1 + x3ℓ+1 + x3ℓ
′+2, ℓ, ℓ′ ∈ Z.

For Examples 2-4, there is no pair (m,n) satisfying xm+xn ≡
1, hence no W3LW inputs are associated with the g(x)’s.

In Example 5, the feedforward polynomial is written as
g(x) = g0(x)g1(x) and the W3LW inputs are determined by
taking the intersection of those obtained from g0(x) and g1(x).
In Example 5, there are no W3LW inputs since g0(x) does not
yield any W3LW inputs.

3) W4LW Inputs: The W4LW inputs can be easily obtained
from the W2LW inputs. W4LW inputs that do not conform to
(27) exist for Example 5.

D. Selection of RSC Code

The selection of RSC codes proper as TC components
begins with determining g(x). We wish to utilize g(x) without
W3LW inputs and, from the analysis and examples in Section
III, the W3LW inputs can be avoided if g(x) contains the
factor (1 + x). Once g(x) is determined, we can calculate
a2(x) = b2(x)/g(x) and select f(x) to maximize the weight
for h2(x) = a2(x)f(x) within the period τ .

Example 6. Consider g1(x) = 1 + x + x2 and g2(x) = 1 +
x4. According to the guidelines above, it is obvious that the
complexity required to design an interleaver for g2(x) is less
and g(x) = g1(x) is chosen. The possible valid polynomials
for f(x) are 1 + x + x4, 1 + x2 + x4, 1 + x3 + x4 and
1 + x + x2 + x3 + x4. It is easily confirmed that f(x) =
1+x+x2+x3+x4 is the most suitable polynomial, and, the
selected values of f(x), g(x) yield the (37/21)8 RSC code.

E. Weight Expression of PC Sequence

For the selected RSC codes, the complete knowledge about
the LW input patterns allow us to obtain the weight expression
of the corresponding PC sequences. Thus, we can design an
interleaver by taking into account the weight of the LWCWs
for the TC.

For the (37/21)8 RSC code, the PC sequence for W2LW
inputs is given by

h2(x) = a2(x)f(x) =

p−1∑
i=0

xiτ
(
1 + x+ x2 + x3 + x4

)
,

(31)

and its weight can be expressed by

wH(h2(x)) = 3p+ 2. (32)

whereas the PC sequence weight for the W4LW inputs in (25),
without proof due to limited space, is given as

wH(h4(x)) ≥

{
3(p+ q) + 4 separable

2max{p, q} unseparable
, (33)

where the W4LW input is called unseparable if b2(x) and
b′2(x) in (27) overlap, i.e., v < p and seperable otherwise.

Having obtained the weight expression of PC sequences,
we proceed to design an interleaver considering the possible
catastrophic weight reduction in (33).



IV. INTERLEAVER DESIGN FOR TC
Interleaver design, which is the final step in our novel

design framework, aims to maximize df for the TC. We briefly
introduce the coset interleaver, and for the (37/21)8 RSC code
with τ = 4, we design it to break as many W2LW and W4LW
inputs as possible, yielding a rate r = 1/3 TC with df = 42.

A. Coset Interleaver Overview

For a length-N bit sequence b, we introduce the integer
array (IA) representation of an interleaver. In the IA represen-
tation, a length-N interleaver is simply specified by an indexed
set N, where the ith entry of N, ni specifies the interleaving
position of the ith bit, i.e., dni

= bi, to generate the interleaved
bit sequence d = (dni

)
N−1
i=0 , ni ∈ N.

To break as many LW inputs as possible for a RSC encoder
with period τ , we assume that N is a multiple of τ and let

Mc = τM+ c (34)

for M := N/τ , where τ = 4 throughout this paper unless
otherwise stated. Then N can be expressed as a union of
disjoint cosets as N = ∪τ−1

c=0Mc, and thus, we can gen-
erate an interleaver by specifying the union and ordering
rules for the entries in Mc. To this end, we let Mc be an
indexed set consisting of the entries of Mc and introduce a
permutation matrix (PM) Πτ×τ , π

j
i ∈ {0, 1, · · · τ − 1} for

i, j ∈ {0, 1, · · · τ − 1}. The resulting interleaver is called the
coset interleaver.

The PM determines the order of the cosets Mt from which
to pick elements to form N and it is used in a cyclic manner
while the aim of coset ordering design is to maximize the
LWCW weight for the W2LW and W4LW inputs. For sake
of simplicity, we assume M , T :=M/τ , and S = T/(τ + 1)
are integers, and let m = m1τ + m0 for 0 ≤ m1 < T and
0 ≤ m0 < τ . Then, the value of the mth entry is specified by

e(c)m = τφ(c)(m) + c. (35)

Example 7. For a bit sequence of length N = 32, N =
{0, 1, 2, · · · , 31}, τ = 4 and M = {0, 1, · · · , 7}. Then

M0 = {0, 4, .8, · · · , 28}, M1 = {1, 5, 9, · · · , 29},
M2 = {2, 6, 10, · · · , 30}, M3 = {3, 7, 11, · · · , 31}. (36)

Let

Π̃ =

[
Π
Π

]
, Π =


0 1 2 3
1 2 3 0
2 3 0 1
3 0 1 2

 , (37)

and e(c)m = τ [3m]M + c, m = {0, 1, · · · ,M − 1}.
Then

M0 = {0, 12, 24, 4, 16, 28, 8, 20},
M1 = {1, 13, 25, 5, 17, 29, 9, 21},
M2 = {2, 14, 26, 6, 19, 30, 10, 22},
M3 = {3, 15, 27, 7, 20, 31, 11, 23}, (38)

and

N = {0, 1, 2, 3, 13, 14, 15, 12, 26, 27, 24, 24, 7, 4, 5, 6, 16,
17, 18, 19, 29, 30, 31, 28, 10, 11, 8, 9, 23, 20, 21, 22}.

(39)

B. PM Design

Fig. 1: General Permutation Matrix

The PM is designed by considering the breaking of W2LW
inputs. For (20), let u = u2τ

2 + u1τ + u0 for 0 ≤ u0, u1 < τ
and p = p2τ + p1, 0 ≤ p1 < τ . The post-interleaving cosets
can then be found in the manner shown in Fig. 1 and a W2LW
input is mapped to another if and only if the same elements
appear in the same column. Therefore, the distance between
the elements in the same column should be made as large as
possible. This means that each column should be a permutation
of {0, 1, · · · , τ − 1} and we select the simplest PM, which is

Π =


0 0 0 0
1 1 1 1
2 2 2 2
3 3 3 3

 . (40)

C. Coset Ordering Design

Consider

φ(c)(m) =
[
mD + ψ(c)(m0)

]
M
, (41)

where D and

ψ(c)(m0) := [(c+ 1)(m0 + 1)]τ+1R, (42)

are called the depth and bias of the cth coset, respectively,
and we let R = τS. Thus, the ordering rule is expressed as
follows:

e(c)m = τ [mD + [(c+ 1)(m0 + 1)]τ+1R]M + c. (43)

Based on the PM, the condition for a W2LW input to be
mapped to another is given by

b2(x) =1 + xp2τ
2

b′2(x) =x
e
(0)
0 + xe

(0)
p2τ , (44)



TABLE III: Mapping of W4 Inputs

pattern b4(x) b′4(x)

1
(
1 + xp2τ

2
)
+ xv2τ

2+v1τ+v0
(
1 + xq2τ

2
) (

xe
(0)
0 + xe

(0)
p2τ

)
+

(
x
e
(v1)
v2τ+v0 + x

e
(v1)

(v2+q2)τ+v0

)
2

(
1 + xp2τ

2+p1τ
)
+ xv2τ

2+v0
(
1 + xq2τ

2+p1τ
) (

xe
(0)
0 + x

e
(0)
v2τ+v0

)
+

(
xe

(p1)
p2τ + x

e
(p1)

v′
2τ+v0

)

3
(
1 + xp2τ

2+p1τ
)
+ xv2τ

2+p1τ+v0
(
1 + x(q2+1)τ2−p1τ

) (
xe

(0)
0 + x

e
(0)

(v′
2+1)τ+v0

)
+

(
xe

(p1)
p2τ + x

e
(p1)
v2τ+v0

)

where p2 ≥ 1. Similarly, the conditions for the W4LW inputs
are given in Table III, where v′1 := v1 + q1 − ντ and v′2 :=
(v2 + q2 + ν) for ν := ⌊(v1 + q1)/τ⌋ and
p2, q2 ≥ 1, p1 = q1 = 0 Pattern 1
p2τ + p1, q2τ + p1 > 0, q1 = p1, v1 = 0 Pattern 2
p2τ + p1, q2 > 0, q1 = τ − p1 and v1 = p1 Pattern 3

.

(45)

Based on the mapping relationships, we make the following
assertions about the attainability of df without proof.

1) For W2LW inputs, wH(c2(x)) can be made as large as
possible via the selection of D.

2) For W4LW inputs, wH(c4(x)) is also dependent on D
and peaks at 42.

Our aim is to select D such that
min{wH(c2(x)), wH(c4(x))} is maximized. The simplest
way to achieve this is via a computer search, by fixing
D and solving (44) and the equations in Table III for
0 ≤ p2, q2 ≤ τ, 0 < p1 ≤ τ and 0 < v ≤M .

V. SIMULATION RESULTS

In this section, we compare the simulation results for a
TC using the coset interleaver with that of the S-random
interleaver and the QPP interleaver in Figure. 2. For each
TC, the interleaver size is N = 1024 and the (37/21)8 RSC
code is chosen as the component code. The extended tail-
biting with state mapping method [9] is used to somewhat
preserve the tail-biting assumption whereas at the decoder,
the end states for each MAP decoder are known to simplify
decoding and improve the simulation results. For the coset
interleaver, D is found via a computer search, such that
min{wH(c2(x)), wH(c4(x))} ≥ 42, and from a list of
suitable candidates, we selected D = 59 for use in the
computer simulation.

It can be observed that our interleaver significantly outper-
forms both the S-random and QPP interleavers, and suppress
the error floor level to approximately 10−2 and 3 × 10−3,
respectively, at Eb/N0 = 2dB. Simulation data confirms that
df = 42 for W4LW and W6LW inputs.

VI. CONCLUSION

In this paper, we introduced a low-complexity method to
obtain detailed patterns of LW inputs of Hamming weight up
to 4 for a rate r = 1/2 RSC code with a tail-biting scheme.
The novel method is applied to RSC component code selection
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Fig. 2: Simulation Results for S-random, QPP and Coset Interleaver for N =
1024

for TC and the coset interleaver is introduced, which yields a
TC with df = 42 and outperforms both the QPP and S-random
Interleavers for N = 1024.
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