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Abstract
Wireless message methods such as IS- 54, improved data rates 
for the GSM evolution (EDGE), universal interoperability for 
microwave access (WiMAX) and Long Term Evolution (LTE) 
have adopted low-density parity-check (LDPC), tail-biting 
convolution, and turbo rules as the forward error correcting rules 
(FEC) scheme for data and overhead channels. Therefore, many 
efficient algorithms have been proposed for decoding these rules. 
However, the different decoding approaches for these two families 
of rules usually lead to different hardware architectures. Since 
these rules work side by side in these new wireless methods, it 
is a good idea to introduce a universal de rules to handle these 
two families of rules. The present work exploits the parity-check 
matrix (H) representation of tailbiting convolution and turbo rules, 
thus enabling decoding via a unified belief propagation (BP) 
algorithm. Indeed, the BP algorithm provides a highly effective 
general methodology for devising low-complexity iterative 
decoding algorithms for all convolution rules classes as well as 
turbo rules. While a small performance loss is observed when 
decoding turbo rules with BP instead of MAP, this is offset by the 
lower complexity of the BP algorithm and the inherent advantage 
of a unified decoding architecture.
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I. Introduction
We have achieved high performance of FEC, reduced the time 
delay for Encoding and Decoding with Interleaving. The error 
pattern or on trellis graphical representations such as in the MAP 
and Viterbi algorithms. With the advent of turbo coding [1], a 
third decoding principle has appeared: iterative decoding. Iterative 
decoding was also introduced in Tanner’s pioneering work [2], 
which is a general framework based on bipartite graphs for the 
description of LDPC rules and their decoding via the belief 
propagation (BP) algorithm.
For example, if we truncate the trellis by which a convolution 
rules is represented, a block rules whose rules words correspond 
to all trellis paths to the truncation depth is created. However, 
this truncation causes a problem in error performance, since the 
last bits lack error protection. The conventional solution to this 
problem is to enrules a fixed number of message blocks L followed 
by m additional all-zero blocks, where m is the constraint length 
of the convolution rules [4]. This method provides uniform error 
protection for all information digits, but causes a rate reduction 
for the block rules as compared to the convolution rules by the 
multiplicative factor L/(L+m). In the tail-biting convolution rules, 
zero-tail bits are not needed and replaced by payload bits resulting 
in no rate loss due to the tails. Therefore, the spectral efficiency of 
the channel rules is improved. Due to the advantages of the tail-
biting method both turbo and LDPC rules have been extensively 
studied for more than fifteen years. 

Fig. 1:

We have reduced the complexity in multiple sessions and introduced 
a simple way for its method. That the unified approach provides 
an integrated framework for exploring the tradeoffs between 
the key coding parameters: specifically, Interleaving depths, 
channel coding rates and block lengths. Thus by choosing the 
coding parameter appropriately .In LTE and WiMAX methods, 
the proposed derules for the tail-biting convolution rules and turbo 
rules are based on the Viterbi and MAP algorithms, respectively.. 
For example, in [3], the reduced complexity wrap-around Viterbi 
algorithm was proposed to derules tail-biting convolution rules in 
the WiMAX method to reduce the average number of decoding 
iterations and memory usage. Ail-biting convolution rules in LTE 
[4]. Finally in [5], the design and optimization of low-complexity 
high performance rate-matching algorithms based on circular 
buffers for LTE turbo rules was investigated. In this paper, we 
focus on the direct application of the BP algorithm used for LDPC 
rules to derule the tail-biting convolution rules and turbo rules in 
WiMAX and LTE methods, respectively.

II. Existing Method
For analysis purposes the packet-loss process resulting from 1. 
the single-multiplexer model was assumed to be independent 
and, consequently, the simulation results provided show 
that this simplified analysis considerably overestimates the 
performance of FEC.
Evaluation of FEC performance in multiple sessions was 2. 
more complex in existing applications.
Surprisingly, all numerical results given indicates that the 3. 
resulting residual packet-loss rates with coding are always 
greater than without coding, i.e., FEC is ineffective in this 
application.
The increase in the redundant packets added to the data will 4. 
increase the performance, but it will also make the data large 
and it will also lead to increase in data loss.

III. Proposed Method
In this work we have evaluated the performance of FEC 1. 
coding more accurately than previous works.
We have reduced the complexity in multiple session and 2. 
introduced a simple way for its method.
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We show that the unified approach provides an integrated 3. 
framework for exploring the tradeoffs between the key coding 
parameters: specifically, Interleaving depths, channel coding 
rates and block lengths.
Thus by choosing the coding parameter appropriately we have 4. 
achieved high performance of FEC, reduced the time delay 
for Encoding and Decoding with Interleaving.

IV. Modules of the Project
Fec Enrulesr• 
Interleaver• 
Execution Of The  Queue• 
De-Interleaver• 
Fec Derulesr• 
Performance Evaluation• 

A. Module Description

1. Fec Enrulesr
FEC is a method of error control for data transmission, where 
the sender adds redundant data to its messages. This allows the 
receiver to detect and correct errors (within some bounds) without 
the need to ask the sender for additional data. In this module 
we add redundant data to the given input data, known as FEC 
Encoding.
The text available in the input text file is converted into binary. 
The binary conversion is done for each and every character in the 
input file. Then we add the redundant data for each bit of the binary. 
After adding we have a block of packets for each character.
The User Interface design is also done in this module. We use the 
Swing package available in Java to design the User Interface. Swing 
is a widget toolkit for Java. It is part of Sun Micro methods’ Java 
Foundation Classes (JFC)  an API for providing a graphical user 
interface (GUI) for Java programs.

Fig. 2: FEC Encoder Block Diagram

2. Interleaver
Interleaving is a way of arranging data in a non-contiguous way 
in order to increase performance. It is used in data transmission 
to protest against burst errors. In this module we arrange the data 
(shuffling) to avoid burst errors which is useful to increase the 
performance of FEC Encoding.
This module gets the input as blocks of bits from the FEC Enrulesr. 
In this module we shuffle the bits inside a single block in order 
to convert burst errors into random errors. This shuffling process 
is done for each and every block comes from the FEC Enrulesr. 
Then we create a Socket connection to transfer the blocks from 
Source to the Queue. This connection is created by using the 
Server Socket and Socket class Available in Java.

Fig. 3:

3. Method of the Queue
In this module we receive the data from the Source method. 
This data is the blocks after FEC Encoding and Interleaving 
processes are done. These blocks come from the Source method 
through Server Socket and Socket. Server socket and Socket 
are classes available inside Java. These two classes are used to 
create a connection between two methods inside a network for 
data transmission. After we receive the packets from Source, we 
create packet loss. Packet loss is a process of deleting the packets 
randomly. After creating loss we send the remaining blocks to the 
Destination through the socket connection.

Fig. 4:  Circular Queue
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4. De-Interleaver
This module receives the blocks of data from the Queue through 
the socket connection. These blocks are the remaining packets after 
the loss in the Queue. In this module were arrange the data packets 
inside a block in the order in which it is before Interleaving. This 
process of Interleaving and De-Interleaving is done to convert 
burst errors into random errors. After De-Interleaving the blocks 
are arranged in the original order. Then the data blocks are sent 
to the FEC Derulesr.

5. Fec Derulesr
This module gets the input from the De-Interleaver. The received 
packets are processed to remove the original bits from it. Thus 
we recover the original bits of a character in this module. After 
retrieving the original bits, we convert it to characters and write 
it inside a text file.

6. Performance Evaluation
In this module we calculate the overall performance of FEC Coding 
in recovering the packet losses. After retrieving the original bits, 
we convert it to characters and write it inside a text file. This 
performance is calculated by using the coding parameters like 
Coding rate, Interleaving depth, Block length and several other 
parameters. First we calculate the amount of packet loss and with 
it we use various formulas to calculate the overall performance 
of Forward Error Correction in recovering the network packet 
losses. 

Fig. 5: 

V. Decoding a Turbo as No Binary LDPC 
In this Section, we present the different key elements that enable 
to derule turbo rules as no binary LDPC rules defined over some 
extended binary groups. First, we briefly review how to derive the 
binary representation of the paritycheckmatrix Htc of a parallel 
turbo rules based on the parity check matrix of a component rules. 
Then, we explain how to build the no binary Tanner graph of a 
turbo rules based on a clustering technique and describe how the 
group BP decoding algorithm can be used to efficiently derules 
turbo rules based on this extended representation.

A. Binary Parity-Check Matrix of a Turbo Rules
The first step in our approach consists in deriving a binary parity-
check matrix representation of the turbo rules. We will only focus 
in this paper on parallel turbo rules with identical component 
rules.

1. Parity-Check Matrix of Convolution Rules
The binary image of the turbo rules is essentially based on the 
binary representation of the parity-check atrices of its Component 
rules. Following the derivations presented in [12], the parity-
check matrix for both feed forward convolution enrollers and their 
equivalent recursive method tic form is generally derived using 
the Smith’s decomposition of its polynomial generator matrix 
G(D), where G(D) is a k × n matrix that gives the transfer of 
the k inputs into the n outputs of the convolution enrules and 
D is defined as the delay operator (please refer to [12] for more 
details about this decomposition). From this decomposition, the 
polynomial syndrome former matrix HT (D) [12], of dimensions 
n×(n−k), can be derived and it can be expanded as

 (1)
Where HTi, 0 ≤ i ≤ ms is a matrix with dimensions n×(n−k), And 
ms is the maximum degree of polynomials in HT(D). For both 
feed forward convolution enrollers and their recursive method 
tic form, it is possible to derive the binary image from the semi-
infinite matrix HT given by

  (2)
When direct truncation is used, it is possible to derive from HT 
the finite length binary parity-check matrix with dimension (N 
− K) × N, given by

  (3)
Where N and K are the rules word and information block lengths, 
respectively. Under some length restrictions for the recursive 
case [13-14], it is also possible to derive the binary image of the 
parity-check matrix of the tail-biting rules Htb from the parity-
check matrix H [15] for feed forward convolution enrollers and 
their recursive method tic form. This can finally be represented 
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as follows using the so-called “wrap around” technique:

 (4)
Note that, in each case, both method tic and nonmethodatic
Enrules give the same rules words and thus share the same parity-
check matrix

2. Parity-Check Matrix of Turbo Rules
For recursive methodatic convolution rules of rate k/ (k+1), that 
mainly compose classical turbo rules in the standards, the matrix 
HT(D) is simply given

    (5)
Where in fact hTi (D), 1 ≤ i ≤ k, are the feed forward polynomials 
and hT

k+1(D) is the feedback polynomial defining the recursive 
methodatic convolution rules. Then, for this kind of components 
rules, the binary parity-check matrix can be simply derived 
using (2)–(4). As recursive component rules of turbo rules are 
methodatic, the columns of the associated parity-check matrix H 
with dimension (N −K)×N can be assigned to information bits and 
to redundancy bits. Note that when using the preceding expressions 
of H, the output bits of the convolution enrulesr are supposed to 
be ordered alternatively within the rules word. After some column 
permutations, we can rewrite H as _H = [HiHr], where Hi and 
Hr contain columns of H relative to information and redundancy 
bits, respectively.
Using this notation, we can derive easily the parity-check matrix 
of a turbo rules as follows for the case of two component rules 
in parallel [17-18]:

   (6)
Where ΠT is the transpose of the interleaver permutation matrix 
at the input of the second component enrulesr. In that case, Htc 
has dimensions 2(N − K) × 2N − K. Of course, this technique can 
be easily generalized to more than two components.

3. Example
To illustrate this section, we consider an R = 1/3 turbo rules with 
two rate one-half rules components with parameters in octal given 
by (1, 238/358). Under direct truncation, the parity-check matrix 
of a component rules and a corresponding
Turbo rules are, respectively, given by the matrices H and Htc 
as follows:

 (7)

B. Clustering and Preprocessing
Once the parity-check matrix H of a turbo rules has been derived, we 
obtain a no binary Tanner graph by applying a clustering technique, 
which is essentially the same as the one described in [11]. The 
matrix H is decomposed in groups of p rows and p columns. Each 
group of p rows represents a generalized parity-check node in the 
Tanner graph, defined in the finite group G(2p), and each group of 
columns represents a symbol node, build from the concatenation 
of p bits (p-tuples) defining elements in G(2p).

    (8)
Where cj is the jth coordinate of a rulesword having symbols 
defined in G (2p). 
To illustrate the clustering impact on the Tanner graph 
representation and to give some insights that can motivate to extend 
the representation from the binary domain to a no binary one, we 
will consider as a simple example the clustering of the recursive 
methodatic convolution rules with polynomial representation in 
octal basis given by (1, 58/78).We assume that 12 information bits 
have been seen using direct truncation. Then, a 4×4 clustering is 
applied to the binary parity-check matrix. Using representation 
of (3), the resulting clustered matrix is given by

 (9)
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We are now able to associate a no binary Tanner graph representation 
of H with generalized parity-check constraints applying now to 
4-tuples binary vectors. The Tanner graph corresponding to our 
example is finally given in fig. 6(b) and it is compared with the 
Tanner graph associated with the binary image defined by H (Fig. 
6(a)). 
Through this example, we can see that, for convolution rules, 
when using the representation given in (3), we can still ensure 
a sparse graph condition and even reach a tree representation 
when increasing the order of the representation. In fact, for rate 
one-half rules, it has been observed that there exists a minimum 
value of P for which we can have a tree. This induces that using 
a BP-like derules

Fig. 6: Comparison of Different Tanner Graph Representations of 
the recursive methodatic convolution rules with bit clustering of 
Order p = 4 versus those of the binary image defined by H.

will lead to a maximum a posteriori symbol decoding and, in 
that case, it has been verified that BP and the MAP have the 
same performance. Unfortunately, this tree condition does not 
hold anymore when we use the alternative representation H of 
the parity-check matrix of a convolution rules as used in turbo 

rules parity-check matrix as it can be seen for the Tanner graph 
representation of our previous example in Figure 2(c).  how to 
overcome these problems to ensure fair performance Under BP 
decoding by applying an efficient preprocessing of the parity-
check matrix of the turbo rules.

VI. Wimax and LTE Coding Structure
To address the low and high rate requirements of LTE, the 3rd 
Generation Partnership Project (3GPP) working group undertook 
a rigorous study of advanced channel coding candidates such 
as tail-biting convolution and turbo rules for low and high data 
rates, respectively. 
We investigate here the application of the BP derulesr for the 
proposed turbo rules in LTE methods. Meanwhile, a rate ½, 
memory-6 tail-biting convolution rules has been adopted in the 
WiMAX (802.16e) method, because of its best minimum distance 
and the smallest number of minimum weight rules words for larger 
than 32-bit payloads which is used for both frame control header 
(FCH) and data channels. In fact, we will focus here on the FCH 
which has much shorter payload sizes (12 and 24 bits) as shown 
in the next subsection.

A. Tail-biting Convolution Rules in 802.16e
Here, we briefly describe the WiMAX frame control header 
structure. In the WiMAX Orthogonal Frequency Division 
Multiplexing (OFDM) physical layer, the payload size of the frame 
control header is either 24 bits or 12 bits and the smallest unit for 
generic data packet transmission is one sub channel. A sub channel 
consists of 48 QPSK symbols (96 rules bits). At a rules rate of ½, 
one sub channel translates to 48 bits as the smallest information 
block size. Currently, the FCH payload bits are repeated to meet the 
minimum number (48) of enrulesr information bits. The generator 
polynomials for the rate ½ WiMAX tail-biting convolution rules 
are given by g1 = (1011011) and g2 = (1111001) in binary notation. 
According to [19], these generator polynomials have the best 
dmin(minimum distance) and ndmin(number of rules words with 
weight dmin) for payload sizes 33 bits and for some payload sizes 
between 25 and 33 bits, under the constraint of memory size m 
= 6 and rules rate ½.

Fig. 7:

B. Turbo rules in LTE Method
The 3GPP turbo rules is a methodatic parallel concatenated 
convolution rules (PCCC) with two 8-state constituent enrollers 
and one turbo rules internal interleave. Each constituent enrulesr 
is independently terminated by tail bits. For an input block size 
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of K bits, the output of a turbo enrulesr consists of three length 
K streams, corresponding to the methodatic and two parity bit 
streams (referred to as the “Methodatic”, “Parity 1”, and “Parity 
2” streams in the following), respectively, as well as 12 tail bits 
due to trellis termination. Thus, the actual mother rules rate is 
slightly lower than 1/3. In LTE, the tail bits are multiplexed to the 
end of the three streams, whose lengths are hence increased to (K 
+ 4) bits each [5]. The transfer function of the 8-state constituent 
rules for the PCCC is:

 
The initial value of the shift registers of the 8-state constituent 
Enrulesrs will be all zeros when starting to enrules the input 
bits.

VI. Conclusion
In this paper, the feasibility of decoding arbitrary tail biting 
convolution and turbo rules using the BP algorithm was 
demonstrated. Using this algorithm to derules the tail biting 
convolution rules in WiMAX methods speeds up the error correction 
convergence and reduces the decoding computational complexity 
with respect to the ML-Viterbi-based algorithm. In addition, the 
BP algorithm performs a non-trellis based forward-only algorithm 
and has only an initial decoding delay, thus avoiding intermediate 
decoding delays that usually accompany the traditional MAP and 
SOVA components in LTE turbo derulesrs. However, with respect 
to the traditional derulesrs for turbo rules, the BP algorithm is 
about 1.7 dB worse at a BER value of 10−2. This is because the 
nonzero element distribution in the parity-check matrix is not 
random enough. Also, there are a number of short cycles in the 
corresponding Tanner graphs. Finally, as an extended work, we 
propose the BP derulesr for these rules in a combined architecture 
which is advantageous over a solution based on two separate 
derulesrs due to efficient reuse of computational
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