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Abstract

In the first part of the paper we proposed an adaptive LDPC iterative decoder
depending on the prior knowledge of CSI after evaluating its performance under AWGN
and Rayleigh flat fading channel. The proposed code leads to lower the delay caused by the
iterative decoder beside acceptable performance, when reducing its iteration to a certain
value that is satisfied the parity check operation instead of restricted it to uncertain value
which may or may not grantees the converges. In the second part of the paper, LDPC was
employed as an outer code with the DSTBC cooperative system. The collaborative system
was simulated with two nodes, dual hope based on two relay protocol (DemAF and DAF).
The concatenation of LDPC and DSTBC has been proved to be effective in achieving both
diversity and coding gain. Adopting one of the introduced protocol is related to many
factors, each one has its own advantage and disadvantage. To get the best strategy which
equilibrates between the complexity and the performance, the proposed code in the first
part was employed. The results demonstrate that the adaptive code successes in significant
error floor reduction associated with the DemoAF protocol at the same time results in
reducing the delay associated with the DAF protocol.
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il Aaliwa 5 4id po ddiSal) (| DPC) 49Ul (ladiiial) ; SLSial) S8 5 i
Gl sl 4 (DSTBC) 4e sl

-

Al

ALY diial) (AISial) S3EL § 48 ) CiiSall g ) KI5 Al Hda Lin 8 | Cadl) 136 a Jo¥) £ jadl 4

(AWGN ) 4dSall plassl) (3 jglS plids puds (ALE Cinli 00 ) adls Sy g 5LEH Ut disceal) 44 j2al) | o Slaie YU
Hdo ya geilil) palil Juldi A <o) da ddal) 5440 ) (Rayleigh flat fading) Lewdiell wsll <ihd L, 5L,
dlaie) e Y S 3867 Lbae il g s dllg Cpra da A S dte ST e Jgddo o) pa o ) SN 5 il
LS adiial) AISial) G 5 4dd Ciadl) o (AN g jad) A G A od50 Y A gf 4 isae pé dad
, Oitlie g o gladiad) 2L 5lSlae Cuad, ua LA 5 S (o glaial) sl 4 e jpal) o il Aol 5 4ddi po ciiliy
B (e skl pliiadl alhilll ) ,( DemAF and DAF ) sl (AsSsiy Ao daie ¥y fypadll il

287



Journal of Engineering and Development, VVol. 16, No.4, Dec. 2012 ISSN 1813- 7822

9 EH gy NS o Jpand) 4 A5plS a Ao el o il dalua 5440 g ASUSH (adiiel) ;dISial) SEET
Joif o Jpanll dibulu g 4ibulas) 4 Lagia JS Y Jolse 50 o dalty Gl oS ol aa) (i o | _puddidl
Aisal) 5 ) o geilisl) st S oY) g iad) A s dball § il cuiliy | sdeilly o198 G 08T A At s
Call il o j Julii ) ciof cdigl) sudi 4 DeMAF) o i sball Lol Ly )f Julii (4 S ta ) ciand

.( DAF) «

Introduction

Although Multiple-Input Multiple-Output (MIMO) systems provide many advantages and
achieve spatial diversity, they cannot be served to provide diversity when the wireless
portable devices, cannot support multiple antennas due to size and power limitations. Instead
cooperative communication has been an interesting topic for researchers in recent years. A
cooperative communication system consists of source, relay, and destination nodes which
have been accepted as a virtual MIMO system because it can provide transmit diversity
instead of implementing multiple antennas at wireless nodes in wireless communication [4,

User cooperation in wireless networks was first investigated by Sendonaris et al. in 2l and
(3] for cellular networks and for ad hoc networks by Laneman et al. I and 5] In [6], the authors
proposed a new cooperative strategy, called distributed space-time coding (DSTC). One of the
main problem with the multi-node is the loss in the data rate as the number of relay nodes
increases, so employing DSTCs reduces the data rate loss due to relay nodes transmissions
without sacrificing the system diversity order [). Many researches efforts had been employed
for DSTC system. In 81, DSTC based on the Alamouti scheme and amplify-and-forward
cooperation protocol was analyzed. An expression for the average symbol error rate (SER)
was derived. In [° the authors compared the performance of different DSTC designed for the
MIMO channels under the assumption that the number of relays available is a Poisson random
variable.

Motivated by the increasing importance of both MIMO system and cooperative
communication in wireless networks, a large volume of valuable work has gone into the
design of collaborative relay protocols, determining the higher coding and diversity gain in
the past few years. All researches proved that by employing good codes e.g. turbo codes and
low density parity check (LDPC) codes can always achieve better performance 101,

LDPC codes possess two salient advantages: better error-correcting performance due to
their good distance properties and lower decoding complexity for their parallel processing in
decoding algorithm which fits the hardware implementation hardware nicely (3. It has been
naturally applied to many researches on MIMO systems to obtain higher coding gain against
noise and interference, especially for burst interference which will seriously decrease the
error-correcting ability of other codes [*2,

Also some distributed low density parity check (D-LDPC) coding schemes have been
developed recently to employ better performance of the cooperative systems, It has been
shown that through proper code design, an D-LDPC scheme over wireless relay channels can
perform very close to the theoretical limit (13}

Despite of many LDPC advantages there are some drawbacks e.qg. their large frame lengths
and substantial number of decoding iterations. The higher number of iterations causes input
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sequences to the LDPC decoder may have a slow convergence for some of the arbitrary error
patterns obtained under the influence of random channel noise which reduces the
effectiveness of the LDPC decoder 4. Also due to the LDPC code inability to reach very
low bit error rates at low signal-to-noise ratios (SNRs), a consequence the error rate floor
phenomenon associated with iterative LDPC decoders is produced*51116],

In this paper an adaptive iterative LDPC decoder will be introduced in a manner to
tradeoff between rate of converges and good performance, then will be employed with a
DSTBC in a cooperative system with dual hope relay, also the performance is evaluated for
both DemoAF and DAF relay protocol (the strategies of these protocols will be explained in
section 3.1)

The rest of this paper is organized as follows: section 2 and 3, LDPC and DSTBC are
explained. The system model is discussed in section 4. Simulation and results are illustrated in
section 5. The last section 6 contains the conclusion.

LDPC

LDPC codes are a capacity approaching class of codes that were first described in a
seminal work by Gallager [*]. Gallager work showed that random regular LDPC codes are
asymptotically good and perform close to the Shannon capacity limit when the block length
increases. Tanner in [*8 rediscovered LDPC codes using a graphical interpretation 1%,

Structure of LDPC Codes

LDPC codes can be described by a sparse parity-check matrix H containing a sparse
number of non-zero entries. The term low-density means that the number of ones in each
column and row of the parity-check matrix is small compared to the block size. Linear codes
are defined in terms of generator and parity-check matrices. Generator matrix G maps
information u to transmitted blocks x called codewords. For a generator matrix G, there is a
parity-check matrix H which is related as G.H'=0. All codewords must satisfy x.H™= 0 in
terms of the parity-check matrix H. If the parity-check matrix H has the same weight per row
and the same weight per column, the resulting LDPC codes is called regular. Assume (dv, dc)
are used to represent a regular LDPC code whose column weight is dv and row weight is dc.
When the weight in every column is not the same in the parity-check matrix, the code is
known as an irregular LDPC code 201,

As an example, LDPC code of codeword size n=8 and rate 1/2 can be specified by the
following parity check matrix [211,
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The same code can be equivalently represented by the bipartite (Tanner) graph in Figure (1)

Figure (1) Bipartite (Tanner) graph of an LDPC code

Tanner graph are separated into two distinctive sets and edges are only connecting nodes
of two different types. The two types of nodes in a Tanner graph are called variable nodes (v-
nodes) and check nodes (c-nodes). The creation of such a graph is rather straight forward. It
consists of m check nodes (the number of parity bits) and n variable nodes (the number of bits
in a codeword). Check node fi is connected to variable node c;if the element hjjof Hisa 1 [?1.

LDPC Encoding

The message bits are conventionally labeled by u = [us, uz, - - -, uk], where the vector u
holds the k message bits. Thus the codeword ¢ corresponding to the binary message can be
found using the matrix equation

For a binary code with k message bits and length n codewords the generator matrix, G, is
a kxn binary matrix. The ratio k/n is called the rate of the code. A code with k message bits
contains 2 codewords. These codewords are a subset of the total possible 2" binary vectors of
length n 221,

The generator matrix for a code with parity-check matrix H can be found by performing
Gauss-Jordan elimination on H to obtain it in the form

H=TA k] ool 3)

Where A'is a (n — k) xk binary matrix and Inx is the size n-k identity matrix. The generator
matrix is then

G =l AT] s (4)

290



Journal of Engineering and Development, VVol. 16, No.4, Dec. 2012 ISSN 1813- 7822

LDPC Iterative Decoding

Consider an LDPC code of length n and design rate R=k/n. An iterative decoder for this
code can be viewed as a graph that has n variable nodes (bit nodes), an edge interleaver, and
(n-k) check nodes as in Figure (2). The i-th variable node represents the i-th bit of the
codeword. This bit is involved in dv® parity checks, so that its node has dv®” edges going into
the edge interleaver. The edge interleaver connects the variable nodes to the check nodes,
each of which represents a parity-check equation. The i-th check node checks dc® bits so that
it has dc® edges. The sets of variable and check nodes are referred to as the variable-node
decoder (VND) and check-node decoder (CND), respectively. Iterative decoding is performed
by passing messages between the VND and CND [23],

: variable node edge . check node hard .

! decoder interleaving | decoder decision  sink

i repetitions | (parity checks =] ah

| ( p— ) | i(p y ), T )
fro(:r1 £1V:eG|N ; | I —

! ) J—»H I1 i B

! VND - | CND

i 11 “‘_K‘tf"“;

Figure (2) Iterative decoder for an LDPC code

The procedure of iterative decoder will be explained by the following equations, suppose
the Tanner graph consists of n bit nodes and m (where m=n-k) check nodes. In the first step,

bit nodes xi, i =1, 2,........ , 0, are initialized with the prior log likelihood ratios (LLR) given in
(5) below using the channel outputs yi, i =1, 2,......... , n 24,
L pla=0ly) | Zag e 5)
I _Iagp{x;i:ﬂyf T o2

Where ¢ denotes the standard deviation of noise in Gaussian channel. Bit nodes first send the
prior LLR messages to the neighboring check nodes along the edges of the Tanner graph, and
the subsequent message exchange is governed by the bit-to-check message Qi—; and the
check-to-bit message R;—.; as represented in (6) and (7) below respectively, where N(i) refers
to the neighborhood of the node i,

Ql'_,j = Ei + ZkSW{le\\ij—‘l ................................................... (6)

Ri_; = Iliengpyu sgn (Q,;_ﬁj)‘?_l Ziengyy P (lQi_.jljl ................... (7)
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Where &(x) := -log [tanh (x/2) ] for x > 0. The posterior log-likelihood ratio at each bit
node is then computed as:

LLR:-JGS# = Ii + ZJSW{I:] Rj—'l ..................................................... (8)

The message passing algorithm is typically allowed to run for a fixed number of iterations,
both because convergence is not guaranteed when many cycles are present, and due to
practical (delay) constraints. Based on the posterior LLR, a bit-wise hard decision is made: "0"

if LLR?GS# >0 and "1" otherwise.

The computations in the decoder are localized, e.g., computations at a check node are
performed independent of the overall structure of the code. This implies that highly parallel
implementations of a message passing decoder are feasible. Further, the computations are
distributed, i.e., computations are performed by all nodes in the graph. Thus it is
computationally feasible to decode long block length LDPC codes [?],

Distributed Space Time Coding

Cooperation is referred to as any architecture that deviates from the traditional approach
that is where a user’s communication link is enhanced in a supportive way by other users [26],
In distributed system the source and relays cooperatively communicate with a common
destination. This cooperative transmission among the source and relays forms a virtual
antenna array. Figure (3) represents a wireless relay network 271,

Relay 1

Relay 2

Relay R

Figure ( 3) Wireless Relay Network

Conventional space-time coding schemes can be applied to relay networks for achieving
the cooperative diversity and coding gain. It was shown that by cooperating distributively, the
relays generate linear space-time codewords at the receiver. Most importantly, it achieves the
maximal diversity order R in a network with R relays when the transmit power is infinitely
large 28, Several DSTBC schemes have been proposed. A simple DSTBC scheme was
proposed by Bl Laneman based on orthogonal STBCs. In such a scheme different relays
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transmit different columns of the STBC code matrix, and at the destination a DSTBC
codeword is formed STBC distributed cooperative system [2°],

DSTBC strategy consists of two-phases protocol. In phase one, the transmitter sends the
information signal to the relays and in phase two, relays send information to the receiver. The
signal sent by every relay in the second phase is designed as a linear function of its received
signal. It was shown that the relays can generate a linear space-time codeword at the receiver,
as in a multiple antenna system, although they only cooperate distributively. .

The strategy of wireless relay network in Figure (3) is explained as follows 271
It is assumed that each node is equipped with a single antenna. It is considered symmetric
channels and denote the source-to- r-th relay and r-th relay-to-destination links by f; and gr,
respectively. Suppose each link has Rayleigh fading, independent of the others. Therefore, fr
and gr are identically independent distributed (i.i.d) complex Gaussian random variables with
zero-mean and variances o*f and ¢?g respectively. During the first phase, the source node, s,
transmits a signal s= transpose ( [Su, . . ., St]), consisting of T symbols to all relays. Assuming

the normalization, E{s".s}=1. Thus, from time 1 to T, signals /P, T s, ....... JBT sp

are sent to all relays by the source. The average total transmitted energy in T intervals will be
P1T. Assuming fr is not varying during T successive intervals, the received Tx1 signal at the
r-th relay can be written as:

where vris a T x1 complex zero-mean white Gaussian noise vector with the variance of Nj.
Before retransmitting the signal to the destination, relays manipulate the received signal
rr according to one of different provided protocols depending on the relative, location of the
users, channel condition and transceiver complexity (types of protocol will be explained in
3.1)
Let denotes xr be the transmitted signal from relays to the distention after manipulation.
DSTC, assume linear dispersion space-time codes of multiple-antenna systems. In this
system, the Tx1 received signal at destination can be written as:

X = §=1 4- Ar X, +w (10)

where w is a Tx1 complex zero-mean white Gaussian noise vector with the variance of
N2, and A, r=1,... R, are unitary matrices. Ar.s, r=1, ... R, must describe columns of a
proper Tx1 space-time code.

Relays Protocols
To enable cooperation among users, different relay technologies can be employed as

mentioned above in the previous section. In this paper two types of protocols are introduced
as follows [2°;
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Demodulation and Forward

To eliminate the effect of noise amplifications, several relay protocols have been proposed.
Demodulation and Forward (DemAF) is one of the simple solutions among them. In DemAF
the relay simply demodulates the received signals, with no decoding, and remodulates to
reconstruct the symbols transmitted by the source. This process can simply remove the noise
components residing in the received signals at relay. it is shown that the performance of
DemAF depends on the position of the relay relative to the source and destination. When the
relay is positioned midway between the source and destination, DemAF achieves its optimum
performance and worsens as the relay moves closer or further to the source.

Decode and Forward

Decode and Forward (DF) is another commonly used protocol for eliminating the noise
effect, especially for coded systems. The relay decodes the received signals and re-encodes
them before forwarding to the destination. When the channel quality in the link between the
source and relay is good, the process of decoding and re-encoding provides more powerful
error correcting capabilities than DemAF. Thus, the method can considerably outperform
DemAF. However, when the link from the source to the relay suffers from deep fading,
decoding errors may occur at the relay. In this case, if the relay re-encodes these incorrect
bits, error propagation will occur and lead to even worse performance.

System model

distentio
Source
Si+1, Si -S'i+1* S'i n
" Relay ’ 3
l sk 1 1 g1 Combiner & R LDPC
LDPC [ )] . £ Demodulat DECODER
FNICOANE Modulatio Relay /
Sirl, Si 2 s'*, s Si+1_4’

Figure (4) System Model

Figure (4) represents the system model. The data was generated randomly then coded by
LDPC encoder which has the same parity check matrix of the Digital Video Broadcasting
standard (DVB-S.2) [ 21]. The coded data is modulated using QPSK modulator then
transmitted to both relays under Rayleigh slow fading channel, with the assumption that f; and
gj attenuation amplitude kept constant for two symbols period.

At the first and second time slots (phase 1) the source sends its symbols (si, si+1) to both
relays and the received signals will be:

SR TR T Tl 1T RN (11)
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where i=1...... 4 and j=1...2
rsi; are the received signal at j-th relay at i-th time slots,
fj is the channel link between the source and j-th relay,
Si,j IS the symbol transmitted from the source to j-th relay at i-th time slot
and ns;; is the White Gaussian noise from the source to j-th relay at i-th time slot.

The relay nodes will recover the received signal and then retransmitted the recovered
signal to the destination node in the form of Alamouti code using one of the introduced
protocols in section (3.1). It is assumed that the relays have prior knowledge for channel state
of information. Maximum Likelihood detector was adopted for detection in relays.

At the third and fourth time slots (phase two), the received signal at the destination will be
(rdi, rdi+1) as follows:

rdi = (S%ij . Qi + Ndij) +(Si+1j . Gj+1 + NAij+1) oeneneiiii (12)
Fdi+1=(-S"i+1,j*.9jNdi+1,j)+(S'i,j*. Gj+1 + NAi+1j+1) coveneneniniiiie e (13)
where:
rd; and rdi+1 are the received signals at the distention at the 3 and 4" time slots,
s'ijis the recovered signal by the j-th relay at i-th time slot,
gj is the channels link between the relays and destination at i-th time slot and ndi is the

received White Gaussian noise from the j-th relay to the distention at i-th time slot.

Finally these two signals are gathered together using simple combiner to produce S; and
Si+1, Where:

Si= i 05 %+ T 1™, QL oevee e, (14)
Si1= T . Q1 * = FOi™. G, (15)
Si and Si+1 are demodulated and decoded using QPSK Demodulator and LDPC decoder.

Simulation and Results

Our simulations are divided into two subsections.

Adaptive LDPC

This part deals with the performance of LDPC code under AWGN channel and Rayleigh
flat fading channel with different code rate. The average of BER was calculated. The coded
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data are mapped to QPSK, at each SNR the number of the decoder iteration required for
parity check to be satisfied was determined as shown in Figure (5),(6),(7) and (8).
Two things were noticed from the results abstracted from above. First the powerful
capabilities of LDPC for error correction. Even with high rate, the code can achieves good
performance at low SNRs .Also its decoding parallelism feature enable us to simulate the
system with long input frame. Second restricted the decoder iteration to a certain number play
an important role on the system performance. Choosing a small number for iteration leads to
fast converges but with performance degradation, while choosing a large number will grantee
the converges on the cost of time delay. This conclusion was explained in Figure (9) when the
number of iteration is restricted by 4 and 20 iteration. In order to overcome this problem we
adopt the idea of adaptive iterative decoder. Based on our pre- knowledge of the channel, we
built a system with variable number of iteration depending on the value of SNR. The
performance of the system with the adaptive iteration is shown in Figure (9), it is obviously

noticed that the adaptive system verified the tradeoff between the speed of converges and
good performance.

o LDPC performance under AWAGN channel, Max. iteration=50
10 T
—©6— R=1/2 ]
—B— RrR=1/3 i
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10 y <
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| | | | \
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\ \ \
\ \ \
2 | \ b
10 Ly \ \
1 | | 1
1 \ \
| \ \
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o L B
-4 -2 0 2 4 6
SNR (dB)

Figure(5) LDPC performance under AWAGN channel
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LDPC performance, Max. iteration=50,Reyliegh CHANNEL
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Figure (6) LDPC performance under Rayleigh flat fading channel

LDPC decoder iterations, AWAGN channel
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Figure (7) No. of LDPC decoder iterations( AWAGN channel)
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Figure (8) No. of LDPC decoder iterations(Rayleigh channel)

o Adaptive LDPC performance under Reyliegh channel
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Figure (9 ) Adaptive LDPC performance under Rayleigh channel
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LDPC in DSTBC Cooperative system

Our system model based on LDPC with DSTBC in a dual hope cooperative system was
simulated. The performance of the system was evaluated when two protocols (DemAF and
DAF) were adopted and with different LDPC code rate as explained in Figure (10). The
system performance was compared with the performance of DSTBC, the results as illustrated
in table(1) shown that the system with the DemAF protocol suffer from error floor
phenomena with acceptable coding gain, while the system with DAF protocol verified a

perfect performance at the cost of complexity. However it is not reasonable to adopt DAF
protocol in multi hope relays network.

o LDPC Performance in dual hope relay system,Max. No. of iteration=50
10
R - e ~e_
R
N\
5 10° \\
[an] \\\‘
10-3§ —B8— R=1/4,DAF \ ‘,
| --@-- R=1/2,DAF \ A
| —©— R=1/2,DemAF \ A
|| —— R=1/4,DemAF \ \
4| —©— DsTBC \ \
10 ; ; 1
1 2 3 4 5 6 7 8 9 10
SNR(dB)
Figure(10) LDPC performance with DSTBC
Table (1) coding gain for LDPC with DSTBC
LDPC Code rate Coding gain at BER=10 3
DemAF DAF
1/2 5dB 20 Db
1/4 6 dB 21 dB

For the system which employing DAF protocol, the performance was evaluated when the

maximum number of decoder iteration is restricted to 50, 40,...... , 10. For each case the

actual number of decoder iteration that is required for parity check to be satisfied was

calculated (in both relays and distention decoder) for different values of SNR, as shown in
Figure(11), (12) and (13).
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LDPC performance in DSTBC (R=1/2, dual hope, DAF protocol)
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Figure(11) LDPC performance at DSBC (DAF)

No. of LDPC decoder iteration at the destination (DF Protocol,dual hope,R=1/2)
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Figure(12) No. of LDPC decoder iterations at the distention

The results obtained from Figure (11), (12) and (13) show that for low SNRs (0 —6 dB),
the Bit Error Rate (BER) is constant for any number of iteration mentioned before. At higher
SNRs the number of iteration will be reduced with the increasing of SNR. According to this
conclusion we built an adaptive LDPC decoder (at both the relay and distention), which vary
its number of iteration depending on the prior knowledge of the channel state information. In
this system we verified a tradeoff between complexity and good performance as shown in

Figure (14). Also the proposed system is overcome the phenomena of the error floor
associated with DemAF protocol.
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No. of LDPC decoder iteration at the relay(R=1/2, DF Protocol,dual hope)
so—/—ks—85a8 888888 T r F
-\ —B— ITER=50
45 —©— ITER=40 ||

—w— |TER=30
400 —F— ITER=20
pe—0—6—96—6—6—6—6—o—=¢ -’{ —&é&— ITER=10
35

30

25

iteration number

L ‘
o) 1 2 3 4 5 6 7 8
SNR(dB)

9 10

Figure(13) No. of LDPC decoder iterations at the relay

o LDPC performance in DSTBC (dual hope,R=1/2)
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Figure(14) Adaptive LDPC in DSTBC cooperative system

Conclusions

An adaptive LDPC was proposed and the performance in term of BER was calculated
under both AWAGN and Rayleigh flat fading channel. The proposed code provides satisfying
performance while reducing the delay related to the iterative decoder. LDPC was embedded
in DSTBC dual hope cooperative system as an outer code. We evaluate the system
performance when employing two relay protocol (DemAF, DAF), the results shown that the
system which adopt the DemAF protocol can gain 6dB at SNR=10° with simple
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implementation, however its drawback is the error floor. Adopting the DAF protocol leads to
a significant coding gain = 20 dB at SNR=107 and eliminating the error floor at the cost of
increasing of complexity and time delay. To overcome this problem the adaptive LDPC was
employed, the results shown that it can reduce the error floor, reducing the time delay and
achieves an acceptable performance.

References

[1] P. Poonsawatt and P..lamjareekul " Improving Dual-Hop Amplify-and-Forward
Cooperative Mobile Network Based on Path selection and STBC with Pre-Coding Scheme",
Eighth International Joint Conference on Computer Science and Software Engineering
(JCSSE), PP.409 — 413, 2011.

[2] A. Sendonaris, E. Erkip, and B. Aazhang, “Increasing uplink capacity via user cooperation
diversity,” in Proc. IEEE Int. Symp. Inf. Theory, Aug 1998.

[3] A. Sendonaris, E. Erkip, and B. Aazhang, “User cooperation diversity. part i. system
description, part ii. Implementation aspects and performance analysis,” IEEE Trans.
Communication., vol. 51, no. 11, pp. 1927-1948, Nov. 2003.

[4] J. Laneman and G. Wornell, “Distributed space-time-coded protocols for exploiting
cooperative diversity in wireless networks,” IEEE Trans. Inf. Theory, vol. 49, no. 10, pp.
2415-2425, Oct. 2003.

[5] J. Laneman, D. Tse, and G. Wornell, “Cooperative diversity in wireless networks:
Efficient protocols and outage behavior,” IEEE Trans. Inf.Theory, vol. 50, no. 12, pp. 3062—
3080, Dec. 2004.

[6] Y. Jing and B. Hassibi, “Distributed space-time coding in wireless relay networks,” IEEE
Trans. Wireless Commun., vol. 5, no. 12, pp. 3524-3536, Dec. 2006.

[7] Karim G. Seddik," Diversity in Cooperative Networks: How to Achieve and Where to
Exploit? " Ph. D Thesis, University of Maryland, 2008.

[8] P. A. Anghel, G. Leus, and M. Kaveh, "Multi-user space-time coding in cooperative
networks," International Conference on Acoustics, Speech andSignal Processing (ICASSP),
April 6-10 2003.

[9] S. Barbarossa, L. Pescosolido, D. Ludovici, L. Barbetta, and G. Scutari, "Co-operative
wireless networks based on distributed space-time coding,” in Proc. IEEE International
Workshop on Wireless Ad-hoc Networks (IWWAN), May 31-June 3 2004.

[10] Ruoheng Liu, Predrag Spasojevic’and Emina Soljanin, "Incremental Redundancy
Cooperative Coding for Wireless Networks: Cooperative Diversity, Coding,and Transmission
Energy Gains ",IEEE TRANSACTIONS ON INFORMATION THEORY, VOL. 54, NO. 3,
MARCH 2008.

[11] D. J. C. MacKay, “Good error-correcting codes based on very sparse matrices”, |IEEE
Trans. Inf. Theory, vol.45, pp. 399-431, 1999.

[12] Gao gina, Tian yu and Zhao Ying " LDPC Coded MIMO Communication System with
Time Varying Linear Transformation " IET 3rd International Conference on Wireless, Mobile
and Multimedia Networks (ICWMNN 2010), Sept. 26-29, PP. 179 - 182, 2010.

[13] A. Chakrabarti et al., “Low Density Parity Check Codes for the Relay Channel,” IEEE
JSAC, vol. 25, no. 2, pp. 280-91, Feb. 2007.

302


http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5686952
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5686952

Journal of Engineering and Development, VVol. 16, No.4, Dec. 2012 ISSN 1813- 7822

[14] W. Isarankura and D. A. Batovski "Decoding acceleration of low-density parity-check
codes for mobile wireless man”, AU Journal of Teclnology, Vol.13, No. 4, pp. 203-212 ,
2010.

[15] Tom Richardson, "Error floors of Idpc codes™, Proc. 41st Allerton Conf. Comm., Control,
and Comput., Monticello, IL, 2003.

[16] E. Cavus and B. Daneshrad, “A performance improvement and error floor avoidance
technique for belief propagation decoding of ldpc codes,” in Proc. 16th IEEE International
Symposium Pers., Indoor Mobile Radio Commun., Sept. 2005, vol. 4, pp. 2386-2390.

[17] R. G. Gallager, “Low-density parity-check codes”, IRE Transactions on Information
Theory, vol. IT-8, pp. 21-28, Jan. 1962.

[18] R. Tanner, “A recursive approach to low complexity codes,” IEEE Transactions on
Information Theory, vol. 27, pp. 533-547, 1981.

[19] Salah A. Aly, "Families of LDPC Codes Derived from Nonprimitive BCH Codes and
Cyclotomic Cosets", www:// eprintweb.org, 2008.

[18] W. Hur, "INCREMENTAL REDUNDANCY LOW-DENSITY PARITY-CHECK CODES
FOR HYBRID FEC/ARQ SCHEMES ", Ph.D Thesis, Georgia Institute of Technology May
2007.

[21] Mustafa Eroz, Feng-Wen Sun, Lin-Nan Lee, " DVB-S2 Low Density Parity Check Codes
with Near Shannon Limit Performance “International Journal of Satellite Communications
and Networking, Special Issue on The DVB-S2 Standard for Broadband Satellite Systems.
Vol. 22, Issue 3, PP. 269-279, May/June 2004.

[22] Sarah J. Johnson, 'Introducing Low-Density Parity-Check Codes",The University of
Newcastle. Australia, www.sigptomu.org.

[23] S.t. Brink, G. Kramer, and A. Ashikhmin," Design of Low-Density Parity-Check Codes
for Modulation and Detection™, IEEE Transactions on Communications, Vol. 52, No. 4,
2004.

[24] Lara Dolecek, Pamela Lee. Zhengya Zhang. Venkat Anantharam. Borivoje Nikolic and
Martin Wainwright, "Predicting error floors of structured Idpc codes: deterministic bounds
and estimates"”, IEEE Journal On Selected Areas In Communications, VVol. 27, No. 6, 2009.
[25] Arvind Sridharan, "DESIGN AND ANALYSIS OF LDPC CONVOLUTIONAL CODES",
Ph.D. Thesis, University of Notre Dame,2005.

[26] Ashkan Kalantari, Ehsan Soleimani-Nasab, and Mehrdad Ardebilipour " Performance
Analysis of Best Selection DF Relay Networks over Nakagami-n Fading Channels " Iranian
Conference on Electrical Engineering (ICEE), PP. 1-5, 2011.

[27] Behrouz Maham and Are Hjgrungnes, "Distributed GABBA Space-Time Codes in
Amplify-and-Forward Cooperation”, IEEE Information Theory Workshop on Information
Theory for Wireless Networks, PP. 1-5, 2007.

[28] Wael Jaafar, Wessam Ajib and David Haccoun"On the Performance of Distributed-
STBC in Multi-hop Wireless Relay Networks ", European wireless conference, PP.223-230,
2010.

[29] Yonghui Li, " Distributed Coding for Cooperative Wireless Networks: An Overview and
Recent Advances" , IEEE Communications Magazine , PP.71-77, August 2009.

303


http://onlinelibrary.wiley.com/doi/10.1002/sat.v22:3/issuetoc

