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Abstract- In this paper we propose a modified PEXIT alganitfor SIMO Rayleigh fading channel. In this
paper we first explain PEXIT algorithm which shoaststanding performance over additive white Gawussia
noise channels but they are not giving accuratelteefor SIMO Rayleigh fading channel. Then we nfiedi
PEXIT algorithm so that it will give accurate resulor both the channels.

Index Terms- Extrinsic information transfer, Protograph Extimséformation transfer, Log Likelihood ratio,
Maximum ratio combining, Equal gain combining.

1. INTRODUCTION

Many LDPC codes[l1] are irregular and sufferAn important assumption of the proposed PEXIT
from high error floor and nonlinear encoding. Salgorithm in[10] is that the channel log-likelindo
another novel class of LDPC code, namely multiratio (LLR) messages should follow a symmetric
edge type (MET) LDPC code, has been introduced [Baussian distribution. In this paper, we briefly
whose subclass the protograph- based LDPC code Hhiiigstrate that this assumption cannot be mainthiine
emerged as a promising FEC scheme due to ige case of a SIMO Rayleigh fading channel and then
excellent error performance and lowwe elaborate how to apply the PEXIT algorithm in
complexity [3]. Extrinsic information transfer (EK)  such an environment. To simplify the analysis, we
[4] charts are used as a density evolution tectnigq@ssume that the all-zero codeword is transmitted.
for the decoding convergence analysis of iterative
decoders. EXIT charts have been used in [5] togdesi2.1. System Model
low-density parity-check (LDPC)codes due to their
simplicity and accuracy in performance prediction
But EXIT charts are not applicable for the protgdra

In this paper we consider the system where
firstly the information bits are punctured by the
based [6] LDPC codes. protograph LDPC code. Then the binary coded

In this paper, we aim to investigate thePitsV & {0,1}are passed to abinary-phase-shift-
performance of the protograph codes over a SIM&®YINg (BPSK) modulator, the output of which is
Rayleigh fading channel. To do so, first we study t given byX= (-1 € {+1, -1}. The modulated signal
assumption of PEXIT algorithm and then we propose is further sent through a SIMO fading channehwit
a modified PEXIT [7] algorithm for analyzing the one transmit antenna ahi receive antennas.
protograph LDPC code over a fading environment. Igve denote has a channel realization vector of
this paper we consider sixteen receiver antennas. WizeNgx1, the entries of which are complex
have also studied probability density factor(PDR). independent Gaussian random variables with zero-
the receiver, we assume thatreceived signals afean and variance 1/2, i.&l,(0, 1/2), per dimension.

combined using the maximum-ratio- Then, theNg x 1 receive signal vector, denoted by r, is
combining (MRC)  method [8] or  the equal-gain-given by
combining (EGC) method. [9] r=hx+n Q)

2> ASSUMPTION OF THE PEXIT Now by using (j = 1, 2, . . .)to indicate -the. coded bit
ALGORITHM number ank (k= 1,2, . . . , Nto indicate the
receive antenna number, the signal ofjfHeoded bit

A protograph EXIT (PEXIT) algorithm has beengt thek™ receive antenna can be written as,
used for the analysis and design of protograph £ode

over the AWGN channel. In this paper first we r[Kl = h; [Kx; + nK] )
illustrate the PEXIT algorithm, which works well on

the AWGN channel. This algorithm is not useful forp this paper, we assumed interference does ristt ex
the SIMO Rayleigh fading channel. Then we modifyn, the channel. So, we apply the simpler MRC and
the PEXIT algorithm for such a channel and userit f ggc [8],[9], which have also been used to prodess t
analyzing the protograph codes in our system. received signals over interference-free Rayleigh
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fading channels incorporated with multiple antennas variance than EGC will focus on MRC for successful

and LDPC codes [11],[12]. decoding.
The combiner output corresponding to jHecoded We denote the real part b, by “L(real)” . In Fig. 1,
bit, denoted by;, is then given by [8], [9]. we further plot the probability density functiond{P)
of the L(real) values denoted by" frequency of kfje
y= Z-;:_’:l K [k]a]. [k] for MRC (3) " when MRC is used. The curves in the figure intéca
that the PDF of the Lre,j values does not follow a
Vg Rl symmetric complex Gaussian distribution. This
y= E:;:'lrn T [k] for EGC (4) clearly shows that the PEXIT algorithm in [13] istn
! applicable to this type of channel. By observing.Fi
where * denotes the complex conjugate, | . | l.we conclude that the channel LLR values for a

represents the modulus operator &fi#t]/|h; [K]| is SIMO fading channel do not follow a symmetric
used to remove the phase ambiguity for Cohereﬁaussmn dlstn_butlo.n and hence the PEXIT algorithm
reception in EGC. Herg is calculated by combining cannot be applied directly.

MRC and EGC values. In the following, we analyze the _dist.ribu_tior) ofeth
Lcnj values when the channel realization is fixed. We
25 Channd LLR values consider a fixed channel realization, i.e., a fixed

channel fading vectohr; .We assume using the all-
Now we calculate initial channel LLR value which Wezero codeword (i.es; = +1 rep) and we substitute
4

- : TH
will denote by Lcnjcorresponding to thg ™ coded  (2) into (8). Then, we can rewrite the expression f
using [4]. L as
R
Privj=0lyh;jl Lenj = EEHL h‘_i' (k] {hj' [k]-r_i' + "y [k]}
lenj = In (—J (5) )

prlvy=0ly k)

ch.j

= 5 (U + B (ks k) (9)
®) '

From “Eq.(9)" we can write channel factgy as

. (Frf_xJ- = +1|}'_.'.P:J-_I:I
Prizj=—1ly ;)

¥y . )
s = ::‘l for MRC o :E-_::l |h_i-[k:||‘ (10)
g Iy N
Ve TR (Z32, In[K]l)  ForEGC (7) ands is calculated by using equation written below
where Pr(-) is the probability function andi; = [h; ol = ij’x - (11)
[1, hj [2], - - -, h[NR]" (here superscript “T” SRR T

represents the transpose operator). In next stige w . : .
qut) the values fromp “Eq.(C’E))"and )“Eq.(4)" into gthewhere,R is nothing but code rate arfj /N, is SNR

“Eq.(7)” so that will get the LLR value of both MRC of the system. So by using these expressions we
and EGC. calculate LLR values which follow symmetric

complex Gaussian distribution for a fixed fading
) vector. Using this property, we propose a modified

= (05, n [Kln [R]) for MRC PEXIT algorithm that can be adopted to analyze the
=4 protograph codes.

2y Ng  RIR] Ve .
(w22 ) (B3 Iy k1) for B

®) 3. MODIFIED PEXIT ALGORITM FOR

“Eq.(8)"gives us LLR value for the two combiners. SIMO RAYLEIGH FADING CHANNEL

Further the performance of the two combiners is Here first we define some symbols and terms
calculated by exploiting Monte Carlo simulatiores,i which we are used in our algorithm. A protograph
by generating a large number of independent channel (V,C,E) consists of three set¥ , C and E
realizations and computing their average capacitgorresponding to the variable nodes, check nodés an
value. For that, we consider a SIMO Rayleigh fadingdges, respectively [6]. In a protograph, each edge
channel withNg = 16 and E/No, = 6.0209dB. By ¢, .€ E connects a variable nodg € V to a check
sendingX; = +1 repeatedly while varying the channelnodec; € C. Moreover, parallel edges are allowed.
fading vectork; from bit to bit, we evaluate the mean A large protograph (namely a derived graph)
of the absolute value of ;. We observe that the corresponding to the protograph code can be ofataine
MRC produces an average value of 18.2013, by a “copy-and-permute” operation. Hence, codes

ie., Buro(lLas,l) = 18.2013 whereas the EGC giveé"’ith different block lengths can be generated by

i , performing the “copy-and-permute” operations
Eeod|Lop ) = 4.3057. As MRC provides a higher yitterent number of times.
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A protograph withN variable nodes an®il check Now, for a rateR protograph withN variable nodes
nodes can be represented by a base matrix B afid M check nodes, the proposed modified PEXIT
dimensionM x N. The (i, j)‘h element of B, denoted algorithmover a SIMO Rayleigh fading channel can
by by ;, represents the number of edges connecting the described as follows.

PDF L(real) Values

1.5

Frequency of L(real)
: o
o o

o
o

-1.5

L(real)

Fig. 1. Probability density functions of the L(rpaalues over the SIMO Rayleigh fading

channel.

variable nodey; to the check node;. Here we define (1) For a given SIMO channel realizatidh= [h;
five types of mutual information (MI) as follows.

1,,(i.j)denotes the a priori MI between the input
LLR value of; on each of the; ; edges and the
corresponding coded hit .

1..(i.j) denotes the a priori MI between the input
LLR value of¢; on each of théx; ; edges and the
corresponding coded hit .

I:,(i.j) denotes the extrinsic MI between the
LLR value sent byt; to ¢; and the corresponding
coded bitw; .

I..(i, j)denotes the extrinsic MI between the LLR
value sent byg; to 1; and the corresponding

coded bity; . (2)

1..-1j) denotes the a posteriori Ml between the a
posteriori LLR value of=; and the corresponding
coded bit; .

In addition, during each iteration in the PEXIT
algorithm, we havé, (. j) = Iz,.(.j) and I, (. j) =
I:.(i.j). We also denote the maximum number of
iterations in the algorithm by, Besides, we define

two new terms called

indicator function and

punctured label.
Definition 1. We define the indicator functicsa(-) of

an elemenk, ; in the base matrix B as (3)

1 ifh;, .= 0
b ) = I Lj
(P{ ""} 0 otherwise

(12)

Hence,(b;;) indicates whethep; is connected te;
or not.

Definition 2. We define the punctured labg} of a

variable nodew;as O if v, is punctured, and 1
otherwise.

(4)

[1], hj [2], - - -, h[NR]] ", we can calculate the
corresponding channel facterusing (10), i.e.,
a= T2 |h[K]|>. Suppose we are given the

number of blocks of channel factors (denoted by
Q) and the maximum number of iterations
(Tmay. We generate a matrixa = a ;

TNE |hy,[K])? of dimensionQxN to represent

the Q blocks of channel factors, i.e., each row in
& represents a group of channel factors forNhe
variable node in the protograph. We also select
an initial Ey/Ny (in dB) which should be
sufficiently small.

Fori=1,2,...,Mandj=1, 2,...,Nwe set
the initial I/} to 0. We also reset the
iteration numbert to 0. Considering the
punctured label and substituting “Eq.(11)"into
“Eq.(9)", for the channel factaz_ ; (=1, 2, . ..
,Nandg =1, 2, ... ,Q)the corresponding
variance of the initial LLR value(denoted by
Tih.q;) IS given by

; _ hag,
Tehgi T T 2
n
BEE . [Er/Wa)
="1%407 % (13)
Na

If t = Thaw SEtEy/Ny = Ex/Np + 0.001dB and go
to Step 2; otherwise, for=1, 2, ... Mj=1, 2,
...,Nandg =1, 2, ... ,Qwe calculate output
extrinsic MI sent byy; to ¢; for the q" fading
block.

Fori=1,2,... ,Mandj=1, 2,... ,Nwe
obtain the expected value lgf i, j) using

Adi, ) = Ell ev i, ))] (14)
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(5)

(6)

(7)

Fori=1,2,... Mandj=1,2,... ,Nwe
compute the output extrinsic Ml sent byto v;.

PEXIT algorithm for SIMO Rayleigh fading channel.
Furthermore, we can explore extending the modified

Then, we get the a prioNI between the input PEXIT algorithm to other systems such as the MIMO
LLR of v; on each of theb; edges and the fading systems.

corresponding coded bit using

EB/NO Vs BER
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Fig. 2 Signal to noise rati@s/No)Vs. Bit error rate(BER) using modified PEXIT
algorithm for SIMO fading channel

A, J) = Tedi, j) (15)
Forj=1,2,...,Nandg=1, 2,...,Qwe
compute the a posterioMl of v. Then, for ACKNOWLEDGMENTS
everyj =1, 2, . .. ,N we can evaluate the | am thankful to my guide Assistant Professor Suman

expected value df,p ) using

Wadkar (Pillai Institute of Information Technology,

New Panvel, India) for the helpful discussions and

Elond)] = 230 Lppan (16)
If the expected MI valueB[l 4o, {j)] = 1 for all j
=1, 2,...,NtheEy/N, value will be the EXIT
threshold that allows all variable nodes to bei]
decoded correctly and the iterative process is
stopped; otherwise, we increasey 1 and go to [2]
Step 3 to continue the iterative process.

To maintain the accuracy of the modified PEXIT

algorithm we have

to follow all these steps

accordingly. In Fig. 2, we showed simulation result[3]
of the signal to noise ratio(Eb/NO) versus bit eraie
(BER) using modified PEXIT algorithm. The red
cross in the Fig. 2 indicate BER of the sixteei4]
receiver antennas at SNR value. This curve follows
symmetric complex Gaussian distribution. We should
generate a sufficiently large number of blocks of

channel factors, i.e., a large value r

[5]

4. CONCLUSION

In this paper, we have first studied the assumpbio

PEXIT algorithm

. Then, we briefly illustrated [6]

that this assumption cannot be maintained in tise ca
of a SIMO Rayleigh fading channel and then Wﬁ”
elaborate how to apply the PEXIT algorithm in suc
an environment. To do so we propose a modified

valuable guidance.
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