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1073 have been reported. Repeat-Puncture Turbo Codes
Abstract—Repeat-Puncture Turbo Codes (RPTC), an introduced in [7] has shown a significant increase
extension of the conventional turbo coding algorit, performance at moderate to high SNRs. In conjanatiith

hasd sh?wnta s;]gngman.t m::;easg in pgrlilolémanc? at superorthogonal convolutional signaling, simulasiomave
moderate to high signal-to-noise  ( ) ratios. gnowna much improved performance.
Superorthogonal Convolutional Turbo Codes (SCTC) .

In  Section 1l the concept of Repeat-Puncture

makes use of superorthogonal signals to improve the . )
P g g P Superorthogonal Convolutional Turbo Codes togethign

performance of conventional Turbo Codes (TC). By ) X . . X
combining Superorthogonal Convolutional Turbo Codes their encoding and decoding structures will beodtrced.

and Repeat-Puncture Turbo Codes a coding scheme tha S€ction Il will present the max-log-MAP decoding
exhibits a more superior performance results. In his  @lgorithm used for the iterative decoding of TGection IV
paper, we Study a new low-rate Coding scheme Repeat will then present the performance evaluation for BW/and
Puncture Superorthogonal Convolutional Turbo Codes Flat Rayleigh fading channels together with theialgtical
(RPSCTC) that makes use of superorthogonal signalkjy BER bounds. Finally Section V concludes the paper.
together with repetition and puncturing to improve the

performance of Turbo Codes for reliable and effectie

communications.  Simulation results in additive ite Il. REPEAT-PUNCTURE SUPERORTHOGONAL

Gaussian noise (AWGN) and flat Rayleigh fading (FRJ CONVOLUTIONAL TURBO CODES

channels are presented together with analytical bawds

of bit-error probabilities derived from transfer fu nction A. Encoder

bounding techniques. The structure of the RPSCTC scheme is shown batow i

figure 1 with a more detailed diagram depictedigure 2.

Index Terms—orthogonal, repetition, puncturing, The first parity SEqUeN0Bp, Yi,---1Y, pmiy is produced
turbo codes. _ ) ) )
from the first constituent code with an input détme of

length N. Since the parallel concatenated code (PCC) is
I. INTRODUCTION made up of superorthogonal recursive convoluticwle
{SRCC) component codes the length of the firsttypari

M odern digital cellular systems utilize some form o el i ] )
channel coding to improve bit-error performanceSeduence 87N as seenin [5]. Prior to the second parity
being produced, the input

Convolutional coding is the most widely used inste SEAUENCEY0, Y155 m
systems. However, operating at high signal-to@@¢8NR) data frame is repeatetl times and interleaved by an
ratios require larger antennas and bandwidths tatitieed interleaver: of lengthLN. To control the code rate at the
resulting in a larger link budget. In the earlyety’s Turbo output the second parity sequence is then punctaret
Codes were introduced by Berrcet.al. in [1]. The serially transmitted together with the first paréigquence to
performance was shown to be very close to the #tieat the receiver front-end. Each SRCC is shown inidé&tia
limit. Typically for large frame lengths e.dN=16384, figure 2. The Walsh-Hadamard generator uses Walsh

E, / N, values of -0.15dB at a bit-error rate (BER) level ofunctions obtained from Hadamard matrices to gdaetize

orthogonal sequences. For memony=4, Hadamard

103 have been reported. TCs have three enhancements in. . . —
) : .matrices Hg and its complementaryHgs need to be
the coding area. These include the use of rearsiv

systematic codes, random interleaving and the ag@parof considered. The Hadamard matrices fie4 is shown in

L figure 3.
intrinsic and extrinsic information in the decoder co- 9 e —
. 1 Constituent Code B
operation. d SRCC 1 Y10, Yar--Y.
. : : -
In [2], [5] Superorthogonal Convolutional Turbo @sd * ~ [N I SR P e
are introduced. This makes use of superorthogsigahls Repeat 1
to create a low-rate code suitable for spread-spect LN o T :

applications. SCTCs exhibit an improved perforneaaer _ - T
the classical turbo coding algorithm. For smahnfe T g

lengths e.g. N=200, and constraint length K=4, Fig.1. Structure of RPSCTC Encoder
E, / N, values of approximately 0.7dB at a BER level of




Comsmen cose 1| priori information gleaned from the decoding process.
f Again decoder 2 produces extrinsic information adicw to

N CJ a 77 (4). These decisions are deinterleaved and awérage
‘ rstparty according to (5) to producH decisions. The process of
‘ Walsh Hodarmard Generator } Ve seaverce decoding is iterated several times after whichdteraged
[ Repeat ] N 2N decisions are compared to a zero threshold to yiledd
W ‘ estimated input data sequence.
Constituent Code 2 i _ Le,2i + Le,2i+l 20 1...N-1 (5)

LN ﬁ € laverage 2
\\ % [ Co(rupted interleaved
parity
sequence 2

m-L, Second punctured
27N party Semuence Corrupted
parny L
i sequence el
2™IN decoder 1 repeat 'L

Fig.2. Detailed structure of the RPSCTC encoder be /N
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01010101 10101010
00110011 11001100 Fig.4. Structure of RPSCTC Decoder
b0l 100110 Gojt00110001
®loooo01111 111110000 1. MAX-LOGMAP DECODINGALGORITHM
01011010 to1o00101 Although the maximuma-posteriori (MAP) algorithm
00111100 11000011 yields the best overall performance in the decodihtyurbo
011021001 10010110 codes [5], [6] a hardware implementation of RPSQuatild
Fig.3. Hadamard matrices for m=4 lead to many problems due to the increase in codtple
When we use the maximization approximation instéad,
the forward and backward state metrics, i, andg,,
B. Decoder

is leads to an approximation error in the comjaof
ese variables. For high SNRs this error is coaife to
noise, thus degrading performance, while for lowRSN is
much less than the noise power. The general dbgeof
- the max-log-MAP algorithm is to find the best paththe
decoder then produces log-likelihood ratio&,) trellis for hard decisions, and for the decisioneach input

The decoding for Repeat-Puncture Superorthogontfﬂ
Convolutional Turbo Codes is an iterative proceSgure 4
shows the procedure of decoding for RPSCTC. Tiw fi
corrupted parity sequence is sent to the first deco The

according to equation (1), bit to evaluate the reliability of that decisiofthus by using
the max-Log-MAP algorithm we are settling for a cetpd
) performance but a significantly lower complexityr fa
L(d,) = Iog[Z/ﬁ;m} - |og{2/]‘|}m1 (1) hardware implementation.
m m
where, IV. PERFORMANCEANALYSIS
im _ m s1m o f (Lm) . . .
Z/‘k - Zak O Pin () A. Simulation Results in AWGN Channel
m " SCTC and RPSCTC Simulation for N=200
and 10° ‘ ‘ I \ i
_ ) f (0, —&— N=200 SCTC m=2
Z/](k)’m - Za&ndl?m k+(f m . (3) —— bound N=200 IQCTC m=2
m m 107 F - - - R T —— N=200 RPSCTC m=2
bound N=200 RPSCTC m=2

assuming zera-priori information since, the probability of 00 N - e - - Ml
the first bit being either zero or one is equah efjuations ; !

. . f (i, BT A DU I R T T%e |
(2) and (3) ay'is the forward staFe metric,5,. 0™ W 10 | | SH | =
(i = 0D is the reverse state metric adg™ (i = 01) is the 10.8”””3 77777 i"""i"f\"i""#""f
branch metric all computed over the trellis of deg. | | | }\ ‘
Extrinsic information is then produced using ecpra4), T ——— S S b oo ro >
Le (dk) = L(dk) - Lc(Xk) - I-apriori (dk) (4) 10’12-1 6 ‘1 ‘2 ‘3 1‘1 5

where L. (x) is the channel measurement aing ., (dy ) i ) o
. . . . e . Fig.5. SCTC and RPSCTC Simulation in AWGN for m=2
is achieved from the last iteration. TRe=xtrinsic decisions

are then sent to a repeater which yieldS extrinsic Repeat-Puncture Superorthogonal Convolutional Turbo

decisions which are then interleaved. ~ The seconglyges was simulated in the additive white Gausaigie
component decoder uses th extrinsic information as-



channel. The results are shown in figure 5 andrég6

which show the graph oE, / N, versus bit-error rate. The

simulation and its bound for memorigs=2 andm~=4, are
shown in figure 5 and figure 6 respectively.

SCTC and RPSCTC Simulation for N=200

I I I
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Fig.6. SCTC and RPSCTC Simulation in AWGN for m=4 Doppler frequencyf, given by (6).

Rayleigh fading simulation for N=200
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Fig.8. SCTC and RPSCTC Simulation in Rayleigh fadin
channel for m=4

The velocity used for the moving receiver was=
50km/h, and af,= 2 GHz carrier frequency was used with
The speed of liglat

An input frame length ol=200 was used and the stoppingiS 310°.

criterion was 50 frame errors. A uniform interleawas
chosen and a straightforward puncturing pattern wsesl,
although other extravagant patterns could be ifgegsid to
yield a better performance. 18 iterations weresehdor the
decoder, although this could be decreased at higR&s to
shorten simulation time without a compromise oruaacy.

B. Simulation Results in Flat Rayleigh Fading Channel

Rayleigh fading is a statistical model for the effef a
propagation environment, (or the heavy build upudian
environments), on a radio signal and is a reasenaodel
for tropospheric and ionospheric signal propagation

For non-line-of-sight (NLOS) between the transmitiad
receiver, the scheme was also simulated in a Reyfaiding
channel. The results are presented in figuredBanAgain
the measure of quality of service (QoS) choserhés Hit-
error rate versus SNR plot. 150 frame errors wee as a
stopping criterion for the simulations for both STH&nd
RPSCTC.

—*— N=200 SCTC m=2
—<#— bound SCTC m=2
—&S— N=200 RPSCTC m=2
bound RPSCTC m=2

<

SNR

Fig.7. SCTC and RPSCTC Simulation in Rayleigh fadin
channel for m=2

(6)

C. Analytical BER Bounds

Transfer function bounding techniques studied jnwas
used to derive the union bound for Repeat-Puncture
Superorthogonal Convolutional Turbo Codes. For an
AWGN channel we start with the state transition nrat
shown in equation (7)

L'l 'D%0 L'l 'D%,;

AlL,I,D) = )

L'lI'DY,,0 L'I'DY,;

where, in a monomial' | 'D? 1 is always equal to 1, and
and d are either zero or one, depending on the input and

output weights respectively for the" to the j™ state of
the state diagram. For an encoder Wil states with the

lastm edges as termination edges, the generating funigtion
given by (8).

T(L1,D)=>>> L'I'D%(,i,d) ®)
120 i20d=0
Sincel + A+ A+ A+, . =(1-A™" )

Then the transfer function for each constituentodec
can be expressed in the form of (10)

T(L1,D) =[(1 = A(L.1,D) ] (10)

Denote the probability of producing a codeword fnagt
of weight d given a randomly selected input sequence of
weighti by (11) for constituent encoder 1
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transfer function bounding techniques. RPSCTCrsffe

more  superior performance than  Superorthogonal

Convolutional Turbo Codes in additive white Gaussiaise

as well as NLOS channels.

For application of the bound to Rayleigh fading ratiels,

p,"%(d) < %[ (16)
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