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Abstract—A robust soft-decision channel-optimized vector covg - Turbo X BPSK w
quantization (COVQ) scheme for Turbo-coded additive white = —— A
Gaussian noise (AWGN) and Rayleigh fading channels is pro- encoder encoder mod.
posed. The log likelihood ratio (LLR) generated by the Turbo

decoder is exploited via the use of ag-bit scalar soft-decision channel
demodulator. The concatenation of the Turbo encoder, modulator,

AWGN channel or Rayleigh fading channel, Turbo decoder,
and g-bit soft-decision demodulator is modeled as an expanded cova ¢-bit SD- Turbo

-— e

discrete memoryless channel (DMC). A COVQ scheme for this v decoder demod. decoder

expanded discrete channel is designed. Numerical results indicate

substantial performance improvements over traditional tandem

coding systems, COVQ schemes designed for hard-decision de-Fig. 1. Block diagram of the system.

modulated Turbo-coded channels4 = 1), as well as performance

gains over a recent soft decoding COVQ scheme by Ho. » o .
- a Turbo-coded system by exploiting the log-likelihood ratio

Index Terms—AWGN channels, channel-optimized vector L . .
quantization, joint source-channel coding, Rayleigh fading chan- (LLR) generated by the Turbo decoder. This is achieved via the

nels, soft-decision demodulator, turbo codes. use of ag-bit scalar soft-decision demodulator at the output
of the Turbo decoder, and by designing a COVQ scheme for
the resultingexpanded discrete chann&thich consists of
the concatenation of the Turbo encoded and decoded channel
ASED ON Shannon’s separation principle [10], sourcwith the soft-decision demodulator. Alternative approaches for
and channel coding are often treated separately (resultieltpnnel-optimized quantization using Turbo codes have been
in what we call atandemcoding system). This separation ofpreviously studied by Bakus and Khandani for scalar quantiza-
source and channel coding results in no loss of optimality prtien [3], [4], and by Ho for vector quantization [7], where the
vided unlimited coding delay and system complexity are adntire (unquantized) soft-decision information provided by the
lowed [10]. During the past few decades, significant imprové-LR of the Turbo decoder is utilized. Our scheme offers better
ments have been achieved in these two separate areas. Orgedbrmance than Ho's system; furthermore, the decoding
the most noticeable techniques in fixed-rate source codingciemplexity of our system is lower but the storage requirement
source-optimized vector quantization (LBG-VQ) [8], while inmight be higher.
channel coding, Turbo codes [5] have been widely recognized
as the most exciting breakthrough due to their extraordinary per- II. SYSTEM DESIGN
formance. However, in practice, with constraints on delay and
complexity, joint source-channel coding can significantly out-
perform traditional tandem coding systems (e.g., [1]-[4], [6
(71, [9], [11], [12]).

. INTRODUCTION

The proposed system is as follows (see Fig. 1). The COVQ
ncoder takes &-dimensional real vectoiV as its input,
perates at a rate @, bits/source symbol, and generate,

In this work, we design and implementabust soft-decision PitS as the outputl € {0, 1}£f%+. This output is then fed into
channel-optimized vector quantization (COVQ) scheme férfatedl. Turbo encoder, whose outpHtis binary phase-shift

7 kR;/R.
Turbo-coded AWGN channels and Rayleigh fading channdf€¥ing (BPSK) modulated av & {-1, +1} /%o (as-

with known side information. More specifically, we em_sumingkRS/Rc is an integer) and then transmitted through an

ploy the methods recently introduced in [1], [9] to design AWGN channel or a Rayleigh fading channel described by

COVQ system that improves the end-to-end performance of
Zp = AW, + N, 1=1,2,3, ...
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decoding is applied on the received sequefide compute the
LLR given by
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which is then demodulated viagabit uniform scalar quantizer
a(-) with quantization stepd. The quantizer is described by

a(A)=j7if A e (T;_1, T;),wherej =0, 1, ..., 27— 1. z of _
The thresholdd47; } are uniformly spaced with quantization® S
stepA; they satisfy . +
41 - RN A B 4
—00, if j =—1 g o ©
Ti=< (j+1-20DA, ifj=01,...,27-2 oo |
400, if j =29-1.
Finally, thesegk R, bits are passed to the COVQ decode 9 - . v ” S = .
from which'V, an estimation oV, is produced. CSNR (dB)

1. EXPANDED DMC MODEL AND COVQ DESIGN 0.9) over a Tutbo-coded Rayleigh fading chanel o 1. e o 1/3.

The concatenation of the Turbo encoder, BPSK modulator,
AWGN or Rayleigh fading channel, Turbo decoder, an” ,, , ‘
¢-bit soft-decision demodulator is modeled ag*d:-input, o SD-COVG, 4us
29+ _output discrete (block) memoryless channel (DMC). T || & S5 &vam
design a COVQ for this expanded DMC model, the transitic 0= Tandem Scheme [7 Ve i
matrix II is needed. However, with Turbo encoding an ’
decoding, obtaining a closed form expression fbbecomes
intractable. For our design, we estiméateising a long training
sequence in the concatenated system. Notdihiata function
of the quantization steph and the channel signal-to-noise ratic
(CSNR), which is defined as CSNR 2F; /Ny = 2R.FE; /Ny, )
where £/, and £, are the average symbol energy and averai — : .
energy per information bit, respectively. For each value 1 o
CSNR, we numerically choose the optimal quantization st
size A in the sense that the capacity of this expanded chani 2} T .
is maximized [9]. The channel capacity is calculated by usir v IR
Blahut's algorithm. T

We then design a COVQ for thigkR--input, 2¢*F: -output % 01 02 s o4 08 06 07 08
DMC using the iterative algorithm described in [6]. The COV( “
system consists of an encoder mapping and decoder mappiﬂ@v& SDR performance of SD-COVQ of a Gauss—Markov source @with
which are described by a partition and a codebook, respectively) over a Turbo-coded AWGN channél,=4,R, =1, R, = 1/2.
The partition and the codebook are iteratively optimized such

that the average squared-error distortion per sample is mini-Fi 2 shows the performance of our scheme over a Turbo-
mized [1], [9]. The codebook can be pre-computed off-line, g P

Therefore, the COVQ decoding is implemented simply by %)rdt?wi EsﬁlrilgZ{%tzgigg:an_n?%ﬁzSftzofrﬁzra[?aer:z;saz;iused
table-lookup with no extra computation. However, the memoty ; o N e 9
for storing the codebook is high for large values;bfR te sk, = 1 bit/source symbol. When CSNR 2.3 dB, where .

s the BER performance curve of the Turbo code starts dropping
down quickly, a slight increment of CSNR results in a drastic
improvement of the SDR performance. When CS&R2.55

In this section, we present the performance in terms of th®, the performance of our system reaches that of the COVQ
signal-to-distortion ratio (SDR) of our soft-decision COVQ@esigned for noiseless channels. For low CSNR'’s, the perfor-
(SD-COVQ) scheme for the compression and transmission ofreance is improved whepincreases, the most significant gain is
Gauss—Markov source with correlation coefficient 0.9 over achieved ay = 2. When CSNR> 2.55 dB, the use of hard-de-
Turbo-coded AWGN and Rayleigh fading channels. 800Gfsion (¢ = 1) is sufficient. By using a high-rate Turbo code
training source vectors are used. The Turbo code is a rathile maintaining the same overall rate, the performance can
R. = 1/2, 16-state code with generat@7, 21). The block be further improved.
length NV is 65 536 bits and a pseudorandom interleaver is usedrig. 3 shows the comparison of the performance generated by
[5], [7]. The number of decoding iterations is 10. our scheme and other proposed schemes [7] over a Turbo-coded
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SDR (dB)

IV. NUMERICAL RESULTS
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AWGN channel. The source dimensiorkis= 4 and the quanti- COVQ systems designed for the hard-decision demodulated
zation rate isR; = 1. WhenCSNR = 0 dB, our scheme offers Turbo-coded channels, as well as Ho’s recent soft decoding
a 4.3 dB gain over the traditional tandem scheme (which coBOVQ scheme [7].
sists of a noiseless LBG-VQ followed by a regular Turbo code),

and a 0.55 dB gain over Ho's system. WHesNR. = 0.6 dB,

the gains over the two above schemes become 4.6 and 1.5 dB,

respectively. The performance gain of our SD-COVQ schemell] F. Alajaji and N. Phamdo, “Soft-decision COVQ for Rayleigh-fading
over Ho' scheme may be explaned by he fact that i 7], the, EPESIEEE Commun Lot 2 162 306 e oo,
formulation of the LLRa posterioriprobability is based on the trellis waveform coders,1EEE Trans. Inform. Theoryvol. 33, pp.
LLR A instead of the channel output (compare [7, egs. (1) and  855-865, Nov. 1987.

; ; ; 3] J. Bakus and A. K. Khandani, “Combined source-channel coding using
(2)]) and on the assumption of an equally likely binary source at Turbo-codes. Electron. Lett vol. 33, pp. 1613-1614, Sept. 11, 1997,

the Turbo encoder input (see discussion following [7, eq. (2)]). (4] ——, “Quantizer design for Turbo-code channels,” Univ. Waterloo, Wa-
Furthermore, in [7], the binary-input soft-output channel formed  terloo, ON, Canada, Tech. Rep. E&CE#99-04, July 1999.

by the concatenation of the Turbo encoder, ANGN channel and® C: Berrou and A. Glavieux, “Near optimum error correcting coding
' and decoding: Turbo-codesJEEE Trans. Commun.vol. 44, pp.

Turbo decoder is modeled as amemoryless channel, whileinour 12611271, Oct. 1996.
scheme we model it (in conjunction with a SD demodulator) as[6] N. Farvardin and V. Vaishampayan, “On the performance and com-

a block memoryless channel (expanded DMC). Prlﬁgci}?/yCgpcq%rén_ellé%ptijrgaziggvlector quantizer$2EE Trans. Inform.

[7] K.-P. Ho, “Soft-decoding vector quantizer using reliability information
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