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Guest Editorial
The Turbo Principle: From Theory to Practice Il

INTRODUCTION The second paper (Garcia-Frias and Villasenor) considers

N 1997, Hagenauer coined the phrase “the turbo principljagint source-channel coding for hidden Markov sources. The
I ' rce is serially concatenated through a random interleaver

to describe the fundamental strategy underlying the succ(??,#{I -
ith a parallel-concatenated turbo code for transmission over

ding, ly the iterated exchange of soft infof- . . .
of turbo decoding, namely the ite X g ! AWGN channel. The authors present an iterative decoding

mation between different blocks in a communications receiv! thm that timate th i f the hidd
in order to improve overall system performance. aigorithm that ‘can estimate the parameters ot the hidden

This principle, embodied in the iterative decoding of parallé\(larkov source and, 'f. necessary, thg chapnel S|gnal—to-n9|se
concatenated “turbo codes” (Berrou, Glavieux, and Thitim atio during the decoding process. Simulation results confirm

ishima, 1993), as well as in the message-passing decodin t this JSCD approach offers substantial improvement over

low-density parity-check codes (Gallager, 1963), is now wide coding.techniques thafc ignore the source characteri;tics.
recognized as a very general and powerful concept in commu—m the final paper of this group (Guyader, Fabre, Guillemot,

nication theory, with applications that go beyond the practic?pd Rob(;:rt), the au.thlors |nvest|g?te |ttt_arat|v]:a JfACE?(techmques
decoding of these near capacity achieving cades. or a system comprising a concatenation of a Markov source,

In this issue, the second of two parts, the reader will find g source encoder, and a corvolutional code. Using a Bayesian

collection of 15 papers representative of three important ar \_/vork represgnta_tion (.)f the syst_em variables, th_e authors first
in which the turbo principle is finding use: joint source-chann erive an effective iterative turbo-like JSCD technique that can
decoding, joint channel estimation and decoding, and multiu used for a constant-length source code (CLC). A random

communications. The following is a brief summary of the Codpterleaver Is used to separate the source encodgr and the
tents of Part II. channel encoder, but the authors show that no such interleaver

is needed between the Markov source and source encoder. One

might imagine that the performance of such JSCD techniques

when applied to a variable-length source code (VLC) would
The papers in this group show how elegantly the turbo prisuffer dramatically, given the potential for catastrophic error

ciple can be applied to joint source-channel decoding (JSCIPJjopagation that could arise from incorrect parsing of the

The underlying motivation for the use of JSCD hearkens backsource codewords. Remarkably, the decoding approach yields

Shannon himself, who stated: “... any redundancy in the soulicgressive performance, even in this case.

will usually help if it is utilized at the receiving point. In partic-

ular, if the source already has a certain redundancy and no at-

tempt is made to eliminate it in matching to the channel, this re-

dundancy will help combat noise.” The source redundancy mayHE TURBO PRINCIPLE IN JOINT CHANNEL ESTIMATION AND

THE TURBO PRINCIPLE IN JOINT SOURCECHANNEL DECODING

reflect properties of the actual source or of the residual corre- DECODING
lations in the output from a source encoder. Both scenarios are
considered in the three papers included in this issue. Wireless communication systems are playing an increasing

The first paper (Gortz) considers a serial concatenation mfle in data transmission, and mobile communication networks,
a source encoder, modeled as a Markov source, and a binarparticular, are proliferating at an astounding pace. In these
channel encoder for transmission over a discrete-time, megsystems, the transmission channel may be statistically time
oryless, additive white Gaussian noise (AWGN) channel. Marying, even unknown. The effects of multipath fading and
achieve statistical independence the source and channel decodersymbol interference, in addition to additive noise, must
are separated by a random interleaver. JSCD is formulated dsamitigated, and channel estimation and equalization may
parameter estimation problem, and an optimal, but computatidie required. The next six papers address the use of iterative
ally intractable, solution is reviewed. An iterative JSCD procelgorithms to jointly perform channel estimation and decoding,
dure, modeled after turbo decoding, is then proposed, and caand they demonstrate that the turbo principle can be used to
parisons to the optimal algorithm suggest the potential meritsafbstantially improve channel estimates as well as coding gain.
the approximate scheme. The first paper (Valenti and Woerner) presents a method for
coherently detecting and decoding turbo-coded BPSK signals
transmitted over flat fading channels. Estimates of the complex
channel gain and the AWGN noise variance are derived first
Publisher Item Identifier S 0733-8716(01)08365-2. from received (known) pilot symbols and an estimation filter.
e . o After each iteration of turbo decoding, the channel estimates
See “The Turbo Principle: From Theory to Practice J,” Select. Areas . . . .
Commun.vol. 19, no. 5, May 2001, for papers pertaining to applications '€ refined using information fed back from the decoder. The
the turbo principle in channel decoding. authors then use simulation to gain insight into the performance
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of the proposed technique. Both hard- and soft-decision feed4n the last paper (Yang and Wang), the authors address the
back are considered and are compared with systems using jpeoblem of signal restoration in Gaussian minimum shift keying
fect and conventional channel estimation. Optimum values @MSK) systems impaired by multipath fading. They introduce
the pilot symbol spacing and filter size are also found for thenonlinear signal model for GMSK, and they derive a Bayesian
specific code scheme and normalized fade rates. equalizer whose implementation is based upon the Gibbs sam-
The second paper (Komninakis and Wesel) addresses thegler, a Markov chain Monte Carlo (MCMC) procedure for esti-
sign and performance evaluation of M-PSK turbo-coded syswating the posterior symbol probabilities. A turbo equalizer in-
tems operating in flat fading channels. The receiver jointly pecorporating the nonlinear Bayesian equalizer is then proposed,
forms channel estimation and turbo decoding, allowing the tvemd simulation results show that it is competitive with schemes
processes to benefit from each other. A Markov model is intrtiat assume a linearized system with perfect channel estimation.
duced to approximate the values and the statistical properties
of the correlated flat fading channel phase (which is more rel-
evant than amplitude fading in an M-PSK system). The BCJR
algorithm is applied to determine both the MAP value for each The final group of six papers illustrates the application of the
symbol in the data sequence and the MAP channel phase. Tindo principle in the context of multiuser wireless communica-
soft output phase estimates can be used to adjust channetipn systems.
puts in an iterative loop. Simulation results show good per- The first paper (Kim, Milstein, and Song) examines a multi-
formance in correlated Rayleigh fading channels. Several paarrier direct-sequence CDMA (DS/CDMA) system where the
gressively tighter upper bounds to the capacity of a simplifigghrity outputs of a turbo code are repetition-coded using dif-
Markov-phase channel are derived and the performance of faeent rates and are transmitted in parallel over different fading
proposed system is shown to approach these capacity boundsuriers. A bound is developed to characterize the error floor
For reliable communication in high-speed mobile unitfor a fading channel. The key result is that nonuniform repeti-
(trains or airplanes) or at very high radio frequencies, din coding (i.e., different repetition code rates) applied to the
accurate estimation technique for fast fading channels rizspective turbo parity streams yields an improved error floor.
required. Furthermore, to retain high spectral efficiency, arfyhis resultis confirmed by theoretical analysis and performance
redundancy introduced by the use of training sequences msisulations.
be kept to a minimum. The next contribution (Kammeyer, The following paper (Hsu and Wang) proposes a low-com-
Kihn, and Petermann) deals with nonblind and blind chanrexity suboptimal iterative scheme for joint multiuser detection
estimation approaches for a full-rate GSM data Traffic Channahd decoding in a turbo-coded DS/CDMA system. A mod-
(TCH/F9.6). The authors show that blind channel estimatidfied decorrelating decision-feedback detector (DDFD) and
based on higher order statistics can be as efficient as nonblgidgle-user turbo decoders exchange appropriately derived soft
methods. A new bandwidth-efficient, iterative “turbo estimasutputs in an iterative manner. Performance analysis and com-
tion” scheme, applicable to both nonblind and blind channplter simulations confirm that the iterative procedure improves
estimation, is shown to be capable of accurately estimatitige multiuser detection capability of both the conventional and
fading channels with Doppler frequencies up to 500 Hz. modified DDFD, approaching single-user performance when
Turbo equalization has been shown to be a valuable technidbe spreading sequences have low cross correlation.
for combined detection and decoding on coded channels with in-The next paper (Qin, Teh, and Gunawan) also addresses itera-
tersymbol interference (ISI) induced by multipath signal fadindive methods for multiuser detection in a coded CDMA system,
The next three papers consider this topic. but with a focus on asynchronous CDMA systems. Both parallel
When the channel has large memory, or when spectrally effind serially concatenated code architectures are considered for
cient higher order modulation is used, the implementation of thiee users, and simulation results show performance approaching
optimal constituent soft-input, soft-output (SISO) (e.g., BCJRhat of a single-user detector in heavily loaded systems. Two
channel decoding algorithms becomes extremely complex.dpproaches to reducing the detector complexity are proposed,
the first of these papers (Berthet, Unal, and Visoz), the authaxamely reduced-state multiuser detection and iterative interfer-
show that reduced-complexity trellis-search algorithms basedce cancellation using noise-whitening techniques. Simulation
upon decision-feedback techniques represent a viable altemresults show that these techniques offer significant complexity
tive for a certain class of channels. In addition, they proposavings with little performance degradation.
iterative channel parameter re-estimation techniques for use ifmhe fourth paper (Tang, Milstein, and Siegel) presents an
turbo-equalization applications. analysis of the performance of a turbo-coded CDMA system
The next paper (Laot, Glavieux, and Labat) considers aising a minimum mean-square-error (MMSE) receiver for
iterative approach to joint adaptive equalization and channeterference suppression on a Rayleigh fading channel. Two
decoding. As in the preceding paper, the intended applicatienhancements of the conventional union bound on bit error
is to spectrally efficient modulation on frequency-selectivprobability are used. First, the minimum distance of a turbo
fading channels with large delay spread. The authors preseatle with a particular interleaver is used to modify the average
a turbo-equalization technique incorporating a new low-conmaeight spectrum that assumes a uniform random interleaver,
plexity SISO channel decoder, and they demonstrate itelding better performance estimates in the error-floor region.
potential value when using higher order modulation on bo®econd, an extension of the tangential bound to the uncorre-
time-invariant and time-varying Rayleigh fading channels. lated Rayleigh fading channel is shown to improve upon the

THE TURBO PRINCIPLE IN MULTIUSER COMMUNICATIONS
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