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ABSTRACT

We consider the problem of joint multi-user detection and
channel parameter estimation in a space-time bit-interleaved
coded modulation (ST-BICM) scheme for an asynchronous
DS-CDMA uplink transmission over frequency selective
channels. The performance of standard coherent detectors
relies on the availability of accurate estimates of the chan-
nel parameters and Doppler shifts. Conventionally, these
are estimated using pilot symbol in the burst, a technique
that reduces both the energy- and bandwidth efficiency. We
will derive an iterative estimation technique, based on the
SAGE algorithm, that combines pilot symbols and informa-
tion from the detector in an elegant and efficient manner.
We show through computer simulation that the proposed re-
ceiver considerably outperforms conventional channel esti-
mation schemes using the same number of pilot symbols.

1. INTRODUCTION

Direct-Sequence Code-Division Multiple-Access (DS-
CDMA) systems have the ability to accommodate multiple
users in multi-path fading environments. Recently developed
coding and detection schemes allow a reliable transmis-
sion of multiple users at very high data rates. However,
these complex detection schemes are very sensitive to
synchronization errors.

Currently, a lot of effort is being devoted to developing
powerful parameter estimation algorithms. In a multi-user
context, several algorithms have been presented to jointly
synchronize and detect the different users. Most of them are
based on the Expectation-Maximization (EM) [1,2] or Space
Alternating Generalized Expectation Maximization (SAGE)
algorithm [3—5] and have been shown to have excellent per-
formance in a wide variety of scenarios. However, these al-
gorithms only exploit information from training symbols. To
achieve a satisfactory performance, a non-negligible part of
the data burst should be occupied by training symbols which
significantly decreases the bandwidth efficiency. Only re-
cently, algorithms that also exploit information of the un-
derlying error-correcting code have started to surface (see
[6-10]). These estimation algorithms operate by iterating
between decoding and estimation, where improved decoding
leads to more reliable parameter estimates, leading to im-
proved decoding etc. Although such techniques are by now
accepted for simple scenarios, some major modifications are
required for more complex situations.

How one may include code properties for multi-user ST-
BICM frequency and channel parameter estimation is the
topic of the current paper. This paper is a continuation of
our work from [11-14] where we have applied the SAGE al-
gorithm to code-aided estimation in a variety of scenarios.

Here this work is extended to include carrier frequency es-
timation and combines problems related to channel estima-
tion using multiple-antennas, supporting multiple users for a
static multi-path system.

2. SYSTEM MODEL

We consider an uplink DS-CDMA with K, users. The
transmitter-end of the k-th user encodes a block of M} bits
(bg), interleaves and groups them into blocks of g bits. The
resulting block of coded bits (ci) is mapped to a sequence
of M, symbols, belonging to a 27-point complex constella-
tion . Multiplexing with M; pilot symbols yields the se-
quence d; = [di[—M,],...,d;[M;—1]]. The complex sym-
bols dj [m] are shaped by a normalized spreading waveform
k().

The resulting signal propagates through a multi-path fad-
ing channel, with L paths, supposed to be constant over one
block of data and varying independently from block to block.
We consider a system with receive diversity, where the re-
ceiver is equipped with an array of np antennas. The channel
impulse response, as seen by the p-th receive antenna for the
signal of the k-th user is given by

g’ 0=gf - 1) (1)

where gffl) and ,‘(f;) are the complex gain and path delay

of the /-th propagation path. We group these parameters

h;fl’ ) = [gl(f; ), ,Ef ). We further assume that each user is af-

fected by a different frequency offset F}, caused by an oscilla-
tor mismatch or Doppler shift, independent of the antenna in-
dex. The latter is an acceptable assumption since all antennas
can share the same oscillator. The 2 X ng x L+ 1 parameters
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The data frames are corrupted by a vector of independent ad-
ditive white Gaussian noise n(¢) with power spectral density

2Ny. Hence, the equivalent baseband signal on the different
antennas at the base station is given by the (ng x 1) vector:
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Figure 1: Receiver operation flow chart.
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where T; denotes the symbol period and wg(t) =

[ug (1) ... ufR(1)] " Here, uf (t) results from the convolution
of g (r) with the normalized spreading waveform 4 (r). We

have introduced = [{ 4},Vk]and D = [d],....d% ]".

The receiver consists of two main blocks: an iterative de-
tector (with iteration indexed by ), an iterative estimator
(with iterations indexed by ). The receiver iterates between
these blocks, with corresponding iteration index . A flow
chart describing the operation of the receiver is presented in
Fig. 1. The remainder of this paper is devoted to the opera-
tion of the estimator block.

Detector

We assume an iterative detector, based on [15], consisting
of a MMSE interference canceling equalizer, a soft demap-
per and a decoder. As the equalizer requires knowledge of
the channel, it is imperative that accurate estimates of the
unknown channel parameters are available. As this paper
will focus solely on the estimation problem, the exact type of
detector is irrelevant. The only important aspects are (i) that
it is iterative and (ii) that at each iteration it computes approx-
imations of the marginal a posteriori probabilities (APPs) of
the coded symbols in D.

Estimator

Estimation of the channel parameters and frequency offsets
is conventionally performed by a data-aided estimation, ex-
ploiting only the presence of the pilot symbols [5,16]. As the
system under consideration may operate at (very) low SNR, a
large amount of pilots are required for accurate estimates, re-
sulting in a reduction of the overall spectral efficiency. In the
next section we will derive an estimator, based on the SAGE
algorithm, that exploits both the pilot symbols and the coded
symbols in an efficient manner.

3. SAGE ESTIMATION

We will project all signals onto a suitable basis, so that r (¢)
is represented by a vector r, s(¢,D, ) by s, si(f,dy, &) by

sk, n(¢) by n and so forth.

3.1 Principle

The Maximum Likelihood estimation of
maximizing (w.r.t. ) the likelihood function:

is obtained by

A

mp =argmaxEp [p(r|D, )]. ©)

Since both the maximization and the expectation in (5) are
practically impossible to compute, we resort to the SAGE
algorithm to find an estimate of : we take a subset of ,
say and define ;= \ ;. With ; we associate a so-

called hidden data space z. Starting from an estimate (0),
we iteratively compute

O( #l " () =Eq[logp (| 1 7)) ()]

and then update the estimate of  as follows
W +1) =argmaxQ( 4| ()
k

which is a maximization problem of a dimensionality of .
We update the different parameters 4, Vk in a successive
manner.

3.2 Signal Decomposition

Let us decompose our estimation problem. The noise at
the p-th receive antenna (n(?)) can be written as the sum
of weighted K, L zero-mean, mutually independent AWGN

components ngf?, such that

(r) — (), (p)
ner= lel D
k=11=1
subject to the constraint ,g’? = 1. The received signal at
the p-th receive antenna, can be written as

K L
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Figure 2: BER-performance of the different estimation schemes for one receive antenna (left) and two receive antennas (right).
(PCE/PFE: perfect synchronization, IFE: estimation of frequency offset only (channel known), ICE: estimation of channel only
(frequency known), IFCE: both frequency and channel estimation)
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3.3 Hidden Data selection
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3.4 Practical computation

Performing the above expectations with respect to z are eval-
uated as follows: first of all, expectation w.r.t. x, condi-
tioned on D is very straightforward [5, 16]. For a purely
DA algorithm, this defines the entire algorithm, since expec-
tation with respect to D is trivial. In our case, we will per-
form the expectation with respect to D not only for the pilot
symbols, but also for the coded symbols. It turns out that
this requires the marginal posterior probabilities, the APPs
p(dlm]|r, () of all users, i.e. Vk. Due to space limita-
tions, the mathematical details are omitted here.

3.5 Complexity Reduction

Although the proposed algorithm provides a systematic way
to exploit code properties for channel estimation, its compu-
tational complexity is still very high. We have introduced
two modifications to the receiver to alleviate these problems,
as detailed in [14], resulting in a low-complexity receiver,
where the estimator is now also iterative (with iteration index

), as depicted in Fig. 1. The key idea lies in maintaining the
state information in the detector while performing the esti-
mation steps, and thus providing multiple parameter updates
for fixed APPs'.

4. NUMERICAL RESULTS

In this section we will provide numerical results to evaluate
the performance of the proposed iterative multiuser receiver.
We have carried out computer simulations for a system with
K, = 3 users, using a rate R = 1/2 convolutional code and
polynomial generators (23); and (35); with 8-PSK signal-
ing using Gray mapping. Frames consist of 120 coded data

I'The additional iterations ( ) correspond to the estimation iterations
without updating the APPs



symbols and 10 training symbols to initialize the SAGE algo-
rithm. The spreading codes are Gold codes of length N, = 7.
The channels consist of L = 3 taps. We will evaluate the
proposed estimation scheme for ,,,, = 3 in terms of BER
performance.

Fig. 2 shows plots for different estimation scenarios of
the SAGE algorithm using ng = 1 (left) and ng = 2 (right)
receive diversity. We observe that when the channel state is
known, the detector requires ,,,y = 3 iterations to converge.
When we estimate the channel parameters with . = 3,
the initial estimate (corresponding with = 0) results in a
substantial BER degradation. With subsequent iterations be-
tween detection and estimation (i.e., increasing ), the BER
performance improves. The overall system converges after

= 3 iterations. The resulting BER degradation is below 0.5
dB for all considered SNRs and all configurations (IFE, ICE
and IFCE). The complexity of the receiver can be further re-
duced by decreasing 4, to 1 at the cost of more iterations
between detection and estimation (i.e., higher ). Therefore
it can be concluded for all scenarios, compared to the DA es-
timation (= 0), a substantial performance gain is observed
when exploiting the soft information provided by the turbo-
detector to improve the performance.

5. CONCLUSION

We have investigated a DS-CDMA multi-antenna receiver
with bit-interleaved coded modulation, performing iterative
multiuser detection and joint channel and frequency offset
estimation. Different approaches for the estimation were
considered, and we demonstrated that the estimator based on
the low-complexity SAGE algorithm is most suited for this
scenario. The estimator operates by accepting soft informa-
tion from the detector, in the form of a posteriori probabilities
(APPs) of the coded symbols. The computational overhead
of the estimator is minimized by embedding the estimation
stages in the detection stages so that a form of joint detection
and estimation is performed.

The performance of the proposed algorithm is compared
in terms of BER with a DA SAGE algorithm. It turns out that
the SAGE algorithm, exploiting information from all the data
symbols significantly outperforms the DA SAGE algorithm.

Acknowledgment

This work has been supported by the Interuniversity Attrac-
tion Poles Program P5/11- Belgian Science Policy. The sec-
ond author also gratefully acknowledges the support from the
Fund for Scientific Research in Flanders (FWO-Vlaanderen).

REFERENCES

[1] A. Kocian and B.H. Fleury. "EM-based joint data de-
tection and channel estimation of DS-CDMA signals”.
IEEE Trans. Comm., 51(10):1709—1720, October 2003.

[2] A. P. Dempster, N. M. Laird and D. B. Rubin. ”Maxi-
mum likelihood from incomplete data via the EM al-
gorithm”.  Journal of the Royal Statistical Society,
39(1):1-38, 1977. Series B.

[3] J.A. Fessler and A.O. Hero. ”Space alternating general-
ized expectation maximization algorithm”. IEEE Trans.
Comm., 42(10):pp.2664-2677, October 1994.

[4] A.A. D’Amico, U. Mengali and M. Morelli. ”’Chan-
nel estimation for the Uplink of a DS-CDMA sys-
tem”. [EEE Trans. on Wireless Comm., 2(6):1132—
1137, November 2003.

[5] B.H. Fleury, M. Tschudin, R. Heddergott, D. Dahlhaus
and K.I. Pedersen. ”Channel parameter estimation in
mobile radio environments using the SAGE algorithm”.
IEEE J. Sel. A. Comm., 17(3):pp.434-450, March 1999.

[6] V. Lottici and M. Luise. “Carrier phase recovery for
turbo-coded linear modulations”. In IEEE ICC’02,
April 2002.

[7]1 A.Burr and L. Zhang. A novel carrier phase recovery
for turbo-coded QPSK”. In EW’02, Florence, February
2002.

[8] W. Oh and K. Cheun. ”Joint decoding and carrier phase
recovery”. IEEE comm. letters, 5(9):pp.375-377, Sept.
2002.

[9] M. Kobayashi, J. Boutros, G. Caire. ”Successive inter-
ference cancellation with SISO decoding and EM chan-
nel estimation”. [EEE Journal On Selected Areas In
Communications, 18(8):pp.1450-1460, August 2001.

[10] N. Noels, C. Herzet, A. Dejonghe, V. Lottici, H. Steen-
dam, M. Moeneclaey. M. Luise and L. Vandendorpe.
”Turbo-synchronization: an EM algorithm interpreta-
tion”. In IEEE ICC’03, 2003.

[11] M. Guenach, H. Wymeersch and M. Moeneclaey.
”Joint estimation of path delay and complex gain for
coded systems using the EM algorithm”. In Proc. Inter-
national Ziirich Seminar (IZS°04), Ziirich, Switserland,
February 2004.

[12] M. Guenach, H. Wymeersch and M. Moeneclaey. “Iter-
ative joint timing and carrier phase estimation using the
SAGE algorithm for a coded DS-CDMA system”. In
Proc. International Symposium on Control, Communi-
cations and Signal Processing (ISCCSP) , Hammamet,
Tunisia, March 2004.

[13] M. Guenach, H. Wymeersch and M. Moeneclaey. ”On
DS-CDMA uplink channel parameter estimation for
bit-interleaved-coded modulation”. In Proc. SPWC,
London, UK, June 2004.

[14] M. Guenach, H. Wymeersch and M. Moeneclaey. On
soft multiuser channel estimation of DS-CDMA uplink
using different mapping strategies. In Proc. IEEE ICC,
Seoul, Korea, jun 2005.

[15] X. Wang and H. V. Poor. Iterative (turbo) soft inter-
ference cancellation and decoding for coded CDMA”.
IEEE Trans. Comm., 47(7):pp.1046—1061, July 1999.

[16] M. Feder and E. Weinstein. ”Parameter estimation of
superimposed signals using the EM algorithm”. /FEE
Trans. on Acoustics, Speech and Signal Processing,
36:477-489, April 1988.



	Index
	EUSIPCO 2005

	Conference Info
	Welcome Messages
	Sponsors
	Committees
	Venue Information
	Special Info

	Sessions
	Sunday 4, September 2005
	SunPmPO1-SIMILAR Interfaces for Handicapped

	Monday 5, September 2005
	MonAmOR1-Adaptive Filters (Oral I)
	MonAmOR2-Brain Computer Interface
	MonAmOR3-Speech Analysis, Production and Perception
	MonAmOR4-Hardware Implementations of DSP Algorithms
	MonAmOR5-Independent Component Analysis and Source Sepe ...
	MonAmOR6-MIMO Propagation and Channel Modeling (SPECIAL ...
	MonAmOR7-Adaptive Filters (Oral II)
	MonAmOR8-Speech Synthesis
	MonAmOR9-Signal and System Modeling and System Identifi ...
	MonAmOR10-Multiview Image Processing
	MonAmOR11-Cardiovascular System Analysis
	MonAmOR12-Channel Modeling, Estimation and Equalization
	MonPmPS1-PLENARY LECTURE (I)
	MonPmOR1-Signal Reconstruction
	MonPmOR2-Image Segmentation and Performance Evaluation
	MonPmOR3-Model-Based Sound Synthesis ( I ) (SPECIAL SES ...
	MonPmOR4-Security of Data Hiding and Watermarking ( I ) ...
	MonPmOR5-Geophysical Signal Processing ( I ) (SPECIAL S ...
	MonPmOR6-Speech Recognition
	MonPmPO1-Channel Modeling, Estimation and Equalization
	MonPmPO2-Nonlinear Methods in Signal Processing
	MonPmOR7-Sampling, Interpolation and Extrapolation
	MonPmOR8-Modulation, Encoding and Multiplexing
	MonPmOR9-Multichannel Signal Processing
	MonPmOR10-Ultrasound, Radar and Sonar
	MonPmOR11-Model-Based Sound Synthesis ( II ) (SPECIAL S ...
	MonPmOR12-Geophysical Signal Processing ( II ) (SPECIAL ...
	MonPmPO3-Image Segmentation and Performance Evaluation
	MonPmPO4-DSP Implementation

	Tuesday 6, September 2005
	TueAmOR1-Segmentation and Object Tracking
	TueAmOR2-Image Filtering
	TueAmOR3-OFDM and MC-CDMA Systems (SPECIAL SESSION)
	TueAmOR4-NEWCOM Session on the Advanced Signal Processi ...
	TueAmOR5-Bayesian Source Separation (SPECIAL SESSION)
	TueAmOR6-SIMILAR Session on Multimodal Signal Processin ...
	TueAmPO1-Image Watermarking
	TueAmPO2-Statistical Signal Processing (Poster I)
	TueAmOR7-Multicarrier Systems and OFDM
	TueAmOR8-Image Registration and Motion Estimation
	TueAmOR9-Image and Video Filtering
	TueAmOR10-NEWCOM Session on the Advanced Signal Process ...
	TueAmOR11-Novel Directions in Information Theoretic App ...
	TueAmOR12-Partial Update Adaptive Filters and Sparse Sy ...
	TueAmPO3-Biomedical Signal Processing
	TueAmPO4-Statistical Signal Processing (Poster II)
	TuePmPS1-PLENARY LECTURE (II)

	Wednesday 7, September 2005
	WedAmOR1-Nonstationary Signal Processing
	WedAmOR2-MIMO and Space-Time Processing
	WedAmOR3-Image Coding
	WedAmOR4-Detection and Estimation
	WedAmOR5-Methods to Improve and Measures to Assess Visu ...
	WedAmOR6-Recent Advances in Restoration of Audio (SPECI ...
	WedAmPO1-Adaptive Filters
	WedAmPO2-Multirate filtering and filter banks
	WedAmOR7-Filter Design and Structures
	WedAmOR8-Space-Time Coding, MIMO Systems and Beamformin ...
	WedAmOR9-Security of Data Hiding and Watermarking ( II  ...
	WedAmOR10-Recent Applications in Time-Frequency Analysi ...
	WedAmOR11-Novel Representations of Visual Information f ...
	WedAmPO3-Image Coding
	WedAmPO4-Video Coding
	WedPmPS1-PLENARY LECTURE (III)
	WedPmOR1-Speech Coding
	WedPmOR2-Bioinformatics
	WedPmOR3-Array Signal Processing
	WedPmOR4-Sensor Signal Processing
	WedPmOR5-VESTEL Session on Video Coding (Oral I)
	WedPmOR6-Multimedia Communications and Networking
	WedPmPO1-Signal Processing for Communications
	WedPmPO2-Image Analysis, Classification and Pattern Rec ...
	WedPmOR7-Beamforming
	WedPmOR8-Synchronization
	WedPmOR9-Radar
	WedPmOR10-VESTEL Session on Video Coding (Oral II)
	WedPmOR11-Machine Learning
	WedPmPO3-Multiresolution and Time-Frequency Processing
	WedPmPO4-I) Machine Vision, II) Facial Feature Analysis

	Thursday 8, September 2005
	ThuAmOR1-3DTV ( I ) (SPECIAL SESSION)
	ThuAmOR2-Performance Analysis, Optimization and Limits  ...
	ThuAmOR3-Face and Head Recognition
	ThuAmOR4-MIMO Receivers (SPECIAL SESSION)
	ThuAmOR5-Particle Filtering (SPECIAL SESSION)
	ThuAmOR6-Geometric Compression (SPECIAL SESSION)
	ThuAmPO1-Speech, speaker and language recognition
	ThuAmPO2-Topics in Audio Processing
	ThuAmOR7-Statistical Signal Analysis
	ThuAmOR8-Image Watermarking
	ThuAmOR9-Source Localization
	ThuAmOR10-MIMO Hardware and Rapid Prototyping (SPECIAL  ...
	ThuAmOR11-BIOSECURE Session on Multimodal Biometrics (  ...
	ThuAmOR12-3DTV ( II ) (SPECIAL SESSION)
	ThuAmPO3-Biomedical Signal Processing (Human Neural Sys ...
	ThuAmPO4-Speech Enhancement and Noise Reduction
	ThuPmPS1-PLENARY LECTURE (IV)
	ThuPmOR1-Isolated Word Recognition
	ThuPmOR2-Biomedical Signal Analysis
	ThuPmOR3-Multiuser Communications ( I )
	ThuPmOR4-Architecture and VLSI Hardware ( I )
	ThuPmOR5-Signal Processing for Music
	ThuPmOR6-BIOSECURE Session on Multimodal Biometrics ( I ...
	ThuPmPO1-Multimedia Indexing and Retrieval
	ThuPmOR7-Architecture and VLSI Hardware ( II )
	ThuPmOR8-Multiuser Communications (II)
	ThuPmOR9-Communication Applications
	ThuPmOR10-Astronomy
	ThuPmOR11-Face and Head Motion and Models
	ThuPmOR12-Ultra wideband (SPECIAL SESSION)


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z
	Ö
	Ø

	Papers
	Papers by Session
	All papers

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Marc Moeneclaey
	Henk Wymeersch
	Frederik Simoens
	Mamoun Guenach



