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ABSTRACT

A turbo multiuser receiver is proposed for the uplink of
coded code-division multiple-access (CDMA) systems when
intercell interference is present. The proposed receiver con-
sists of a first stage of soft interference cancellation, and
a group-blind linear minimum mean-square error filtering,
followed by a second stage that performs the channel de-
coding. A receiver suitable for suppressing high intercell in-
terference is obtained. By exchanging soft information be-
tween the first and second stages, the receiver performance
is improved through iteration. Simulation results show the
proposed group-blind receiver significantly outperforms the
conventional turbo multiuser detector in the presence of in-
tercell interference.

1. INTRODUCTION

In recent years, turbo multiuser detection techniques have
received considerable attention, inspired by the discovery of
turbo coding [1]. In [2], an iterative (turbo) receiver struc-
ture was proposed for decoding multiuser information data
in a convolutionally coded asynchronous multipath code-
division multiple-access (CDMA) system. Then, the con-
cept of group-blind multiuser detection was developed in [3]
and [4]. Turbo multiuser detection with unknown interfer-
ers was proposed in [5]. In this method in order to suppress
the intercell and intracell interference, the multiuser detec-
tor performs a soft interference cancellation for each user, in
which estimates of the multiuser interference from the other
known users and an estimate for the interference caused by
the unknown users are subtracted from the received signal.
It is shown that this method has moderate gain in perfor-
mance compared to the conventional turbo multiuser detec-
tion when there is low intercell interference in the system;
however, as the intercell interference increases the perfor-
mance of this method merges to that of the conventional
turbo multiuser detector. In this paper we consider the group-
blind multiuser detection scheme that combines the concept
of group-blind detection and turbo multiuser detection for
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asynchronous CDMA systems. Specifically, it consists of
two stages similar to those of [2] for recursive systematic
convolutionally encoded CDMA systems. The first stage
consists of soft interference cancellation and combined group-
blind minimum mean-square error (MMSE) filtering, whereas
the second stage consists of channel decoding. Simula-
tion results show that this method preserves its advantage
in performance over conventional turbo multiuser detection
method even in case of high intercell interference. This is
in contrast with the method proposed in [5] which loses its
advantage over conventional turbo multiuser detection in a
high intercell interference environment.

The remainder of this paper is organized as follows. In
Section 2, we present our signal model and the system de-
scription. In Section 3, we derive a group-blind turbo mul-
tiuser detector for asynchronous CDMA by modifying the
receiver given in [2] for all known users. In Section 4, we
present simulation results to demonstrate the performance
of the proposed receiver. Section 5 contains the conclusion.

2. SIGNAL MODEL

We consider a recursive systematic convolutionally (RSC)
coded CDMA system with K users, employing normalized
modulation waveforms {s1, So, ..., Si } and signaling through
multipath channel with additive white Gaussian noise using
binary phase shift keying (BPSK) modulation. Let M be
the length of the channel codeword for each user at the out-
put of channel encoder, which is denoted by by (j). The
channel encoder outputs are next interleaved by a random
interleaver, and these interleaved symbols are next mod-
ulated by the user’s spreading sequence, and transmitted
through the channel. If we denote the interleaver function
of user k by H «» then the interleaver output can be written
as {bx(4) 125", where i = [[,(j) for j = 0,1,..., M — 1.
The spreading waveform of user k is assumed to be of the
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where IV denotes the processing gain of the CDMA system,
sk = [5£(0), ..., sk (N — 1)]T denotes the kth user’s spread-
ing code, T denotes the chip period, sk (j') € {(+1), (-1)},
and v(¢) is the normalized chip waveform (i.e. fOT P2 (t)dt =
1). It is assumed that the receiver has knowledge of the sig-
nature waveforms of the first K users (K < K), whereas
the signature waveforms of the remaining K — K users are
unknown to the receiver. The continuous time received sig-
nal can be written as

Mw

t) * fi.(t)] + n(t), 2

k:l

where n(t) is complex white Gaussian noise process with
zero mean and variance o2, and
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where L is the number of pathes in multipath channel, g;
denotes the corresponding complex path gain of the channel
for user k, and 7;;, is the delay of the lth path of the kth
user’s signal.

3. GROUP-BLIND TURBO MULTIUSER
DETECTOR FOR ASYNCHRONOUS CDMA
SYSTEMS

In this section, we generalize the turbo multiuser detector
(TMUD) proposed in [2] for group-blind CDMA systems.
We modify the MMSE-based receiver in a way that it will
be able to suppress the multiple access interference (MAI)
from unknown users, in expense of adding computational
complexity. In the first stage of the receiver we assume that
the a priori information about the coded symbols by (¢) for
k = 1,...,K and ¢ = 0,..., M — 1 is available to the re-
ceiver. The proposed group-blind multiuser detector con-
sists of soft interference cancellation for known users and
a combined MMSE filtering, which tries to minimize the
intracell and intercell interference using MMSE criterion.
The unknown users’ signals are suppressed by identifying
the subspace spanned by these users followed by a linear
transformation in this subspace based on MMSE criterion.
At the receiver, the received signal r(¢) is filtered by a chip
matched filter and sampled at a multiple p of the chip rate,
which the resulting discrete-time signal is denoted by r[i]
forq = 0,..., P — 1. This is similar to what is proposed
in [4]. Let us define P £ N p as the number of samples

. A T +Te _
per symbol period, and ¢ = . I<1}€a<XK{[ 7— | } be the max

imum delay spread in terms of symbol interval. Denote

rfi] 2 [roli), -+ rpoalil]
bli] £ [ba[i],- - -, bx[d]] T
nli] 2 [nold, - ,np_ali]]"-

Define
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Then matrix H (j) can be defined as follow:

ha[jP] hx[j P
Hlj] = : : : 7
hi[jP + P —1] hiljP + P —1]
for j = 0, ...,¢. The discrete received signal can be written

in terms of vector convolution as
r[i] = H[i] % bli] + onli]. (6)

By stacking m successive sample vectors, the following vec-
tors can be defined,

rli] nli]
rfi|= : ,ni] £ : :
iﬁ‘kmil]- Pmx1 [Z+m71] Pmx1
bli —d ]
b[i]= :
b[l +m-— 1]— K(m+u)x1
Finally matrix H is defined as follow,
HJ[ H[o] ... 0
H2
0 ... H[¢ ... HIO] P K (m0)

where the smoothing factor m is chosen according to m =
(ﬁfﬁh [4]. Using these quantities and separating terms
corresponding to known and unknown users’ signals, equa-

tion (6) can be written as,

r[i] = Hb[i] + Hb[i] + onli], (7

where H and H are composite signal waveform matrices of
known and unknown users. b[i] and b[i] are derived from
b[i] for known and unknown users respectively.

The soft interference cancellation at the first stage of the
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proposed receiver is similar to what is proposed in [2]. Sup-
pose that at the first stage of the receiver we have available
a priori log likelihood ratios L%’ (k, %) of known users’
transmitted symbols. The soft estimate of the known user’s

transmitted symbol is given by
LV (ki
Det (p”' ) , ) (8)
1+ exp(L5., (k1))

The partially interference-canceled signal corresponding to
the kth user’s symbol is then obtained by subtracting out a
soft-estimate of MAI of known users, as

brli] = E{bx[i]} = tanh (

rili] = rli] — Hby[i], ©)

where by [i] = b[i] — by[ilez, . and ez, is an K (m +
t) vector of all zero except for the single unity element at
the K + k position. by[i] is the soft estimate of the kth

user’s symbol, and b[i] is a vector of the soft estimate of
known users’ coded bits. We further define r;[i] = H(b[i] —

by [i]) + on[i] to be the component of ry[i] in (9) consisting
of signals from known users plus noise.

In order to further suppress the MAI from known users and
unknown users a combined instantaneous linear MMSE fil-
ter wy[¢] is applied to ry[é], such that

2 [i] = wi[i] P ey [i]. (10)

The purpose of using group-blind MMSE filtering is to sup-
press the remaining MAI from known users based on the
spreading sequences and channel characteristics of these users
and to suppress the interference from other unknown users
using subspace-base blind method. The weight vector of the
group-blind linear MMSE detector for user k (1 < k < K)
is given by Wy [i] = Wy [i] +Wp[i], where Wy [i] € range(H),

and wi[i] € {range(H) N null(HH)} such that

Wi[i] = arg  min

_ B{|bli] — wPE[i]?}, (1D
we range(H)

wi[i] = argmin E{|b[i] — (w + Wi[i)) reli][*}, (12)

where Q = {range(H) N null(ﬁH)}. Considering the fol-

lowing equalities,

E{rplies[(]7} = HAL[A” + HH + 0%1p,,,  (13)

E{En [l ) = HALH + 0%1pn, (14)
B{by[i]Fx[i]} = Heg, . (15)

and
Ay li] £ Cov{b[i] — by[i]}. (16)

The solution to equation (11) is given by

~ . ~ e _
wi[i] = H(AR[{]H H+021R(m+b)) Yeg, p (17

To solve the optimization problem (12), we first introduce
the projection matrix P, which is defined in a way that projects

any signal onto the null subspace of fIH; in this way P is de-
fined as follow

P21y,  HHE A H. (18)
The autocorrelation matrix for r[i] is equal to
B{e[ie[)} = A" + BAY + 02p,.  (19)

It is then easily seen that the matrix PE{r[i]r[i]" } P has an
eigen-structure of the form
A, 0 0] [0F
PE{r[ir[i)"}P=[U, U, Uo] |0 A, 0| |UH
0 o0 of (U8
where A, = diag[\y, ..., A — i) (mto) and A, 2

0 ppy— K (m+1)» With Ay > 0 fori =1, ..., (K — K)(m+
¢). The column of U, form an orthogonal basis of the sub-

space range(H) N null(HH).
An approximation for autocorrelation matrices E{r[i]r[i]" }
and E{r.[i]ry[i]} can be formed as follows

1 M-1
C, & B{r[ilr[i]"} ~ i r[i]r[i]", (20)
1=0
C, [i] & E{rg[ilri[i]"} ~ C, —HH + HA[i]H

The solution to equation (12) is given by
wili] = —U A U C,, [i]weli). (22)
The combined group-blind MMSE filter is defined as
Wi[i] =W [i] + W],
=(Ipp — UAJ'USC, [i)H
<(AWHTH + 0% ) legy (23)

It can be shown that the extrinsic log likelihood ratio
corresponding to the kth user signal k € {1,..., K'}, deliv-
ered by the soft instantaneous group-blind MMSE filter is
given by [2]

o AR{z[i]}
Lt (ki) = =, (24)
Be (k1) 1 — pu[]
where pif[i] = wy[i]? I]Ief(b 4 The set of soft outputs

{L51 (k,i)} are next deinterleaved and passed on to the
bank of single-user channel decoders to serve as a priori
information. Applying the turbo principle, after an initial
detection of blocks of received symbols from known users,
block-wise detection and decoding operation are performed
simultaneously for known users, on the same set of received
data. A suitably chosen termination criterion (i.e. specific
number of iterations), stops the iteration process.
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Fig. 1. Performance Comparison, 4 of 7 users are known

Average Performance of Known Users (30 7 Users are known)
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Fig. 2. Performance Comparison, 3 of 7 users are known

4. SIMULATION RESULTS

We present bit error rate (BER) performance results by sim-
ulating data transmission using the receiver introduced in
section III. We consider an asynchronous CDMA system
with seven users (K = 7). The number of known users in
this system are 4, or 3, as noted on the figures. The user
spreading sequences are sequences of length 7, the number
of paths between each user and the base station is Ly =
3, and the maximum delay in symbol interval is 1. All
users employ the same rate 1/2 recursive systematic con-
volutional encoder with generator matrix g = [23,35] in
octal notation. The block size of information bits for each
user is 128, and the chip pulse waveform is raised cosine
with roll-off factor of 0.5. For the sake of comparison, in
each figure, we have included three sets of graphs, the pro-
posed method (Pm-GBMUD), and the conventional turbo
multiuser detector as proposed in [2], in the presence and
absence of unknown interference. The sampling rate at the
output of the matched filter is T../p where p = 3 for our
method as well as the conventional turbo multiuser detector.

Fig.1 and 2 illustrate the average bit error rate performance
of known users in the presence of 3 and 4 unknown users,
respectively. As shown in these figures, the conventional
Pm-TMUD tends to exhibit an error floor at high SNR. This
is mostly because the detector fails to suppress the multiple
access interference from unknown users, while the proposed
method continues to provide the lower BER as the SNR in-
creases.

5. CONCLUSION

We have proposed an iterative multiuser receiver for the up-
link of block coded CDMA systems in multipath channels.
The proposed scheme suppresses the effect of MAI from un-
known users in systems with high intercell interference. The
modified scheme performs the interference suppression and
channel decoding in two different stages. More specifically,
after soft interference cancellation on known users coded
bits, the resulting soft information is sent to a combined
group-blind multiuser detector. The proposed group-blind
filter satisfies the MMSE criterion in a way that it suppresses
the remained MAI from known users base on the spread-
ing sequences and the channel characteristics of these users,
while suppressing the MAI from other unknown users, us-
ing subspace based blind method. Simulation results show
that the proposed method significantly outperforms systems
that ignore the effect of interference from unknown users.
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