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Abstract—This paper mainly explores parallel interference
cancellation and decoding (PIC/decoding) algorithm for
convolutionally coded DS-CDMA systems. A new joint
PIC/decoding scheme is proposed and analylized, respectively.
The proposed scheme is numerically simulated, and compared
with other PIC/decoding algorithm over Rayleigh fading channel.
From the simulations, the main conclusion can be drawn as : (1)
like conventional PIC and decoding algorithms, the proposed
algorithms exhibit better performance with the increase in the
number of the interference cancellation (IC) stages, but up to
three IC stages, the performance improvement is getting less
obvious; (2) the proposed joint PIC/decoding acquires the
performance close to the ideal joint PIC/decoding if the tentative
decisions of coded symbols are linearly estimated by the sum of
initial a priori log-likelihood rate (LLR) and updated a priori
LLR, while a significant performance degradation will evitably
occur if the tentative decisions of coded symbols are linearly
computed by the updated a priori LLR only. We also compare the
proposed PIC/decoding with matched-filter (MF) receiver and
conventional PIC/decoding algorithms, respectively. It is shown
that the proposed joint PIC/decoding dominantly outperforms
the MF receiver and conventional PIC/decodings in performance.
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L.

Arising from the nonideal crosscorrelation properties of the
spreading signals, the interference among active users, i.e.,
multi-access interference (MAI), is the main factor restraining
code-division multi-access (CDMA) systems from improving
performance. Using the conventional matched-filted (MF)
receiver to detect such CDMA signals will lead to unacceptable
performance loss. Multi-user detection (MUD) [1-2], though
sophisticated, can effectively suppress MAI and overcome the
performance degradation of CDMA systems. Among these
MUDs, one suboptimal, but relatively simple method is the
parallel interference cancellation (PIC) [3-4]. In general, PIC is
of a multi-stage structure.

INTRODUCTION

To ensure the reliable data transmission, CDMA is
generally combined with convolutional encoding, which is so-
called convolutionally-coded CDMA. In convolutionally-coded
CDMA systems, conventional PIC is classfied into two kinds
depending on different combination methods of PIC and
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decoding. One is called separate PIC and decoding, which
performs interference cancellation (IC) before decoding; while
the other is called joint PIC and decoding, in which decoding
and re-encoding are performed to obtain tentative values of
coded symbols at each IC stage [5]. It is shown that the latter
brings a significant performance gain with a higher
computation complexity and a relatively long processing delay.

Modifying the joint PIC and decoding algorithm, this paper
proposes a low-complexity joint parallel cancellation/decoding
for convolutionally-coded CDMA systems.

II.

For simplicity, we explore a synchronous convolutionally
coded CDMA system and the signals are transmitted over
Rayleigh fading channel. Convolutionally encoding and BPSK
modulation are performed for binary information bits. After
being spread, the coded symbols are transmitted.

SYSTEM MODEL

A convolutional encoder with constraint length v and rate
1/n is considered. Binary information bit 5, (p) at the p-th bit

interval for user £ is input to the corresponding encoder, the g-
th coded symbol output is expressed as d/ b (g=1,2,"*,n),

which d,(p-Dn+q)
di,=d,(p=Dn+q) -

Rayleigh fading channel is considered, and thus we can
express channel complex transfer impulse response as

can be rewritten as ie.,

& =a,exp(jB)

where {¢ } and {f} are, respectively, an independently,

identically distributed (i.i.d.)Rayleigh random variable with
unit second moment and an i.i.d. uniform random variable over
[0,27). The received signal is expressed as
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FIGURE I. THE m-th IC STAGE OF THE LOW-COMPLEXITY JOINT PIC/DECODING FOR CONVOLUTIONALLY CODED CDMA

where ¢, is carrier frequency, {Hk} are random variables with
,and 9, =6, +pB, ., Tis
the k-th user’s

transmitted power and the user number, respectively. The noise
w(f) is white Gaussian noise with a zero mean and two-sided
power spectral density of  #¢/2, dij) denotes the j-th

a uniform distribution over [0,27)

coded symbol duration, A, and K are

convolutionally coded symbol of user k,
N-1
(=Y c,(Dp, (t~IT,) > c,(De {— L 1} , N=T/T. , and
1=0
I, 0<t<T
=4 ‘- @
P () {0, otherwise

Figure I illustrates the m-th IC stage of the proposed joint
PIC/ decoding for convolutionally coded CDMA. In the
proposed joint PIC/ decoding, interference cancellation (IC)
and updating of a priori LLR are associated with each other at
at each IC stage.

Perform band-pass filtering, coherent demodulation and
low-pass filtering (LPF) over the received signal, respectively,
and we obtain the effective base-band signal as

Z AMx(t = jT —nT ) cos(8, —6,) +w, (1)

n=0

Y ()= ©)

i NEb()

and w, (1) = LPF{w(t)v2 cos(wt +6,)} » x(z) is the inverse
Fourier transform of ‘ H( f)‘2 .

Perform despreading over yx(¢) and use (3), and we have the
correlation output as

Zk(i):ﬁakdk(i)+]k(i)+wk(i) (4)
for coded symbol i of user k, where

K

L= Y “*NVP 00s(6;, — O))dy(Dpy, nd p,., —I ¢ (Dc, (t)dt
k'=1,k'#k

is cross-correlation coefficient between user k' and user &

spreading sequences.
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In the following, we analyze the proposed PIC/decoding
with M IC stages. Each IC stage has the same structure. With
no loss of generality, we only give the description of the m-th
IC stage.

A. Description of the m-th IC Stage
The { z{"@) }, which are the interference-cancelled

outputs from the (m-1)-th IC stage, are sent to the m-th IC stage.
With conditionally Gaussian distribution [6] of z("™ ;) , we

compute the mean and variance of z("(;) , respectively, as

E[Z(" " (i)] = P, &, d, (i) (%)

o" (@)= Var[Z{"" (D|er, ]
(6)

z PA-vPZv,/;[g/f*”H)(i)]z JanN? T /2N

k'=Lk'#k

K
= Y Bl 2N -

k'=1k'#k

where 57;’”’” (i) is the tentative value for the i-th symbol of
user k .

We define the initial a priori LLR of the current IC stage as

P(Z{" "V (i)|d, (i) = +1)
P(Z{" " (i)|d, () =-1)

" %)

i (@™ () =In
where

P(Z" " ()|d, () =+1) = Aexp(~(Z" () -1/ QLo 1) (8)

P(Z" " (0)|d, () =—1) = Aexp(~(Z{" " (i) +1)* / 2Lo" (DT )

-1,
. using (6) to (9), we

are the a priori probabilities of 4, (i)=+1and 4, (i)=
respectively, where A =1/[c"" ()]
obtain



PZ" D), () =+) 2y,

2 (d, (i) = =
R TP P e P

Z/(;”H) 0

(10)

and 2™

,ini

where 4, = E[Z{"" (i)d, ()] =[P, » (d (i), which
is obtained from the m-th IC stage, is initial a priori LLR of
d (i) -

We rewrite di(i) as i, ie, d, ()= i, - By BCIR

algorithm [7], initial a priori LLR is recursively updated. From
[8-9], this updated a priori LLR is expressed as

A (d () = Ay (df )
2 4 B, P, (5'9)]

=1 - 11
Y @ O, P, ] v
where
a,(s)= a, ([ [P"ldf,(s"9)], p=12,.7 (12)
s g'=1
B ()= 2B, (O [PV, u(s' )L p=r-Lr=2:--0 (13)

with boundary condition ¢,(0)=1 , a,(s#0)=0 ; and
B.(0)=1, B (s#0)=0 . P"[d} (s',5)] is the transition

probability from s' to s. The (11), (12) and (13) are detailed
in [8].

4
kp

"
kp

PUd] (s',5)]= %[l +d{ (5,5 tanh(% A CHm)) (14)

The computation of (14) involves tangent function, which
increases the computation complexity. But if we use

A2,

sgn(2/(df,),

% ,ini

(A<D
(Adf,)>2)

k ini

(15)

tanh(% Al ) = {

the computation of (14) can be greatly simplified.

Tentative value for each coded symbol is given as

d" (=27 (i) (16)

d, () =+1) " P(Z{"" (0|, (i) = ~1)

In terms of updated a priori LLR, Using (7), (8), (9) and
(11), with some manipulations, we can obtain

F0) = (A (4, 0)/2) (an

For the same approximation as (15), the computation of (17)

can be further simplified as
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(18)

e (d())/ 2,
sgn( A" (d, (D)),

(Ao (d (D) <2)
(Aoer (di () >2)

d" (i)= {

which is a linear expression.

If we substitute j,fQCJR (d, () by the sum of initial a priori

LLR and updated a priori LLR, (18) becomes

d" (i)= { A @2 A d,@)<2) (19)
e (), (Aon(d()>2)
where 2 (d, (i) = A"(d, (i) + A (d, (D)) -

The tentative values from (18) or (19), together with other
known information such as all users’ spreading sequences, are
used to reconstruct MAI, the estimated MALI is subtracted from
MF outputs, and we have 7o) = 7z (1)-7)-

For the last IC stage, a hard decision is made on ZM (i) »
and then input to the single Viterbi decoder for decoding.

II1.

This section simulates the proposed joint PIC/decoding. In
the simulations, we choose such parameters as: (1) the user
number K=8; (2) the rate R= 1/2 and constraint length v=3
convolutional encoder with generator matrix [1 1 1, 1 0 1]; (3)
the randomly generated short spreading sequences with
spreading factor N=13; (4) the data frame length 128.

SIMULATION RESULTS

In the following, for convenience of description, we call the
joint PIC/decoding expressed by (17), (18) and (19) as Ideal-
JPIC/decoding, Linear JPIC/decoding with a priori LLR and
Linear JPIC/decoding with a posteriori LLR, respectively.
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Figure 11, Figure III and Figure IV show the performance of
Ideal-JPIC/decoding, Linear-JPIC/decoding with a posteriori
LLR and Linear-JPIC/decoding with a priori LLR, respectively.
Performance is compared for 1, 2 and 3 IC stages. It is clear
from three figures that three PIC/decodings has common points
in performance change: as the number of IC stage increases,
performance of the bit error error improves at the same signal-
to-noise ratio (SNR), and compared to conventional receiver
with no IC, the first 2 IC stages brings the biggest performance
improvement, but the performance improvement by the third
stage IC is gradually less obvious. For example, in Figure II, at
SNR of 8dB, the bit error rate for the first, the second stages IC
and the third IC stage is about 3x102 and 9x1073, 8x1073,
respectively, which are far below the BER of the conventional
receiver with no IC, which is 1 x10. Apparently, the third
stage IC only brings slight performance improvement,
compared to the second stage IC.

Figure V and Figure VI compare the performance of bit
error rate of three joint PIC/decodings in case of two and three
IC stages, respectively. It can be seen that whether with two IC
stages or with three IC stages, Ideal-JPIC/decoding exibits the
best performance, Linear-JPIC/decoding with a posteriori LLR
acquires a performance close to Ideal-JPIC/decoding, but far
supeior to Linear-JPIC/decoding with a priori LLR at the same
SNR. For example, in Figure VI, at SNR of 9dB, the BERs for
Ideal-JPIC/decoding, Linear-JPIC/decoding with a posteriori
LLR and Linear-JPIC/decoding with a priori LLR are about 2
x107 and 4 %107, 7 x10-, respectively.

Figure VII compares the performance of the proposed
algorithm, separate PIC and decoding (SPIC/decoding), and
conventional joint PIC and decoding (JPIC/decoding) with the
same three IC stages. As one of three proposed algorithms,
Linear-JPIC/decoding with a priori LLR is chosen to compare
with the other alorithms in performance. Obviously, the
proposed algorithm exibits the dominant performance
advantage over the other two conventional algorithms. For
example, at SNR of 9dB, the BERs for the proposed algorithm,
JPIC/decoding and SPIC/decoding are about 3x10 and 1x1072,
2x1072, respectively. It is also seen that among three algorithms,
the SPIC/decoding has the worst performance.
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IV. CONCLUSIONS

In this paper, we propose a new joint PIC/decoding for
convolutionally coded DS-CDMA systems. At each
interference cancellation stage, initial @ priori LLR is computed
by the output from the previous IC stage, and input to
convolutional decoder. The decoder utilizes BCJR algorithm to
update initial a priori LLR. Initial a priori LLR and updated a
priori LLR are summed to obtain the tentative values of coded
symbols linearly, which are used to estimated MAI. The
proposed joint PIC/decoding is numerically simulated and
compared with the other joint PIC/decoding, conventional
PIC/decoding and MF receiver in performance, respectively.
According to the simulation results, we draw the main
conclusions including: (1) Like conventional PIC and decoding
algorithms, the proposed algorithms exhibit better performance
with the increase in the number of the interference cancellation



(IC) stages, but up to three IC stages, the performance
improvement is getting less obvious; (2)The proposed joint
PIC/decoding acquires the performance close to the ideal joint
PIC/decoding if the tentative decisions of coded symbols are
linearly estimated by the sum of initial a priori log-likelihood
rate (LLR) and updated a priori LLR, while a significant
performance degradation will evitably occur if the tentative
decisions of coded symbols are linearly computed by the
updated a priori LLR only. We also compare the proposed
PIC/decoding with matched-filter (MF) receiver and
conventional PIC/decoding algorithms, respectively. The
proposed joint PIC/decoding dominantly outperforms the MF
receiver and conventional PIC/decodings in performance.
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