Mansoura Engineering Journal. {(MEJ). Vol. 28. No. 3. September 2003. E I
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Abstract- In DS-CDMA receivers, the synchronization error between the received
signal and the generated code is about one chip duration in Interim Specification 93
(1S-95) system. This error makes the correlator to produce the peak of the 1™ arrival
multipath signal away from its position up to about 800 ns. This small error in time
leads to severe mistakes especially in positioning applications. So, the delaved
versions of the code sequence with delay less than one chip duration need 1o be
defined. In this paper, the multipaths with delays less than one chip duration are
modeled as tapped- delay line model. A Kalman filter algorithm is applied to estimate
the tap coefficients under the situation of known channel statistics. The tap coefficient
higher than 0.5means that its corresponding path is an effective path. [n case of more
than one effective path. the algorithm gives a weight higher than 0.5 onlyv for the path
with the smallest delay. This is sufficient. since the reception timing reference is at the
I arrival signal peak. The simulations treat different cases applied to 3- path and 3-
path models at low and high SNRs. The results show that the algorithm works well in

the different considered situations.
Index terms- Kalman filter, DS-CDMA. multipath fading. tapped- delay- line model.

INTRODUCTION

Onving to the efficient usage of channel bandwidth. the spread spectrum techniques
have grown up rapidly in this decade for wireless indoors and cellular mobile
communications, satelltite uplink channel, and wireless local area networks. The most
common spread spectrum techniques are direct- sequence (DS), frequency hopping

Accepled August [1. 2003,
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(FH), the hybrid of DS/FH, and a multicarrier code- division multiple access (CDMA).
Here, we focus on DS-CDMA systems [1]. Direct- sequence code- division muitiple
access (DS-CDMA) 1s emerging as a possible multiple- access scheme for future
digital wireless communication systems. The inherent low power, potential for high
capacity, antijamming and antimultipath characteristics of DS-CDMA  systems
motivate its consideration.

The interference suppression nature of DS-CDMA systems stems from the fact that
a code sequence arriving at the receiver more than one chip time late, will be
approximately orthogonal to the particular PN code with which the sequence is
correlated. Therefore, any code chips that are delayed by one chip duration or more
will be suppressed by the correlator. The delayed versions of the code sequence
arriving less than one chip time late remain a problem to be solved.

In this paper, the multipaths with delays less than one chip duration are modeled as
tapped- delay line model. A Kalman filter algorithm is applied to estimate the tap
coetficients under the situation of known channel statistics, The tap coetficient higher
than 0.5means that its corresponding path is an effective path. In case of more than one
effective path, the algorithm gives a weight higher than 0.5 anly for the path with the
smallest delay. 3- path and 5- path models are considered with tap delays of V% chip
time and Y chip time respectively. SNRs of 10dB and 20dB are considered in
simulations. The results show that the algorithm is suitable for the different cases .

2. SIGNAL MODEL

2.1 D53-CDMA system

This subsection describes a discrete- time framework of DS-COMA systems. A
baseband model for the if! user in the continuos- time DS-CDMA system is depicted

th

in Fig.1, where ci=[coi cli CN_[i]T denotes the i = user’s spreading code and cki

=+t]. Denoting the symbol duration and chip duration as T and T , respectively; then

Ts=NT; where N is the processing gain. The i M transmitted signal at chip rate is

0

d'(ny= 3 s'(k)c n

ke —m
where, si(k) is the i 1 user’s symbol sequence. Let hci([,l')=hRi(T)®hi(t,‘r)®h'[‘i(‘t) be the
equivalent channel response of the transmission system, where ‘®’ denotes the

convolution operator. hTi(r), hRi(r) and hi(t,r) denote the impulse responses of the

h

transmitter, the receiver, and the channel of the it user, respectively,
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Fig.1. Baseband DS-CDMA system for the it user in continuous time domain,

h

In the following, the superseript i” denotes the i user. Then, the received signal yo'(t)

h

from the 1" user is

Vi) = S R0 — KT, = 0)d (T,) @)

L
where, T is the chip duration. and t; is the propagation delay of the i'" channel. The
received signal from all transmission users is

M|
p— i ! i P
()= ) vty +v.(0) ()
whers, va(t) is the complex white Gaussian noise. Sampling the received siic? at ciup
rate, we get
M-l o=

rim =r.(),_,y = ‘iy'(n) +v(n) = E Zh’ (mn—k)d' (E)y+v(n) (4)

where, V() =Ve(OrenT, YV (O=nr, and  hi(nnk)=b Ltk TetmT, An
equivalent discrete- time DS-CDMA system is shown in Fig.2 [2].

2.2 Multipath fading channel model
In this study, we assume that muitipaths with delay less than Tc are modeled

as a tapped- delay- line filter (see fig. 3)[3]. Let the ith multipath channel be defined as
Hg™,m)y =R+ B (Mg + ..+ k(m)g” (5)

where, q'1 is a drawback shift operator. For convenience, we have denoted h'(n,k) as

hki(n)= where the superscript denotes the ith user, and the subscript denotes the kth path.

In the following, we assume that the fading channel responses change at symbol rate.
If the channel fading is slow such that the coherent time is long enough to estimate the
channel response. the first order Autoregressive (AR) process (equation 6) is accurate

enough to model the fading channel [2], where ay' denotes the state transition
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Fig.2. Discrete- time DS-CDMA system transrnitter.

h W

coefficient of the i'" user in the k' path. In this situation, o' is close to unity and the

variance of wki(n) is small [2].

hn+1} = a,h(n) + w(n) (6)

If the tap coefficients of the multipath channel are uncorrelated for different paths, i.e.,
E(wki(n) w[i(m))=0, so the channel is called a wide- sense stationary uncorrelated

scattering (WSSUS) channe! [4]. For a WSSUS channel, the transition matrix @ is a
diagonal matrix, i.e., ®=diag{ ago, a[o, aOM'I, e alM't}, where diag{.} denotes
a diagonal matrix.

2.3 Symbol detection equation and channel estimation equations
A useful representation of the received signal r(n) is derived for signal

detection, channel estimation, and system identification. After the input symbol si(n) is
modulated by the spreading code, the spread input data d'(k) (at chip rate) can be
blocked as an N-dimensional sequence d'(n) (at symbol rate), given by d'(n)=[ d'(nN)
d'(Nn+1)... dl(nN+N-I)]T , din)= cisi(n). Then, the spread sequence dl(n) is
transmitted through a multipath fading channel. After the channel filtering, each
symbol is overlapped with each other and results in Intersymbol Interference ISI [5].
Fig. 4 depicts the effect of ISI in a multipath channel. Let the observation interval be
one symbol period and block the received signal r(n),as shown in fig.5. From the

signal propagation point of view, if we have a transmitter Tx and a receiver Rx as
shown in fig.6. Due to the surrounding structures to both Tx and Rx. The signal
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received at Rx from Tx is not the Line of Sight L.O.S signal (assume that L.O.S.
propagation time is I gg) but it is the result of signals from different paths (due to

reflections and refractions) which are copies of the same transmitted signal but with
different amplitudes and time delays (tp).

din)

hg' hi! VHMUL  (n) bl hy!
Fig.3. Multipath fading channel model: tapped- delay- line for user i.

[f the signal of a certain path takes time T from I'x to Rx, 50 T=t | g+, and this path

will be defined by time delay t,. For a CDMA cellufar system of orthogonal user
codes, the paths with time delays greater than one chip duration (t;>Tc) can be
extracted using cross- correlation technique (as known for orthogonal codes, the auto-
correlation function R(1) =0 for 1=Tc) in the DS-CDMA RAKE receiver [6]. Also, the
synchronization error of locally generated code sequence in the DS-CDMA receiver is
less than Tc [1]. So, the model will deal only with delays less than Te, We assume
that the users”™ codes ure orthogonal codes, so that the cross correlation between anv
two users’ codes is zero for any time shift. Multiple Access Interference MAI in DS-
CDMA system mainly results from nonzero cross correlation between the intended
user’s spreading sequence and an unintended user’s spreading sequence. According to
our previous assumption, MAI can be eliminated. In order to extract the ih user signal
from the received signal, we pass the received signal through a parallel group of

correlators to correlate it with all users codes. The output of ith correlator will be the
ith user multipath signal with tp<Tc added to Additive White Gaussian noise AWGN.
We have

Yy =[y'(aN) y(aN +1) . Y (N + N -]
- -
, Ch(n) 0
o 0 0. 0 0 Cyoi Cyoee Chyo 0
B I e M L IO R N IO
=l ¢ ¢ Caee ¢ 0 ¢ 0. 0 0 hc';("_[) s'n-1)
€y Choa Cxope Cwog 0 0 0... 0 0 h;(n -1

=l eluimsim=cm s () (7)
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Fig.4. Effect of channel ISI. Fig.5.Blocking the received
Signal.

After being corrupted by the channel noise, r (n) can be denoted as

r(ny= [r(mv) r(nN+1) ... r(nN+N— l)]"r
=y (n)+V ()= CH.(n)s.(n)+V (n) @

where, C, = [C' g]

,sim =l s'tn-nf
, Hi(n) = diag{H' (m, H' (n - 1)}

H(my=[Hey K . K]
v(m) = [v(nN) v(nN +1) ... v(aN+ N -Df

We call equation (8) the symbol detection equation. In the following, an
alternative representation called the channel estimation equation is derived.

Let
ym=on vy . oyeven-pf
_ [C' g1:5'(;1)1,,, 0 J'l: A (n) :|
0 s(-Di, | K:-1)
then we can obtain _
r(ny = y'(n) +v(n)
= C.'s. (L (m) + () )



Mansoura Engineering Journal, (MEJ), Vol. 28, No. 3, September 2003 E.7
where, s\ (n) = diag{s'(n)],f, S {n— 1)],.,}
my = [y i a -ty ]

() = [hg(n) Ay . hj(n)]J
The symbol detection equation (&) and the channel estimation equation (9) are
named after their purposes. In the next section, we wiil use the channel
estimation equation to estimate the multipath fading channel tap coefficients.

Figure 6. Multipath propagation.
—»  Direct path~ path1 — path2

3. Conventional Kalman Channel Estimation

In the case of severe multipath fading environment, the estimation of
channel response is important for better quality of data transmission. The
conventional estimation method via Kaiman filter requires an exact knowledge

of the channel model.
For the sake of presentation clarity, we use the first- order AR process in (6) to

represent the dynamics of multipath fading channels in fig.3, which are given
by
Hin+1) = O(mA (n) + wn) (10}

where, H(ny=[H(ny K0n . K], O = diaglej(m.a (), .e(n)

ail is the nominal transition factor (identification results from the channel
statistics), which is close to, but less than 1 for negligible Doppler effect.

w(n) = [w:)(n) w(n) ..ow (n)r, is a complex white Gaussian process with varianceZw.

According to the mode! in (10) and the channel estimation equation in (9), we
have the following state space equation [2], [7], [8].

l:hj(n+l):|=|:d)'u 0}[ H () }[ w() ] an
R (n) 0 @, ||H(n-1) win—1)
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Dl is assumed to be the transition matrix for user i during the estimation

period.

S . h(n) ,
Fon =Dy De- sy |7 (12)

where

D'(n) = [C's'(m)], D' (n 1) = [C's'(n - 1]
A more compact form is written as

Ho(n+1) = AL (n) + w, () (13)
7 r'(nm) = D (mA (n) +v(n) (14)

where, N = 20 0, W =wen we-nf prem =[p'ey Dn-)]

L D,
Moreover, w(n) and v(n) are complex white Gaussian processes with the
covariance matrices E{w™(n) w:”(u)}=2 W, E{ v(n) vI(n) }y=Ev, and

E{ v(n) sz(n) }=0, where E{.} denotes expectation.
3.1 channel estimation algorithm: conventional Kalman filtering approach
Conventional Kalman Gain:
- -1
K.(m)= P.(n/n—1)DI (n) D_(m)P.{n/n=1)D7 (n) + zv]
n i "
Channel Response Estimation:

W (niny=h(nin=1)+ K _(n)(r(n)- D (n)h(nin-1))

Covariance Matrix of Estimation Error:
P;l(”/ff) =(/-K,(n) D,‘("))P;](”/ﬂ— 1
Updating estimate:
hu(n+1/m) = A A(n/n)
P.(n+1/n) = AP, (n/m)AL + 2w,

4. SIMULATION RESULTS
For simulation, we assume that the channel noise is a zero-mean AWGN.

Using a signal power Ps=1mwatt . Therefore, the noise power is scaled to
simulate a particular SNR. The noise power for a given SNR is calculated as[9]

: R
In =\ gm0 (15)
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We will deal with SNRs of 10db and 20db, showing that the algorithm works
well with high and low noise levels.We assume that the receiver correlator will
give a peak with the first arriving delayed path with a weight higher than 0.5,

so the estimation algorithm will stop if it finds any component in hAN(n/n)

higher than 0.5 and will deal with its corresponding path as the effective path.
If there is more than one componeat higher than 0.5, so we will choose the one
with the smallest delay as the effective one according to the assumption of the

receiver correlator.

4.1 1=2, N=8

The user code considered here is (0 10 1 0 [ 0 [ ) where each chip time is Tc
[10]. Expressing the code in terms of time units of 0.5 Tc (00 11 00 11 00 11
00 11). Dealing with a symbol period (8Tc¢) with a symbol “1” transmitted, so
the transmitted signal will be ( 00 11 00 11 00 11 00 11), in case of perfect
synchronization between the code generator in receiver and received signal.

The three path multipath channel model is shown in fig. 7, with the weights of
L.0O.S., 0.5T¢ and Tc delayed paths are h0 , hl ,h2 respectively.

di(n)

v

Tef2 1 Tel2

z

r(n)
Fig.7. 3- path multipath channel model.

4.2 1=4, N=8
The user code considered here is (0 1 0 1 0 1 0 1), expressed in units of Tc
time. Expressing the code in terms of 0.25 Tc time units { 0000 1111 0000

EIT10000 11110000 1111). _
The five path multipath channel model is shown in figure 8, where ho, hl, h2,

h and h4 are the weights of L.O.S., 0.25 Tc, 0.5 Tc, 0.75 Tc and Tc time

delayed paths.
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Fig. 8. 5-path multipath channel model.

The resulis tabulated in table 1, shows that the estimation matches the first
delayed arriving path in the 3 path model. The difference between the
estimated path weights with SMEs of 10, 20dB is very small and has no effect
on the decisions taken about the effective path. This means that the estimation

path medel.

Tabfe 1. Estimation resuits for 3 path model,

yrithin werks well with low and hich SNRs. table 2 shows the same for 3-

—

105 Tc delaved path

Te delayed path

Estimated path weizh

]
3
|

SNR=20dB | Estimated path weight
| =0.7974>0.5 =(},7974>0.5
| other paths’ other paths’
weights<0.5 | weights<0.3 »_’
SNR=10dB Estimated path weight | Estimated path weight |
=0.8199>0.5 =0.81995>0.5 ‘
other paths’ other paths’ [
weights<0.3 weights<0.5
Table 2, Estimalion results for 5- path model. _
0.25Tc | 0.5Tcdelaved | 0.75Tc | Tc delayed
delayed path path | delavedpath |  path
SNR=20dB Estimated Estimated | Estimated | Estimated
path weight path weight path weight i path weight
=0.7986>0.5 |=0.7977>0.5 |=0.7984>0.5 |=0.8322>0.5
other paths’ other paths’ other paths” | other paths’
weights<0.5 | weights<(.5 | weights<0.5 | weights<0.5
SNR=10dB Estimated Estimated Estimated Estimated
path weight path weight path weight path weight
=0.7987>0.5 | =0.8060>0.5 |=0.7121>0.5 |=0.8452>0.5
other paths’ | other paths’ | other paths® | other paths’
Lweigjlts<0.5 Jﬁci t5<0.5 | weights<0.5 Lweig@ts<0.5
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4.3 Multipath signals

In the previous cases, we see that the algorithm works well in case of a single
effective group of paths having the same path delay. Here, we test a multipath
signal of more than one effective signal at more than one path delay.

Assuming a SNR of [0db at the 5-path model. Table 3 lists the results of three
different cases.

"l'_n_lh__ll._"r_T_«)re than one effective_Eath.

SNR=10dB___ [ path multipath channel model. |
| 0.25 T¢, 0.5 Te paths (1.5 Te, 0.75 Tc paths 0,25 Te, 0.5 Te. 0.75Tc
- |paths
| 0.23 Tc path weight [ 1.3 Te path weight | 0.25 Tc path weight
1 =0.5375>0.3 | =0.5283>0.5 | =0.5242>0.5
| other weights<(.5 | other weights<0.5 | other weights<0.5

The results show that the algorithm gives a weight higher than 0.5 to the
smallest delay effective path. This matches with the correlator function that

produces i peak at the first armived effective path.

5. CONCLUSION

Based on the tapped- delay line multipath fading channel model, a Kalman
filter estimation algorithm is used to estimate the delay less than the chip
duration Tc which can not be detected by receiver correlators, due to the
imperfect synchronization between the received signal and the code generation
process in the DS-CDMA receiver. The tap coeffecients greater than 0.5 gives
an indication that their corresponding paths are effective.

The different examples given in the simulation show that the estimation
algorithm is robust to high noise levels which means that it can be used in a
variety of applications especially in the cellular positioning applications where
the multipath fading problem represents a very effective source of error.
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