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Performance Enhancement of CDMA Receiving System on Base
Station Using a Spatio-temporal Combiner

Yong Song*, Won Cheol Lee** Regular Members

ABSTRACT

Considering the wireless CDMA comrnunication system over the multipath fading channel, the spatio-temporal

processing at receiver seems quite beneficial because it could alleviate the fading effect and suppress various

interferences over space and time domains simultaneously. In this paper, in order to discriminate multipath

components comesponding to the desired user while maximizing SINR(Signal to Interferences plus Noise Ratio),

the spatial filtering technique using the adaptive beamformer is employed which is followed by the rake receiver

s0 as to coherently combine timely spreaded user’s desired signal constructively. Towards this, this paper '

discusses the efficient techniques for obtaining the beamformer weights in recursive manner together with
estimating the fading coefficients including gains and relevant phases. To show the superiority of the proposed
composite processing for the spatio-temporal combiner, the BER and the SINR curves will be shown.

ILME

In recent years, due to the rapid increase of
subscribers in the CDMA mobile communication
arena, increased capacities of the mobile celluar
systetn are demanded. Due to the wave propaga-
tion phenomenon, the wireless CDMA communi-
cation system critically suffers from multipath
fading while imposing spatial diversity as well as
time diversity. Since the bandwidth of a channel
is much larger than the coherence bandwidth in
the CDMA communication system, the wireless
channel turns out to be frequency selective. By
making use of the intrinsic correlation property of
PN sequences'! these multipaths could be resolv-
able, and those can be coherently combined to
increase a particular user’s signal power. Specially
in the current CDMA system, in order to combine
these multipath sighals constructively, the rake
receiver plays a major role of combining® .,

In the CDMA communication system, since
cach channel is shared with numerous users in

the area of the same cell, from the aspect of
discriminating the specific user’s signal, the sig-
nals transmitted by other users could be consi-
dered as co-channel interference. Besides, due to
the usage of the nonideal orthogonal' PN code
allocated to each wuser, after despreading the
received signal with the particular user’s PN
sequence, residual cross terms remain, which
result in the self and the multiple access inter-
ference. Here it is worthwhile to mention that
these interferences create serious detection errors
and induce the reduction of the capacity in the
CDMA communication systern™ .

In this paper, the author focuses on the
enhanced CDMA receiving system deploying an
adaptive beamformer followed by rake receiver in
concatenated fashion. Thus a series of main
beams are produced for spatially discriminating
multipath components associated with the designat-
ed user and temporally combined constructively,

This paper consists of following sections.
Section II introduces the modeling of the received
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baseband signal, in vector form along the antenna
array together with their statistical aspects. Section
IIT proposes the method of computing the opti-
mum weight vector subject to satisfying the
maxitnum SINR. In section IV, the recursive way
of updating the beamformer weight vector under
the slowly time-varying fading channel will be
proposed. Section V discusses the estimation tech-
nique for the fading gains and phases in recursive

manner,

I. Received CDMA Signal Modeling
under Multipath Fading Channel

Congidering the cellular CDMA communication
channel in a macro-cell environment, the charact-
eristics of this wireless channel are generally
described as frequency selective and slow fading.
Suppose the linear M-sensor array is mounted on
the base station and multiple users are sending
theitr own signals asynchronously. Here it is
presumed that the angle spread raised from local
scatteres is neglectible such that incident angles
are distinctive due to remote scatteres. While K
active users are residing inside of the cell, the
received signals along the uniform linear array
can be modeled in vector form, ie.,

x(t) = iﬁ:ak‘pe"””sk (-1, )80, ,)+n()
= pel m
where &% user’s signal s,(#) has a form of
PN modulated information-bearing symbols by 4"
user's PN sequence cy(# and a(4,,) is the
array response vector which is equivalent to the
direction vector. And in (1), [r, )74, are time
delays associated with %" user. The multiplicative
complex fading coefficient a, ,e™ corresponding
to p™ multipath component of %% user consists
of the Rayleigh distributed gain «,, and unifor-
mly disttibuted phase ¢, ,.
Without a loss of generality, this paper consi-
ders the 1% user as a wanted user and the time
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delays 7, I=1--+L,, are presumed to be a
priori known. Then it is well-described in ' that
the covariance matrix of the sensor output signal
vector has the form of

L
R, =0la0,)a'0,)+ Yol ,a6,,)a @,

p=l, pel

K L
+¥ ¥ o a6,,)8" 0, ,)+o’L @

k=1 p=l

To discriminate multipath components associated
with the wanted user in temporal domain, the
bank of paralle]l correlator depicted in Fig.1 can
be utilized. Here each tap delay is identical to
the length of a single chip duration. For the sake
of convenience, this paper assumes that the
number of multipaths associated with each user
are the same, ic., L=L =L, + - =L,.
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Fig. 1. Structure of - a bank of
parallel correlators using the
spatio-temporal combiner
After the M parallel comrelators, M sets of
output vector yim, m=1—M, are produced as

Yim =Dma (M) Yyma () - Yy (] 3

where the /* component is the correlation
output between sensor output and the delayed
version of PN code assigned to first user, ie.,
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1 nT,+ 4,
Vi (1) = “\/T=-[<n:>n+ (06—, )dt
N .
= \/i b(ma,©,,)+i,,,(nN+n,,,(7)
(4)(3)

th

where 4,(6, ) is the m* sensor response, and

b1 () = Loy 11 () F Epgag 1 (M) ©)

In (6), iuwrmiAn) is denoted as the residual
self interference (SI) experienced at m™ sensor
and iy An) is the multiple access
interference (MAD) and 4, (n) is the noise
component. Here it can be stated that both
foepmr A7) a0 ipar,, An) have the form of
iid with zero mean and variance 27.™.

After the parallel correlator, outputs are rearr-
anged into L groups of discriminated multipath
components denoted by

2, (m)y=[y,;(m) Vi1 (n) - Yiata (ml, I=1-L

)]

Here the auto-correlation matrix of zi{n) is
represented by

Rzz,x,: =E{z,, (m)z"1u(n)} = Gﬁazl.za(el_, )an(el.l )+R

®

where 4 is a modulation index, ie., gd=1 for
BPSK and pA=2 for QPSK, and R,,; corres-
ponds to the covariance matrix relevant to the
undesired interference and noise component. Thus,
(2) can be simply represented into

R, = ﬁaﬁza(eu )a’ ©6,.)+R,, ()]

Furthermore with the help of (9), (8) can be
Tewritten as

R, ,, =(G-1)pa’a® )a 6,)+R,. (10)

Provided that the large number of multipaths
impinge on the array, the interference plus noise
terms behave like an white gaussian random

process with its variance 2% . As a result, the
covariance matrix in (8) can be simply approx-
imated into

R, =GPoja@, )a 6,)+621. an
Furthermore the cross-correlation matrix betw-

een z,; and z,, corresponding to the /* and the
¢™ multipaths, can be expressed as

C.., =Elz,2.,}

=GPy 0, &' *a(0,)a’6,,)+C

f-ARY)

e, llg?

12), (13)

where

Cuu,l.l.q = E{(Iul/,u + IMAJ,I,I + ny, )(Inu’,l,q + IMAI.l.q + nl,q)'}
(14)

Here, due to the same reason as in (11), (13)
can be also simplified into the following™

Coyie =GBt 0, "% 00, )2°0,). (15

FARY:]

Considering the above relationship it can state
that the relative phase difference between /*
multipath and ¢* multipath, ie., ¢, ,~¢,, could
be obtained from (15) based on the observed
cross cotrelation matrix and the set of directional
vectors.

N. Beamforming subject to
maximizing SINR

Altthough L number of multipath components
are discriminated by employing M banks of
parallel correlators in temporal domain, due to the
usage of the non-ideal orthogonal PN codes, the
self and the multiple access interference are still
remaining. In order to avoid the performance
degradation raised from the various interferences,
the receiver structure could be reconfigured as in
Fig. 2 so as to achieve the high SINR(Signal to
Interference plus Noise Ratio) for robust detection,
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Fig. 2. A basic structure of CDMA receiver using
the spatio-temporal combiner

According to”), the optimal beamformer weights
enforcing the weights to satisfy the maximum
SINR have the form of

Woneir = Ry 800,,). (16)

And the resulting maximized SINR can be
expressed as

SINR = ,B 2 wopr 1 l‘a(el I)a (61 I)wopl 11
1luu.l.l‘v

apt, 1]

=Gfoa’6,)R;, a@,,). an

opt LI

To simplify for updating the weight vector, this
paper will introduce the alternative approach with-
out involving the inversion computation corres-
ponding to the intermediate correlation matrix R,
Provided that the array output correlation matrix
R.: is nonsingular and Hermitian matrix, this
assumption is valid in practical situation, R.. can
be factorized into two matrices as RY%* and

RY?. Multiplying R;"** and R;¥ on both
sides of (10) from the left and right side
tespectively gives rise to

1 1

—* -

RR, R} —(G—l)ﬁa”R a(e,,)a 6, )R} 2+l (18)

By letting

BRRR

F- AN

and b= R a(Gl,) (19

then (18) can be rewritten as

Bb = (G- 1) b +1)b, (20)

where || -|| denotes the euclidean norm. Using
the eigenvector corresponding to the maximum
eigenv- alue of B, (20) also can be rewritten
equivalently as

BY o = A Vinax s @1

where vo.=cb is the eigenvector
corresponding to the maximum eigenvalue A,,,
and ¢ is a complex scalar. The directional vector
for /" multipath component of the first user can
be obtained by multiplying the comrelation matrix
R, on the computed eigenvector vms together

with proper normalization step, i.e.,

*

Bl

R

a0,) == @)

Moreover, comparing (20) with (21) gives rise
to the following equality, i.e.,

o = (G — 1)ﬁa,,[|b|] +1=(G-1)Bea’ @, )R a0, ) +1.
2%

From (23) the magnitude of fading gain for /*
multipath component of the first user can be
computed by

. Ao =1 |
YV (G-D'6,)RZa6,) \G-DBpbf
24)

In order to update the directional vector, it is
necessary to calculate the eigenvector vms. And
this can be computed by solving the maximizing
the Rayleigh quotient ¢ as shown below!"”;

www.dbpia.co.kr



+%/Performance Enhancernent Of CDMA Receiving System On Base Station Using A Spatio-Temporal Combiner

"

max§=maXVBv
v vy (25)

In addition to the knowledge of the directional
vector a(4; ) as in (22), the inverse of Ry,
should be acquired as in (16) so as to obtain the
optimum weight vector. To avoid this intermediate
step resulting in the reduction of the compu-
tational complexity, this paper proposes another
approach which allows to represent the optimal
weight vector in terms of the eigenvector Vi
and R, rather than Ry To make a further
progress, multiplying R;'* and R;Y? on the
both sides of (9) gives rise to

a0t L AL 1
RZR.R7=I=pfo;R7a0,)2'0,)R+RIR, R7.

26)

Here, with the help of, b= R;Y* a(4, ),
letting
_it v—-l-.
D = Rn‘z Il‘uu.l,lR',m2 = Imﬂalz.lbh‘ (27)

and using the Matrix Inversion Lemma', the
inversion matrix of Ru,ir can be expressed as

1. i " _L
=RZI-— IR ¥
L p——
PR @8

1
R;i,l,i = Rsz_‘Rxxz

Thus substituting (28) into (16), the optimum
weight vector satisfying the maximum SINR can
be represented in terms of Ru, «;, and b as

follows

1 L
- e ——— Zb
Wopt,l,l (1—13“1)“20(,;:, }1“
= __.1__ ;la(g )
1=plbffer, |

Consequently, once the directional vector is

@930

estimated or the eigenvector Vam.. is computed, the
beamformer weight vector for /% multipath of the

first user can be calculated by wusing (30).
Regardless of the two distinct expressions in (16)
and (30) for the optimum weight vector, it can
be easily shown that corresponding maximum
SINRs are the same as (17).

Assuming that the self and multiple access
interference  are  perfectly uncorrelated, ie.,

R,.1:%551 as in (11), the weight vector can

be more simply represented into!'?

Wop1s = 8(0) (31

According to (31), it is noteworthy that the
cigenvector corresponding to the maximurn eigen-
value of Ry, tums out to be the same as the
directional vector a(g, ) after the proper normali-
zation, Furthermore, the weight vector becomes
identical to the directional vector itself. And its
resulting SINR can be written as

2

SINR:G—{:_?Q.

"

(32)

IV. Recursive computation of
beamformer weight vector under the
slowly timevarying channel

Considering the alternation of user’s position or
surrounding local scatterers, the channel character-
istics is continnously varying at different time
instant. To track the time-varying directional
vector for the wanted user and renew the
beamformer weight vector over the slowly varying
channel, correlation matrix R and Ry ir should
be updated recursively at different time instant
And their recursions are as follows

ﬁu(n) = ,uflu (n—-D+x(n)x"(n) (33)

R, (m)= #ﬁm,z (m=1)+z,,(m)z;,(m) (34)

where the x(r) and z,{m) are the sampled
snapshot vector before and after parallel correlator
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at chip rate and symbol rate respectively, and
is a forgetting factor whose value can be chosen
as a positive constant between 0.8 and 1. The
value of 4 determines how fasting to adapt the
alternation of the channel environment™,

To estimate the directional vector a(d,,) as in
(22), it needs to calculate the inversion matrix of

RY2*, The inversion of Ru(n) at the »* time
instant can be factorized and it can be recursively
updated as follows!”!

1 1

R:(M=R2(MR2 (1) 35)
and where
R.2(m) = R (n=1)(I-HE"), (36)

LI
f=p2R2-DX(n),

1
= A+EF+1+£7T) 37

With the help of (19) and (36), the matrix
B(n) also can be written as

L L,
B(m)=R_2 (mR_,,(mR] (n). (38)

Then, the eigenvector corresponding to the
maximum eigenvalue of B(n) gives rise to the
estimate of directional vector a(4,,) as in (22).
Morever if the eigenvector vma{(n) is normalized,
i€y vom(m) vax(m)=1, and the corresponding
maximum eigenvalue is equivalent to the result of
the following quadratic form

)'mux (n) = gmm (n) = v:nnx (n)B(n)vmnx(n)‘ (39)

In order to obtain the eigenvector Vma(nm), the
recursive algorithms such as CGM  (Conjugate
Gradient Method)'™™ or Power Method " can be
employed. Once the
corresponding to the maximum eigenvalue of B(n)

eigenvector  Vmax(n)
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subject to v"(w) v(n)=1 is obtained, referring to
(22), the estimate of directional vector a(é, ;) can

be represented as follows

Ly
sn «_ RZ(MV_ (n)
a(el,l) - “—“C_"“_a (40)

where the complex scalar ¢ is the first compo-
R.Y%(%) Vuax(n). Finally,
with the help of (30) together with substituting
(40) into (30), the optimum weight vector of the

beamformer for the /% path of the first user can
be calculated as follows

nent of the vector

vmvapx.l.l (n) = nR;; (n)ﬁ(en)
1, R
= -g R (mRZ M)V, (1) = g RV, (n)
@n

where 1 =110~ Vo W &L AT, pere
the method for achieving the estimate of «,; will
be discussed in the next section.

As mentioned earlier, the calculation of weight
VECIOr Wy, (%) can be catried out in recursive
manner by maximizing the quadratic form.
Towards this by adopting CGM, the recutsion
form for estimating the eigenvector vimux(n) can be

expressed as follows;

Vau (1) = Vo, () +£, (m)u, (), (42)

where t(n) is the adaptive gain and u(n) is
the search-direction vector at »* iteration””. As
discussed in the last section, the simplified
formulations as in (11) and (31) allows the
beamformer weight vector being equivalent to the
with  the
eigenvalue of the cross correlation matrix Ry, up
to scalar multiplication, Therefore the optimum
beamformer weight vector can be simply

cigenvector  associated maximum

expressed as

h
= 6 S—— . .
wophl.l a( l.l) h s (43)
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where hmax is the eigenvector associated with
the maximum eigenvalue of the correlation matrix
Ry and hpy is the first component of the
veetor hmex. Similar to  (42), the beamformer
weight vector can be obtained in a recursive
manner such that the optimum weight vector at
the (#+1)* iteration becomes as follows

hy(n+D) _ by, (m)+4,(mu,(n)
h (nt]) b (n+D)

W (ntl) =

’

“4

where m(n) is the adaptive gain and wun(n) is

th

the search-direction vector at ™ iteration.

V. Recursive channel parameter
estimation and rake receiver

Regarding the structure of the CDMA receiver
eadvantage of temporal diversity embedded on the
CDMA. signal, the rake receiver can be adopted
for combining temporally spreaded versions of a
particular user’s signal constructively. However in
general the fading coefficients denoted as the
channel parameters are unknown, so that the
receiver must exploit these values to complete the
overall rake receiver.

Over the slowly-varying multipath fading
channel the covariance matrices of the pre- and
post-patallel comelator output signal vector can be
utilized for estimating each multipath attenuation
gain factor, To see this, once the directional
vector a(8, ) for [* path of the first user is
estimated as in (40), the maximum eigenvalue of
the matrix B(n) also can be obtained from the
knowledge of the eigenvector vm(n), which is

/’Ll,l,mnx (n) = V:n“ (n)B(n)vm (n) 45)

With a help of (24), the recursively updated
eigenvector Vmax(n) as in (42) can be utilized for
estimating the magnitude fading gain of the
multipath /* component given by

@, (m= J A= ] s 1)

. =L
A= 1" )G 1) BV s )] (46)

Furthermore, the phase terms involving in the
fading coefficients should be estimated for
constructing the RAKE receiver. Towards this,
using (15), the cross comelation matrix between
/* and p* parallel correlator output signal vector

could gives rise to the relative phase factor. Let
A, = a(4,) (4, ,), then the relative phase
factor denoted by ag, =¢;,—¢, can be
estimated from the observed cross correlation
matrix denoted by €,,,, and the estimated

directional vectors a(4; ) and a(é4, ) as follows

Ad,, =arg iikjw]"’ . Lg=1-L
=1 =l Ladi; 47

And considering the phase component having
uniform distribution over [ - /2, 7/2] with zero
mean, the phase term ¢, ; for /* multipath can
be estimated as follows

A 1 -
=—3 A9, , I=1->L
b= A0, )

Thus, using (46) and (48) complex fading
coefficient for /* multipath of the first user can
be estimated such that the rake receiver can be
constructed for combining multipath components
constructively. However in order to achieve the
phase accurately, it is necessary to have enough
numbers of multipath components such that the
average gives rise to the exact one.

VI. Simulation Results

In order to verify the superior performance of
our proposed process for  spatio-temporal
combiner, computer simulations were conducted
under the situation in which multipath rays exist
with having their own independent fading
coefficients. At the receiving platform, the linearly
disttibuted antenna array was utilized with a
half-wavelength  distance between two adjacent
antennas.

To simulate the wireless multipath fading
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channel in the CDMA system, the complex fading
parameters are provided whose attenwation gain
has the Rayleigh distribution and phase has the
uniform distribution. Here the fading parameters
are presumed to be constant over the trans-
mission, Each user was assigned with distinct
cyclic shifted versions of a unique spreading
sequence of length 127. And the time delays
associated with each received CDMA signals are
assumed to be perfectly known prior to spatio-
temporal combining process. Another assumption
is that the phase component of each fading
parameter corresponding to the first incoming
multipath for each user is recorvered in: accurate,
The uplink SNR for all simulations is a prior
fixed at -23dB. The arrival angles are uniformly
spreaded in the range of [—60 ‘60" ]. The
number of multipath rays over the transmission
for each user is taken to be 3. The modulation
scheme for transmitting the baseband code
modulated sequence was QPSK, ie.,, 5=2.

18

1 :Nowberol U

Fig. 3. BER curves for a specified number of antennas M

To investigate the performance quantatively, the
BER curves are depicted in Fig.3 as increasing
the number of users up to 100, Herein the solid
line indicates the BER curve resulted from our
proposed scheme. In this case, the optimum
weight vector for cach beamformer is calculated
by (41) which gives rise to the maximum SINR.
The dotted line in Fig.3 shows the BER curves
in which the optimum weight vector is equivalent
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to the estimated directional vector. Also the
dashed dot line indicates the BER curves resulting
from the weight vector by using (16).

To see the behavior of proposed spatio-ternporal
combiner as increasing the number of antennas,
the BER curves are depicted for the specified
number of antennas, ie, M=1, M=3 and M=5.
Here it can easily notice via observing the BER
curve obtained utilizing (41), our proposed scheme
is superior to others. In order to sec the perfor-
mance improvement in the SINR sense, the
maximum SINR values curves are shown in Fig.4
as increasing the number of sensors.

SINR

o a0 |

|
1 ] 3 4 5
M ; Number of Antenna

Fig. 4. SINR curves for a specified number of users K

Here it can be observed that the SINR
increases as more number of antennas are utilized
for the specific number of users.

VI. Concluding Remarks

This paper shows the performance improvement
by employing the spatio-temporal combiner which
exploits either the temporal or the spatial diversity
over the multipath fading channel encountered on
the CDMA communication system. The major
contribution in this paper is that the optimum
weight vector for a bank of beamformers is
calculated in recursive manner only from the
correlation matrix of sensor output signals and
that of the parallel correlator output signals. Here
it is a noticeable fact that the intermediate corre-
lation matrix updated from the interference and
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noise signals was not involved while obtaining
beamformer weights. And each beamformer output
is the discriminated multipath signal associated
with a wanted user's signal with having max-
imized SINR. Also this paper proposed the
tecursive way of estimating channel parameters
embedded on the structure of rake receiver. To
confirn the superior petformance of the proposed
spatio-temporal combining process, the BER
curves are depicted by conducting the computer
simulations. As a result, it is noticed that the
error rate tums out to be very low at low SNR.
Furthermore the SINR after the spatio-temporal
combiner gets improved as the number of
antennas as increasing specified number of users.
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