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Abstract: Code Division Multiple Access is a widely used tipké access method in
a lot of nowadays vital applications. The systehat tire designed based GBMA
are suffering from a multiple access interfereneceblem [1]. The decorrelator
CDMA detector is a linear detector that can canceMhA¢& but with some channel
noise enhancement. The complexity of the decooelst a linear function in the
number of system’s users [2]. In this researchewa detector is proposed that can
cancel theMAI in the receivedDMA signal with a complexity that is independent
on the number of system’s users. The new deteci®s dot need to know the users’
signature codes. Also it consists of two match&drfonly. No correlation matrix is
required. This simple structure reduces the conilylexf the proposedCDMA
detector if it is compared with the conventionataeelator detector. So, the system
capacity can be increased where from the systeneimgntation point of view, the
detector structure is simple and it does not limé number of users in the system.

The new detector is based on some mathemateahktions on the output signals
from two different matched filters. The detectoeadis based on the symmetry
property of the signatures’ codes correlation meatawever it does not need to know
this matrix. The algorithm is valid as long as tagrelation matrix is symmetry. So it
can work with synchronous and asynchronous systedets.

Keywords: Code division multiple access — multiple accessriatence — matched
filter — decorrelator detector — minimum mean sguarror detector — signature codes
correlation matrix.

1 Introduction

Linear CDMA detectors are widely used in CDM#éceivers’ design because
these detectors have a complexity that is line#n thie number of system’s users [2].
The most known linear CDMA detectors are Matchédrfi Decorrelator, and MMSE
adaptive filter. It is well known that CDMA systeis interference limited system
where the multiple access interference signals fileensystem’s users that affect the
desired user signal, are the most influential flacto the performance of this desired
user signal [3]. Matched filter detector is the giest CDMA detector. It is the
optimum receiver of a known signal in AWGN enviroemh [1]. But in CDMA
system, the matched filter is not optimum becausthe presence of system’s MAI
signals [4]. So the matched filter can be considless the worst linear CDMA
detector in the presence of high system interfexesignals’ power. On the other
hand, the decorrelator detector is the linear CDdgtector that completely cancels
the MAI signals at the output of the detector [@pwever the decorrelator detector
enhances the Gaussian noise power at the deteatputo Also, the decorrelator
structure is quite complex where it should knowtladl signatures’ codes of all system
users to form the decorrelation matrix which repng¢s the inverse of the cross-
correlation matrix among the system users’ sigmstucodes. Another source of
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complexity is the requirement of a bank of K-mattliders where K represents the
number of system’s users. These matched filtersnatehed to the signature codes of
the K users in the CDMA system. The vector of Krasenergies that produces from
the matched filters bank, will be multiplied by theéecorrelation matrix [5].
Consequently the complexity of decorrelator deteistgreater than the complexity of
the matched filter detector. The MMSE detectomisadaptive algorithm detector that
compromises between the matched filter detectorthaddecorrelator detector [6].
The MMSE detector minimizes the MAI signals’ powersd the noise power jointly
at the output of the detector. The MMSE detectardseto know the desired user
signature code only. So MMSE detector’s structsrsimpler than the structure of
decorrelator detector. But the MMSE detector i &implex with respect to matched
filter detector. MMSE detector uses training se@eern the initiation of the
communication link to adjust the MMSE adaptive efilttaps then, the adaptive
algorithm is working in decision directed mode t;mimize the MMSE between the
income signal and the detector output. The disadgas of MMSE detector is its
sensitivity to any abrupt change on the channel.

In this paper, a new linear CDMA detector iogmsed to come up to the
performance of the decorrelator detector but withpser structure as matched filter
detector. The proposed detector is based on a matlual observation related to the
symmetry property of the cross-correlation matmxoag the CDMA system users’
signature codes [7]. This new detector may heipareasing CDMA system capacity
by allowing more number of system’s users to shhee same CDMA system’s
resources.

The remainder of this paper is organized #isvis. In section (2), the system
mathematical model is represented. This model Heipaunderstanding the system
behavior and the problems that are faced. The rdeamof the new detector is shown
in Section (3). Also, the new detector structureeipresented in this section. The
probability of error of the new detector's outpst shown in section (4). This
probability of error is compared with the probayilof error in the cases of matched
filter and decorrelator detectors. In section {Bg simulation results of the proposed
detector are shown. The simulations results contmmparisons between the
proposed detector and the other standard linear £dbtectors. These comparisons
use different two criterions to have fair judgmemt the new proposed detector
performance. Finally the conclusions and futureks@re contained in section (6).

2 Signal Model

Multiuser CDMA detectors commonly have a front end whose obgdsvto
obtain a discrete time process from the receivetimoous time waveform ).

Y0 = X AbS®) +an), tooT @

The notation introduced in Eg. (1) is defined diowed.
* T is the inverse of the data rate.
« 5(t) is the deterministic signature waveform assignedthe k™ user,
normalized so as to have unit energy.

Is|® = [st).dt =1 )

The signature waveform are assumed to be zeradeutse interval [0, T], and
therefore, there is no intersymbol interference.
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» A is the received gain of the linear time invariahinnel for usek. Al is
referred to as the energy of ki user.

* b, O[-11] is the bit transmitted by thé" user.

* n(t) is white Gaussian noise with unit power spectrahsity. It models
thermal noise plus other noise source unrelatedhéotransmitted signal.
According to Eq. (1) the noise power in a frequenaygd B is 3°B.

Continuous to discrete time conversion camdadized by conventional sampling,
or more generally, by correlation ofty(vith deterministic signals [2]. Two types of
deterministic signals are of principal interest;e ttsignature waveform and
orthonormal signals [1].

One way of converting the received waveforno ia discrete time process is to
pass it through a bank of matched filters as shiomiig.1. Each filter is matched to
the signature waveform of a different user. Ingiechronous case, the output of the
bank of matched filter is shown in Eqg. (3).

where yf) is represented by Eq. (1). The output of Kiematched filter can be
expressed as in Eq. (4).

Ye = Akbk+ZAjbjpjk+nk (4)
2k
where:

Py =<5,(1), 5 (1) >= [ 5;(t).5, (1) dlt 5)
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Figure 1  Discrete time K-dimensional vector ofnatched filter output.
T
n, = o[ n(t).s (t).dt (6)
0

It is noted that by Cauchy- Schwarz inequadityl Eq. (2), the absolute value of

the correlation coefficient is given in Eq. (7).
pil=l< 50,50 <[s || Y
ng is a Gaussian random variable with zero mean aménce equals to?. It is
convenient to express Eq. (4) in a vector form:
y=RAb+n ®

where R={pi}={<sj(t),s(t)>} is the normalized cross-correlation matrix.
Y=IyY,,Y,h-n¥], b=[b,,b,,....,b, 1", A=diag[A,,A,,..., A, ]", andn is a
zero mean Gaussian random vector with covariandexneguals to:
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No information related to the demodulatioriost by using the bank of matched

filters; in other words, yf can be replaced By” which is thesufficient statistic for
the detection of users’ data without loss of oplity§7].
To analyze any detector whose front end consista bank of matched filters, the
original channel model can be replaced by the tiftgaussian K-dimensional model
in Eq. (8). Recall that in the synchronous mod# gufficient to restrict attention to a
one shot model; thus, the dependencg,dd, andn on the symbol index has been
omitted.

3 Proposed CDMA Linear Detector

From the above discussion on the linear megtilCDMA detectors, it is
concluded that the complexity of the detector isreased if the capability of the
detector to cancel tHdAl is increased. The simpleSDMA detector is the matched
filter. But the matched filter can not cancel theltiple access interference signals as
shown in Eqg. (10).

Yy = Ab, +Z Ajbjpjk+ ny @0)
Detector output Desired signal j#k Noise
MAI

The decorrelator detector can cancelMi#d signals completely but the structure
of this detector needs to know the entire signatwees of the system’s users. The
decorrelator detector has a matched filter for egsgr signature. To cancel th&Al
signal from the desired user signal, the decoweldetector multiplies the output
vector from the matched filters bank by the invesséhe cross-correlation matrix of
the system’s users. The decorrelator detector earcet all MAI signals but it
enhances the channel noise. Eq. (11) shows theréktor detector operation [8].

RY=R'™RAb+R™n=Ab+R™n (@)

Here the complexity of the decorrelator iseéin with the number o€DMA
system’s users. But is it possible to have a detebat can cancel all thdAl signals
with a complexity that is not depending on the nemtif users in th€EDMA system?

The differential decorrelator is the detedtaat may answer the previous question.
The receiver structure idea is base on the symnpetyerty of the signatures’ codes
correlation matrix [7]. The following equation regents the symmetry property of
the correlation matrix.

P =p, Foral 0<i& j&k<K (2

wherep;; is the correlation coefficient between usand usey signatures’ codes and
it represents the element at rovand column in the signatures’ codes correlation

matrix R. The signatures’ codes correlation maRixan be represented as:
H

s

H
R=s"s=|2|[s s, - s] @3
Sk

The operation of the differential decorrelattetector is based on using two
matched filters and the symmetry property of tlgmaiures’ codes correlation matrix
to eliminate theMAI signals. The first used filter is matched to thesiced user
signature code. It correlates the received sigridl the signature code of the desired
user. The second filter is the reference matchkelr.fiThis filter is matched to a
reference signature code that is not used by aeyinshe system. The function of
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this second matched filter is to producMAl signal at its output whom is the same
as theMAI produced at the desired user matched filter oufpis matched filter is
common in all receivers that use the working systé&mgs. (14-15) represent the
output of the desired user (uder matched filter and the reference matched filter
respectively.

Vi = Aby + Z Aib;pj +ny 14)

j£k
yr = Akbkprk + Z Ajbjpjr + nr (15)
jzk

where:

P =<s;(t),s.(t) >=_T[sj(t)sK(t).dt N = a]-n(t).sk(t).dt

P =<s;(t),s(t) >=]'sj(t)sf(t).dt i n, = a].n(t).sr (t).dt

ands(t) is the desired user signature code &(tjlis the reference signature code.
From the symmetry property of the correlatsignatures’ codes matriR, it was
found that:

Py =P, For all 0<j&k<K @16)
So, by subtracting Eq. (15) from Eq. (14)yés found that:
yk_yr =A<bk(1_prk)+nk+nr (17)

Eq. (17) represents the output of the differentiacorrelator detector which is the
decision statistic of the detector.

DS=Ab.@-p.)+n +n 9
Now it is cleared that the proposed differ@ntiecorrelator detector has canceled
all the MAI signals but on the cost of duplicating the baskugd channel Gaussian
noise.
The detector output which represents the estirof the desired user data will be
the sign of the decision statistic as in Eq. (19).

b, =sgn09S) =sgn@b, L-p,) +n +n) (9

Fig.2 shows the proposed differential decorreld&tector structure.
i
Matched filter of | ¥d D s b
e
— sync
Matched filter of | Yr
]

Figure 2 Proposed two signatures decorrelatatetector structure.

()]

The advantages of the differential decorrelaketector are the simple structures
where the detector consists of two matched filey instead oK matched filters as
in the conventional decorrelator detector, the aetedoes not need to know the
number of system’s users nor their signatures’ spded there is no need to neither
calculate the inversion of the signatures’ codesetation matrix nor facing the
problem of matrix singularity.

The disadvantage of differential decorrelatetector is the noise enhancing; the
noise power is increased by 3dB due to the dupdicadf noise component in the
decision statistic.
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As it was shown, the differential decorrelattetector is based on the idea of
symmetry property of the correlation matrix of tB®MA signatures’ codes. But if
this condition is not satisfied for certa@DMA signatures’ codes family, what will
be the solution in this case?

The previous problem’s solution is not difficuBy using matrix algebra, the
calculation of the reference signature code willsbeple. For any working system,
the correlation vector is calculated first betwéles desired user signature code and
the other system signatures’ codes as shown i2Bg.

SlH Pa1
S; P>
S, = = 0s, =A 20
S: d 1 d ( )
_SE P |

where@® is the systems’ signature codes matsixis the desired user signature code
vector, andA is the correlation between the desired user codetlae other users’
codes vector. The correlation vectaris used to calculate the reference signature
codes after modifying the element of indeito be equaled te (small number) that
represents the correlation between the desired sigeature code and the reference
signature code. Eqg. (21) shows how the referergreasire code can be calculated.

pdl
Pa2
s, =0A where A'=| 1)

| Pk |

In this case it is not necessary to have a commdéerance signature code for all
systems receivers. On the other hand, each receiesr have its own reference
signature code according to its desired user sigaaipde as shown in Egs. (20-21).

4 Performance of The proposed Detector in Linear AWGNChannel

The probability of error calculation is oftelepending on the decision variable
which represents the output of the detector befbeedecision rule. This decision
statistic represents a random variable cadlgdicient statistic. For the desired usér
that is a member iIEDMA system, the probability of error in matched filtertector
case is representing by Eq. (22) [1].

mf _1 A
P, =—erf 22
(o) erc\/(2 JZJZK) 22

2k
For the case of decorrelator detector, the desuser probability of error is
representing by Eq. (23) [2].

_Aalp-1
Pkd (g’):ierfc L :Eerfc i M (23)
2 ofR, ) 2 oV 2
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whereay is thek™ column ofR without the diagonal element, aRq is the (K-1)x(K-
1) matrix that results by removing tk& row and column fronR. To calculate Eq.
(23), the crosscorrelation matrix is assumed tadresingular.

The probability of error calculation in the seaof the proposed differential
decorrelator is very easy. By referring to Eq. (1B proposed detector sufficient
statistic can be written as in Eq. (24)

DS = Ab (- p,) * Ny (24)
whereny, is a zero mean Gaussian noise witff 2ariance. So from Eq. (24), the
proposed differential decorrelator probability ofog can be represented as in Eq.
(25).
pd _ 1 A< (l_ prk)
R¥(0) 2erfc[ o j (25

Fig.3 shows the plot of the probability ofa@rverses signal to noise ratio in the
desired user data at signal to interference ratio of -40sii) iEqgs. (22, 23, and 25)
for matched filter detector, conventional decorrelator deteend proposed
differential decorrelator detector respectively.
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Figure 3  Probability of error for certain user in CDMA system using ML signature codes in
linear time invariant channel and SIR=-40dB.

5 Performance of The proposed Detector in Non-lineaFading Channel
5.1 Nakagami flat fading channel

In Nakagami flat fading model, the desired useer(kghas a complex Gaussian
time varying channel gaid. The amplitude of this gain represents Nakagami
random variable and the phase of this gain represeritsmniandom variable. In any
detector, the decision rule will be applied on real vagialdo, the detector will
calculate the real value of Eq.(24) before $ign() decision rule. Also, the detector
estimates the time varying complex gain to be abledcimpensate the effect of
channel fading. So the new decision statistic is formedeasutput of the dot product

between the detector output and the estimated chann Againshown in Eq.(26).
DS™ = A.(Ab, (1= p,) +1,) (26)
=|A|Alcos@.)b (- o) +| Al |cosu)

where 6. is the estimation phase error of ugeand 6. is the angle between the
estimated complex channel gain vector and the aam@hussian noise vector. The
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probability of error in the data which is estimaggter applying the sign function on
the modified decision statistic in Eq.(26) is reganeted by Eqs.(27-29).

R = p|DS' > 0lby = -1fpl, =-1]+ p|DS' <0lb, =+1fpln, =+1]  @7)
R :% p[-\MIAklcos@bk (1= £,) *|An|cos@,) > 0l = -

= ol+|A A cos€.)b, @~ 0,) +|/AJn, [cos6,) <0lb, = +1] @8

Pkpd :Eerfc[M('(l_ prk)COSGe)j (29)
2 20cos@,,)

It should be noted that the terocoé@.x)) is a random variable wheég is a uniform
random variable that represents the angle differdratween the noise vector and the
estimated channel gain vector. In the worst cdsg,angle is equaled to zero. Also,
the term ¢os@.)) may be considered as a constant where good dhesti®mation
algorithms can keep this factor constant and vemglls So Eq.(29), for the worst
case, can be written as:

1- cos
Pkpd :lerfc |A1<|( prk) Ge) (30)
2 20
Eq.(30) represents the probability of error of pieposed detector in Nakagami flat
fading channel. But this probability of error israndom variable becau:|A<| is

Nakagami random variable. So by assuming xha|A<|), the average of EQ.(30) is
calculated as:

ERM] = [R.00.f,(x ok @3

fx(x):i{mj .x2m-le[ : ) 32)
r(m\Q

Q =E[x%]
wherefy(x) is the probability density function of Nakagamidistribution random
variable. From the properties of erfc(.) in [2]etfollowing integration solution is
represented.

—72

1% a7 f(ijd _
ZJ;Z e EIrng \/Eg' .az so by

-N! n-1 -1+k
- (n 21) (1_(0_2 +1)—1/2)n.22—k[n k j(l"' (0_2 +1)—1/2)k (33)
k=0
using Eq.(30) and Eq.(33), the solution of Eq.([8Xkepresented as:

(m- m-1 -1+k
E[Pkpd]zz r((r:]n)l)!(1_(V2+1)—1/2)m_22—k[m k+ j(1+(v2+1)‘1’2)k

V= L \/2_7m 34)
1-p,)cos@,)V ©

Eq.(34) represents the average probabilityerodr of the two signature codes
decorrelator (proposed detector) in flat fading &gdmi channel.
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The same procedure is used to calculate tbeage probability of error for the
decorrelator detector and binary signaling systBRSK) in flat fading channel when
channel phase estimation error is present. Eq863Shows the average probability
of error of decorrelator detector and binary sigrasystem respectively.

™ (m - o (m-1+K
grpey =2 (M-1! F(Errln)l)! (1—(v2+1)-1’2)m.22-k[m k+ j(1+(v2+l)‘1’2)k

v 2 = @)
J1-a,R.a, cos(b,)

E[RP%] = 27" (m-1)! 1 (v2 +1)—1/2)m_§2—k(m_i-+ kJ(l_i_ (V2 +1)2)K

r(m) =
-2 |2m (36)
cos@.,) V Q

5.2 Nakagami multipath fading model

In the case of multipath channel model, th8-CDMA received signal is
represented as in Eq.(37).

rt)=2 > bAs () +on(t) @7

k=1 i=1
To detect the desired user signal, L-fingeask receiver is used with MRC
(Maximum Ratio Combiner). In each finger the pragmbsletector is used to eliminate
the multiple access interference. After using theppsed detector, MRC is used to
compensate the multipath fading effect. The outguthe MRC is represented in
Eq.(42).

DS =2 |Al @~ p)cos@.)b, +0 |Ac| (0 cosE (1)) ~n, cos@ (i) (39

T T
ne=e’?fn)s @®d ,  n,=e’ [nt)s @)
0 0

By following the same assumptionséaf 6n(i), andé.(i) as in flat fading case,
the mean and the variance values of the decisiatistst in equation (38) can be
represented as in Eqgs.(39-40).

EDS =) |A| cos@)-p.) (9

E[DS; ~E[DSJ]=20"Y A (40

So, the probability of error can be represented as:

(1—pkr).Jz|Ad| c03(4,)

20

43

R =—erfc
2

The random variablé\]| is assumed to be a-distribution Nakagami random
variable. The probability density function @i is given in Eq.(32). In another way, |
Ai| can be considered as a Rayleigh random varialile2m degree of freedom. So |
Adf’ is a chi-square random variable withm Xegree of freedom too. If i §
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Ai’cog(6,), the probability density function and charactézifunction of R will be
given as in Eq.(42) and Eq.(43) respectively.

m ) m-1, Q ”;(H)R
fr (R)= F(m)[Q cod (@ )j R™ e 42

_( m/Q cos(4,)
CDR(S)_[S+m/Qi cos (6 ie)j 9

By assuming that the random variablegiRL>L) are statistically independent.

L
So, the random variab R= Z R has a characteristic function equaled to:

_ &m0, c0(8,)
CDR(S)_I;I[S"'m/QiCOSZ( ie)j 9

The probability density function of R is represehbsy:

m Mg

m = Zm and Q, ZQ cog(4,)

From Eq.(41) and Eq (44), the average prdmmf error for the proposed
detector in Nakagami multipath channel in given by:

_ _2"(m ) (MY 2t
ER 1—jP f(RAR== = ( ~(@+) J 22( J(h(q +1) J

For

4

(l pkr) 49
the decorrelator detector, the same procedure efage probability of error
calculations is followed. When channel phase esiomaerror is exist, the formula of
decorrelator average probability of error in Nakaganultipath fading channel is
given in Eq.(47).

w - 1\ i 1y
qR!)= ij-fR(R).dR=W[l—(qﬂb’ﬂ S (" il+'][1+(q2+n ]

o @7
T imaRa, akRk 3,

By the same way, the average probability obrefor BPSK in multipath
Nakagami fading channel is represented in Eq.(48nvchannel phase estimation
error is exist.

ER™™] = [P, f,(R.dR=

1\ A\

_2"m-DY, (2mo® | 2| G (m -1+ amo’ )2
Tt | [ 0, +1] .ZZ[ j { ) +1] “9
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6 Simulation Results

In this section, the lineaCDMA multiuser detectors’ models that were
represented in communication literature have beeaduhere to compare the
performance of these linear multiuser detectorsulition models in linear time
invariant channel. The usedDMA multiuser detectors models are matched filter
(MF) detector, decorrelator detector, minimum mequare error (MMSE) adaptive
algorithms’ detectors such as least mean squareSjLalgorithm and recursive least
squares (RLS) algorithm [9], differential minimumean square error (DMMSE)
adaptive algorithm detector [10], Kalman adaptiiteerf detector [11, 12], and the
proposed differential decorrelator detector.

The performance investigation is done usmg different criterions. The average
bit error rate criterion and the interference poweeasurement at the detectors’
outputs. Two different signal to interference ratiare used at the input of each
CDMA multiuser detector (-20 dB & -40dB). For each eatf these input signal-to-
interference ratios, the multiple access interfeegpower has been measured at each
detector output.

These two different criterions help in putting a complete clear view on the
performance of the linea®@DMA multiuser detectors that have been used in aflot o
CDMA networks. Also, they will help in the comparisoittwthe new proposed one.

The simulations are done using maximal lersygmature codes. The simulations
are done at two different SIR values at detectogsits. These SIR values are chosen
to be smaller than —13 dB. From the CDGDMA Development Group) testing
standards, the SIR value of —13dB is the commogreaete value of interference at
CDMA detector input in anEDMA network [13]. The average received SNR value
at different detector’s inputs is varied from (—d@B) to (10 dB). The BER curves are
plotted verses the average received signal to matse for each signal to interference
ratio.

Figs.4-5 show the bit error rate curves of pie-mentioned standard multiuser
CDMA detectors using a data packet of lenfiff bits at different signal to noise
ratios for linear time invariant channel. The ussignature codes are maximal length
codes of period1 chips. The input SIR values a20 dB and 40 dB respectively.
The average input SNR is varied betwe8f dB to 10 dB steps2 dB. The used
modulation scheme waBSK for coherent modulated system ab®SK for non-
coherent modulated systems.
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Figure 4  Bit error rate verses average signab noise ratio for linear CDMA multi-user
standard detectors in linear time invariant channeland SIR=-20dB.

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



From Fig.4, it was clear that at low signainise ratio, the BER of the matched
filter, decorrelator and normalized MMSE detectars better than the BER of RLS
detector. On the other hand at high signal to nasie, the BER of the decorrelator,
normalized MMSE, and RLS detectors have approxilpyatee same BER and they
are better than matched filter detector. Also, @swshown that the BER of the
proposed detector is better than the BER of Kalfiigars-1&2 and DRLS detectors
at low signal to noise ratio. But in high signal noise ratio, the BER of Kalman
filter-2 detector is better than BER of Kalmandiil detector by approximately 1 dB
and it is better than the BER of the proposed deteand DRLS detector by
approximately 3 dB too.

In Fig.5, the effect of very low signal toenterence ratio (-40dB) is appeared. The
BER performance of matched filter detector is rdygtonstant and there is no
enhancement in its performance with the increasihdhe signal to noise ratio.
However the other detectors give enhanced perfarenarith the increasing of SNR.
It is also shown that the BER performance of thaveational decorrelator and
normalized MMSE detector are the same at low sigmaioise ratio and they are
better than the BER performance of RLS detectorti@rother hand, at high signal to
noise ratio, the BER performance of the conventideaorrelator and RLS detectors
are approximately the same and they are better tt@rBER performance of the
normalized MMSE detector with approximately 1 dBs@\ it was shown that the
BER of the proposed detector is better than the BERKalman filters-1&2 and
DRLS detectors at low signal to noise ratio. Buhiigh signal to noise ratio, the BER
of Kalman filter-2 detector is better than BER ofliKan filter-1 detector by
approximately 1 dB and it is better than the BERhef proposed detector and DRLS
detector by approximately 3 dB too.
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Figure 5  Bit error rate verses average signabtnoise ratio for linear CDMA multi-user

standard detectors in linear time invariant channeland SIR=-40dB.

Table 1 and 2 show the interference signaisigy at theCDMA linear detectors’
outputs. The calculations are done at the samelaiimo conditions as in the
calculations of BER performance.

In table 1, it was shown that the interfergignal power value at decorrelator and
proposed detector outputs are zero however albther detectors have a significant
interference signal power values at their outpdise normalized MMSE, RLS,
Kalman filter-2 and DRLS detectors have approxityatee same interfering signal
power value at their outputs. Kalman filter-1 dedeoutput has an interfering signal
power value greater than the interfering signal @owalue of the other detectors
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except the matched filter detector which has tighéwst interfering signal power value
at its output.

Table.1 The interference signal power at the outpudf linear CDMA multi-user standard
detectors in linear time invariant channel and SIR=20dB.

Normalized Normalized
Detector interference power at Detector interference power at
detector output detector output
MF 0.010470 Kalman filter 1 0.0116
Decorrelator 0 Kalman filter 2 0.0011
MMSE 0.0012 Proposed detector 0
RLS 0.0011 DRLS 0.0008

In table 2, it was shown that the interfergignal power value at decorrelator and
proposed detector outputs are also zero howevethallother detectors have a
approximately the same interference signal powéregaat their outputs except the
matched filter detector which has the highest faterg signal power value at its
output.

Table.2 The interference signal power at the outpudf linear CDMA multi-user standard
detectors in linear time invariant channel and SIR=40dB.

Normalized Normalized
Detector interference power at Detector interference power at
detector output detector output
MF 0.104230 Kalman filter 1 0.1007
Decorrelator 0 Kalman filter 2 0.1008
MMSE 0.1012 Proposed detector 0
RLS 0.1008 DRLS 0.005

For Nakagami fading channel, simulations @gwaee on three different detectors;
binary signaling (BPSK), Decorrelator detector, &mel proposed detector. The used
channel estimation bases on normalized LMS alguritBimulations are done at 5%
phase error in channel phase estimation. Fig.6 shibv average probabilities of
errors’ comparisons in the cases of BPSK, the delzdor detector, and the proposed
detector for Nakagami flat fading channehotl, 2, &4.

+ Birary Sigraling{PSK)
+ Decorrelator
=+ Proposed Receiver

Avreracys Probability of Error
=
=
k]

10 .
g y R
JLTTRATTIN
TN
W E 0T T W w w
Average Signal to Noise ratio

Figure 6 Average probability of error for certain user in CDMA system using ML signature
codes in Nakagami flat fading channel witim=1, 2, &4 and SIR=-40dB.
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Figs 7-9 show the average probability of error the decorrelator detector, the
proposed detector, and the BPSK receiver in Nakagauttipath channel with m=1,
2, &4 and L=1, 2, &4.
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Figure 7 Average probability of error for certain user in CDMA system using ML signature
codes in Nakagami multipath fading channel witm=1, L=1, 2, &4 and SIR=-40dB.
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Figure 8 Average probability of error for certain user in CDMA system using ML signature
codes in Nakagami multipath fading channel witm=2, L=1, 2, &4 and SIR=-40dB.
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Figure 9 Averageprobability of error for certain user in CDMA system using ML signature
codes in Nakagami multipath fading channel with m=4L=1, 2, &4 and SIR=-40dB.

7 Conclusions and Future Work

The novel of this ne@DMA detector is the capability ™Al cancellation with a
simple structure that is independent on the nurobeystem users. The new detector
works with two matched filter only however in theadrrelator detector the number
of used matched filters equals the number of systeens. The new detector needs to
know the desired user signature code with the eefs¥ code although the
decorrelator detector needs to know all the sigeatucodes of the users in the
system. The proposed detector does not need to kmoworrelation matrix between
the users’ codes. It requires only having a symimetrrelation matrix. Even if the
decorrelator detector requires knowing the cori@tamatrix of the users’ signatures
codes and it also wants to calculate its inverseil® new proposedDMA detector
has a simple structure as a matched filter bilA$ cancellation capability is similar
to the decorrelator detector.

The new proposed detector has the disadvawtfageannel noise enhancement as
the decorrelator detector. But in the decorreldttector, the noise enhancement is
variable and it is a function of the norm of theretation matrix inverse as shown in
Eq. (27). However the proposed detector has a fiagwunt of channel noise
enhancement. This noise enhancement equals t@thehchannel noise power.

This paper also represents a mathematicaluiaro the probability of error for
the proposed detector in AWGN linear time invariamannel. Also, different
performance comparisons have been made betweegirdpesed detector and other
standardCDMA detectors mathematically and through simulatidim® comparisons
guarantee th&Al cancellation capability of the proposed detecédso they show
that the performance of the proposed detector igoasl as the performance of the
other standar€@DMA detectors ilMAI cancellation other than the complexity of the
proposed detector is the simplest among the othtctbrs that achieve the same
performance.

The operation of CDMA systems in time varystgnnel has two main problems.
They are MAI and the time varying channel estinratibhe solution of one problem
is affected by the existence of the other. A losolutions have been set to overcome
these two problem but with complex structure. Thieigkntial detector that has been
proposed in this paper can cancel the MAI with sengbructure as the matched filter.
The cancellation of MAI before the channel estimatis better because in this case
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the MAI will not affect the channel estimation pess. By this new receiver structure,
the channel estimation will not depend on the MAdl @dhe channel's complex gains
estimation will be more accurate.

The paper also represents a mathematicaly stickhe proposed detector in
Nakagami time varying channel. The performancehefgroposed detector has been
evaluated mathematically in flat fading model andltipath fading model. These
equations are useful on the design of any CDMAesysbased on the proposed
detector in Nakagami channel.

Channel phase estimation error has beendadlun the probability of error
calculations. This is an important parameter whheeperformance of the system is
affected significantly by it. It was shown that tbleannel phase estimation error is
depending on the type of the used channel estimator
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