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Performance of PN Code Acquisition with Nonlinear Power Amplifier
based on DMF for CDMA Mobile Communications

*Seung-Keun Park, *Hee-Chang Chung, *Se-Jun Park, *Seong-Cheol Kim

Abstract

In this paper, the DS/CDMA PN code acquisition system with nonlinear transmitter power amplifier based on digital
matched filter (DMF)} which has the rapid acquisition time is presented and the performance is evaluvated in terms of
mean acquisition time, detection probability, and signal to interference under muultiuser environment. The performance is

presented with respect to the output backoff of the nonlinear amplifier and the correlation window.

I. Introduction

In the fuwre, not only voice service but high data
rate services such as video and data transmission is
required. But the CDMA technology based on IS-95 has
some limits to accommodate the wireless multimedia
service flexibly, because the system is optimized for voice
and low rate data traffic services. To solve these problems,
the technique of multi-carrier transmission has recently
been receiving wide interest for high data rate applications.
A critical aspect of a receiver in MC-CDMA as well as
DS-CDMA system is data recovery by despreading the
data through the synchronization of the incoming PN
sequence and locally generated PN sequence. Meanwhile
in particular to the RF section, spectral efficiency is
achieved at the expense of requiring a linear transmit
power amplifier. But the linear power amplifier cannot
meet the low-power consumption requirements. To meet
the requirements, as the efficiency increases so does the
distortion (nonlinear characteristics), necessitating the use
of compensation schemes. The nonlinear characteristics
infroduce the spectral spreading which cause the performance
degradation in multiuser environment. Various kinds of
researches for the CDMA system have been proposed

and analyzed[1]}-[3]. In theses researches, the effect of .

the nonlinearity of the power amplifier on the acquisition
performance has rarely been evaluated. In this paper, the
acquisition performance is analyzed with respect to the
output backoff of the nonlinear amptlifier in multiuser

environment.
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Il. System description
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Figure 1. DS/SS transmitter block diagram.
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Figure 2. Digital Matched filter acquisition system.

The kth user’s transmitted signal is given by
Sk( !)*_-\/_E a;,( t) Cos (Zﬁct‘i' (Dg) (1}

where E_ is chip energy, a,¢ is kth user’s spreading
sequence, f, is carrier frequency, and @y is carrier phase.

A pilot signal is used for the purpose of acquisition,
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therefor the effect of data modulation is not considered
here for acquisition. As a result, ,(fin the equation (1)
has all I's. And A\ (/) is wtransfer function of the

transmitter filter which is assumed constant. And the
signal at the amplifier input is given by

y,(t)= ist(t) = JETia* () cos(2nf.t +D,)
k=l

kml (

The characteristics of the power amplifier are presented
by 3rd order power series, so the resultant output is

given by[4]

Yo (6) = 2Py, ()+ 45y, (] @

The received signals are given by

X K
)= 7 N2Ps, (0 +AT)+ AP 5,0+ B,T)F +nf1)
4l =1

@

Where &, is the propagation delay and 7, is path loss.
Theses two terms are assumed constant for the conveni-
ence of analysis. At the receiver, partial correlation of
the incoming and locally generated in-phase(l) and
quadrature(QQ) signals are performed with the correlation
window (T,==MT,.). Locally generated codes are

represented as

&K =a,(t+ BT, )sin2xnf

Whete AT, is the code phase offset of the receiver
locaily generated. The correlator outputs are given by

w__1 ("
v®=—} [ Koxsa, ©
@__1 ("
Y'Y= T, fn A Dadt
The decision variables are represented as
Y®=D+N+L+NL, )

Where D is the desired component of reference
user(usert), N is AWGN component [; is linear other user

interference, and NL, is nonlinear other user interference.

III. Performance analysis

In the linear region,-the received signals are given by

X
r()=V2P Y yia, (t+A,T,)cos(2af 1 +4,)
k=1
The desired component of the reference user is given

D= F‘..J’:” 7 N2Pa, (t+ AT, ) cos(27f .t + ¢, ) (1)dt
3

=y, VP/2R(8,)cos ¢, 8 =lA, -4 )T,

©)
1 ¢7 .
R¢(§)=—j a,(t+A,T.)a, (¢ +A,T.)dt
T, %
~ 1-6 <1 (H state)
where "o 5>1 (H state)
(10)

linear other user interferences are represented as

1 ¢, X .
L =E jo ’ JZ_Péna&{HAch)cos(ng’c:‘i-m M()dt

X

='JP;2 E Yi COSéka,

k=2
an

Where Z, is partial correlation function between the

desired signal and kth user, is given by [5]

M-l

1 M-l
Zk =F (1_5")2 al,nﬂ*'n_,h +5kZal.n_,a*_n_m
n=l n=0

(12)

where 7, is integer, 0<8,<1
since @, , and @y, arc independent random variables
taking on +1 and -1 values with equal probability, based

on the central limit theorem, Z, has a Gaussian
distribution when AM>>1 with mean E[Z,j=0 and
variable ozzk:E[ZQk]ﬁ%—i‘f - Due to the random phase

@, uniformly distributed over [0,2x], each tetms L, is
independent of any other terms, therefore I, is a Gaussian

random variance with mean 0, and variance is given by

P
AL, =EL? ;}=—T22"~ g:zn—g%,f- (13)

The nonlinear components which are generated by the

tern  y°j(£) in equation are represented as
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3
{ ﬁ S,\-} = ﬁ 5}3"‘331 2 i 8k+3$| ﬁzskz
=1 = = =
2
+3 ,f;‘z k=$f*ksj S;+3S] 22 k=$'}_*k5,'.$§ (13)
+ ;ﬁ;zz ;=€:’;'*f »=g*s,fsjsfs*

If the 3rd harmonic components are eliminated, the
intermodulation distortion caused by equation (14) is

represented by
y’r‘(r)=—f; i}nh,{ ) (15)
where
(=3 ﬁ‘.la,(ﬁ 8, Tycos(2nft+d ) (16)
hz(t)=3 gza,,(H ﬂch)[chS(ZJTfJ'F@_Q) an
+ cos2aft— @ »)
hy(D=3 gzal(t"r & T ) 2¢cos2nf 18)

+ cos2af £ +20 4)]

(D=3 ;22 k_éi_jm( i+ a ;Tc)[2cos Qaft+ep 19)
+ cosRuft+22 ;-9 1))

h0= 33 3. at+ 5, Taft+ 8,Tday(t+ 6,T)
[cosQRaft+ @+ @ Y +cosQafi+@;— D

+ cosQaft+ D= D)) (20)

he() = g j_ﬁ_j ‘_i’“a.(ﬁ A THalt+6,T)a(t+ 8,T.)
(osQRafi+ @+ @;— O )+ csRuff+0,— O+ 0y}
+ cos2rff— @+ 22+ @)
(21)
intermodulation  distoition signal compoments at the

comelator output are given by

A T’ -
NL=VEP |, 2 1 Day (64 BT )cos@afHat
(22)
Aﬁd the variance are given by
2
& n,= EINL,*]= A83P g]ﬁl‘.ﬂ, (23)

where,
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v A

ML= 243 @4
Ts
ML= Zn 23t 5)
NLy= 302k Rio. o 26)
WL, = ?‘_‘; 15 K73 @7
T YT T
g By e
_ _3_
NL,= .27 ,i--; ,-g.,—_; 20M° R ain @
where,
T,
Rﬂz_%ﬂ a; (4 8, T)adt+ 5,T,)dt (30)

a "
Ro= Tfo a,(t+ & Ta(t+ & TIay(i+ 6, T)dt

a3y
R(P, é\) = E{dl( ‘)al (¢— P)al(t"' aTc)ai( {t—o+ aTc)
(32)

And the background noise is AWGN with mean 0

. Ny
and variance aT,

IV. Acquisition

The acquisition sprocess is modeled using state
transition diagram shown [1}. For worst case code phase
offset over code uncertainty region, mean acquisition time
is obtained by

— P B
T aco= (T";Q)fd{ (K+DPp+ TyPaco

+(v— 1) Tol Ppy + Paco(l — Ppyy)/ (1 = Prap)}
(33)

where 7' is mean time per Ff, normalized by 1, 7

is miss detection mean time. And each is represented by

_-TOErd_lHo(l) =(1 _’PFA.,} +{(K+ l)PpAu(l — Pra,)
(34)

Tyu=t1s " Hy(1)=(1- Pp )} +H{(K+1)Pp(1—Pp) (35
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And Pp, is detection probability in verification mode at
cell H, Pp is detection probability in search mode at
cell H,. Pgy, is false alarm probability in seatch mode,
and Ppg, is false alarm probability in verification mode

and is represented bys

Pra,= J, fu{Vav=exp " 36)-

Py= [ H(VdV= I\ ; Lo & 07

where [ is 0 order modified Besscl fuaction and

=5ty 4= 25; 38)
And V, the detector input signal is defined by

v=y"4 y'@ (39)
Its squared mean E is represented by

£ =P 2R sy “0)
and the variance of Y'? is given by

=0+ ) @1)

=-—:{‘222 227*3_}’%*_%8 '"2137[.,_+—4A%
Pea= (0 VP ral1= Pea )" @)
Po= 2 (0 VP a(1= Py @3

V. Results and conclusions

The mean acquisition time normalized o uncertainty time
and detection probability is analyzed for a nonlinear
amplifier on multivser environment. The polynomial of the
code scquence used is X'+ X°+1. For the analysis,
the following parameters arc considered ; the signal to
interference(S/1), the number of correlation register(M),
number of uwsers(K), and amplifier output back off. In
Fig3, the signal to interference ratios operated in the
linear and nonlincar region (output backoff 2dB)are

compared. From the tesults, the performance due to
amplifier nonlinearity decreases rapidly as the number of
users increases. In Figd, detection probability versus
number of users with corrclation window M is presented.
The results show that the comelation window is not
ctitical in the performance when the users are rare. As
other users increase, using a larger value of M reduces
the performance degradation. And the curves show that
the simulation results are very close to the analytical
result. Fig.5 shows the acquisition time normalized to
uncertainty time as a function of K which is the number
of users. When there is a small other user interference,
using M=256 gives the best performance. But the
difference in the performance is not critical. As the users
increase, the situation is changes. Using a larger value of M
reduces the mean acquisition time. By this phenomenon
we conclude as follow: In the case of small K, the
cotrelation window M=256 is large cnough to achieve a
small variance of the decision variables so that code
acquisition can be achieved comectly. As a result, using a
smaller M value speed up the acquisition process. As the
user increase, a longer correlation interval is necessary to
ensure a high detection probability and, therefor, to keep a
small value of the mean acquisition time, As a result, a
larger M value results in better acquisition when the
other user interfercnce is severe. In this case, the
interference results from the nonlinearity of the amplifier
play a dominant role in the perfoermance.
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Figure 4. Detection probability with the number of user.
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Figure 5. Acquisition time with the number of user
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