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Abstract—the pseudorandom spreading sequence in the forward transmission in the 1S-95 system is assigned
only to individual base stations. To separate users, the system assigns orthogonal (Hadamard) sequences to
each of them. In this paper, a different scheme for the forward transmission is considered. In this scheme
pseudorandom sequences are used, instead of employing orthogonal spreading sequence for individual users.
The effect of fade amplitudes, phase shifts, time-mismatching and AWGN on the detection process of Gold
Sequence Spread Spectrum Signal (G SSSS) is considered.
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1 Introduction

Spread-spectrum access techniques alow multiple
signals to occupy the same radio frequency (RF)
bandwidth to be transmitted simultaneously without
interfering with each other. One of the applications of
spread spectrum (SS) communication technology is
cellular mobile radio, exploits fourth and fifth
benefits to provide resistance to signa interference
from multiple transmission paths and potentialy
higher bandwidth efficiency in multiple access
communication than in other technologies. In
GS/CDMA systems, the narrowband message signal
is multiplied by a very large-bandwidth signal called
spreading signal [1].
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In 1S-95, the code sequences from individual users
and the pilot sequence are multiplied by the base
station-specific in-phase and the Quadrature of
spreading sequences. The separation of users is
achieved by employing orthogonal signals. This, in
turn, is done by assigning one of the N Hadamard
sequences with duration N to spread each codeword
of the inner code. When the base station receives and
recognizes a newly accessing user it will assignitasa

Hadamard sequence.
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2 Transmission of GSSSS

In this system [2], it assumed that K active users
simultaneously send digital information by using a
modulated SS signa  s(t)

information and this signa can be represented as a

carrying digital

sequence of signal waveforms S (t—t,), where

T3 <Ty<T;<..<T,<..and

st = 35 (t-t,) 0

n=—o0

In GSICDMA applications number of pulses can be

used in modulation formats. Given the input
modulator symbol V,,,n=...-1012,...,v, € {1-1}, the
instant

signa waveform in the nth time

T <T343 <Tg <T; <T, <...<T, <., iS[2]

(v,+1)

V2

gn (t - n) =

h, (t-t,) @

where h; (t)is a pulse with duration Ty, t, =nTj,

andv,, isa code sequence that defined by :

v M) = Yy (t-nT) 3

The kth transmitter’s output signal s*(t)is given

by:
© (k)
) 75\ (v, +1 (k)
sY(t) = ~————=h, (t-nT, —a,”A) (4
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whereA s the duration of the addressable time delay
bin (practically it can be equal to T,) and T; isthe

frametime (T, >>T,) a is caled the addressable
pulse position shift, which provides an additional
time shift to each pulse in the pulse train. The
dements a® of the sequence are chosen from a
finite set {-(Q-1)/2, (Q-3)/2...
Q=T,/A and Q>>1[2].

(Q-1)/2], where

Suppose now that user sends a data signal u(t) that
represents a pulse train of positive and negative

pulses u(t) = {1,-111-1,...} as shown in fig 1.

u® ()

A

\ ad

Fig 1. User data sequence

The spread signal & can be generated by mapping

the spreading sequences a® =a,,a,---,a® e{1-3
for one user. Then the transmitted signal for one user
(see formula 3 and 4) without repeating of each

symbol is:

9= Suh, (T, —a®a) )

A Gold sequence is constructed by the XOR of two
m-sequences with the same clocking [3, 4, 5, 6].
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Using equation 5 and spreading Gold sequence code interval [0,2n] and known to both transmitter and

from pseudo noise generator where the number of —

chips N=31 and using a shift register i mplementation

asshowninfig 2. Without loss of generality we assume that the phase

»@of the pilot signal is equal to zero. The pilot

signd is:

30
s O@t)=+2) h (t-nT,-alc,)
n=0

x co 2nf.n) @)

Assuming that pilot's spreading sequence is shared by

all users, we multiply the user sequence by the pilot

sequence to identify the user with the particular base
Fig 2 Gold sequence pseudonoise generators station that is handling the call.

Let a'” be the pilot's BPSK sequence [2]. The user's
The resulting GS CDMA for bit stream .

sequences are the product of those of the pilot and of
u® =y®a® ={ 11, 1, 1-1,-1... }a¥ using N o _
the user -specific sequencea™ . That is:
PPH CDMA for positive one and of gold sequence is

a$¥ = {1000010001000101000110001101011}

(k) _ o (0)3 (k)
. . @ . a = a a (8)
The transmitter’s output signal s* (t) for binary one

isgiven by:

The transmitted signal is:

S® (\/k)
® Z hr(t nt—a’,) ‘
s(t) =7 @s9t)+ >y “sW(t) ©)
k=1
x cos( 2nf.n+¢ ) (6)
where s(t)is defined by Formula (7) and
where T, =T, for single user. s®(t),k=12,---,K , is defined by (6). The weight

We suppose that the rate T =1/ N repetition codeis  Coefficients y ") should be chosen such that all users

V. =u have the same SNR at the receiver input.
used, that is, " LVNJ and that the phases are

random variables uniformly distributed on the
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3 Recelving of GSSSS

The received signal contains signals of K users and a
pilot signal al are originating from a common base
station, is:

(10)

r)y=r© (t)+ir(k)(t)

here

L 30
O =12y a,d h (t-nT,-a? -5
1=1 =0

x cos[2rnf (N—=8,) +¢, 1+ Y & (t) (11)
1=1
and
L 30 (k)
) (1) = 4 O v, +1)
r ( ) Y Izzl ’ ! n=0 ’\/5
xhy (t-nT, -a%,)
x cog 2nf (N-38,) +¢, +¢ ] (12)

where &, (t) are AWGN processes.
Because the transmission is from one base station, the
fade amplitudesa., , delaysd, , and phase shifts ¢, do

not depends on k. The amplitudes delay are assumed
to be 1ID Rayleigh random variables that have the
probability density functions:
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1 L
R (04,06, -0 ) = 2exl{_Tp NZO‘IZ / Noj (13)
=

4 Pilot-Aided Rake Receiver

The quadrature outputs of a pilot signa despreader
dependent on the estimated time delay of a given path

are:

~

_ ., (0)
Z, =Y 'a, COSQ, +o,

SRRV 3
XZY © nT th (t _nTp _ar(lk)rn)

k=1

xcosfp, +0%)+E,

(14)
and
Z, =y P, sng, +o,
xgy“)vﬁ};lhrp(t—nn—ask%n)
xdn( o, +¢ "))+ &vm (15

The first terms are due to the pilot signal, the second
terms are due to given cell user's signal, én, and &,

are due to the AWGN and the other -cell interference.

The value of v should be as large as possible without
exceeding the period over which o, and ¢, remain

relatively constant. Then
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(16)

i, z 500

and

(17)

The Neyman-Pearson criterion

c’l=12- for

uses

caculating the decision

dtatistics y,. Although, the variances o/ are not

known to the receiver, we can estimate them directly
from (14) and (15):

(18)

The pilot-aided coherent Rake receiver for the kth
user consists of L fingers [2]. The pilot sequence
tracking loop estimates the time delay of a given path
to remove the pilot BPSK spread and to give rise to

the quadrature components Zi and Z. The decision
statistics at the output of L-path demodulator can be
considered as independent and Gaussian because of

the central limit theorem:

y® = szk)f" oL

|n0

(19)
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Takingd, =a,, ¢, =¢, ads’ =c/, the statistics
y, are independent conditionally Gaussian given o,

with expectation:

4p%) | if H, is true,
E(y)=q "Pan T 1T (20)
—4py’, if H,istrue
Where:
P’ = 60 o (21)
cl
offy =0 )1+ No /T, + NS /T,
isthe kth user, Ist path SNR per chip, and
< k)y\2
v=>0"%) (22)
k=0

is the normalized average power of the signa (5),
N,/2 is the two sided power spectral density of
AWGN and N /2 is two-sided power spectral

density of the other cell interference noise on the
input of the Ist finger of the kth user Rake receiver.

Thedecisionrule is;

H

L
-3y

=1

(23)
H,

Where: H; and H, are hypotheses of decision rule.

The kth user conditional bit error probability is upper
bounded by:
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P® (oL, 00,00 ) <= ex;{ SOZp(k)j (24)

5 General Experemental Results

Experimental results were obtained successfully as

shown below:

5.1 The effect of fade amplitudes on P

Assuming that perfect synchronizationg, =0, zero
delays o, =0and perfect synchronization, the

quadrature outputs of the pilot signal despreader
[compared with (14) and (15)] become

2, =v %, (25)
and
z,=0 (26)

In our cas;e(k =1) for one user equation 16 and 17

become:

fiy ~ =y @)
1l 31 -y |
and
iy =0 (28)
The variance > can be written as:

- i 30 . _ 30 © )
o, = Z(Y o Zy ) (29)

60 n=0 n=0
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The decision statistics at the output of first path
demodulator (for the first user) is:

1 _ 2 & @ = ()
Y= ZV o’ +&,

(30)
G| n=0

where the decisionrule is:
Hl
>

(k) = Zy ocl (31)
| n=0 <
H2

As mentioned above, all weight coefficients should
be chosen such that all users have the same SNR at
the receiver input. The first user conditional bit error
probability is upper- bounded (see formula 24) by

2
pb(l) <lexp 30+ Oy _
2 v NG /T, +N®e

32
)

From equation 32, it is clearly shown that the
probability of error depends on the value of the fade
amplitudes.

Table 1 shows the values of normalized energies for
different fade amplitudes and fixed probability of bit

error B, = 0.1.
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) af v
1 0.1 20
2 0.2 14
3 0.3 11
4 04 10

TABLEI. PROBABILITY OF ERROR FOR DIFFERENT FADE

AMPLITUDES AND NORMALIZED ENERGIES.

These results can be explained as follows:

- To get afixed probability of error depending on the
fade amplitudes, we should decrease the normalized
energy.

- The fade amplitudes and normalized energy are

reversed proportional.

0.6 [T T
L
4
b 3 L1
05 . >
¢ ’/
1
= L1 2
L 04 3 d
o M
s /|
> 03 m=
3 / LT
© q LT
P U
o 02 gEannt 1 H
o LT
Y L]
0.1 7 » .
3
/| L4
il
0 HH2
Normallzed energy \|I

Fig 3. Upper bounds of the error probability B,for a

downlink GS CDMA system that operatesinan L -
path Rayleigh channel,

1-a/ =0.1,2-a? =0.2,3-a7 =0.3and4-

a;=04
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5.2 The effect of phase shiftson P

Assuming that zero delaysd, =0, equa

amplitudeso.” = const , zero effect of AWGN and

interferenceE:nI :F:n, =0, the quadrature outputs of

the pilot signal despreader [compared with (14) and
(15)] for the first user become

o)
2= 2 P doost™) (39

and

20 =100 L T g )sings ) (39
\/_

where

1.
31 n=0

can be computed using equation
(18). The decision statistics is:

Ky zﬁzzm and pg ~
n=0

The variance o2

®_ 2 N [50 5 5072
Yi 2_22 (zy +27)", (36)
G| n=0
Assuming
v 1
S h, (t-nT,-a%,) (37)

SE

the decision statistics can be written as
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(k)

J[y O, cosp®) +sing®)J?

(38)

30
where E, =Y (E{’)%is the bit energy of the
n=0

resulting DS CDMA for bit stream

u® =va® ={ 1.1, 1, 1-1-1... }a® using PPH
CDMA for positive one and a sequence of gold sequence.

The final decision statistics of the proposed GS
CDMA depends on the right choice of PN segquence
to get maximum bit energy, which is the result of
L -path

correlation process at of

demodulator, that is

the output

Y =2 iy %o cos) +sing®)F < JE, ()
(e}
Theideal case, when the phase shifts=0, then

@

(40)

_ 2y ©a VE,
2
lo}

y% .6
1.4
1.2

]
0.8
0.6
0.4
0.2 4

0

Decision statistic

(I)(l):o
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<t © o ©
o o ~
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< ©
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Phase shifts (Radians)

™ ™

-

¢ (6]

Fig 4. The effect of phase shifts on the decision
statistics
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264

Fig 4 shows that we can get a maximum decision
statistics if we have a phase shift that equals to
(0.8+3.14) radians (45° +180° degrees). The
value of decision statisticsin the range (0-1.6) radians

is satisfying and giving values larger than one.

6 Analysis of Proposed DS Spread
Spectrum Signal

To demodulate the received DS signal we use QPSK
GS/CDMA receiver [7] (Seefig. 5).

First we should caculate the E as a result of

coherent detection process of the received signal

(Assuming zero delaysd, =0, equal

amplitudesa” =const and zero effect of AWGN

and interferenceénI =¢,=0) [compared with

equation (12)] in our case its binary one is to

eliminate the carrier frequency.

0 (v +1)

(rO) =y ocz N

< (t—nT, —a®c,)

xcosi2rf, (n) +¢“])

(41)

And the locally generated in-phase and quadrature
signals (at front of the receiver):

0

an(

2 ot
21t )

)

(42)
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transmitted signal is binary one (+1), we get:
perfect and impulse response of the matched filter is 9 y one (+1). we g

. - . - . 2 -
the mirror image of the input signal, equations (15) YD (e = —2\/[«/ (0)a cos(¢ @) + sin(p @)]2
and (16) become at the output of matched filters with °

one sampling period T, : 0 @
o 3 YR Dy i, —atie (a4
n=-30

c

30 (V(l) +1)

Zy =2

hy (t-nT, -af’,)

n—30 I, \/_ Where:
cos’ (2nf n) +sin®(2nf n) =1
x cos’ (2nf n)h, (-t)a: (43)
And:
6.1 The effect of phase shifts
The output of matched filter is a signal that is shown
20 = Z ' +1) +1) o b (t-nT, —a,) in fig 6. The main bit normalized energy is
o T2 accumulated
xsin?(2xf_n)h, (-t)a; (44)

In-phase spreading sequence aék)
codl2nt, (% + 5|

(k)
ZIn

l Impulse response
T, (1)

=}

y(k) "
Decision
device

z
iR

ro__,

Y

T
o

Impulse response
C%Q—‘—’ Lhe (-t)

_ sinfoef, (€ + |

Quadrature spreading sequence br(]k)

Fig 5. QPSK GS/ SSreceiver
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In the man besk (nNn=31) and equas

t0 E c(rrainy = 0.89. Where the maximum normalized
accumulated energy in other peaksE, g, =0.64 .

These results show that the threshold level should be
equa to E , to get right decision.

acc(

acc(sub

A
W VU W VN

Fig 6. The signal at the output of ideal matched filter

6.2 The effect of phase shiftsand time-
mismatching:

The following table shows the effect of time-mismatching
on Eacc(main) ' E

the output of matched filter. We assumed that¢ Y = 0.

) and y(%)ne) using gold sequence at

acc(sub

TABLE Il. THE EFFECT OF TIME-MISMATCHING

Timemismatching Eacc(main) Eacc(wb) Eacc(sub)

T (%) Eacc(main)
0 0.89 0.31 0.348
10 0.81 0.27 0.333
20 0.73 0.27 0.370
30 0.70 0.24 0.343
40 0.65 0.22 0.338
50 0.60 0.21 0.350
60 0.54 0.21 0.389
70 0.53 0.19 0.358
80 0.50 0.17 0.340
0 0.48 0.18 0.375
100 0.40 0.16 0.400
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The results from table 2 show that the effect of
time-mismatching is very small and give us a constant
probability of bit error.

If we considered the effect of time-mismatching
and phase shifts, then of course the probabili ty of bit
error will be affected as shown infig 7.

—t0
—t02

7\ 7\
S/a\/a\ -
EZQ\ /Q\& s

O TTTTTTTTIT T T I T T I T T T T T T T T I T I T T T T ImooroTTTT

L NL VO Do X6 o

Dedision statistics
o
D
|

Phase shifts (Radians)

Fig 7.The effect of phase shifts and time-

mismatching on the decision statistics.

6.2 The effect of AWGN and time-
mismatching
Assuming zero phase shifts¢™ =0, equation (45)

can bewritten as

y(l)(one) _ 2'Y (0)(1 % i \/E(Vr(ll) + l)
G ° n=-30 Tc
xh (t-nT, —al’t )h,(-t)a, +&® (46)

where £ @ isthe AWGN process.

Fig 8 shows the main energy decreases for different
variances. But, still max if the time-mismatching

equalsto 40% of T .
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The effect of phase shifts on the decison satistics

E oo shows that we can get a maximum decision
% statistics if we have a phase shift that equals to
06 /\ (0.8+3.14) radians (45° £180° degrees). The
8451 // \, Sy — value of decision statistics in the range (0-1.6)

0:3 g/ —< | |[— Variaoe radiansis satisfied and gives values larger than one.

02 —— Varenosd The result of using QPSK GS/ SS receiver to detect

O'; the proposed gold sequence spread spectrum is an

0 02 04 06 08 1 information signal with energy that depends on the

Time-mismetching (%) correct choice of GSSS signal at the transmitter.

- - - - The effects of time-mismatching, time-mismathcing and
Fig 8. The effect of AWGN and time-mismatching ) . . .
phase shifts and AWGN and time-mismatching are

on—® (& ) shown on table 2, fig. 7 and fig. 8 respectively.
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