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DS/SS - Direct Sequence Spread Spectrum
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Asynchronous CDMA System Model / Single User Receiver

(Pursley’s Approach)
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Where

p(.) == 1 in the interval KT <t<(k+1)T. with k=0;1:2;....... IS the code sequence
assumed with length L for all users;

d(.)) = £ 1 in the interval jT<t< (j+1)T with j=0;1;2; ....... IS the information bit;
T, : is the chip interval,

T :is the information bit interval;

N=T/T : is the processing gain and represents the number of chips during
one bit interval (not to be confused with L, but here assumed equal to);

n(t) : is an Addictive White Gaussian Noise (AWGN) with bilateral PSD
(Power Spectral Density) S, (f)=N,/2;

¢; =0; —ogyT; :is the relative phase for the it user.



With the assumption tha have a integer number of carrier cycles in a
chip interval and perfect synchronism for desired j signal, the integrator’s
output for this user can be expressed

u [p T T P.
Z; => ?' jpi(t—ti)pj(t)di(t—ri)coscpidt+jn(t)pj(t)coswotdt+ ?’de(O)
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Defining the even and odd contt
sequences i and |, respectively, as

ous partial cross-correlation functions of

T A T
Ri (t) = [pit-t)p,®dt| and  |Rij(t) = [pi(t-7)p;( dt
0

T

and assuming that d,(0)=1, we can express Z; as

U ] ~
Z; = izi\/g[di(—l)Ri,j(Ti)Jr d;(O)R; (t;)]cos @;+
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o the first term, named MAT=-Multiple Access Interference, corresponds to
the interference of i user in the j™desired user and has zero mean value;

 the second term corresponds to interference.dues to the AWGN, with zero
mean value also;

« and finally the third term corresponds to the desired signal (information
bit) and its value is the mean value of Z,.

Now in order to find the signal to noise ratio (SNR;) we should calculate the
variance of Z;. For this purpose we will assume that

e 7, IS uniformly distributed in the interval [ O, T |

* ¢; is uniformly distributed in the interval [ 0,27 |

 d(.) has equal probabilities of occurrence = P(-1)=P(+1)=0,5



The desired information constant so we can write

Va2,

]: Var Zuiaicos Q@ |+ Vy [Nj]
|=
| 1#]

For the second term we have

T
Var [Nj] = Vyr In(t) P
0

L-1 (k+1) T
() cos wytdt | =V | > pj(k)  [n(t) cos wytdt
k=0 KT

It is easy to show that

L-1

k=0

> p;i(K) [n(t) cos wytdt=N(0,N, T/ 4)

(k+1) T¢

KTc
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because, considering n(t) asrAWGN, we can write

(k+1) T (k+1) T
Ey  [n(t) coswytdt (= [E[n(t)] cosw,tdt =0 and
KTe KTe
(k1+1) Te (ko+1)Te
Ey | n(t)coswytdt  [n(u) coswyudu ;= E{ﬂn(t) n(u) cos w,t cos woudtdu}
k1Te k2Tc

=[[E[n(t) n(u)]cos wyt cos w, dtdu :ﬂN7° &(t—u) cos w,t cos w,dtdu

N “H e L1 NgT,  LTN
=—2 [ cos’wgtdt=NyT./4| and finally |Yo2=Y —0¢-—0¢c70_ NoT
e ko 4 4 4
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Now we need to ca te the variance of the first term of Z; considering its
iIndependent random variables.g; and ¢; and di(.) and its distribution function
as defined earlier. The calculation will be done in the three steps. The first

one considering ¢; influence.

_ _ ( N2 ( \ 2
U 1 21 1 2T U
Var| > a;cos @, :—j <Za COS @; ¢ d(p,—<—j > a;cos @, ¢
i=1 2"0 i=1 21To|1
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In the second step we wi nsider the influence of the information bit of all

other users.

[ ] 4

u 1 u 2 S 3 |
Var| Y aicos@; | = Zpi(Ri,j(Ti)+Ri,j(Ti))2 +Zpi(Ri,j(Ti)_Ri,i(Ti))2
i=1 i=1 i

_i;tj 1o \i;tj 1#]
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J

For this final expression we additionally have assumed that all users have
the same received power (perfect power control to avoid the near far
problem; this restriction will be considered later).
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Finally for the third an step, we have to calculate the delays’ influence
on previous variance. For this objective we need some additional
definitions, references [1] and [7]. GI two sequences a, and b, with its
elements in [1,-1], both periodic with perio

an }={ao,a1,--,ak ""ap—l’ao’”} tb, }:{bo’bl’“,bk 1"1bp—1vb01”}

The periodical cross-correlation between a, and b, is anot
with the same period and defined by

I sequence

p-1
Ba,b (g): Z aibiM W|th el
i=0

With this definition 6, ,(.) can be interpreted as the number of agreem
minus the number of disagreements between the two sequences in a

complete period as a function of the relative delay between the two
seguences.
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The partial cross-corretation between a, and b, is a function defined by

p—-1+¢
Ca,b (£)=1 Zai—gbi 1-p</<0
i=0

0 |[f=p

The next figure give us an interpretation for this function.
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ag|. - - . . . aj |- - - - . . ap_1-1 a_p |- - - - - ap-1 amg
| (p-1) tems: | 1 temns
L T R boH|. . .. L. hp-1 bo .. ... by -1 b
for 0 </ <p-1we have (p- /) terms given by
Ca,b (g):aob£+a1bg+1+ .............. +ap 1 gbp_l
for 1-p < ¢ <0 we have (p — M) terms given by
Ca,b (g):a_gbo‘l‘a_g_i_lbl"‘ .............. +ap_1bp_1+€
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With these definitions an easily show that

0. (0)=C,, (0)

0,,(0)=0,,((+p)

0,,(-0)=0,,(¢)| and

Cap(=0)=Cpa ()

ea,b (Z) — Ca,b (Z) + Ca,b (f o p) for M <p

For two identical sequences we introduce the notation

{a, =1, }=80,,()=08,()and C,,()=C,()

and rename the functions as periodic auto-correlation and partial aut
correlation, respectively.
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With these definitions and properties we are able to return to the original

Y P I (2 22
Var| Yocos @, | =2 JIR% () +RE (@))d
I=1 =1 0
_iij 13 |¢J
P

L—1 (M+1)Te , A s
R2 (x)) + R (v)))d

Now it is necessary to establish the relation between R;;(.) and C;;(.)

18



The relative delay be n users i and j can be written as

0< kiTC < T; < (ki+1)TC < LTC

Considering two consecutive chip intervals for this two users we have

P Ck;-D | PG| - Pi-1) | By
Ei= (ki+ DT p]- (1) IR Pj (ki-1) P]' (ki
= kiTe PiO) | - - - s P (kj-1) Bk

Evaluating R;;(.) in these two extremes values for t; and considering
rectangular pulses for the chips we have



kiTe -1

R;j(ti=kiTc)= IIO (t=KiTc)p;(Odt =T, Zp(m ki)p;(m)

and with the substitution K;-1=L -1+/ e have
L-1+¢ L-1+¢
Ri(ti=kiT)=T, Zp (Mm-L-p;(m)=T, > p;(m-L)p;(m)
m=0
and then

Ri,j(Ti :kiTc):TcCi,j(g):TcCi,j(ki_ I—)
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For the other interval’s extrem T1,.=(k;+1)T.| and we can write

(ki+1)Tc Ki
Rijlu=0+DT.]=  [pilt-(ki+ DT, Jp;(dt =T, 3 pi[m-(k;+1)]p;(m)
0 m=0
and now putting Ki=L-1+/ we have
L-1-/ L-1+/
Rijlti=ki+ )T =T X pi(m-L-2)p;(m)=T, > p;(m-£)p;(m)
m=0 m=0

So similar to the other extreme we obtain

Ri,j[Ti = (kj+ 1)Tc]:TcCi,j(f)ZTcCi,j(ki— L+1)
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Now observing that the functt
establish the relation

IS linear between these two points we can

Rijle]=Te i) + 0106 -L+2) - €y k- e ki Te)

and with a completely analogous procedure we obtain

Igi’j [Ti ]:TC Cijki)+ [Ci,J' (ki+1)-C;; (ki)](Ti—kiTc)

For the variance expression calculation we need to evaluate integrals of
N
2 2 . . . . .
R |,J[Ti] and R i,j[’Ci] , Which are linear in their variables t;. So we have an

general expression in the form
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(/+1) T¢

(Te

3

R, (1)=A+B 1= R2 (1)dt=A%1+AB1>+B? —
N i 3

(¢ +1) TC

T

Now with

2

=A°T.+AB(20+1) T2+ % (30%430+1) T2

fzki

we obtain the following values for A and B

A=((+1)T.C; ((-L)—¢T,C;(¢-L+1)

B=C,; ({-L+1)-C,;(¢-L)
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FaS

We need to do the same pracedure for R j[y] and finally we are

able to evaluate the expression

L—1 (m+1)Tc

> (Riz,j (1)+R}, (T))d T

m=0 mTc

This final step is very simple but tedious; the result is

N, T
where

2
Var [Zj] fZTng BIJ

I;tj

B = - 1{(:2 (--)+C (LG, (- |_+1)+(32 a L+1)+C2 ()+C, (G (£+1)+C2 (£+1)}
¢=o! "
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With this expression we ar le to determine Var[Z] if we know the code
sequences used by each user in system. The result depends on the
partial cross-correlation between sequences and can be simplified. This
simplification, originally done by Pursley, references [3] and [4], is strongly
based in correlation properties and its details are.beyond the scope of this

presentation. Complete details for this derivation can _be found in [1]. The
result is

B, =2L°+ 4Lfc:i (O)Ci()+ Lfci () C;(+1)
/=1 /=1-L

Where now the calculation is based only on partial auto-correlation
functions instead of cross-correlation functions. This Is a substantial

simplification for f3;; determination. Finally with this variance determination
we can express the signal to noise ratio as

25



-1/2

( Ny -1/2 ( 3
E[Z.]
SNR), = e B, = B,
(SNR) var[Z ] 6L3Z . 2PT} 6L3Z 1 2Eb}
L 1] ) 1] )
and if we have a great number of users we can assume-\a gaussian

approximation for the BER (Bit Error Rate) determination

Pej=QI(SNR);]|  where Q(X) = J;?jexp(—yZIZ)dy

This gaussian assumption causes some problems concerning Central\Limit
Theorem applicability, see references [5] and [6]. For practical purpose\we
can use it and later we will introduce a more general calculation that wil
overcome some eventual theoretical limitations.
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With an additional simplifi
sequences selected from the se

where each sequence has the same

set. It is a simple matter to show that for t

sequences we have

E[B;]=2L°

Which allows us to express the BER in an approximate, but ve

form

and

lon in mind we will consider two random

f all 2- binary sequences of length L,
bability for its selection from the
randomly selected

(SNRM[{L’1+ No

3L 2E,

-

Pe ;= QI(SNR);] = Q

|

~1/2 ]
U-1 N,
_|_
3L 2E,

obs.: with U=1 we obtain the well known result P,=Q( /ZNE)

useful

(return)

0
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In the next figure we show
values for U.

final result for L=1023 and particular set of
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he asymptotlc result (when the relation E,/N, grows)
itation. For this region the BER is given by

ForagivenU v
shows us basically the M

Pe=QISNR)] = Q5 )

Numerical Example

For instance if we impose a typical desirable performanee of P,.=10 we
should have (E,/Ny).,=4,8 and in this case (SNR)=3,10.

If we use the value (Ep/Nj)e,=10,0 = U~0,162L+1, and for a system which
use L=1023 we could have = 166 users. So, with one user and (E,/N,) =10,0
we have a BER of P_= 4x10° and with 166 users this performance degrades
to P.=103.

To get some additional insight on this numerical result it is interesting\to
compare it with the fundamental limit given by Shannon’s channel capacity
theorem. As we know the channel capacity of a system is given by

C=Bxlog, [l+ j bits/s

No

29



For B growing C approa to C=

Ng In2 bits/s showing us that we

can reach C bits/s increasing the user's-bandwidth. In our notation

fo IN2= Epfy _ Es fo with f,
(U-1)N;+N, (U-1)E, o TN,

/T and N, representing

one user’s equivalent power spectral density.

So in this case we have U:{i—&} L+1=1.,44L  where

In2 E,

neglected the second term.
With the previous value of L now we have Ux1470 users. These numbers

show us a poor performance (only 11%) if we compare our former solution
with this theoretical limit.

30



Capacidade Canal (Shannon)

Fonte Modula
.................. ) INF

Canal de livre de erros
Comunicagao
. RF
. Fibra ética
. Cabo metilico —  Limite q Info em um canal limitado em:[-W, W] e Pot, P

— Canal com Ruido AWGN: DEP=N/2 e Variancia = 0*
Capacidade X Largura de Banda e SMNRE

C [Bits/Seg] B
1400 w0

8'3"2'

-
-,

e




Exemplo: Calculo da interferencia Multiusuario
em sistema CDMA a partir das SMC

« Sejam seqs SMC de grau n=5 ( portanto, 6 pol.
primitivos, e U= 6 usuarios).

 Sejam os coeficientes dos 6 polinbmios de grau
n=5 que geram as SMC.:

1

X

x2 x3 x4 x5

1 0 0 1

1T 1 1 1 Comprimento das
1 0 1 1 sequéncias:
01 1 L =201 = 31

O 0 O

O 1 O




As sequéncias geradas por estes 6 polinbmios, com
condicgdes iniciais dada por g(x)=000 0 1,
respectivamente, sao (bipolarizando)

1111111 111111111111 1-1-1
111111 1 1 1

11111111 111111 11111111
111111 1 1 1

1111111111111 111111111
1T 11111 1 1 1

111t 1T 11111111111 111 11 11
11111 1 1 1 1

1111111111111 111111 1 11
111111111

11111111 1111111111111 -1
1111 11 1 1 1



AutoCorrelagoes Cruzadas Aperiddicas, C;, para os 6 usuarios,

L-1-1

Ci(l)= Y a +a,,,

O</<L-1

=0

o
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A matriz B; , que determina a influéncia da interferéncia multiusuario
em um sistema CDMA:

B, =2l +4.§c,(/).cj(/) +Lfcj(/).c,(/ +1) +§C,(/).cj(/ +1)

onde b;; deve ser interpretado como a influéncia do usuario i sobre o
usuario j (i = 1.. U, i £ ), com B;; = 0. Alem disto, a matriz Bi’j é
simetrica, (Bi,j = Bj,i).

O valor médio dos elementos de uma coluna ou linha desta matriz
repesentara a interferéncia de todos os demais usuarios sobre o
usuario considerado (j).

Como valem as propriedades: C_(l) = C_(-I), C_(0) =L, para cada
usuario a expressao acima pode ser modificada:

L-1 L-1
B, =21 +4.3 C(I).Ci(I) +2.> C(1).C;(I +1)
=1 =0
gue pode ser ainda escrita COMmo:

B  =2L +4ZC(1)C(Z)+ZC(Z)C(Z+1)

[=1-L




— Pode-se ainda demonstrar que se os polinbmios a e b sao
reciprocos, entao: C_(I) = C,(I)
Calculando-se a matriz B, ; atraves da ultima expressao resulta

0 1694 2070 1894 1790 2046

1694 0 1966 1758 2054 1918
2070 1966 0 2022 2406 1782
B, =189%4 1758 2022 0 2014 2262

1790 2054 2406 2014 0 1974
2046 1918 1782 2262 1974 0

MAI, = 9494 9390 10246 9950 10238 9982
A somatoria dos elementos de uma coluna ( ou linha) representa a
influéncia dos outros usuarios sobre o usuario correspondente a

coluna (ou linha) analisada.

— Valor médio de uma coluna correspondera a interferéncia méedia
devida aos usuarios (i) sobre o usuario associado a coluna. Os
valores médios e respectivos desvios padroes sao

1.898,8 £159,3; 1.878,0 £156,1; 2.049,2 +252,9 1.990,0 £185,8
2.047,6 £243,9 1.996,4 £176,9

— estes valores médios estdo préximos ao limite 2L% = 2. 312 = 1922




—A BER em um sistema DS/CDMA Assincrono Convencional em
canal AWGN quando um grande numero de sinais (usuarios)
interferentes estiver presentes pode ser aproximada a uma gaussiana:

_ _ / \—1/2

(S]] e (8) <1 $a s
Pe’f_Q(N) N |68 21 E,
£

L J b

J

Se as sequéncias empregadas forem randémica, o segundo e terceiro
termos da expressao original de B resultam iguais a 0 e portanto, B
2.2

Para este exemplo, embora as sequéncias empregadas sejam
deterministicas (SMC), observa-se que os valores médios das
interferéncias multiusuarios estao proximas do limite 2L? = 1922.

Assim, pode-se aplicar a aproximacao:



-1/2
(gj (U 1 N0j
N, sl T 2E,

Ainda: o valor assintoético da probabilidade de erro de bit para o
sistema DS/CDMA Convencional assincrono em canal AWGN sera

obtido quando a relacio sinal ruido for muito alta; assim, o termo
N,/2.E, pode ser desprezado.

-1/2

assint _ _ -6
= P“5™ = 0(4,31) = 8,1%10
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Asynchronou s CDMA System Model / Single User Recelver
(Worst Case Approach)

Returning to the previous complete expression for Z; (compare) and considering
again the equal powers case we can rewrite it as

U
Z; = \/ P'I2'2 [d;(0) +v;(d,z,@)] +N;|  with Y;(d,7,9) = éli,j(ﬁﬂ'i,q’i)

EJ

Where the normalized interference from user i on user j can be expressed as

i (ﬁﬂi @) =T[d;(-1) R; () +d; (0) Igi,j (t;)]cos @,

Considering equal probabilities for the information bits

1 1
P, :EProb [d;(0) =1and Z <O]+EProb [d;(0)=-1and Z; > (]

31



Considering the symmetry

/PT2
P, =Prob [d;(0)=1and Z; < 0] =Prob [ ; [1+7;(b,7,9)] +N; < 0]

N

PT? P2

P, =Prob (N, < =~ [L+7,(0, @)} = Prob {N; > /=~ [1+7,0.5.9)}
We have P, = Qf sz Lit+y,00,0.9)0
0

The function Q(x) varies monotonically with x. So, for its maximization
(worst case) we need to minimize the argument.
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The symmetry of  |7i(d.Z. @)L allow us to write

U
minf v;(d, 7, @)] = —max{ v;(d, 7, @)] = —max[ |y;(d,z,@)[] = —> max| |l;;(d;, 7, @))]
iI=1

i#]

Therefore we should maximize

(@790 = T CDR, (1) 40, O)R1 (1)) c0s @

considering ¢;'s influence and observing that

max[cos @;]=1 and min[cos @, ]=-1 we can write

~ T max [|d; (~1)Ry  (x) + 5 0) Ry, (5] < I (01,7, @) < T-*max [[d; (~1)Ry; (1) + d O)Rij(x;)

]
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Next considering all possible combinations for the interfering bit

T max(|d; (-D)Ry (1) + d; (O)R1j (xp)f] = T max] Ry (v)] + [Ri (5]
Therefore we have the intermediate result
- T hmax{ R (%) + Rij(t)]] < (di, T, @) < T™Hmax{ R (v)|+ Rij ()]

Finally the function A . .
|Ri,j(ri)|+ Rij(ti)]  has local extremes in muliples of T,

(remember that this function is linear between points in which the
arguments are successive multiples of T,). If we denote by g;; the largest
value of the above function calculated in multiples of T, I. e. ,

1, =0,T.,2T;,..., (N-1) T,
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Therefore we can bound e normalized interference to the interval

_T_lai’j < Ii’j(ﬁyri(p) < T_laisj

And finally considering all users

2PT

:Q{ [1 le |J]}

I;tj

Which is the worst case performance, see reference [2]. Obviouslythe
best case performance is given by

2PT

Pej = Q{ [1 +T° ZF—.,]}

I;tj
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Asynchronous CDMA System Model / Single User Receiver
(Weber’s Approach)

In this approach, reference [6], all users are considered independent and
degrade other users performance through an equi
approach is based on the following equation

(SNR)y =

Where

(SNR), : is desired user’'s SNR in presence of other (U-1) users

N, : is the unilateral PSD of AWGN

N, : is the equivalent PSD for one user’s interference which can be
obtained by
36



P
I\Ii :R_IZPiTc :aiPoTc

where

P. : absolute power for it user
R. : chip rate (R.,=1/T.) common to all users
o, . power factor with P, as reference

and from the relation (SNR), we can determine the bit error probability with
a gaussian assumption

P. = Q[ (y/(SNR)y ]

From previous equations and a perfect power control assumption (o,=1 for all
users) we can derive
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2B, 1 - 1
(SNR)y = -1 N, (U-1)PT N, (U-1)PT
Ny, + YN, 2+ ¢ 0+ |
= 2E, 2E, 2E, 2E, L
i U-1 ~1/2 ]
Therefore Pe = [ o + 2EO j
b

Comparing this result with the Pursley’s approach we can see that
approach underestimate the CDMA performance when compared wit

Pursley’s approach.
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| —
(A)synchronous CDMA System Model / Single User

Receiver (Morrow and Lehnert 's Results)

Considering random sequences for user’s spreading codes Morrow and
Lehnert establish four additional results as presented below (see reference
[15] for developments’ details).

1 - synchronous carrier’'s phase and chip’s delay. P, Q[(U L 2NE° )‘1’2]

b

N\

2 - synchronous carrier's phase and chip’s P, Q[(2(U 1) N,y )12
delay uniformly distributed in the interval [0, T]. 3N 2Eb
3 - synchronous chip’s delay and carrier’'s phase \
uniformly distributed in the interval [0,27r]. This P, :Q[(U 1. N, ) 2]
result coincides with Weber's approach. 2N 2Eb
4 - chip’s delay and carrier’'s phase uniformly \
distributed in the interval [0,T] and [0,2x], P, Q[(U 1 N, )_1,2]
respectively. Obviously, this result is identical to 3N 2Eb

Pursley’s approach with random codes. \ 39
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Asynchronous CDMA System Model / Single User Receiver
(Nazari and Ziemer’s Approach)

In this approach, reference [8], we return tothe general normalized
Interference expression

(return)

(7.9 = T (CDR, (1) +0; O)Ri (%] 05 @

and try to find the exact distribution for each interference. After this
individual determination we will obtain the final interference distribution by
convolution of various contributions. So

1) if di(-1)=d;(0)

(@ @) = T O)[R, () + Ris()]cos @,

Exactly in a similar form as we have obtained in the Pursley’s approac

it can be shown that
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R (1) = Ri,j(Ti)+|$i,j(Ti) =(Te—1+6,T.)0;(0)+(t—¢;T.)0; (¢ +1)

Where /; is the integer part of the relatio

0,;(0)=C;;(0)+C;; (£ —N)

2) if di(-1)xd.(0)

i (d @) = T ()[R (51) — Rij ()] cos @

Rij (1) = Ryj(1) = Rij(5) = (Te= -+ £, T )80 (£1) + (1 - £,.T.) 83 (¢; + 1)

where now

85(1)=C,, ()-C;;(/ ~N)
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Next we will find the distribution
define

bability for d,(-1)=d;(0). First of all we

m;; ={0;;(¢;)+[0;;(¢; +1)—8;;(¢;)]u)} cos @,

T.— 0. T

i ti'lc

T

where u=

C

Is uniformly distributed in the interval [0,1[ with the assumption
uniformly distributed in [0,T]. And o; is also uniformly distributed |
interval [0,2%[. Now we should consider two cases

at all <, is
the

a) 18;;(4)=0;;(¢;+1) by |(0i;(4)=0;;(/;+1)

For a) case m;; =0;;(¢;)cos @,
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We have a constant multiplie a cos(.) function with an argument
that is uniformly distributed. We kn reference [9], that in this case
the probability distribution for the randomariable m;; is given by

1
fmi,j (d) — d

"‘ei’j(gi)‘[l_(ei,j(fi)

12112 for d| < ‘ei,j(gi)‘

and 0 otherwise. Note that this function has a singular point for\d=9; (I)

For b) case

m;; = Y COS @, where Y =0;()+[0;;(¢+1)-6;;({)]u)

and now Y is uniformly distributed in the interval [A,B] where A and B are
given by
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A =min[0;;(¢;),0;;(¢; +1)]

For this case cos ¢, is multiplying Y so we can
B without any change in the probability density fu
observation we can consider B>0 and |B|>|A| and abtain, reference [9]

and

B =max[6;;(¢;),0;;(¢; +1)]

2 1/2
NS SN |22 (- —d?)V2]
1] Tr(B_A) A‘|‘(A2 d )1/2‘
2 2\1/2
)= 1 [B+(B°-d°)
mij m(B-A) d

and zero otherwise.

tion of m;. With this

for ‘d‘ < ‘A‘

for ‘A‘ < ‘d‘ < ‘B‘

ange the polarity of A and
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So we can obtain the ability density function of normalized
interference of i user on jt desired user for di(-1)=d,(0) case as

1N
plm |’J(d) :szmulfj(dlgj)

=1

Defining now p2mij(d) as the probability density function of normalized
interference of i user on ji desired user for d,(-1)=d,(0) we €an obtain it
with a simple change: 6,;(¢;) by éi,j(z). Finally considering equal

probabilities for the interference data bit we can write:

Py (©) = 5P Iy (6) + 2P 2y )
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Remembering that wi r definition we have

_ 1
Li(diT, @) =T T.d; (0)m L~ Ndi(o)m )

U
yj(d, T, @) = 2 i (di, 7. @;)
i=1

1#]

f

I?fj

PT? PT?
5 v;(0,7,9)+n; |> 5

P, =Prob

where ® denotes the convolution
with the assumed independence amang various
ACEX ) ®f i, | interference). Observe also that we have

=1 constants to consider in this evaluation
(normalization). Finally knowing the MAI
distribution we can find the BER easily by

and that the desired j user’s
total interference is given by

= its distribution can be determined by

eration (valid

This last step involves a
new convolution and an
integral that should be

numerically evaluated.
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Sequences Selection for QS - Quasi-Synchronou s
CDMA Systems / Single User Receiver

For QS systems the deviations of various random variables are assumed to
be constrained within small intervals.

it is difficult to
tion of one pilot
efined

Considering one chip interval (T,) of the code sequenc
maintain synchronism at carrier level. However with distri
signal it is possible to maintain the chip dispersion within pr
boundaries.

The BER calculation for QS systems will be done with the chip delay of
various subscribers maintained in the range:

[t| <y T |  with 0<y<1

and with uniform distribution given by
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\

4 p(v)
1/(2yT
(Yc)—l .
YT, T-yT. T
o 1) = 2yT.) * for 0<t<yT, and T-yT.<t<T
0 for yT.<t1<T-yT,

Now following exactly the same procedure as we have developed for the
Pursley’s approach we obtain for the j user in a QS system

No

-1/2
e

Pe = QL(SNR);]1=Q[(— ZP.J

I;tj

4L2




VI ey 2y _
Pi; =2(1-y+ 3 )C%j(0)+v(1 3 )G (0)[C;;(1)+C;;(-1)]

where ,

+%[C2i,j (1)+C?,j(=1)+C%;(N-1)+C?% (1-N)]

Using this equation it's possible to establish objective rules for sequences
selection to be used in a given QS system, based on axfew and simple
parameters (more details in reference [2]).

Given U seguences a sub-optimum strategy for selection could be:

» The first sequence is selected as the first in the list with arbitrary\phase;
* The second sequence is selected as the second of the list and its relative
phase is calculated considering the minimization of its influence in the first;

* The i sequence is selected as the it of the list and its relative phaselis
calculated considering the minimization of its influence in the previous (i-1).

This strategy corresponds to a real scenario where the subscribers are

introduced one by one (more details in reference [21]). e



The next figure illus S the various capacity determination processes until
this point (reference [2]) for a'specific set of values for N and U (Gold codes
was used for deterministic sequences). These results confirm the superior
performance of QS as expected and this advantage is 10dB for BER=10" in
comparison with an asynchronous system with~the same parameters.

N=511, U=48
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Comparacao dos Meéetodos de Calculo
de BER
Sistema DS/CDMA Convencional
(MF) Assincrono em canal AWGN

« Método de Weber
— mails conservador

—deve ser utilizado em um primeira
abordagem (seguranca e simplicidade
dos calculos)




 Método de NAZARI
—mais preciso (ponto de vista teorico)

—mais complexo (calculo computacional)

v" devido necessidade amostrar grande
quantidade de PDF s com descontinuidades ,
cuja regiao de existéncia aumenta
proporcionalmente a N = introduz erros na

area destas PDFs (idealmente deveria = 1)

v'erros se propagam a medida que as
convolugodes (proporcionais a U) ocorrem.

v'Calculos numéricos sugerem que dentro de
certos limites, os resultados do método
podem ser desnormalizados, levando-se em
conta esta integridade final resultante.




 Método de Pursley

—Nao € exato para um pequeno numero de
usuarios:

)
v modela a MAI como sendo uma variavel
aleatoria Gaussiana

v'0s resultados de Pursley e Nazari se
aproximam a medida que U 1 (qdo a
aproximacao Gaussiana € mais apropriada)

« Método Worst Case

—resultados corretos para pequenos U.
v Por ex: para U=2 e N=31; U=4 e N=127

v'nestes casos, método alcanca precisao
tedrica (entre os limites lower e upper bound)




« Método de Calculo - Sistemas QS-CDMA

—segue literalmente a abordagem de__
Pursley

— resulta melhor desempenho (menor BER
@EDb/No), devido a condicao QS-CDMA

v'devido pequenos atrasos (controlados) das
segs. entre si g;

v'conjunto de seqs com fases (sub-)
otimizadas




Relacao da Pe Assintotica: Pursley X Weber
Seqs Aleatoérias

* Pursley m —

(17 _ \ [ )
lim Pe = lim QO vol N =0, \/3L
E, - E, - \ 3L 2Eb) ) . U—1/
 Weber _ -

lim Pe = lim + =
Ey — o Eb—’OOQ \ 2L 2Eb) Q

(U -1 N, N2 /\/ s A

argumento Q(x) Pursley |3

argumento Q(x) Weber \ 2




Relacao da Pe Assintotica: Pursley X Weber
Seqs Aleatoérias

* Seja as curvas desempenho do slide 50:

I (PepurSIGy)Assintét 10

— Consultando tabela de valores da funcao Q(x):
— XPursIey 5,612 Xweber = XPursIey \/(2/3)

B Xepe = 4,5822

- W

= 0Q (Xyere,) 02,3 X 106

—> Resultado bastante proximo ao
observado no grafico da pg. 50.
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