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System model

 Transmitter

by (t)

Y
4>G<
N
[N

0O

(1)

R I= \+ o
CTt /
bk(t) \Xﬁ » Ty

C.(t) = V2Pa,(t)cos(w.t + 6,)

< Reverse link: Tx >
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— kth user’s data signal
bk(t) - ibk,l pT(t - IT), bkll € {_ 1’1}
— kth user’'s code waveform
a,(t)=>a"“P, (t—jT.)

— The data signal is modulated on the phase-—
coded carrier.

C(t)=+/2pat)cos(at+Q,)

— kth user Tx signal
S () =+/2pa,(t)-b(t)-cos(at+&)
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— For asynchronous systems, the received signal

K
rt) = y/2pa,t -7, ot — 7, ) cos(a.t + &)+ n(t)
k=1
where n(t) : two-sided PSD = %
Pk = Ok — w7k
* Assume the th user

7,=0, ¢=0

* Assume: the received power from all users is equal.
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 Recelver

s
r(t) ﬂ . J

a;(t)cosw,t
{ Reverse link : Rx »
— At the receiver, the output is
7 = LTr(t)ai(t) cosa, tdt

b (t) = ibk,l pr(t—IT), b, e {-11}

|=—

K.B.Lee

o
pa
o
12
>
| >

g

o
Rl
In
HI
o
w)
OfH
I
Jk



e

K
Z; = \/g< b T + Z[bk,—le,i (7)) + B o Ry (Tk)]' COS @,
k1

ki

.

+ J'OTn (t)-a (t) - cos w_ tdt

where R (z)=["a(t—7)a (t)dt

Rii(z,) = [ at-z)amat

k b, by
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Performance analysis

— Aperiodic cross—correlation function

Cah=1>a a" , 1-N<I<0

where a;" is Ath user’s jth chip.
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— Periodic cross—correlation

N1 |
0,i(1) = Zaj(k) 'aj+|(l) =Ci()+C(I1-N)

j=0

— Odd cross—correlation

6i(1) =Cy, (1= Cy, (1 = N)

(- O (1) = G (N — 1))
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— For O<LIT <7 <(I+DT <T

0 IT. (+1T, T
(£=1)

R . —
(@) =C (1=N)-T, +[C,( +1-N)-C,, (1 - N)]- (z, —IT.)

Rii(7) =Cy;(1)-T, +[C, (1 +1) = C, (D] (7, = 1T,)
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)?]

(bk 4Ry (7)) + bk ORk (7)) cos @,

VAR|Z, EE|(Z, -

Mx N

P
2

~ X
1

1
i

) i(bh,—th,i (z,) + Dby, FAQh,i (z,)) cos g,

h=i _

+ EUOT IOT(n(t)ai (t)cosw,t-n(s)a,(s)cosw,s dtds}

VAR [ [nwa,® cos(wct)dt]

= E .OT n(t)a, (t) cos w tdt - _foTn (s)a,(s)cos a)csds]

=E :OT _[OTn (t)n(s)a, (t)a, (s) cosw_ tcos wcsdtdsJ

- J'OT j'OTE [n(t)n(s)]- Ela (t)a, (s)]cos w.t cos w,sdtds
N,T

_ J' ! &aiz (t) cos® o tdt =
o 2
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=E[(z,-Z)f (Random VAR : 7., &)
Z[b 1R k.(rk)+b2k,o§2k,i(rk)]-cos @, |+ noise term

cos ¢k]+ noise term

VAR

k=i

L
22 =

k¢|
> (R%i(7,) + R%i(z,)) |+ noise term

P E[ |
4 ko
K N
R%i(z,) +R%«i(z, ))d 7, +noise term
N,T
_|_
4

P ZJ‘T
aT
k #i

P XN 1J«(|+1)T A,
=—> R%i(z,) + R%.i(z,))dz,

4T ==

k #i
SIAM AIAE U DESH HEFS 12

K.B.Lee



(Zkl)

VAR(Z/] =
N-1
where ;=Y C%i(l-N)+C;(I-N)-C;(I-N+1)+C%;(I-N +1)

;Czk.(l)+Ck,i(I)-Ckli(I +1) +C%i(1+12)

Define g (n) = %Ck,i(l)-ck,i(lm)
i = 244 (0) + g, (1)

then
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\F'T

2
1/2

N,T

4
1

172
L No
2E

B
_ 2

SNR - 251

[12N3 Z(Zﬂk,i (0) + a4, (D) +

} LGl::l 3 kZ:;(zﬂk,i(o)+ﬂk,i(1))

1
NoT 2
4 PT?
k=i

[ o D (20, 0+ @)+

6N° 5
2E

SNR =
NO

= > C2u(l)

1=1-N

/Jk,i(o)
Elu, @]= S Elczum)]

* K=l

1=1-N
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1 sighal part(= power)

SNR = N \1/2 - t
(Iéﬁl + 2&) noise part(= power)

If 2= is large, SNR=,/2%

K-1
3N

Prob of Error : P, ~ Q[l/\/ - 2NEO

b

j (here: Q(SNR)); convention: Q(v'SNR))

E . 3N
When —2 isverylarge, P. ~ —
vy, 20l

P

e

! as N increase for a fixed K.
(interference limited)

E,/N,
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System Capacity

P - Q( 3_N] Prob of error | 3N/(Q*(R)f
K-1 0.01 0.567N
0.001 0.312N
T 0.0001 0.219N
K -1
3N

Q

: no of max users for given P,

4
Q7 (R))

example
P.=0.01, K=1+0.567N
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