EEL 6503 : Spread Spectrum and CDMA
< Solution of Problem Set 1 >

1. () We want to prove that there is an one-to-one correspondence between s(t) and s.
We will show that if s,(t)=s,(t), s, =5, andif s, =s,, s/(t) =s,(t).
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If s,=s, (ie,s, =5,,n=12---,N),then s(t)=s,(t)
So, we can uniquely determine the signal s(t) from the vector s or vice versa.
(b)
(50 5) D, S (Os M)ct

S,

= 0,8 50,03 8.0 0

_ 5 % SmSue, T o OF o (e = ?mams'“”s*”g” )

= néN}l SmSar = SnSc

d*(s,, )Qc‘i[sm(t) s (Dt

= 0,120 - 25,05, + 0ot

= c‘i n% of (t)%sman ne(t)dlt - 2@ a Sof 1 (t)%skng (Dt
+Q), a Suf n(t)%swf et

N N
:assm' 2asmnsm-i-asfn

n=1 n=1 n=1

() rit) mayl S



Definer t) =éN rf (t), Then r'(t)T Sand r(t)- r'(t)T S..

& [r®- rank, ot
= di F(Of . (t)dt - di rgof (t)dt
=r.-r.=0 "n=12--,N
So,
c‘i[r(t)- rt)]s(t)at
=3 [r0- revld sf,@at=0
Let r(t)=[r(t) - r¢t)] +r'(t).
C\i F(t)s(t)dt = c‘i{[r ) - rén)]+ ren)sct)at
= 02 [r(t) - ré)s(t)dt + 0¥¥ r§t)s(t)dt

¥
\

=Q, r&t)s(t)dt
N
=3 A M08 sf.0d =4 s,
n=1 n¢=1 n=1
=r's
where r=[r, b,y

Method 2:

O, " (st = (A sf (Ot

n=1
—§N1 s ) rf (Hdt
ol n0¥ n
J
=ahs
n=1
=r's
r _[rl Fyyoomees (P FUPPRPPES rK]T N £ K
i rp=s,;+n;, if1£j£EN
} r,=n, if N+1£ JEK



2, i;,—

:ON+l | 2ps r?,-

g(j (rK )‘Sm):g(rN‘Sm)

h(re)

So, based on the definition of a sufficient statistic, r, =[r,, 1,

sufficient statistic for m.

. From the output of the matched filter followed by sampler,
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which is the same as the output of the correlator.
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5. n(t) = n(t) cos(w,t) - n, (t)sin(wt)

R, (t,t +t) = E{n(t)n(t +t )}
= E{n, (t) costw,t) - n, (t)sin(w;t)][n, (t +t ) cosw, (t +1)) - n, (t+t )sin(w, (t +t )]

= E{n, (t)n, (t +t )} cos(w,t) cos(w, (t +t )) - E{n, (t)n, (t +t )}cos(w,t)sin(w, (t +1))
Efn, ()n, (t +t )}sin(w,t) cos(w, (t +t)) + E{n, (©)n, (t +t )}sin(w,t) sin(w, (t +1 )
=R, (t)cos(w,t)cos(w,(t+t))- R.n, (t ) cos(w_t)sin(w_(t +t))
- R, ©)sin(w.t)cos(w, (t +1)) + R, (t)sin(wt)sin(w,(t+1))

=R, (t )%[cos(wct) +cos(w, (t +t ))] - R, )%[si n(w,t) +cos(w, (t +t ))]
Ry (5[ sin(w) +sin(w, (¢t +0)] + R, () feostwt) - cos{w (¢ +1))]
=R, ©+R, Olcostwt) +2[R, ©- R, €)]oostw.2t+1)
+ 2[R 0, - Ry, Ofsinwt)- 2R, 4R, O]sinm, 2+0)
Since n(t) isa WSS process, the autocorrelation for n(t) can be made to be a
function of t only if the termsinvolving t are equal to be zero.
Then, R, €)=R, ()

Rnan (t ) =- I:enynx (t )

and



R,t) =R, (t)cos(wt)- R, (t)sin(wt)
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Since logarithm is a monotonic increasing function, by taking logarithm of

p(F[S ) it is easy to see that the ML receiver picks mi {0,1,----,M - 1} such that
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< coherent ML receiver using the complex envel ope representation >



