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EEL6503 : Spread Spectrum and CDMA

< Solution of Problem Set 1 >

1. (a) We want to prove that there is an one-to-one correspondence between )(ts and s .

We will show that if )()( 21 tsts = , 21 ss =  and if 21 ss = , )()( 21 tsts = .
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So, we can uniquely determine the signal )(ts  from the vector s  or vice versa.
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So, based on the definition of a sufficient statistic, [ ]T
NN rrr ,,, 21 LL=r  is a

sufficient statistic for m.

3. 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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         Since )(tn  is a WSS process, the autocorrelation for )(tn  can be made to be a

function of τ  only if the terms involving t are equal to be zero.
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            Since logarithm is a monotonic increasing function, by taking logarithm of

( )mNNp sr ~~  it is easy to see that the ML receiver picks { }1,,1,0 −∈ Mm LL  such that

the squared Euclidean distance between the signal vector mNs~  and the vector Nr~ ,

( ) ( ) { } ∗∗∗

=

+−=−= ∑ N
T

NN

T

mNmN
T

mN

N

k
kmkNmN rsd rrrsssrs ~~~~Re2~~~~~,~

1

22

is minimized.

{ }
( )

{ }
( )NmN

Mm
NmN

Mm
Cd rsrs ~,~maxarg~,~maxarg

1,,1,0

2

1,,1,0 −∈−∈
=

LL

where

( ) { }
{ } m

T

m

mN
T

mNN

T

mNNmN

Edttstr

C

2

1
)(~)(~Re

~
2
1~~Re~,~

0
−=

−=

∫ ∗

∗∗ ssrsrs

                                                )(~
0 ts ∗                                        20E−

                                        







∫

T
dt

0
)(Re







∫

T
dt

0
)(Re

   Select
Maximum



6

   )(tr                     )(~ tr           )(~
1 ts ∗                                         21E−

                                                            Decision

                                                )(~
1 tsM

∗
−                                     21−− ME

< coherent ML receiver using the complex envelope representation >







∫

T
dt

0
)(Re

Convert
  I & Q


