Multiuser Detection

PROBLEM 4.23.

(a)

Using the Hint, write:
fyyp(y) =2"7% Z P[y/b],

beE;

fry-(y) =275 3" Ply/b]=2""% 3" Ply/é(b

beE, beE;F

We have the equivalent binary hypothesis testing between two equiprobable hypothesis:
Hy : Y ~ fY/+7
H1 Y ~ fy/_.
From PROBLEM 3.1. we know that
1 .
Puo) = 5 [ min{fr/ @) vy @)y,

So we have

Pi(o) = 52'- K/mm{z Ply/bl, 3 Ply/é(b)]}dy. (1)

beE; beE;

Using the fact that min(}); ai, >y ai) > > o, min(ai, b;), we write

Pu0) > 527 32 [ min{Ply/b, Ply/o(b)}dy. @)

beE;
We know that

1S - ¢(b))ll)7 3)

% /min{P[y/b], Ply/¢(b)]}dy = Q( 20

since it is the probability of error with two fixed multiuser signals corresponding to b
and ¢(b). From (2) and (3) we get

Pi(o) > 2K Y Q(w)_ @

2
be B 7
(b)

We know that dj,min can be interpreted as one half of the minimum distance beween
two multiuser signals that differ in the kth bit. Choose the one-to-one correspon-
dance ¢ that maximizes the number of pairs (b, ¢(b)) such that [|S(b — ¢(b))|| =



2dj, min- Then from the sommation in (4), keep only the pairs (b, #(b)) such that
[IS(b — ¢(b))|| = 2dk,min- We thus get the lower bound

Pi(o) > akQI_KQ(%fmm). (5)

(c)

Write € = 1(b — ¢(b)). The number of pairs ((b, ¢(b)) such that ||S(€)|| = dg,min is
greater or equal to the number of pairs ((b, ¢(b)) such that ||S(€)|| = dk min, € € Fi
and w(€) = Wk, min. The Wk min positions where € = 1 being fixed, there are at least
2K—wkmin pogsible pairs (b, ¢(b)) Thus we have aj > 2K~%kmin and therefore

Pi(0) 2 2'—whnin @ emin). (6)
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