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Question 1: (40%)

A Multi-access BPSK communication system is depicted as below. n(f) is an additive

stl(f) j LTI channel F
modulator |—J» P —» demodulator ——p» »
CzSg(t) k(t)
recerver
n(1)
AWGN

white Gaussian channel noise (zero mean and variance ¢%) and the transmitted signal si(?)

is a BPSK rectangular pulse train such that

o I, 0£¢<T,
spt)= X my;p(t ~iT}), where my ; =+1 and p(t) = { b
im0 ’ 0, elsewhere
k=1, 2, is the user index. The channel is assumed to be distortionless, i.e., A(f) = 8(¢).
We define two hypotheses for each user £ here:

H_ ot Hypothesis for the negative pulse to be sent by user £.
He Hypothesis for the positive pulse to be sent by user £.

(a)What are the four a priori conditional probability density functions

Trip_, 1 H g yand frpg, (| He i), k=1,27 20%)

m=1

(b) According to a single decision rule »

AV

0, if the error probability for user & is P,z

-1

m

2
and the average user error probability P, = % Z Pe i » what is P in terms of ¢x's and
k=1

¢ function (or Q functions)? (20%)




Answer to Question 1:
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Question 2: (40%)

The digital channel for a BPSK communication system can be described as

#0, 0<k<1
= 0, elsewhere

L
2
The discrete-time received sequence is 7, = < —;—, k=1 and the provided training
0, otherwise

-1, k=-1
sequenceis my =<4 1, k=0
, k=1

(a) What is the minimum-mean—square-error_channel estimate .’;MMSE ? (20%)
(b) What is the probability of error based on the channel distortion estimated in (a), if a

sign detector is applied for the received sequence 7, = my ® Ay, + 5y, , where #; is the

zero-mean AWGN with variance 622 (Hint: no equalization is applied here.) (20%)




Answer to Question 2;
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Quecstion 3: (20%)

A training sequence needs to be designed for the minimum-mean-square-error channel

estimate %4z in a BPSK communication system. Aypscr isa 2x1 vector and the

training sequence contains three consecutive bits [m;_, my, il

(a) Suggest one appropriate training sequence, which can provide a minimum-mean-

square-error channel estimate. (5%)

(b) How many training sequences out of all eight three-bit sequences are appropriate for

minimum-mean-square-error channel estimation? (15%)




Answer to Question 3:
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