EEL6503:SpreadSpectrumandCDMA

ProblemSet1 (Fall 2001)

(due Class 4)

1. Suppos€¢,(t)}Y_, is anorthonormabasisfor the signalspacespannedy a setS of square-
integrable signal waveforms. We represent waveform s(¢) in S by a N-dimensionalvector
s = [s1,89,...,sn|T whosen-th coordinates,, for n = 1,2,..., N, is given by the inner

productof s(t) ande, (1), i.e.,

5n = (5, n) 2 /_ °; s(t)bn(2)dt.

(a) Shav thatwe canuniquelydeterminethesignals(t) from thevectors or vice versa.

(b) Forary s,,(t), sk(t) € S, prove thefollowing two identities:

(5my 5%) 2 /°° sm(t) s (£)dt = ST sy,

Eloms) 2 [ lsl®) = @) dt = s = el

wheres,,, ands; arethevectorrepresentatiesof s,,(t) ands(t), respectiely.

(c) Forary square-intgrablesignalr(t) (maynote S) ands(t) € S, show that

/_ °:o r(t)s(t)dt = t7s,

wherer = [ry,7y,...,rx|T andr, = [%_r(t)¢,(t)dt forn =1,2,..., N.

)

2. Definition: Let X bearandomsampleof afinite-dimensionatandomvectorwith a probability
densityfunction (pdf) f(x|¢) indexedby a parametef) € 2, andY = ¢(X) bea statisticof X
whosepdfis givenby ¢g(y|f). ThenY is asuficientstatisticfor ¢ if andonly if

f(x|0) = h(x)g(¢(x)[0),
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whereh(x) doesnotdependdn§ for every fixedvalueof x.

Basedonthisdefinition,show thatr y (definedn Sectionl.1)is sufficientfor determiningwhich
signalis being sentin the sensethatry is a sufiicient statisticfor m, giventhe obsenation

rx = [r1,7,...,7x]" foreachK > N.

. Supposes(t) = 0fort ¢ [0, 7] in Figurel.3. Shav thatthecorrelatorandthe matchedilter are
equialentin the sensehatthey give the sameoutputwhentherecevedsignalr(t) is theinput

to them.

. Considera 9-QAM communicatiorsystem. The 9 equally probablesignalsare given by, for
i=0,1,...,8,

S; (t) =

0, otherwise,

{ VIA(i1 — 1) cos(wet) + V2A(is — 1) sin(wet), 0<t<T,

wherew,T' = 2n7 for someintegern and

iy = |i/3] = thequotientof i dividedby 3,
is = 1 —3|i/3] = theremaindeofi dividedby 3.

Notethat|z| representshelargestintegerthatis notlargerthanz. Assumethatthe channels

corruptedby AWGN with two-sidedspectraddensity NV, /2, andthatML receveris used.

(a) Findanorthonormabasisfor the 9 signalsdescribedabore. Draw the signalconstellation

basedon your orthonormakepresentation.

(b) Find the union boundon the conditionalprobability of symbolerror given sy(¢) is sent.
You canassumehat only the signalsthat are closestto s,(¢) contribute significantlyin
theunionbound;thatis, you canneglectthosesignalsthatarenot the nearesheighborsof
so(t) in yourunionboundexpression Findtheunionbounddor thecasevhens; () is sent
andthecasewhens,(t) is sent.Again, you only needto considerthe nearesteighborsn

theunionbounds.

(c) Findtheboundontheaveragesymbolerrorprobability by usingtheresultsin (b).



5. If n(t) is aWSSprocesswith zeromeanandpower spectraldensity®,,(w) satisfyingthe nar
rowbandassumptionthenn(t) = n,(t) cos(w.t) — ny(t) sin(w.t), wheren,(t) andn,(t) are
zero-mearjointly WSS processesBy employing the stationarityof the randomprocesse-

volved,show that

R, (T) = Rny (7’),
Rion, (T) = —Rupn.(7),
Rn(7) = Ry, (7)cos(w.T) — Ry n, (7) sin(w,r).

6. Suppose,,(t) form =0,1,..., M —1 arebandpassignalswith comple ervelopess,,(t). Re-
derivethecoherentML receverin Sectionl.1usingthecomplex ernveloperepresentationNote
thatif {gzNSn};’;’:1 is anorthonormabasisfor the spaceof complex square-intgrablesignals then
acomple square-intgrablesignalr(¢) canberepresentetly acomplex vectort = [7y, 7o, .. .|

whosecoordinatesregivenby, for k = 1,2,.. .,

7 = /_ °:o F(6)BE(t)dt.

Moreover, if therecever vectorr = §,, + n, wherethe coordinate®f n areiid complex sym-

metric Gaussiamandomvariableswith zeromeanandvarianceN,, thenthe conditionalpdf

(Fulsme) = 5 o [~ 17 — i

Tk|S = ex ——— T — S

P\Tk|Smk 927N, b 9N, k mk| | s

fork =1,2,..., N, whereN is thedimensionof thesignalspace{3,,(t) }2.=,.



