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what we like about this signaling method :

• We can reunite the transmitted signal as an orthonormal
expansion

• Waveform former ( pulse draping) and the u-tuple
former ( NF + sampling at KT) are quite easy to
Implement .

• The europe probability depends only on the Ai's Completed
dead the noise valuable .



• The Pointer spectral Bounty (PSD)
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There are several problems with this signally method .

If the channel has an impulse response hlty
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where p 11-1=4 • b) Lt) .

In general p It is not orthogonal to plt - ie).
From the MF output we see a symbol - level channel
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Various methods to combat the PST :

• Egualifatiow :

"compeuÑh ( • invent the channel4)
→ this leads to increase of the noise

• Viterbi decoder : high complexity u tf where

this the nite of the I Ai { alphabet ( 4-QAN in = ↳ )
for example

| • OFDM : Elegant approach that prevent list
-

from happening.
-
-

.

keyida : symbol - by- symbol on eigenfunctions .

Suppose Yi IH ,
i -0

.
. .
. M- l are the eigenfunctions of

hltf .

Thief : M - 1

→Ñ→ Iii Ai Yi 11-1
Aiyilt

E-o
peigenvalueE- 0
associated to Yi It

If in addition µ ; 1H 1- Yj Ltd for i-i , then the
transmitted visual in written again as an orthonormal

expansion .

Ho±ÉFteous ?



Complex exponentials are eigenfunctions of linear
time - iuuaudaut nysktus :
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lil We need fink - length signals
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otherwise

vulture M is to be defined later .



Cii) If axe choose fi = IT i=o
,

. . .

M-1

then i -1 Yj for itj

Ciii ) Truncated exponentials are not anymore
eigenfunctions of linear time - invariant systems

ahltl

t.E.in/Ht-YiH#st
IF

A

yltt-xltlahltt-fxlt-dhlhddyl.tt/#HM--°TL support on
1-0,7]

mEtai potion ylttni Yitt)
we want to use only the portion of the output usual that

behaves as an eigenfunction .

To extend that part to 1-0,73 ,
we add a cyclic extension

to the input signal .
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Civ ) At first It looks we need to have M oscillators at the

sender and at the receiver to implement
Yi btl = 1µ eihttfit i=o, . .

. M- t

⇒ ttyecouepety .

fi=÷

Vue actually need only He samples of

✗ 1+1=4 -÷;Aieiañ¥t ,
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let's define I = Ho , Xi . .
. ✗µ-1) ✗a- ✗ (KB)

Ts = Iµ
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Notice that ± = DFT
'
(A) where A-= ( Ao

,
Ai . . . An -1)

Delfin : p = ei%

F = |
! ^ 1
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A- = Ftg in the DFT of a-

a- = 1µF A- in the DFT
"

of A-

a- = 1µFA- = MIFF+ a- ⇒ 1µFF-
'
= I µ ( identitymattix)

⇒ If we take 1mF ,
this is an unitary transformation

Élan looks like :
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wrapper

slH= 1- ] + µ1÷ÉAieiaE it
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For 1- Gto ,
T] the received ritual mull be

v14 = In É ai Ai ei¥i¥t +2-µ,
i=o Tuple AUVGM

auth PSD Mo

TÉm likelihood )
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qltl = Is niuclts) _=¥Ñl-t) naittl
( hatched filter , normalised mohthet.gg#f

Its

y represents a sufficient statistic .

so does 1 ( DF> is an iurektible transformation)

I = (Yo , Ya . . . YM- e)

Yu : how doin vtµ¥h .
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we notice that

I = ( Yo , Yi . . YM - e) = DFT
- ^ (Yoko , 7nA, # .

.
7mi And

¥ = DFF (1) = (Xo Ao ✗n Ai , r - .
✗me Am- a) + I



y1H= RIH + Z↳H÷µµgµ wilt variance ¥ = Ñ

I = DFT ( Zip 1h31)

= FM f_µF* 2-
Yutang transformation

⇒ I has iid kilo- mean Gaussian components auth valiance
MI

.

From A- tee ! the channel is :

¥ =D A- e I
t diag ( no , ai . .

.
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Pictorially :
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Vue will see that I = 170,7, . . am-a)

I = AFT ( ko ) where

he = ( hor , hon . . home -1) little symbol- level

channels .

we estimate ✗☐ in . . ✗ m- i by traumaHoly known symbols
( training symbols) (to the received



twpkmeut-atiouiuhatboblpytthoua.fi]A"=
↳eat a man matrix of

symbols
First column (3) is the
vector of

"

training
"

symbols ,
known to the vkceiveh .

*¥¥T÷:¥ :*:column - utilise ,
in one shot

, as

weneed .

Copy - paste cyclic prefix

. .

We neudalefe the column and sad them k the Daund
.

At the receiver you do the obvious " redone" operations .



It :(Ao, An, .
. .AM ,)let A c- EM and a- =µtFA-

.

It is convenient to wink a- as follows :
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¥spÉmtg (PSD ) of the tuuaunuitted ritual .

The transmitted signal ( baseband equivalent ) can be
written as follows :

M-1
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The panel spectral dlennty of salt is
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We can choose the nphape of PSD of sit by choosing the

constellation of Ai , i-oi.at#
.


