25 October 2016 10:28




Non COL\E’D/QT\+ 'DQW'LOOt(AlC‘:k{O"‘

g

xp (H —) 1‘)0\9950\7\0[ Jrnmsm.'\‘ S.‘cjno»)

X (E) - bagebo‘no\ Com |9 \QK erelojaf

gf— = Ceayier 10%‘} .

Xplt) = Re § xCcE) e

/é '\(@CZIVQA S,faﬂa\ IS 0[6[43 /Q'H’enmc«{‘("m
c/z) ’h’cr\ﬂmf'} 49(711’\4/ CU(“*\ noi e

Jptl = A xp(t-T) 4 Wplt)

1 N, noise

A= Altenaatim ! 0\ e(ouj C



A= /’(ﬁenma+rM} c\ Q(ouj C

v fe (-
7“:"&"‘) * Re {'I(&—'L) eﬁwﬂ v }

-)1‘5 Fg'( 3274.‘ t }

> Re { x(t-) e e
0 - (~ 27’ch) mod (27')

‘:jp(g) / Convet b base bo"d bgw‘zﬂ"‘d
k 39 4 no+ %€

Yct) = A xlt-v)e + wi(t)

B - vey fengrhive PO delgg <
One  fo T8 qute heah

O s udknowe and e [o, 27]



™ 18 alto commn o mede] O 43
Yendom with wnifq-m o‘:ﬁn"»{"fm
n  To,2%]

Noncobewat™  (gwm . rnode]

( & ‘!\QX ‘DOJQ [)aﬂa' )
Hpossible Symbolt (S, &,--. Om )
Under . )6
© s Yy = S eJ 4 WeL)

N

$i (€) 9 known

©- un known

we awmve at He SLame moo(d
“f' we M‘twr\mlr nsing e'f@ﬁFCt+¢')

D , _ - (awfet +¢.)



—yavft + ¢,)

£ do we et nUsing @

Here 9 = ‘bl ’¢2

e need 'f (Sll—l{) fo, oo ‘\zpo “«:h’;
ety

e We agtume D i3 Yandow
with untfmm o\.’s&v:Luhw N
[o,2%]

I"' s Cafy b get ‘F[‘Jll'"’; o)

Klow {(3'H.) - f ,f(‘le;’e) : —F(Q‘Hi) de

2



We Start with S\’mrlet model (Rea' CM‘Q)
Al

ool st
S "THe 1 Yit) = Splb) 4 wik)
“'
eh
srq«“”.“"_; He Yyle) = w(t)

Sel€) 5 8 iqne | weth  some }ocvame('ev ©

wee) =  white Gausgian noise

Su\chQ- B s SW

ket P = <yw, Selerd



)
ﬂuﬂ;m‘en“’ otetrehce —f'm "t‘ﬂro Heo's

"C!hnj
2 ] ]
He : Peo N ltsgenn  § "99((:)1‘)
. L
B ¢ Pa N o, o'uggmllz)

De !{ne (¢ ‘tc((‘\aog’ funch‘cn
L(gle) = £ (?lue)

__,

£ (Pt

y
| Ie_. nseV

P = CY&),Selt))
fx  real case

(o Co'mp]zx base Laﬂ"



fr  Complex base band

Suhose
g, Yoy 4 Sete) are Complex
bage bard
L { Re Lyct), Selv)> - Nl reu—,wz
L(9le) = e — }

M- avy S':,nc“:ng wth vnhncwn '»‘u.r(’
. 10
Hi 0 gy = Sille  + wid)

«

)0
A { Re{ 2y, Siltle >

e .
L('ﬂu:,e) < eac - g:tt)e’oul

2
Lt 2. = yw), Siey

» -0
LYle) 5 Sik)e > e Y 5 Sile)D

1



NN
Z,

19;

27 = lzile 9 4’; = L2

9
Re <yte), Sile) ¢’ > = 1zl cos (ﬁ;-ﬂ)

i X
-!—1 { ‘Z.” CoS C¢;-B) - “Sﬁ"
do L(‘j’ HJ,G) = e&o =

2 2
Agsume. SO = U S ol = — = ISyt =&

L, 1zl s ($:-0) - Es |

L(‘Jll-H,S‘ = e

2%

Lylw) = | L{gIHe) {fe) do
0

Now

2w ¢ la.l faolh. -ﬂ\



> [2: Cos(p: -6)
-_E_s j‘
2
aw 0

- S
- e 4‘2 I ( '2’
nereading F«M\-:m
> To (‘1) S 8 mMod: F{gd bCS‘fe’ f«nchw

/A 0“" k:nd
ML Rule:

A (9) avgmax L ( Y| ui)

e
| =

= argmax To '_2'_’)
262

N

|



dmly) = avgmax | il

-
'

RcmlL 7 = LYte) Sl >

Schve - law df*u'hﬂ Qmmg “‘9 knewn &S)

s%b “"‘, ab( () —9 f
()
cﬁ%)
Cowelele 4.
‘ :Szc;) ) l abg()]“? 09

‘ mey
$
et
I u;:m; > '“"’(') —




- X

) 4

D »’Hefen’r:«l Demo clu la"‘t“o”
(C’ "S'Cm"e —’\‘\'w\e>

)9
Y c Si e + W

D~ vandorn (& unknown)

oe (o,27]

Tf @  vewains (onstant over

mu U" ‘)\e S'zm bo ' clqu’hu'ﬂs
‘ﬂten ?nfovmq‘h’m, Can_ ‘DQ enwL(eo’

b(Sh“ﬂ P’w ase d- f'fewenu in Mljc.an't ng’m’s ]



Recal) Di ,e{eycn"‘ra‘ Bpsk : bto] = 1

i v n® bt - o
b("] < { ‘J[ J F
- bin-1J o f nhobt - g
).
D Borential  GPSK by = € |
JLq
‘D["J re e 2 b(n’\]

wheve Q tahes one out db
4 values (0,1,2,3%)

Fv  Dilerential  PSk gchemes .

be) lies it civde fw ell n



fe ) \b(ﬂ)\ =1

Demodu' atu X
)0
4ym) = € btr) 4 W)
W
i 8¢

To  demodulate ath  gymbol,

we  need both  Ytnr) 4 Y(a)

~

Yiw) )© b(~) " . w(n)')
L'j(ﬂ") - € b(n-\) W (n-1)

- 39 b(n-) [%c%)] 4 [wfﬂ)j‘




e bV |

o J

N
1] 1
\0(0\ QJ
y ) 29 ]' G(n) ’) wcn)‘l
i 4

‘ ‘j(ﬂ-‘) j’ 3 wn-)
S ~——

iy ~
'6 O s wnhaown g w

Note ae  Gleo \res 0 wni® cvde

-?9 - Qw)nc' veckod
AA} Aepcm‘! on Szmbo] Gln)

[|Sall s mstebt  for ang vaue @ at)
\ € sne  Jaw) c 1)

Cauel £nevqy Siqnalling



qu\ a\ €ne195 Stg nallin 9

O ﬁ%ma' Nov CdLmn‘} C(CWCL«-)A $on ' S

a(t\) < O\'rg oY l(‘j , :Sa»)
4
aln) € )\
C\t:;:s\"“\ A 2 Set o) all bugs';k\e

Values 14,, O(n)

Note - Dift- Back A\ - g-n,,.}
54
D apsh A {e)z’ }

Q - 61'1113

v g may l(é7 Sab’?'
ab e A

A
G(n) =

Examp\ei
— P R



(CXampie -
-
%% Brgek (C\(n\ - :"\)

(@) phm:.' OlCW'O 4
| <9, s> > ¢y, s |

‘ﬂ
Sy = ¥ “
\

Nole » g:\—\ ] S, aw

-

0athogunal

a > with Some A(,el)’(o\



0 "h”“‘ ML c\emoa)

N v
O = O\stmx Re { (jfﬂ) ij(n-u\ O ?
aeh



x ———— ‘A”

PQV Y men .AﬂALJ!-'c (m
Non cohevent Demoo\m\a.* ‘o

Binavj €¢]~ wal Enevaj S’:3n c."'./ﬂj

Ho : yy =< Se (%) e‘Je + wit)
oo oy - s & 4 wit)
Su H - Slatistics 11 8o \t; \ S\tt\\?—
26 = <Yy, Sel®> = Eg
2, = ¢ Yoy, S$ilo)) = kb
Comt)‘”’

wet) = Wece) + jWsE) ol



y—
Com:\ J ‘\'\' ana' ‘DWA /b Con 5 sven Ho

Oleuts"m rule

Ho

[ Zol 7 | 2,1
<
H

.Pe‘o = ‘P'{ \'ZO' < '2\\ HOB
0
2o Under o : Y < Solt)e <«w(t)
2 )O

2o = NSON e 4+ (W) Sol®))

o.w» f

Ese 4+ Wo

)9

ZI - J o A P\ A 1 w



2, = Y
b= dSlt), Sitvde + W

\,
¢ wte) ﬁ\tﬂ?

let wus defne  cowmelatam CoeBhr vient

Q - < Sold)) S (LD
| SolOW 1 S (e

PEs = £ Solo) 8D

)9
PEce + W)
0
Zo = Ese’  + We

P‘{ 2| ¢ |2/] ) Hv)

N
t)



Tafﬂ‘} .S"‘w)d"}«‘u 4 W, 4“0 con
he 304' rwm ‘m;'oevﬂa i WON

Dwbability  Com putation
involves in\'e’u\—m A

ggicn  pdfs OV {ume ‘
- Cdeusi=) Y™

GV‘* we \mw agzmb'\v“fk C"\AY&(&Q\;\?:G’} oM



; \Zol 7S Riceen dishabated
‘2\' 'S Qﬁy\ef7lr- C{TS’;ﬁ‘)u‘}ed

Wwe have clusccl.,ﬂ..,m Q< ‘we%v“m fw 3

TLeoYem
E—

k‘)ihc'\d 6‘“44 ’ eVlCY?j (EQ) Sfav\ a‘\inﬁ

Es - AVg- S‘tdm‘)d) enerqy
P Bfnmj S’{\c‘ncﬂ.‘nj/

we have  E¢ = Ly

{Es(\

lpe (non.wL. ML Qule) AU 2No len }



Ie

When

(non.w\... ML Q\A‘e) U e \ ZNO * R
‘ . 6s B 5§ o
ag-Jm protic No
BYnc.Hj

Q:—O (0%0301\&' QS(AA' Qneyag S;eﬂ‘.”.:'\y

.« E
ve (V\O" u\k_l_ ‘ Q s/2 No
t 2
Qﬂma‘; ty



B - g [ 9.-9“\)

LG
we have
pd
I $0-Soll = X ESL1~ Qe{?}j
2
6 = "\129' e - dS ,9>
2 1S (| U} Sl
-x/z
Q(‘X) N~ @ OS o500

[\ - Refe),}

Pe C Cé"\) J e 2 t\lo

R emavrks .



———)
x o Coheyent Gomm. with  Redel ¢o

I'S ‘)eﬂev it en non.csh. Comm .

¥ Gﬂ Colamn} (g ) l)(’,?“ ey PWFﬂmc.n(.Q

is Got when Re{e} = -|
4
e l\a’»}‘em b BPSK
Se = P&
St =2~ plt)

"b FW NON — wL Comwm , ‘)Q?‘"
@ yYUy t)ev F IS 50"



@ yYUY t)ev F KA j‘a"
when ]Ql -~ 0

t
(1% ka"nbtnﬁ whe»

e have 07%030'04' ghjna”‘.nj

2©

x ——

M ,c\yﬂ OY”»DB o™ Ql @7',14' Q,YL€13 Y 9-‘3\'\4‘ ". nj

NSl = Usgl = .. = WS = Es
UNivn Bownd ‘
ely, < ® 3 7P(si>5)
=2 g \, Do wite e Prsh






Eb log m
bo ¢ (1) o 2\,

(equel enengu)
We Cen  esteblish a? [ ™M-avy oyﬂwjmal

9?11\4“3'\9
pe(“"" coh)] > 0 @&s Mo
' B s ne
" (-16dB)
{

yQ\’t\e R{m?*’ as
Ceﬂ\e real Cgmm



