Lecture 8: OFDM cont.

Recall:

x(t) ———={ h((t) pP———s z(1)

Figure 3.11: Bandpass filtering.

z(t) = Re{aexp(i2nw.t)}, 0<t < T,

0, t>Tport<0

2(t) = Re{H (w.)aexp(i2nw.t)}, Tp <t < Ty

(from Lecture 6)
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Recall:

x(t) ———={ h((t) pP———s z(1)

Figure 3.11: Bandpass filtering.

Consequence K1

— Z Re {a, exp(i2mwit)}, 0<t < T,
k=0

h(t)=0, t>Tport<0

K—1
Re { H (wg)ay exp(i2wwit)}, Tpn <t <Tj
k=0




Lecture 8: OFDM cont.

Recall:

x(t) ———={ h((t) pP———s z(1)

Figure 3.11: Bandpass filtering.

z(t) = Re

Consequence { 1

Z ar exp(iwakt)} , 0<t < Ty
k=0

0, t>Tport<0

K-1

Z H (wg)ag exp(z’wakt)} T, <t<T,
k=0
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K—-1
.SC(t) = Re { Z A eXp(iQngfA(t - Tcp) eXp(iQﬂ'frct)} , 0<t< T
k=0

(K—1

Z a exp(i27rwkt)} , 0<t<T,

. k=0
(K—1

Z H(wg)ag exp(iwakt)} T, <t<T,
\ k=0
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K—1
z(t) = Re { Z ar exp(i2mgr fa(t — Ttp) exp(i27 frct)
k=0

Or alternatively
K—1

x(t) = Re { Z ag exp(i27 frt + Ok)} , 0<t< T,

k=0

(K—1

Z a exp(i27rwkt)} , 0<t<T,

. k=0
(K—1

. k=0

Z H(wg)ag exp(iwakt)} T, <t<T,
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K—-1

x(t) = Re { Z ay exp(iwit + Hk)} , 0<t< T,
k=0

(K—1

Z a exp(i27rwkt)} , 0<t<T,

. k=0
(K—1

Z H(wg)ag exp(iwakt)} T, <t<T,
\ k=0
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(K—1

Z aj exp(iwgt + Hk)} , 0<t< T,
( k=0

(K—1

Z H(wy)ay exp(iwgt + Qk)} , T, <t < T
\ k=0

(K—1

Z a exp(i27rwkt)} , 0<t<T,

. k=0
(K—1

Z H(wg)ag exp(iwakt)} T, <t<T,
\ k=0
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K-1
Z(t) = Re { Z H(wk) exp(igk')ak eXp(iQﬂ-gkat) eXp(iQﬂ-frct)} ) Tcp <t< Ts
k=0

Expand using the reference-carrier
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K—1
{ @y exp zwkt—}—Ok)}, 0<t<T,
k=0

K-1
{ H wk eXp 7’9’6 ak eXp(ZQﬂ-gkat) eXp(ZQﬂ-frC )} ) Tcp <t< Ts
k=0

Frequency down-conversion

cos(27 fret)
2(t) —

— sin(27 frct)
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K—1
{ @y exp zwkt—}—Ok)} 0<t<T,
k=0

K—1
z(t) = Re { H (wy) exp(ify ) ay exp(szgkfAt)lexp(iQmet)} , Top <t < T
k=0

K—

Frequency down-conversion _ .
Y H(wy) exp(iby)ax exp(i2mgy fat)

cos(27 fret)
2(t) —

— sin(27 frct)
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K—1
{ @y exp zwkt—}—Ok)} 0<t<T,
k=0

K—1
z(t) = Re { H (wy) exp(ify ) ay exp(szgkfAt)lexp(iQmet)} , Top <t < T
k=0

K—

Frequency down-conversion _ .
H (w) exp(ibl )ax exp(i2m gy fat)

cos(2m fret) -
2(t) —

— sin(27 frct)
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K—1
{ @y exp zwkt—}—Ok)} 0<t<T,
k=0

K—1
z(t) = Re { H (wy) exp(ify ) ay exp(szgkfAt)lexp(iQmet)} , Top <t < T
k=0

Frequency down-conversion

H (w) exp(ibl )ax exp(i2m gy fat)

cos(27 fret)
2(t) — ;/g%?
— sin(27 fr.ct) > Shift back time

l T, <t<T,
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K—1
{ @y exp zwkt—}—Ok)} 0<t<T,
k=0

K—1
z(t) = Re { H (wy) exp(ify ) ay exp(szgkfAt)lexp(iQmet)} , Top <t < T
k=0

Frequency down-conversion

cos(27 fret)
2(t) —

— sin(27 frct)
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k=0

K—1
{ ag exp@wkt—}—Hk)}, 0<t<T,

z(t) = Re {

K-1

) H(wg) exp(iby)ax exp(i2mgy fat
k=0

)IeXp(?:Qﬂ'fmt)} ) Tcp <t< Ts

Sample the signal

2(t) —

H(wy)ar, exp(i2mgy fat)

o s ?

h = nTObS/N .

OStSTObS
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k=0

z(t) = Re {

K-1

Y H(wx) exp(iby)ax exp(i2mgy fat)
k=0

K—1
{ ag expzwkt—}—Hk)}, 0<t<T,

'eXp(iQWfrct)} ) Tcp <t< Ts

Sample the signal

2(t) —

K—

=

1
12 n
H (wg)ag eXp UL )

0

;/@Q <o

0<t<T0bs
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H (wp)ay, exp (

12T gEn
N

), n=01,2,..., N-1

Receiver

2(t) —

?}—\o 7<-—> Tn
?
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12T gEn

H (wg)ag, exp ( N

K—-1

N

) Received complex baseband signal

12T g
Tp = Z ak €Xp ( Ik ) Transmitted complex baseband signal

k=0

Receiver

cos(27 fret)

2(t) —

— sin(27 fr.ct)

?}—\o 7<o—> Tn
?
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12T gEn
N

H (wp)ay, exp (

) Received complex baseband signal

K—-1

12T RN .
Tp = Z ak €Xp N Transmitted complex baseband signal
k=0

What happens if we take the FFT of {z,} ?
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12T gEn
N

H (wp)ay, exp (

) Received complex baseband signal

K—-1

12T RN .
Tp = Z aj exXp N Transmitted complex baseband signal
k=0

What happens if we take the FFT of {z,} ?
We get the N values {X,,}
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12T gEn
N

H (wp)ay, exp (

) Received complex baseband signal

K—-1

12T RN .
Tp = Z ak €Xp N Transmitted complex baseband signal
k=0

What happens if we take the FFT of {z,} ?
We get the N values {X,,}

What is so special about those ?
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12T gEn
N

H (wp)ay, exp (

) Received complex baseband signal

K—-1

12T RN . .
Tp = Z aj exXp N Transmitted complex baseband signal
k=0

What happens if we take the FFT of {z,} ?
We get the N values {X,,}

What is so special about those ?

They equal {a,,} in some other order!
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12T gEn

H (wg)ag, exp ( N

) Received complex baseband signal

K—-1

12T RN . .
Tp = Z aj exXp N Transmitted complex baseband signal
k=0

What happens if we take the FFT of {z,} ?
We get the N values {X,,}
What is so special about those ?

They equal {a,,} in some other order!
What order ?
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12T gEn

H (wg)ag, exp ( N

) Received complex baseband signal

) Transmitted complex baseband signal

What happens if we take the FET of [, | 2
We get the N values {X| Xm = Nam—g,, 0=m < gx_1

What is so special about] X,, =0, gx 1 +1<m<gy+ N —1
They equal {a,} in some
What order ? This order

Xm = Napm—_(go+N), o+ N<mSN-—-1
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12T gEn
N

H (wp)ay, exp (

) Received complex baseband signal

Define Hlﬂ p— H(Wk)

Transmitted complex baseband signal

What happens if we take the FET of [, | 2
We get the N values {X| Xm = Nam—g,, 0=m < gx_1

What is so special about] X,,, =0, gxr 1 +1<m<go+ N —1
They equal {a,} in some
What order ? This order

Xm = Napm—_(go+N), o+ N<mSN-—-1
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12T g

Hy.ap exp (

) Received complex baseband signal

Define Hlﬂ p— H(Wk)

. 12T gEn .
Tp = Z ak €Xp N Transmitted complex baseband signal
k=0

What happens if we take the FET of [, | 2
We get the N values {X| Xm = Nam—g,, 0=m < gx_1

What is so special about] X,,, =0, gxr 1 +1<m<go+ N —1
They equal {a,} in some
What order ? This order

Xm:Nam—(go+N)a g+ N<m<N-—-1
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K-1

2
Ty = Z Hyay exp (Z ?kn) Received complex baseband signal
k=0

Compute FFT of {T n}

= —i2Tmn
Rm: n
;0 ; exp( T )

What happens if we take the FET of [, | 2
We get the N values {X| Xm = Nam—g,, 0=m < gx_1

What is so special about] X,,, =0, gxr 1 +1<m<go+ N —1
They equal {a,} in some
What order ? This order

Xm =Napn_(go+nN), o+ N<m<IN-—1
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~— 127G
Tn — Z Hkak exp

) Received complex baseband signal
k=0

Compute FFT of {T n}

= —i2Tmn
Rm: n
;0 ; exp( T )

What happens if we take the FET of [, | 2
We get the N values {X| fim = NHp_gy@m—g,;, O0=m = gx_1

What is so special about] R,,, =0, gx 1 +1<m<go+ N —1
They equal {a,} in some
What order ? This order

B = NHyp—(go4+N)@m—(go+N)
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~— 127G
Tn — Z Hkak exp

) Received complex baseband signal

Get back {an} from {Rm}

n : The index where a, is

What happens if we take the FET of [, | 2

We get the N values { X
What is so special about

They equal {a,} in some

Ry, = NHm—goam—goa 0<m<gx_1

Ryp=0, ggk1+1<m<go+ N -1

B = NHpy— (994 N)@m—(go+N)

What order ? This order
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i 127 grn
Tn — Z Hkak exp

) Received complex baseband signal
k=0

Get back {an} from {Rm}

N—1
R, = Z Ty €XP ( Ry
n=>0

n : The index where a, is

Receiver

| cos(2m fr.t)

2(t)—

>|— sin (27 f.ct) {an
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With noise
Ry = NHya, +wp Variance N,

Receiver

cos(27 fret)

2(t)—

—sin(27 frct)
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With noise

Variance N,

Receiver

cos(27 fret)

2(t)—

—sin(27 frct)
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With noise

Variance N,

= Qp, + N,

Receiver

cos(27 fret)

2(t)—

—sin(27 frct)
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With noise

Variance N,
No
NZ?|H,|?

= a, + 7 Variance

Receiver

cos(27 fret)

2(t)—

—sin(27 frct)
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With noise

Variance N,

No
NZ?|H,|?

= a, + 7 Variance

Receiver

cos(27 fret)

2(t)—

—sin(27 frct)
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With noise

Variance N,

No
NZ?|H,|?

= a, + 7 Variance

Channel

N




Lecture 8: OFDM cont.

With noise

Variance N,

No
NZ?|H,|?

= a, + 7 Variance

Channel

N
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Xm:Nam—gga 0<m<gk_1

szoa gK—1-|-1Sm§90+N—1

Xm:Nafm—(go—l—N)a g+ N<m<N-—1

Power allocation: use different powers at different sub-carriers
(Waterfilling).

Channel
A SNRy > 1

H(w)
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Why OFDM

AN

Channel

AN

Receiver

cos(27 fret)

2(t)—

—sin(27 frct)
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Why OFDM

AN

Channel

No OFDM

Signal (+1 +1)

Receiver

cos(27 fret)

2(t)—

—sin(27 frct)
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Why OFDM
No OFDM

AN

Channel

Signal (+1 +1) Received Signal
I >f

Receiver

>|  cos(27 frct)

2(t)—

— sin (27 frct)
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Why OFDM
No OFDM

A Intersymbol Interference
Channel

Signal (+1 +1) Received Signal

' t

Receiver

| cos(2m fr.t)

2(t)—

—sin(27 frct)
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Why OFDM

/

\

Signal (+1 +1) Received Signal

No OFDM

Intersymbol Interference -> Viterbi algorithm

Channel (complex)

t

Receiver

2(t)—

cos(27 fret)

—sin(27 frct)
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Why OFDM

/

\

Signal (+1 +1) Received Signal

No OFDM

Intersymbol Interference -> Viterbi algorithm

Channel (complex)

t

Receiver OFDM - very simple

cos(27 fret)
z(t)— DFT
—sin(27 frrot)

i
NH,,




