
OFDM : N samples per block

s(n)[m] = s[nN + m], m 2 {0, 1, · · · ,N � 1}

s(n)[m] =
Np
T

IDFTN {A0[n],A1[n], · · · ,AN�1[n]} =
1p
T

N�1X

k=0

Ak[n] ej 2⇡k
N m

s(n)[m] =
1

p
T

0

BBB@
A0[n] ej 2⇡ 0

N m
| {z }

ej0=1

+A1[n] ej 2⇡ 1
N m

| {z }
ej 2⇡

N m

+A2[n] ej 2⇡ 2
N m

| {z }
ej 4⇡

N m

+ · · ·+ AN�1[n] ej 2⇡ (N�1)
N m

| {z }

ej 2⇡(N�1)
N m

1

CCCA

Example: N = 4

s(n)[m] =
1

p
T

0

BB@A0[n] ej 2⇡ 0
4 m

| {z }
ej0=1

+A1[n] ej 2⇡ 1
4 m

| {z }
ej ⇡2 m

+A2[n] ej 2⇡ 2
4 m

| {z }
ej⇡m

+ · · ·A3[n] ej 2⇡ 3
4 m

| {z }
ej 3⇡

2 m

1

CCA
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Example N = 4 : Serial/Parallel + IDFTs

m 0 1 2 3 4 5 6 7 8 9 10 11
A[m] +1 �3 +1 +3 +1 �1 +1 �1 �1 +3 �1 �3

Serial / Parallel

n 0 1 2
A0[n] +1 +1 �1
A1[n] �3 �1 +3
A2[n] +1 +1 �1
A3[n] +3 �1 �3

Samples of each block: s(n)[m] = s[nN + m], m 2 {0, 1, 2, 3}

s(0)[m] =
Np
T

IDFTN {+1,�3,+1,+3}

s(1)[m] =
Np
T

IDFTN {+1,�1,+1,�1}

s(2)[m] =
Np
T

IDFTN {�1,+3,�1,�3}
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First block: s(0)[m] ⌘ {s[0], s[1], s[2], s[3]}

s(0)[m] =
N
p

T
IDFTN {A0[0],A1[0],A2[0],A3[0]} =

N
p

T
IDFTN {+1,�3,+1,+3}

s(0)[0] =
1

p
T

0

B@A0[0]| {z }
+1

ej 2⇡ 0
4 0

| {z }
ej0=1

+A1[0]| {z }
�3

ej 2⇡ 1
4 0

| {z }
ej0=1

+A2[0]| {z }
+1

ej 2⇡ 2
4 0

| {z }
ej0=1

+A3[0]| {z }
+3

ej 2⇡ 3
4 0

| {z }
ej0=1

1

CA =
2

p
T

s(0)[1] =
1

p
T

0

B@A0[0]| {z }
+1

ej 2⇡ 0
4 1

| {z }
ej0=+1

+A1[0]| {z }
�3

ej 2⇡ 1
4 1

| {z }
ej⇡/2=+j

+A2[0]| {z }
+1

ej 2⇡ 2
4 1

| {z }
ej⇡=�1

+A3[0]| {z }
+3

ej 2⇡ 3
4 1

| {z }
ej3⇡/2=�j

1

CA =
�j6
p

T

s(0)[2] =
1

p
T

0

B@A0[0]| {z }
+1

ej 2⇡ 0
4 2

| {z }
ej0=+1

+A1[0]| {z }
�3

ej 2⇡ 1
4 2

| {z }
ej⇡=�1

+A2[0]| {z }
+1

ej 2⇡ 2
4 2

| {z }
ej2⇡=+1

+A3[0]| {z }
+3

ej 2⇡ 3
4 2

| {z }
ej3⇡=�1

1

CA =
2

p
T

s(0)[3] =
1

p
T

0

B@A0[0]| {z }
+1

ej 2⇡ 0
4 3

| {z }
ej0=+1

+A1[0]| {z }
�3

ej 2⇡ 1
4 3

| {z }
ej3⇡/2=�j

+A2[0]| {z }
+1

ej 2⇡ 2
4 3

| {z }
ej3⇡=�1

+A3[0]| {z }
+3

ej 2⇡ 3
4 3

| {z }
ej9⇡/2=+j

1

CA =
+j6
p

T
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Second block: s(1)[m] ⌘ {s[4], s[5], s[6], s[7]}

s(1)[m] =
N
p

T
IDFTN {A0[1],A1[1],A2[1],A3[1]} =

N
p

T
IDFTN {+1,�1,+1,�1}

s(1)[0] =
1

p
T

0

B@A0[1]| {z }
+1

ej 2⇡ 0
4 0

| {z }
ej0=1

+A1[1]| {z }
�1

ej 2⇡ 1
4 0

| {z }
ej0=1

+A2[1]| {z }
+1

ej 2⇡ 2
4 0

| {z }
ej0=1

+A3[1]| {z }
�1

ej 2⇡ 3
4 0

| {z }
ej0=1

1

CA = 0

s(1)[1] =
1

p
T

0

B@A0[1]| {z }
+1

ej 2⇡ 0
4 1

| {z }
ej0=+1

+A1[1]| {z }
�1

ej 2⇡ 1
4 1

| {z }
ej⇡/2=+j

+A2[1]| {z }
+1

ej 2⇡ 2
4 1

| {z }
ej⇡=�1

+A3[1]| {z }
�1

ej 2⇡ 3
4 1

| {z }
ej3⇡/2=�j

1

CA = 0

s(1)[2] =
1

p
T

0

B@A0[1]| {z }
+1

ej 2⇡ 0
4 2

| {z }
ej0=+1

+A1[1]| {z }
�1

ej 2⇡ 1
4 2

| {z }
ej⇡=�1

+A2[1]| {z }
+1

ej 2⇡ 2
4 2

| {z }
ej2⇡=+1

+A3[1]| {z }
�1

ej 2⇡ 3
4 2

| {z }
ej3⇡=�1

1

CA =
4

p
T

s(1)[3] =
1

p
T

0

B@A0[1]| {z }
+1

ej 2⇡ 0
4 3

| {z }
ej0=+1

+A1[1]| {z }
�1

ej 2⇡ 1
4 3

| {z }
ej3⇡/2=�j

+A2[1]| {z }
+1

ej 2⇡ 2
4 3

| {z }
ej3⇡=�1

+A3[1]| {z }
�1

ej 2⇡ 3
4 3

| {z }
ej9⇡/2=+j

1

CA = 0
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Third block: s(2)[m] ⌘ {s[8], s[9], s[10], s[11]}

s(n)[m] =
N
p

T
IDFTN {A0[2],A1[2],A2[2],A3[2]} =

N
p

T
IDFTN {�1,+3,�1,�3}

s(n)[0] =
1

p
T

0

B@A0[2]| {z }
�1

ej 2⇡ 0
4 0

| {z }
ej0=1

+A1[2]| {z }
+3

ej 2⇡ 1
4 0

| {z }
ej0=1

+A2[2]| {z }
�1

ej 2⇡ 2
4 0

| {z }
ej0=1

+A3[2]| {z }
�3

ej 2⇡ 3
4 0

| {z }
ej0=1

1

CA =
�2
p

T

s(n)[1] =
1

p
T

0

B@A0[2]| {z }
�1

ej 2⇡ 0
4 1

| {z }
ej0=+1

+A1[2]| {z }
+3

ej 2⇡ 1
4 1

| {z }
ej⇡/2=+j

+A2[2]| {z }
�1

ej 2⇡ 2
4 1

| {z }
ej⇡=�1

+A3[2]| {z }
�3

ej 2⇡ 3
4 1

| {z }
ej3⇡/2=�j

1

CA =
+j6
p

T

s(n)[2] =
1

p
T

0

B@A0[2]| {z }
�1

ej 2⇡ 0
4 2

| {z }
ej0=+1

+A1[2]| {z }
+3

ej 2⇡ 1
4 2

| {z }
ej⇡=�1

+A2[2]| {z }
�1

ej 2⇡ 2
4 2

| {z }
ej2⇡=+1

+A3[2]| {z }
�3

ej 2⇡ 3
4 2

| {z }
ej3⇡=�1

1

CA =
�2
p

T

s(n)[3] =
1

p
T

0

B@A0[2]| {z }
�1

ej 2⇡ 0
4 3

| {z }
ej0=+1

+A1[2]| {z }
+3

ej 2⇡ 1
4 3

| {z }
ej3⇡/2=�j

+A2[2]| {z }
�1

ej 2⇡ 2
4 3

| {z }
ej3⇡=�1

+A3[2]| {z }
�3

ej 2⇡ 3
4 3

| {z }
ej9⇡/2=+j

1

CA =
�j6
p

T
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OFDM Samples

m 0 1 2 3 4 5 6 7 8 9 10 11
A[m] +1 �3 +1 +3 +1 �1 +1 �1 �1 +3 �1 �3

Samples of each block : s(n)[m] = s[nN + m], m 2 {0, 1, 2, 3}

s(0)[m] =
Np
T

IDFTN {+1,�3,+1,+3} =

⇢
+2p

T
,
�j6p

T
,
+2p

T
,
+j6p

T

�

s(1)[m] =
Np
T

IDFTN {+1,�1,+1,�1} =

⇢
0, 0,

+4p
T
, 0
�

s(2)[m] =
Np
T

IDFTN {�1,+3,�1,�3} =

⇢
�2p

T
,
+j6p

T
,
�2p

T
,
�j6p

T

�

m 0 1 2 3 4 5 6 7 8 9 10 11
s[m] +2p

T
�j6p

T
+2p

T
+j6p

T
0 0 +4p

T
0 �2p

T
+j6p

T
�2p

T
�j6p

T
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