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� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
 

- / 6 1 0 6 + $ % . / � % $ , � 7 * 7
5 10 15 20 25 30 35 40

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

SNR

M
S

E
 o

f 
C

F
O

 e
st

im
a

te
s

Consecutive NSC
Equispaced NSC
Distinctly Spaced NSC

\ � � � � : H 8 > M

b > � �

b R > � �

b @ > \ Z

E F � � N 6 C 6 <

	 > I
� 
 �� � � H  > � - � H �

� � � � � � � � �

\ � 6 � � � � � � � � � � �

� � � � � � � � � � � �  ! " # $ � %  # & '



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

 ! " # $ " % & ' ( ! ) ' & * + , - , . / 0
2 4 6 8 10 12 14

10
−4

10
−3

10
−2

10
−1

Number of null−subcarriers

M
S

E
 o

f 
C

F
O

 e
st

im
a

te
s

Consecutive NSC
optimal NSC
Minimum MCRB

1 2 3 4 5 6 7 8 � 9

: ; 1 <

	 ; =

> 
 ?� � ?@  ; � A �@ �

B C D EF G � G H

I : J ; 1 K L M

N O I P

� � � � � � � � � � � �  ! " # $ � %  # & '



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� ! � ! � - � - � ! � * $ � � � & , ! � 	 
 � � , � - % & � - $ '

5 8  � � �  � 8 � � � 3 2 � � � � � � �  � 8 � � 8  � � � � � � � � � � � � � � � 7 � �  � � �  � 8 �

Transmitted identical slots

Channel

Received identical slots

CP

CP

☞ � � L � �  � � � 7 � 7 8  � 8 6  � � � � L 6 � � � 7 7 � � � � 7 7 � � � � � � � � � 8  � � 7  � � 7 � � 8  �

! " � ; # $ % � � L � 8  � � L � �  � � � 7 � 7 8  � & ' ; � ( H ) * & + H ; * & + , - ( H .

+ ; / 0 0 0 ( 1 1 2 - ; / 0 0 0 � 1 1

3 ) 4 & + , - ( H ; 5 & + H 6 7 @ 8 9 : ; < , = & + , - ( H

5 & + H ; 6 7 @ 8 9 > ; ? @ A & + B � H "
C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � - � - �  � * ! � � � & ,  � 	 
 � � , � - % & � - ! ' . / 0

❏ " � � � � 8 � �  � � L � � � � L � � � � 6 �  # � � � $ � � L B % : 8 � 7 � � � � � & � � � 

I � � � � � � ' �  � � �  8 � & : & & I H �

() B * + , B
) $ - ; � � �

9 . /
< 0 1

: 2 A
3 0 1

> 2 A
444 4 & + , - ( H 1 5 & + H 6 7 @ 8 9 : ; <444
@

3 )

) B * + , ; � � � � � 5
9

3 0 1
> 2 A
6 9 & + H

6 9 & + H ;
1

�
44444
< 0 1

: 2 A
6
0 7 @ 8 : 9 ; < 4 & + , - ( H
44444
@

✍ 7 � � � � � �  � 8 � � � � � � � � � � � � � � � # �  � � � 1 <
@ 8 ) B * + , 9 <
@

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � - � - �  � * ! � � � & ,  � 	 
 � � , � - % & � - ! ' . � 0

❏ : & I � �  � � �  8 � � � � 6 � � � # � �   � � � �

) B * + , ; � � � � � 5
9

< 0 1
� 2 1
J �

�
� & � ( H 6
0 7 @ 8 � 9 ; <

�

� & � H ;
� 0 	 0 1

> 2 A
4 
 & + H 4 & + , � H

➭ �  � ; G . ) � 7 8 � � L F  8 � � � 8 7 �  � 8 � & I � � � � L 7 � 5 8 8 � � � 7 � 8 � �  � � � H

) B * + , ; 1
�

� � � ( � & '  G H -
➭ �  � � G . ) � 8 � 7 8 � � L F  8 � � � 8 7 �  � 8 � % % %

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � - � - �  � * ! � � � & ,  � 	 
 � � , � - % & � - ! ' . � 0

! J � 7 �  � 8 � � � � � 6 �  # � � � 4 5 & � � L : & I � �  � � �  8 � �

❏ J � � �  �  � 8 � 8  � L � �  � � � 7 � 7 8  � � � I � � 6 � � � 

➭ � ; ( � � B � ; / B 0 0 0 B �  � 1 1 - � � L

� � & � H ;
�

�
� & � 1 � ( H � ; / B � 1 B � G B 0 0 0

➭ 	 � � � � � �  �  � � � � 7 8  F 6 � � � L � � L : I � F 6 � � � L � � � � L � �  � � � 7 �

) B * + , 
 ) B ? � �

�  � 8 � I � & � 8 � � � � �  � � � : I � L � �  �  � L 6 � � � �  � � L � � � � � H

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � - � - �  � * ! � � � � ,  � 	 
 � � , � - � � � - ! ' . � 0

! J � 7 �  � 8 � � � � � 6 �  # � � � 4 5 & � � L : & I � �  � � �  8 � � & � 8 �  % H

O 7 8  8  � & � H 2 ' ; < = 2 1 K � I � �
10 20 30 40 50 60

−0.2

0

0.2

0.4

0.6

0.8

1

 τ

ψ(
τ)

VSC absent
VSC present

J=2 

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � - � - �  � * ! � � � � ,  � 	 
 � � , � - � � � - ! � . � �

! J � 7 �  � 8 � � � � � 6 �  # � � � � � & � � � � & � � �  � � �  	 � � � 
 � �

 � 	  	  � & � � 2 � � � � 2 � � � � � �
10 20 30 40 50 60

−0.2

0

0.2

0.4

0.6

0.8

1

 τ

ψ(
τ)

VSC present
VSC absent

J=4 

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � � � � �  � � ! � � � � �  � 	 
 � � � � � � � � � ! � � � �

! 	 � � �  � 	 � � � � � 
 �  # � � � � � & � � � � & � � �  � � �  	 � � � 
 � �

 � 	  	  � & � � 2 � � � � 2 � � � � � �
10 20 30 40 50 60

−0.2

0

0.2

0.4

0.6

0.8

1

 τ

ψ(
τ)

VSC absent
VSC present

J=8 

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � � � � �  � � ! � � � � �  � 	 
 � � � � � � � � � ! � � � �

! 	 � � �  � 	 � � � � � 
 �  # � � � � � & � � � � & � � �  � � �  	 � � � 
 � � �

 � 	  	  � & � � 2 � � � � 2 � � � � � �
10 20 30 40 50 60

−0.2

0

0.2

0.4

0.6

0.8

1

 τ

ψ(
τ)

VSC absent
VSC present

J=16 

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � � � � �  � � ! � � � � �  � 	 
 � � � � � � � � � ! � � � �

! 	 � � �  � 	 � � � � � 
 �  # � � � � � & � � � � & � � �  � � �  	 � � � 
 � � �

 � 	  	  � & � � 2 � � � � 2 � � � � � �
10 20 30 40 50 60

−0.2

0

0.2

0.4

0.6

0.8

1

 τ

ψ(
τ)

VSC absent
VSC present

J=32 

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � � � � �  � � ! � � � � �  � 	 
 � � � � � � � � � ! � � � � �

! 	 � � �  � 	 � � � � � 
 �  # � � � � � & � � � � & � � �  � � �  	 � � � 
 � � �

 � 	  	  � & � � 2 � � � � 2 � � � � � �
10 20 30 40 50 60

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 τ

ψ(
τ)

VSC absent
VSC present

J=64 

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � � � � �  � � ! � � � � �  � 	 
 � � � � � � � � � ! � � � � �

! 	 � � �  � 	 � � � � � 
 �  # � � � � � & � � � � & � � �  � � �  	 � � & � 	 �  % �

❏ 	 � � �  �  � 	 � 	  � � � �  � � � � � � 	  � � � � � � � � � � � 

➭ � 	 �  	   � � � 	 � � � � �  � 	 � � 	 � � � � � �  � � 	 �  � � 
 �  �  	  � � � &

� �  � � �  	 �

➭

)
� * + , � 	 � � � �  � 	  � � � � � 	 � � �  � � & �
1 � � � � � � � �  � 	 � � � � �  � 	 �

� 	 � � � � � �  � . � � � � �  � � � �  	 � � � � � � � � 	 5 � � �  � � & � �  � � �  	 � %

➭ � � & � � � 	 � � �  �  � 	 � � � � � � 	 � � � � � � � � � � �  � � � � & � %

➭ �  � � � . � & � � � 	 
  � � � � � � � � � 	 � � � �  	 � � % �  � � � . � 	 � � 	 � � � �  	 � �

� 5 � � � � � � 	 � % 7 � � � 	 5 � � �  � 	 � � � � � � � 
 �  � �  	 � � 	 # � � � � � � 	 � �  � � � %

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � � � � �  � � ! � � � � �  � 	 
 � � � � � � � � � ! � � � � �

! 	 � � �
� & � ' � � �  � � �  	 � � 	 �  � � � � � 	 � 
 � � � � � 	   � � � 	 � � � � �  � 	 � � � � � � � � � %

❏ 	 	 � � 	 � � � � � � � # � � � � � � � .  � � � � � 	 � �  � � � � 
 � � � � 	 �

� & � � � � � � � ( � & � ( � - 1 � � � ( � & & � 1 � � ( � - � � 8

❏ � � � � � � � �  � � � � � � � � � & 	 � � � 	 � � � � � � � � � � � � � � � �  �  � �  � � � 	   � �

� & � �
� � .  � � � & � ' � �  � � �  	 � � �

	
� * + , �

�
� �



� 2 1

= & � � � & � �

� � � � � � � � � � � � � �  � � & 	 �  � � � � � � � � � � �  � � � � �

= & � � � �
& � 1 � � & � 1 � , � �
1

� & � 1
� �

� & � �
� 1 � � � , � � � 1 � �

☞ 	 � � � � � � �  � � � 	   � � � 	 � � � � �  � 	 � � � 	  � 5 � � 	 �  � � � � � & � ' % % %

C D E F G H F G I J J K L M N O P J Q L O R S



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  �  � � � � �  � � ! � � � � �  � � � � � � � � � � � � � � � � � �

	 
 � � � 	  � � � � � � � � � � 
 � � � � � � � � � � � � 	 �

❏ 	 � � � � � � � � � � � � � � � � � � � 	 �

� � �
� � �

� � ! " �� � 	 � � # � $ � % ! � & ' �

# � ( ) � � � � � � � � � � � � � 	 * � ! " �
❏ � � � � � � � � 	 � � � � � 	  + � � � � # � $ , � % ! � & ' � - � # � $ , � % ! � & ' � .


 � � � � � � � � � � 	 � (
/

� 0 1 2 �

'
� %

� � �� � � ! � � ! " �� # �� � �� � � ! �� � ! " ��
3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  !  " # " # $  % & � " ' ( � )  * � � � � ) " # � � " # � � + , - .

	 / � � � � ) � � ) � 0 � � 1 * � 2 � � � � � � 3 � 3 1 � � � � 1 � � + 4

❏5 � � � � � � � � � � 6 � 7 � 3 1 � � � � ) � � ) � � 7 0 � � � 2 8 1 � 2 � � � 1 � � 3 8 9 : (

8 8 9 : � ; 4< =

> % ? @ � A $ A & ' ? 4 B @ C
A

D E

� � � � � � � � � � ) � � 2 � 1 F G 8 � � 2 �H � � < A I J ! � � 2 � � � � �

D E <
K L � � �

� � M
�N O �� ?

P ?E Q * � � R ) � � � S 2 � 6 � � � � � S 2 � � � � � � � � � � � � '

❏ 
 6 � � � T � 2 8 8 9 : (


 8 8 9 : � ; 4< =

> % ? @ � A $ A & ' ? 4 B @ CU

A
D E

. � 1 � 3 1 � � 2 7 * 1 � � �  � � � � � � 1 �

. V 1 � � � 7 8 � � 3 1 � � � ) 3 � � � 1 � �

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  !  " # " # $  % & � " ' ( � )  * � � � � ) " # � � " # � � + , � .

	 / � � � � ) � � ) � 0 � � 1 * � 2 � � � � � � 3 � 3 1 � � � � 1 � � + 4 9 � S 3 � � T � � � � � � � 3

0 10 20 30 40 50 60 70
10

−4

10
−3

10
−2

 J

Av
er

ag
ed

 C
CR

B

AWGN
Flat fading
L=4
L=N

AWGN 

Flat fading 

Multipath fading 

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

�  !  " # " # $  % & � " ' ( � )  * � � � � ) " # � � " # � � + , � .

	 / � � � � ) � � ) � 0 � � 1 * � 2 � � � � � � 3 � 3 1 � � � � 1 � � + 4 9 � � � � � � � � � � � 3 � < �

0 10 20 30 40 50 60 70
10

−4

10
−3

10
−2

 J

Av
er

ag
ed

 C
CR

B

AWGN
Flat fading
L=4
L=N

Flat fading 

AWGN 

Multipath fading 

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� � � ! � � # ) � � )

	 V G � 6 � + G � 9 � �< �

0 2 4 6 8 10 12 14 16 18 20
10

−5

10
−4

10
−3

10
−2

SNR, dB

M
SE

 o
f C

FO
 e

st
im

at
es

CRB
MLE
NLS
Approximate NLS
BLUE

@ < � � I @ � < � � I 	 < A 
 � 8 � / �  $ > I > � �U ��� �� ? � < � � M � ? � � � � G �

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� � � ! � � # ) � � ) + � .

	 V G � 6 � + � 9 � � � � � � 2 � 3 1 � � � '

2 4 6 8 10 12 14 16
10

−4

10
−3

10
−2

10
−1

J (number of repetitive slots)

M
SE

 o
f C

FO
 e

st
im

at
es

CRB
MLE
NLS
Approximate NLS
BLUE

SNR=0dB 

SNR=10dB 

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

% � � � � � �

❏ 
 � 1 � � ) � � � � 1 � � 3 3 S � � � � � � � � 3 T 1 � � � � �

❏ 
 � � 3 S � � � � 3 � � � * 1 � � � � � � � � � 3 S � � � � � 2 8 9 :

❏ 9 � 3 � � � 1 � � � � � 0 � � � � � � � � � � � � � � � � � 6 � � 3 1 � 7 0 � � � 2 � � 2 � � � � G 8 7 0 � � � 2

V � �

➭ � R ) � 6 � 3 � � � � � � � � � 0 � � � � � 1 * F G 8 � �
➭ � G 8 � � 0 � � � � � � * F G 8 � � � � � � � � �

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� � � " � � ( & # � * � � �  ) " # � � " # � �

� � " & # �  

❏ 8 1 � � � � � � 7 � 1 2 ) 3 ) � � 3 T 1 � � � � �
❏ � � � � � � 7 � 3 � � � 0 � � � 3 T 1 � � � � �

❏ 8 1 � � � � � � � 6 � � � ) 2 S

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� � � ) " � � " ' � * � & � ) � & � � � # " � �

❏ 
 � � ) � � � T �H O � < A I J � � � 3 1 T

� . N OH O < �N O � � � � � Q 	 O < 
N OH O

� . � � � 4< � � ?  � � � L K
O � �

�N O � � � � � � � ?  � O L K � � � � 4 I � < � I � � � I @ $ A

❏5 � � �N O � � � � � � � � � � � � � � � � � � 2 0 S 1 � 3 S � 	 � A 4 � 1 � � � � � � � � � � � �� � � �

❏5 � �N OH O � � � � � � � � � � � � � � � � � 2 0 S 1 � 3 S � @ � � 	 � A 4 � 1 � � � � � � � �

� � � � � � 2 1 * > @ � � � @ � < � � � � � 4 4

❏ � � � 4 � � � � � ) � � 2 
 � � �

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� � � ) " � � " ' � * � & � ) � & � � � # " � � + � .

	 � � � � � � � � � � � � � V �  7 � � � � 3 � � 1 1 2

❏5 � � � � ��N O � � I � 	 O � � � � 1 � 7 � � � 2 1 � ) � � � 1 � � �

❏ � V � � � � � � � � 1 �

' � ; I�� � I � 4<
K � �

� � M
�����

� � � 4 $ � � ?  � � L K
O � �

�N O � � � � � � � ?  � O L K
�����
?

	 � � � 0 � � � � � � � � � � � �

' � ; I�� � I � 4<
K � �

� � M
� � � � 4� ? �

O � �
�N O � ? $ > @ 9 �

O � �
�N O �� � � � ; 4 � � � � �

	 � � � 4 ( � 5 � 5 1 * � � � � 4 � � � * � � R ) � � � S � & @

� � � 4<
K � �

� � M
� � � 4 � � � ?  � 	 L K

3 4 5 6 7 8 6 7 9 : : ; < = > ? @ : A < ? B C



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� � � ) " � � " ' � * � & � ) � & � � � # " � � + � .

� � � � � � � � � � 	 � � 
 V � � 7  � � � 3 � � 1 1 2 � 
 1 � � �

❏ G � � � � � T � � � � 	 O < � �

�
	 O < � � T �� � � � ; 4 �

� � � �N O �< � � 	 O 0 � 
 1 � � 	 � 1 � 7 � 2 � � � � � � 0 3 �

� @ � � 	 � � 	 � � � 	 � � � �N O �� � � J � � �

❏ � V  1 � �N O � � � 2 ; � 1 0 � � � � � 2 0 S � � � � � � � � � T

� � ; I �� � 4 < � � �  � ; 4 � � ! � ; I �� � 4

� � �  � ; 4 <

O � "
�� � � � ; 4 � ? 2 � � � 1 F G 8

� ! � ; I �� � 4 <

O � �
� �� � � � ; 4 �# �N O � 4 ? 2 � � � 1 8 V

$ % & ' ( ) ' ( * + + , - . / 0 1 + 2 - 0 3 4



� � � � � � � � � � � 	 
 � � � � � � � � � 
  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� �  ! " #  " $ � % & ' & ! ( ' ) � * + " , � - . /

� 0 1 � 2 3 � 	 4 � � 	 � 5 � 6 � � � � � 7

❏ 8 9 : ; < = > ? @ A � 6 � � � � � � 1 � B � 
 1 � � 	

� � C = �D � E :
9 F "
�G � ? H C E �I H

9 F J
� � G � ? H C E �# � ; < � E I

:
K L M

9 N <
� G � ? H C E �I H O P � ; < �I # Q � ; < �

9 F J
�G � ? H C E �

❏ 3 R S 1 � 6 T U V WC � : X Y Z � X [\ 9 F J
] G ?̂ H C E]

☞ _̀ 6 2 B X a b c b a d e � X d 1 Y e a b f g e 5 X 7 b h d 7 i 1 B d X e h b c B i � X [ e � e j e h Z d k b

l I 2 h 1 Y �

X Y Z � e h\ m n o p̂ C E : X Y Z � X [\ 9 F J
] G ?̂ H C E] I

q r s t u v t u w x x y z { | } ~ x � z } � �



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� �  ! " #  " $ � % & ' & ! ( ' ) � * + " , � - � /

� 3 e a 4 b Y a e 5 b 6 k X h h b 7
❏ m n o p̂ C E e a h 1 d X � g h  d e 1 h 1 �] D ]

❏ m !̂ C =] D ] E a k 1 g 7 c B b � e h e � e j b c " Y d] D ] g h c b Y d k b  1 h a d Y X e h d V

] 8 9] I :
#

$ % & N <
; $ ; '&( L ) I * + $ L & , 9 - K

❏ " b � 1 c e � i m !̂ C =] D ] E e h d 1

m. !̂ C =] D ] E :
9 F J/
] G ?̂ H C E] I 0 ] 8 9] I 1 I

q r s t u v t u w x x y z { | } ~ x � z } � �



� � � � � � � � � � � 	 
 � � �  � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�

�
�

� �  ! " #  " $ � % & ' & ! ( ' ) � * + " , � - � /

� 3 e a 4 b Y a e 5 b 6 k X h h b 7 �  1 h d �

❏] 8 9] I  X h B b Y b 2 4 X Y X � b d b Y e j b c X a

] 8 9] I : �� 9 � = ? @ A

� 9 : �	 = 
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 Q a e ĥ Q � ? � O E =    = 
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