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f�'/0KAJ5æ*�(IAJ9I'3(+*g1�Ab5HAGEJ,
5H*-.Uq *e\ CU*-0O5HAGEJ,
5H*-.UqL(+AJE[CU.H*-$
&HAG0e*�0F'/YHYH4�*-AG5�(+,^'LY�'/9I'/4-4�AJ4(+&H9Kf;,�EJ,
5HAOEJ,/.H0K(I9I&HEh(+AJ5^&H0K*-.HqbfU*-.�'/9_Vm9KAJEG&H9I0K*�1�AF0_V
0K(+AGXm')(+*-EÛEJ,�.j1�,/4-&U(I*-,�.�'34)� * &Hè . EJ,
5HA,/6;9+'3(IA � � � *o\ CUABY�AJ9_68,�9IX='/.HEGAd,/6;(ICH*-0](I&H9If�,aEJ,
5H*-.Hqa0KE[CHAJX7AB*�0%5HAG(IAJ9IX7*-.UAJ5W.
&HX=AG9I*�EM'/4�4�VfjV � ,�.j(+A è '/9K4-,W0I*�Xb&H4Ð')(+*-,/. * ��.^0IAGEG(+*�,�. + * � THD2AÔ0K(I&H5UV�*-9K9IAGq�&H4Ð'39`(+&U9If�,=EG,"5HAG0 * �o*-.H'/4-4gV�T0KV
Xbf�,�4
�
f�'/0KAJ5�*g(+AG9+'3(I*�1�Aé5HAGEJ,
5H*-.HqB,/6�'/.�*-9I9KAJq�&U4Ð'/9�(+&U9If�,ÛEJ,
5HA`*-0o5U,�.HA *Ì\ CHA�Y�AJ9_68,�9IX='/.HEGA,/6p(ICH*-0é0KV
0K(IAJX *-0é5HAG(IAJ9IX7*-.UAJ5�'/.U5LEJ,�X7Y�'/9KAJ57(+,�(ICHAÛ,�.UABD`AOC�'M1�AÛ68,/9`(+CUAÛf�AJ0K(2*-9K9IAJq/&H4Ð'/9� � � è EJ,
5HAG0c68,�&U.H5�f
V Mc9If�'3. �/A � +��
� *

�1� � � ! 4 +.-/4 2.76�<; *�+.9��G*�; 46- !$�<; �:7 3	;=! �J7 * 35�<9 35% 3 � !�� %E-/%19:�<;
Õ�Ab68,
EJ&H0Û,�&H9O0_(+&H5UV�,�.H4�V^,�. ÆUª ¸ ª/«Z«-£h«]³[µ)¤§³Iª/¬Å£h¤�ª/¬�£Iº�³[µ)¤�¶/µ)«�©
¬ ¦¼µ)¤�ª/«%³[µJº
£[¥ �
.H,!Di.�'/0¬�© ¸G± µb³[µJº
£[¥ * Õ�A�9KAG1
*-AhD *�.b(+CH*�0¯0IAGEG(+*�,�.b(+CUAdf�'/0I*�E�YH9K*-.HEG*-YH4�AJ0JT39IAG0I&H4g(+0%'/.H5r5UAJ0I*�q�.WEJ9K*�(+AG9I*-'68,�&H.H5a*�.Ô(ICHA%4-*�(IAJ9I'3(+&H9KA¯9IAGqj'/9K5H*-.Hqd(ICH*-0�EJ,/.HEM'3(IAJ.�')(+*-,/.Ô0KE[CHAJX7A * Õ�Aéf�AJq�*�.aDi*g(+CF(+CUA%(I&H9If�,AJ.HEG,"5UAJ9 *

� ��� �%� � 5 � 0 �  '7+8 ���+ ��
�o*-q�&U9IA + * ( 0KCH,!Di0B(ICHAeAG.HEJ,
5HAG9B,/6o'W9+'3(IA

�
R � � Y�'/9+'34-4-AG4§(+&U9If�,=EG,"5HA��s,�fU(+'/*-.UAJ5�689I,�X(+CHA EG,�.HEM')(+AJ.H'3(+*�,�. ,/6e(�D`, EG,�.H0_(+*�(I&HAJ.j(^9+')(+A
�
R ��� 9IAGEJ&H9K0I*g1�Aà0KV
0K(IAJX='3(+*�EàEG,�.j1�,�4�&U(+*�,�.�'/4�H* &Hè . EJ,
5HAJ0 *=\ CUA=*�.U68,�9IX='3(I*-,�.�fU*�(+0a')(Ô(ICHAW*-.HYU&U(Ô,/6`(ICHArt�9I0_(�AG.HEJ,
5HAG9e'39IAr68AJ5à(+,^'/.¦Z¤�¬Å£ ¸ «-£Iª/¶/£ ¸ f;Ah68,�9IAÔAJ.j(+AG9I*�.Hq=(ICHAe0KAJEG,�.H5�AG.HEJ,
5HAJ9 *d\ CHAe(I9IAG4-4-*�0d,/6¯AJ'/E[C�EG,�.H0_(+*�(I&HAJ.j(ÛEJ,
5HA0K(+'/9K(I0e'3.H5�AG.H5H0e'3(a(+CHA,�JAG9I,

�
0K([')(+A *=\ CH*-0Ô*-0a5H,/.HAWf
V (IAJ9IX7*-.H'3(+*�.Hqm(+CUA7(I9IAJ4�4-*�0O&H0I*�.Hq²'3(X=,/0K(�� �Ìä Ra(+9I'/.H0K*�(+*�,�.H0GT"DiCHAG9IA	� � *-0d(+CUAÔEG,�.H0_(+9+'3*-.j(c4-AJ.Uq/(+C�,/6�(+CHA"* &Hè EG,"5HA *%\ CHAJ9KA

�68,�9IA3TU(+CUAa(I&H9If�,WEJ,
5HAaEM'/.^f�Aa1
*�AGD`AJ5²'/0c'W4�*-.HAJ'/9�fH4�,"E �mEJ,
5HAF,/6Ì5H*-X7AJ.H0K*-,�. � *
\ CHAb*-."68,�9IX='3(+*�,�.^fH*�(I0O'/9KA�(+9I'/.H0IX7*�(K(+AG5  K&H0_(F,�.HEGA * �Ç6`'/4-4�(ICHAbY�'/9K*�(�V²fH*�(I0O'/9KAe(I9+'/.H0

�X=*g(I(IAJ5pT�(+CUAe(+,3(['/4�EJ,
5HAe9+'3(IAe,/6](ICHAe(I&H9If�,mEG,"5UAeDi*-4�4�f;AÔAJ$
&�'/4�(+,²R � � *i\ CH*�0Û*-0c(+CHAÔt�9I0_(
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� �U�M�"���!��� �����]����������� �;�
(+&H9Kf;,WEJ,
5H*�.HqW0IE[CHAGX=AF(+CH'3(iD�'/0dt�9K0K(cYH9K,�Y;,/0IAJ5^fjV (2AJ9K9I,�& £h¬¼ÁFª/«gÁ � +
� *

RSC Encoder 1
1/2

I

1/2
RSC Encoder 2

P1

I2

I1

P2

Information bits

�o*�q�&H9IA + *�( / #].HEG,"5UAJ9i,/6o'W9I'3(+A
�
R � � YH'/9+'/4�4-AG4�(I&H9If�,=EG,"5UA *

g13g 11

g 21 g 23

I1 I1

P1+++

g 12

�o*-q�&U9IA + * + / * &Hè EJ,/.H0K(I*�(+&UAJ.j(?EG,"5HA * � Eh(['/4�q�AG.HAJ9I'3(+,/9I0 � P w��"z ��~ ¦ Á £JÁ � ì
PÎ � ì�ì � ì � � ì

� Ï P�Î R7RWR Ï '/.H5 � � P Î � � ì � ��� � �
� Ï P�Î Re>�R Ï * � � P � *

��. q/AJ.HAG9+'/4�TÌD`A�EM'/.�EG,�.H0_(+9I&UEG(r(+&U9If�,�EJ,
5HAJ0eDi*�(+C�X=,�9KA7(IC�'/. + EG,�.H0_(+*�(I&HAJ.j(�EJ,
5HAJ0 *@ ,!DaTÛ68,�9L(�D`, EG,�.H0K(I*�(I&HAJ.j(+0
* &Hè EG,"5HAG0G�  w 0  P A  5 R z A  z � �  ~�z C�P R z � ,36�9I'3(+AG0�  P A  � 0  '/.H5�EG,�.H0_(+9+'3*-.j(d4-AG.Hq/(IC � �  TU(+CUAÛ(+AG9IX7*-.�'3(I*-,�.7,/6�(+CUAÛ(+9KAJ4-4�*-0é.HAJAG5H0i'3(dX7,�0_( �  (+9+'3.H0I*g(+*-,/.H0
�  P�� � �  ä RA  � � + *�(�.

(+CHAF(+,3(['/4p9I'3(+AF,36Ì(ICHAF(+&H9Kf;,WEJ,
5HAa*-0dAG$
&�'/4�(+,
�¢P �

ì
� ��

ì
5 � � ä � ì � � 5 � ����� 
 � � � �v � + *,+/.

��,�9%�
ì
P	� � '/.U5²*g6�D`AÔ.HAJq�4�AJEh(d(+CHAF(+9KAJ4�4-*-0`AJ.H5U*-.Hq�0GTHD2AÔq�Ah(� P �

ì�Fä �
ì

� + *Þ� .



� � 0 �����]���������$�W��	�� � �����
� ���8�H�r� �����]� ���p�����
Õ�AbEJ'/.æE[C�'/.Uq�A�(+CUA�(+,/(+'/4�EJ,
5HAb9+')(+A �ÓfjV Æ�©"¤§³h¬ © ¸ ¦Z¤ -e(ICHAbY�'/9K*�(�V^fH*g(+0F'M13'/*-4-'/fH4�Aa'3((+CHAÔ,�&U(IYH&U(I0B,/6o(+CHAa(�D2,mEJ,�.H0_(+*g(+&HAG.
(BEJ,
5HAG0 * ��,�9iAh�U'/X7YH4-A3T�(+,mq/AG(B'=EG,"5HAÔ9+')(+A ��PÓR ���D2A7EM'3.  K&H0_(ÔYH&H.HEh(+&H9KA=(+CUA7YU9IAG1
*�,�&H0aEJ,
5HA7&H0I*�.Hq�(+CHAW68,�4-4�,!Di*-.HqLYU&H.HEG(I&H9I*�.Hq^Xm'3(I9I* � ��')(AM'/E[C^EJ,
5H*�.HqW0K(+AGYpT�,�.HAa,/6�(+CUAa(�D`,7Y�'/9I*g(�VLfH*g(+0d*�0c5UAJ4-Ah(+AG5 .

�
P # R >> R % � + * � .

� 68AGD¢X=,�9KAFY�'/9K*�(�VLfU*�(+0dX�&H0K(cf�AÔYU&H.HEG(I&H9IAG5�*g6�D`Aa(['��3AÔ*�.^'/EJEG,�&H.j(i(+CHAF(+9KAJ4�4-*-02AJ.H5H*�.Hq�0 *
� ��� � � �3"$ ���/ "$# �� �  '8I��� #%7�� ��) "$5 �$0!� 8 ���+ '&� Xm')�"*�Xb&HX�4-* �/AJ4�*-CH,
,
5e5HAGEJ,
5HAJ9GT
'/0]5HAJ0KEJ9K*-f�AJ5W*-.rE[C�'3YU(+AG9 ( TjEM'/.U.H,/(%f�Ai'/YHYH4�*-AJ5e(+,a'(+&H9Kf;,FEG,"5UA *¯\ CH*�0]*-0¯5U&HA�(+,F(+CUAdEJ,�X7YH4-A��"*�(�Ve,/6 � �²5HAGEJ,
5H*-.Uq *o\ &H9If�,aEJ,
5HAJ0%'39IAd5HAGEJ,
5HAJ5fjV�'3.�*�(IAJ9I'3(+*g1�AW5HAJEG,"5U*-.Hq^(+AJE[CU.H*-$
&HA �
.H,!Di. '30 ¬ © ¸G± µ�º
£[³[µJº/¦Z¤ - * �Ç(+0e&H.H*�1/AJ9K0+'/4%1�AG9I0I*�,�.*-0bEJ'/4-4�AJ5�(ICHA ¥h©"ÂåÆ ¸ µJº/©�³h¬Ôª/« - µ ¸ ¦Z¬ZÀ
Â *)� (WAM'3E[C´*g(+AJ9I'3(+*�,�.pTo(ICHA�EJ,/.H0K(I*�(+&UAJ.j(7EJ,
5HAJ0W'/9KA5HAJEG,"5UAJ5�&H0K*-.HqL'=0I,mEM'/4�4-AJ5�� µÅ»�¬���¤/Æ�©"¬�¹ � µÅ»�¬���©
¬�Æ�©"¬ � & � & � . 5HAJEG,"5UAJ9 *B\ ,m&H.H5HAG9I0K(+'/.H5CH,!D�(I&H9If�,�5HAGEJ,
5H*-.Hq�D`,�9 �
0GT�D`Art�9I0_(aEJ,�.U0I*-5UAJ9O(+CUA & � & � 5HAGEJ,
5H*-.Uq�,/6`'�EG,�.j1�,�4�&U(+*�,�.�'/4EJ,�.U0K(+*g(+&HAG.j(BEG,"5UA *
�
	 ��� ��
 ���
�����Ì� 	������B�à����	 ����� �����8��	����`����	 �G�!�8� ���
	;�7�������

��Ah(,� w � z$# ~ 5UAJ.H,/(IAJ0F(+CUA74�*-.HAJ'/9ÛfU*-.�'/9_V�EG,�.H0K(I*�(I&HAJ.j(ÔEJ,
5HAbDi*�(IC 9+'3(IA � * �Ç6"� *�0F'fH4-,
E �æEJ,
5HAm(ICHAJ.�*�(bCH'/0�4�AJ.Hq/(IC � '3.H5�5H*�X=AG.H0I*�,�. # * �Ç6?� *�0�'²tH.H*�(IAm4-AG.Hq/(IC�fH*-.H'/9KVEJ,�.j1/,�4-&U(I*-,�.H'/4HEJ,
5HA3T
D`AB.UAJq�4�AJEG(é(+CUAB0_(['/9_(+*-.Uqe'3.H5=(IAJ9IX7*-.H'3(+*�.HqOYHC�'30IAJ0`*-.W(+CHAi(+9KAJ4�4-*-0¯'/.H5D2AaEG,�.H0I*�5HAJ9?�s'30B' w � z$# ~ 4-*�.HAM'39�fH4-,
E �mEG,"5UA *
��AG(��´P w��

ì
z � � zM|M|M|hz �hv2~ f�A�'àEJ,
5HAGD`,�9I5 '/.H5 � P w. 

ì
z  � zJ|M|M|Jz  �v`~ f�A�(+CHA^1�AJEh(+,�9=,/69IAGEJAJ*g1�AG5¢9IAJ'/4O0_V"X�f;,�4�0^'3(�(+CHAà5HAGEJ,
5HAJ9�*-.UYH&U( * \ CHA ª Æ�µ!¥h¬�£ ¸ ¦¼µ ¸ ¦cÆ ¸ µ ± ª ± ¦Z«�¦Z¬�­ � � �,� .'/0I0K,"EG*Ð'3(IAJ5�(+,7'rEJ,
5HAG5²fH*g( � F T��rP�R |M|M| �àT�*-0d5HAht�.HAG5�'/0

�
�Ô�

w � F ~ P �
w�� F � �o~ P �

� � � �
w�� F z � � �o~ P �

� � �
Ê wZ�i� � F z � ~ � w�� F z � ~Ê w8�o~ � + * ��.

\ CHA  K,�*-.j(iYH9K,�f�'/fH*�4-*g(�V
�
w�� F z � ~ *-0i.
&H4-4�*g6Ì(ICHA�� ��� fH*�(i,36��=*�0d.H,/(cAJ$
&�'34�(I, � F * � 0I0I&UX=*�.Hq(+C�')(iE[C�'/.H.HAG4�,�fH0IAG9K13'3(I*-,�.H0i'3.H5 ªFÆ ¸ ¦¼µ ¸ ¦ YH9I,�fH'/fH*-4�*�(I*-AJ0`'/9KAÔ*�.H5HAGY;AG.H5HAJ.j(JTHD2AÔ,�fU(+'/*-.

�
�Ô�

w � F ~�� �
� � ��� ���

Ê w8�i� � ~ �
w � ~ P �

� � ��� ���
v
�
� � ì

Ê w. � � � � ~��%w�� � ~ � + * +/.
DiCHAJ9KA �éw � F ~ *-0i(+CHA ªbÆ ¸ ¦¼µ ¸ ¦ *-."68,�9IX='3(+*�,�.�9IAGqj'/9K5H*-.HqW(+CUA�fH*g( � F *B\ CHAe0I&HX *-.�(+CUAb'/f�,!1�AAJ$
&�'3(I*-,�.�*�0dY;AG9K68,�9KX=AG5^68,�9i'btU�"AG5²13'/4-&UAF,/6 � F *é\ C
&H0GT�(ICHA � �,�?EM'3.²f�AF6 '/EG(I,�9I*��JAJ5�*�.
(I,� (+AJ9KX=0

�
�Ô�

w � F ~�� Ê w. F � � F ~ �+�éw�� F ~ � Í ° 1Gw � F ~ � + * /�.
Í ° 1Gw � F ~ *-0�(+CHAé.H,!1�AG4�(�VÔ,�.a(+CHA`fH*�(�EG,�X=YU&U(+AG5�fjV & � & � 5HAGEJ,
5H*-.HqUT3&H0K&�'/4�4�VFEJ'/4-4�AJ5 £K·�¬ ¸ ¦Z¤U¥h¦¼³¦Z¤M»Mµ ¸ Â7ª/¬�¦¼µ)¤ * �Ç(i*�0d5HAGtH.HAJ5²f
V
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Í ° 1Gw � F ~�� �
� � ��� ���

v
�

� � ì I ���� F
Ê w. � � � � ~��%w�� � ~ � + * 2 .

�Ì*-q�&H9KA + *Þ� 9IAJYU9IAJ0KAJ.j(+0F(ICHA�fH4�,"E ��5U*Ð'/q�9I'/XQ,/6%' & � & � 5HAJEG,"5UAJ9 *B\ CHAb*�.HYH&U(I0O'/9KAe(+CUA4-* �3AJ4�*-CH,
,"5U0 Ê w! F � � F ~hz ��P R zM|M|J|Gz � '/.H5�(+CUA # ,/9�� 'mYH9K*-,�9K*Ì*�.U68,�9KXm'3(I*-,�.U0 �%w�� F ~ *F\ CHA,�&U(+YU&U(+0i,/6�(+CHA & � & � '/9IAO(ICHA # ,�9 � � � �]0B'/.H5²#o�"(I9I*�.H0I*�EF*-.U68,�9KXm')(+*-,/.H0 *

DECODER

SISO

 

observations

a priori

a posteriori

information
Extrinsic�éw � F ~

�
�Ô�

w �  ~
Í ° 1Gw��  ~

Ê w. F � � F ~

�o*-q/&H9IA + *�� / & � & � 5HAJEG,"5UAJ9 *
\ CUAJ0IA�68,�9KXb&H4-'/0b'/9KAL(+CHAG,�9IAh(+*�EM'/4 * ��. ,/9I5HAG9b(+,æAG13'/4�&�'3(IAm(+CHAGX²T¯D`A�EM'/. *�X=YU4-AJX7AJ.j((+CHA ( è ��* '/4�q�,�9K*�(+CUX � +�� '/4�0I, �
.H,!Di.lfjV�(+CHA�Ñ µ ¸ Äéª ¸ º/¹��Bª
³$')Äéª ¸ º�ª/« - µ ¸ ¦Z¬8À
Â * � (+CHAG90I&Hf
�
,�YU(I*-X='/4;(IAJE[CH.H*�$
&HAJ0cEM'/.²'/4�0I,rf�AÔ*�X=YU4-AJX7AJ.j(IAJ5 � � +
� � +�/
� � +�2
� *

��	 ���!�
�)�"��� ����� �����]�����
������� 	��
�Ì*-q�&H9KA + * � 0ICH,!Di07(+CHA^*�(IAJ9+')(+*�1/A^(I&H9If�,à5HAJEG,"5HAG9 * \ D2, & � & � 5HAJEG,"5UAJ9I0m'/9IA^*-X7YH4�A

�X=AG.
(IAJ5pT�,/.HAF68,�9dAM'/E[C^EJ,/.H0K(I*�(+&UAJ.j(cEJ,
5HA *
Õ�AWf;AGq�*-. fjVæAh1/'34-&�'3(I*-.HqL(ICHAW4-* �/AJ4�*-CH,
,
5H0 Ê w. F � � F ~hz �²PQR zM|M|M|hz � * �Ç6 � F *-0a'/. *-."68,�9

�Xm'3(I*-,�.�fH*g(MT Ê w. F � � F ~ *�0c68AG5�(+,7(+CHAÔt�9I0_(Û5HAGEJ,
5HAJ9Û'/.H5�(I,=(ICHA�0KAJEJ,/.H5�1
*Ð'='/.�*�.
(IAJ9K4-AM'M1/AJ9 *\ CH*-0Ô*-0Ô(+CHA=0+'/X7A=*�.j(+AJ9K4-AJ'!1/AJ9e&H0IAG5 *-.àAJ.HEG,"5H*�.Hq * �Ç6 � F *�0�'²Y�'/9I*g(�V fH*�(JT Ê w! F � � F ~ *�0Ô68AG5(+,L,�.UAb,/6%(+CHAe(�D2,�5HAGEJ,
5HAJ9K0F5HAJY�AJ.U5H*-.Hq�,/.�DiCHAG(ICHAJ9 � F *�0O'LY�'39I*�(�V^fH*g(O,/6 � ì ,�9 � � * �Ç6YH&H.HEh(+&H9K*-.Hq�D�'30ÔY�AJ9_68,�9IX7AJ5 ,�.àY�'/9K*�(�VæfU*�(+0GT�(+CHAWEJ,/9I9IAG0IY�,�.H5H*�.Hq�4-* �/AJ4�*-CH,
,
5H0Û*�0at"�UAG5�(I,R ��� *
� (é(+CUABt�9K0K(�5UAJEJ,
5H*�.Hqe*g(+AG9+'3(I*-,�.pT�(ICHAB'eYH9K*-,�9K*�*-.HYH&"(2,/6§(+CHAit�9I0_(�5HAGEJ,
5HAJ9é*-0`'/4�0I,atU�"AJ5(+,WR ��� *Ì\ CHAJ.§TU'3(éAJ'/E[C=5UAJEJ,
5H*�.Hqa*�(+AG9+'3(I*-,�.§T/D2Acf�AJq�*�.7fjVr5UAJEJ,
5H*�.HqÔ(ICHAiEJ,�.U0K(+*g(+&HAG.j(`EG,"5UA�

ì
TU(+CUAÔA��
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x− g=(31, 27, 37), Bit−based decoding
o− g=(31, 27, 37), Symbol−based decoding
*− g=(31, 27), Bit−based decoding
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x− g=(37, 21, 27), Bit−based decoding
o− g=(37, 21, 27), Symbol−based decoding

+− g=(25, 37, 35), Symbol−based decoding
*− g=(37, 21), Bit−based decoding
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A J`AbD�Q3=>A���M"A D n8J'H,A��C=fHbM!Ab=�% X�� �yD�HKHI=3?�,. FM`H A�,CHILRJsQSJ<TC= ��D�A*��"6,2�oLRJ$ H% LCM$"K=STjD�Ab=SHbM"AKD�e`=>TC= %Q3JUTCDFEC? D �>=  .,."�A Q3J'E."IDFTC=SHK=ST%MsTC=S?'HK=S= +GHKJ�
  �= ��D�A��hJ`E. �, A �>JOECJ'E<%��3=SHKJsn8HbM`QBAbD�J'E."3;��<�pM$ ' �=3HA*�CHI=7"��GJ8 FT."�Q3M`E +GHKJ'L�M"L. �, Lk=@HK=3M`Q(�C=3Ty,."KD�EC?hML FM`HK?`=3H�TC=S?'HK=S=F+GHKJ�
  �=`; 4��CD�" D�"�ECJ`A�EC=SQ3=7" %

"bM`H6,�"KD�ECQ3=sA*�CM"A�A*�C= ��� ��
 T<� e"M$ J,C=sQ3M`EzLR=sQSJ'E."KD�TC=3HI=3T M$"�M$ '�hJ8"�A�=	��,�M$ {AKJ��S=3HIJC;
; DFE�M$ � �, D �>= Q3J'EGQ7 J,GTC= n8HIJ8� A*�C=)"K= HK=7".,. �A�"yA���M"A D ,CECTG=3HuD�Ab=SHbM"AKD�e'=@TC=SQ3JUTCDFEG? D DFHKHI=3?�,; qM`HA�,CHILRJOQ3JUTC=7" Q�M"E%M`Q(�GDF=Se`=uQ3M$+�M`QSD�A-,jJ`nRA*�C=(�21��03E% D�E.+',GA�� = ? A Q(��M`ECEG=7 RM$" n8J`HWDFHKHI=3?�,; qM`H

p�� 1�� Q3JUTC=7"S;
i E A��C=jEC=[w<A@Q(�CM$+GAb=SH D �)= "IA/,CT;, �i,. �AKD' �=Se'=) QSJ<TG=3T��hJ<T',; qM"AKDFJ'E." ���CD�Q(� Q�M`E6Lk=i,."I=3TAbJOM$+.+CHIJ^M`Q(�iA*�C=�Q3M$+�M`QSD�A-,oJ"ncM
�?%�M"H>,jTCD�"KQBAbHK=BAb=�DFE;+',GA�� = ? A Q(��M`ECEC=) � � F � � M"A �CDF?$�Q3JUTC=@HbM"AK=7"3;
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4��G=�+k=3HIn8J`H��pM`ECQ3=hD'�L+CHIJme`=7�h=3E^A D DFE A*�C=hQ�M!"K=%J"n�LCDFECM`H>,6QSJ<TG=7" D D'" M`Q(�CDF=Be'=ST LG,.=*) %

+�M`ECTCD�EC?iA*�C= L�M`ECT ��D�TGA*� J`n,A��C= AKHbM`E.">�pD�AKAK=3TP"KDF?`E�M$ LG, M"E M$�hJ�,CE^Ay=	��,�M$ AbJhA*�C= HK=3QSD'+<%HKJUQ�M$ cJ"n A��C=@Q3JUTC=@HbM"AK=`;
� J �>=Be'=3H D =BgpQSDF=SEvA%TCDF?`D�A�M! �Q3J8�L�i,CECD�Q�M"AKDFJ'E ">,2"�Ab=7�L"C��M�e`= AbJ�Lk= LkJ`A*� +RJ �)=3H M"ECTL�M`ECT ��D�TGA*� =BgpQSDF=SEvA D =7"�+k=3QSDqM$ � �, DFE A*�G=hQ3M$"K=iJ`n)L�M`EGT ��DFTGA��<% QSJ'E."�AbHbM"DFEC=ST Q(�CM`ECEC=) '"3;,+�J'H

"/,CQ(�6Q(��M"ECEC=7 �" D A��C=oTCD�?'D�AbM$ {Q3J$�9�i,GECDFQ3M"AbD�J'E	">,2"IAK=7� D�"uTC=)"KD�?'EC=3T�,;"KDFEG? �?% M`H>, �pJUT',. FM %AbDFJ`E."sA*��M"A ��M�e'=9"KD�?'E�M$ �DFEC? HKM"Ab=)"�8.- X LCD�A �"TCD��p=SE."KD�J'Ec; �>J<TGDFEC? M`ECTJ�pJUT',. FM"AbD�J'E6M`HI=Q3J8�oLGDFEC=STc;0/�=@?'=BA�A*�C=�"IJpQ3M$ ' �=3T214365 �7598:365<;>=@?<A �B3DCFEB;
4��G= �hJ8"IAL+kJ �>=SHIn�,. M$+.+; FDFQ3M`L. �=tQ3JUTC=3T �hJ<T',; qM"AKDFJ'E." ">,2"IAK=7�L"%M`HI= A*�C= �>=) ' HGvECJ ��EIKJ �L=M= �NE9OP365 �759QR365<;>=@?<A �B3DCFETS 4VUHW ��A���M"A �>=SHK=�
�H>"IAuTC=7"IQ3HKD�LR=ST6LG,YX EC?'=SHKLkJ<=SQ4G D�E � �'a[Z\ �'�^]_S "K=S=�M$ �"KJ \ � �6]RM`ECT \ �`ZD] � D M`EGT	QY;a=bA��M= �Lc �L=_OP365 �75dQe365<;>=@?<A �B3DCFEfSgWYhiU � D�E^AbHKJUT',CQS=3TpL ,j-�%M`DcM`ECT	kyD�HbM<G!M �fM \ �`lm]�;
4��G=tQ3J8�L�hJ'E.D�TC=�MdAbJzA*�C=)"K=%A �)J �h=SA*�GJ<T." D D'"@AbJ J8+GAKD'�hD �3=jA��C=%QSJ<TC=pDFE0N ,GQ7 FD�TC=�M"E

"�+�M`QS= HbM!A*�C=SHhA���M`E TC=3M$ FD�EC? ��D�A*�nkuM$�L�pD�EC? TCD'"�A�M`EGQ3=`; 4��CD�"%D'"hTCJ'EG= LG, ".,CQ3QS=7">"KD�e`=7 H,LCDFE�M"H>,?+�M`H�AbD�AbDFJ`ECDFEC? A��C=0"IDF?'E�M! F"I=SAYo V p �FqLr��`str �
� � r��vu9w J`njM �?% M`H>, �hJ<T',; qM"AKDFJ'ES � Vyxmz �0,;"KDFEG?{XyEC?`=3HKLkJU=3Q4G}| "�"I=SA�+CM`HIAKD�AbD�J'ECD�EC? H/,. �=`; � n Ab=SHtx  F=Se`=7 �"%J`n�+�M"HIAbD�AbD�J'E<%DFEC? D =3M`Q(� "IDF?'E�M! �+RJ`DFE^A ��D' � >Lk=P�pM$+.+k=3T LG, M6LCDFECM`H>,.e'=3QBAbJ'H,~ V ��� z r � z 9 q4r �
�
� r � q � ;XyEC?'=SHKLkJ<=SQ4G}| "�M!+.+CHKJ'M`Q(� D A���M"A)D'" L�M$"I=3T J'E9�%MD)<D��pD �3DFEG?�A*�C=5�pD�ECD'�i,;� DFE^AbHKM %-".,CL."I=SA N ,2%Q7 FD�TC=�M"E TCD'"�A�M`ECQS= D D�"fA*�C=��hJ8"IA�"I=SA +�M`H�AbD�AKDFJ'EGDFEC?�"�AbHKM"Ab=S?$,K,."I=3T D�E�+CHbM"QSAbD�Q3=";
4��G= TCD@� =SHK=3EGQ3=zLR=BA �>=S=3E 4VUHW M`EGTnWYhiU D�"hD�E QSJ<TGDFEC?C;�j E MQ4VUHW ">,2"�Ab=7� D A*�G=

 F=�M!"IA�"IDF?'EGD 
�Q3M`E^AoLCD�A*"rJ"nH~ M`HK=%=3ECQSJ<TC=ST4,."KD�EC? J'EG=tQ3J'E^e`J8 J,GAKDFJ'ECM$ )QSJ<TG=tM`ECT A��C=C�hJ8"IA
"KDF?`ECD 
�Q3M`E^A�LCD�A�"�HK=7�pM`D�EK,CECQ3JUTC=STc;H��EdA*�C=@J`A��C=3H���M`EGT D DFEzM`EYWYhiU ">,2"IAK=7� =�M"Q(� LCD�A

� �J`n A��C=�"KD�?'E�M$ O+kJ'D�EvAfD'"�DFEGTCD�eUDFT!,�M$ ' H,L+CHKJ`AK=3QBAb=3TzLG,zM`EdDFECTGD�eUDFT',CM$ LCD�E�M`H6,tQ3JUTC=d� � ;
U>J$�9+�M"HK=3T AKJ9X EC?'=SHKLkJ<=SQ4G"|V"�4VUHW D A*�C=dW�h�U M$+.+CHIJ^M`Q(�	��M$"�A��C=@M`TGe"M`E^A�M"?'=sJ`n +CHKJ!%e<D�TCDFEG?���=L)<DFL; F=tAbHKM`E.">�pD�"�"KD�J'E HbM!Ab=7"M"IDFECQS=dA��C=	 qM"AIAb=SHjLR=SQ3J8�h=7"iDFEGTC=7+k=3ECTG=3E^A%J"nyA��C=dTCDH%

�p=SE."KD�J'E�M$ �D�A-, J`n A*�C=	"KD�?'E�M$ >Q3J'E."�Ab=) ' qM!AbDFJ`Ec;�+R,CH�A*�C=SH��hJ'HK= D M"E , Q3JUTC=	 FDNG"=tL. �J<Q4G.Q3JUTC=7" D
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Q3J'E^e`J8 J,GAKDFJ'ECM$ QSJ<TC=)" D A�,GHKLkJhQSJ<TG=7" D =BAbQ D Q3M`EdLR=I,."I=3T M$"�MhQSJ8�L+RJ'EG=3E^A�Q3JUTC=`;

kyJ �>=Be'=SH D WYhiU "/,F�R=3H>"�J`n A �>J �pM��IJ'H)TCD'"KM`TGe"M`E^A�M`?`=7">A���M"A�=*);+; qM`D�E ���G,&WYhiU D'">EGJ`AJ`nc?`HK=�M!A>D�EvAK=3HI=7"IA>DFEL+CHbM"QSAbD�Q3="; +,DFH>"IA D A��C=E+k=3H�n8J'H��pM`ECQS=�D'" "K=Se`=3HI=7 �,pTC=S?'HbM`TG=3T%T!,C=yAKJ �CD�?8�=3HIHKJ'H�HKM"Ab=)"�M"A� FJ �)=3H� F=Be'=) '"3; �<=SQ3J'EGT. �, D M`E�WYhiU ">,2"�Ab=7� D�"��pJ`HK=�QSJ8�9+; F=L)%A*��M"E M 4VUHWL�M$"I=3T<%�J'EC=`;
j E A��CD'"jQ(��M!+GAb=SH D �)=zHK=SeUD�=�� A��C=	�%M"DFE HI=7"/,; �A*"jn8J�,GECT D�E A*�C=	 FD�Ab=SHbM"A/,CHK= D =7"�+k=3QSDqM$ � �,LG,&kO,CLk=3H �LA ?<= \ �'aD] \ ��
D] \ Z<lm] \ ���D] \ Z��D] D HI=3?^M"HKTCD�EC?M�i,. �AKD' �=Se'=) QSJ<TCD�EC?C; /.=F�pM`D�E. �,hn8J<QL,."�J'EA*�C= Q�M$+CM`Q3D�A-, D A��C=rTG=7"KD�?'E H.,. F=)"�M`ECT A*�C=� FM`Lk=7 FD�EC?M"IAKHbM"AK=3?'D�=7"uJ"n WYhiUu;#4��C=SE D M$"6,2�9�h=SA6%HKD�Q�J'EC= % TCD��p=SE."KD�J'E�M$ ����� M`ECTdA �>J!%�TCD'�h=3E;"KDFJ`E�M$ ������YQ3J'E;"IAb=) ' FM"AbD�J'E."�M`HI=:"IA/,CTCDF=STc; 4��C=

�%M"DFEL+',CH�+kJ8"I=uJ`n{A��C=7"I=A"IA/,CTCDF=)"fD'" AbJrTC=SAK=3H��hDFEG= D n8J'H A��C= ?`5`5 �MA��Mc ����� �MA ��� ?<;vE4E � ?<C	C 3(�NE��1��F?<C C �L= S �i/���� � D MM�i,. �AKD' �=Se'=) {Q3JUTCDFEG?9"IQ(�C=7�h= A���M"A5��M$"u=���,�M$ Q�M$+�M"Q3D�A-,zM!Au=3M`Q(�  F=Be'=) D�; 4��C=3HI=Sn8J'HI= D M$+.+. H,<D�EC?@A*�C=�Q�M!+�M`Q3D�A-,iTC=7"IDF?'EpH/,. �= D A*�G=yD�ECTCD�eUD�T',�M$ CHKM"Ab=)">M!A)=3M`Q(�� �=Se`=7 wLR= %Q3J8�h=�=	��,�M$ �; U>J8�L+. F=*)GD�A-,jJ`ncA��C=E"6,2"IAb=)� D�"  qM`HI?'=7 H,jHK=ST',CQ3=ST�"KD�ECQ3= J'E. H,iJ'EC=�M"HKQ(�CD�Ab=3QBA�,CHI=J`n =3ECQSJ<TCD�EC?hM`ECTdTC=SQ3JUTCDFEC?iD�"�"/,GghQ3D�=3E^A�;
4��C=�">,2"�Ab=7� �pJUTC=) UJ"nkM`E,WYhiU "KQ(�C=)�p=>D'",D�E^AbHKJUT',CQS=3ToD�E "I=3QSAKDFJ'E �G; Z<;�4��C=�+GHKJUJ`nCA*�CM"AWYhiU D QSJ8�oLCD�EC=3TpAbJ:8 ;>=bA��NELA ? � � 5 �414365 �MC!�TSBW � � � D Q�M`EtM`Q(�CDF=Be'=uA��C=uQ3M$+�M`QSD�A-,hD'")HK=Be<D�=��)=3TDFE "I=3QBAbDFJ`E �C;��<;�j E "I=3QBAbDFJ`E �C;�� �)=6TC=BAb=3H>�pD�EC= A��C=6Q�M!+�M`Q3D�A-, HI=3?'D�J'E D ��
���
YA��C= HI=3?'D�J'EQ3J'HIHK=)"�+kJ'ECTCD�EC?pAKJhA��C=rHKM"Ab=)"yA*�CM"AuQ3M`E Lk=2,;"K=3T AbJtM"Q(�CDF=Be'=rQ3M$+�M`QSD�A-,`; 4��G=rTCD@� =SHK=3E^AyHbM"AK=TC=7"IDF?'EdH.,. F=)"  �DNG"=�A*�C=#"4?<=@?<C 1 �75 5 �NELAB?<C 1 � J*;a= � D A��C= 17?%$F?>1 �MA'&:5 �4E �(�<C�J*;>= � D M`ECTdA*�C= 14365 �MC!��*)+$ 3DC �LC A 5 �4E �(�<C{J*;>= � D M`HI=pD�E^e'=7"�AbD�?^M"Ab=ST DFEJ"K=SQSAbD�J'E �G;,
<;&j EJ"K=3QBAbD�J'E �C; l D �)=�"�A�,CT<,.A��C=TCD �R=3HI=3E^AT qM`Lk=7 �DFEC?�"IAKHbM"AK=3?'D�=7" J`nX"IJ8�p= +CHKM`QSAKDFQ�M! kD�E^Ab=3HI=7"�A  �DNG`=-"6=N3 1�./$F?<J*A �MA��B3DC �MC!�5"IAKHbM"AK=3?$,M`ECT6A*�G=0� J7?�&	=@?�" �L= �MC!� "IAKHbM"AK=3?$,`; j E6A*�C=)"K=L"K=3QBAbD�J'E." D /.=iL�M$"I=3T J�,CH:"IA/,CT;,6J`E A��C=jQ�M!"K=J`n M�� V xDz % M`H>, ����� �hJUT',. qM!AbDFJ`E S ">+R=SQ3DFM$ ' H, 3 %������ ��;;4 Jp=*);+; qM`D�E ��� ,zM! ' RA��CD'"�"�A�,CT<,D'"hL�M$"I=3T J'E M�J'EC= % TCD��p=SE."KD�J'E�M$ � ��� D A��C= TCD��p=SE."KD�J'E�M$ �D�A-,�J`n�A*�G= Q3J`E."IAKD�A�,G=3E^A�"KD�?'E�M$ Q3J'E;"IAb=) ' FM"AbD�J'E D'"rHK=SeUD�=��)=3T D�E�"K=SQSAbD�J'E �C;1�<;{+�J'HoA*�GD'"oJ'EG=�% TGD'�h=3E."IDFJ'E�M! �hJ<T',; qM"AKDFJ'E D M`EM$">,2�L�p=BAbHIDFQOQ3J'E."�Ab=) ' qM!AbDFJ`E���D�A��6=	��,�M$ ,Q�M$+�M"Q3D�A-, M"As=3M`Q(�  F=Be'=7 D'"�D�E^AbHKJUT',CQS=3T6D�E "K=SQSAbD�J'E

�C; aG;94��G=pQ3M$"K=hJ`n W�h�U ">,2"IAK=7�L"rL�M$"I=3T.J'E�M!">,2�9�h=SAKHKD�Q2� �3� Q3J'E."�Ab=) ' qM!AbDFJ`E." D ���CD�Q(��D�"J`n ?'HK=3M"A@DFE^AK=3HK=)"IAODFE +CHKM`QSAKDFQS= D D'":"�A�,CTGDF=3T DFE�"I=3QBAbDFJ`E �C; �G; + DFE�M$ � �, D "K=SQSAKDFJ'E �C; ��� HK=)"/,.�h=A*�C=uHK=7".,. �A�"fJ`n "IJ8�p= W J'E^Ab=dUfM"H� FJ "KD��i,. qM!AbDFJ`E.")J`LGA�M`D�EC=3TF,."KD�EC?,WYhiU "KQ(�C=)�p=)"�L�M$"K=ST J'E
����� M`ECT4����� �hJ<T',; qM"AKDFJ'E."S;
�	�65 728��O� 
�� � �$#�
��

h =BAA,." QSJ'E."IDFTC=SHrM:9L% TGD'�h=3E."IDFJ'E�M! �hJ<T!,. qM"AKDFJ'E ��D�A*� � V�xmz "KD�?'E�M$ �+RJ'D�E^A*"sA�M<G"=3En8HKJ8� A*�C=F"KD�?'E�M$ X"I=SA o V�p<; q*r ; s r �
�
� r ; u$wv;�4��G= �i,. �AbD� F=Se`=7 c=SECQ3JUTC=SHuD'"�">�CJ ��E DFE 
�?�,CHI=
�C; �';�N M`Q(� LCD�A

�>=@?
p � r X w J`n A��C= LGDFE�M`H6,zM`TCTCHI=7">"ye'=SQSAKJ'Hf~ V �M� z r � z 9 qLr �
�
� r �>= r �
�
� r � q �D'" D�ECTC=)+R=SECTC=3E^A� �, +CHIJ`Ab=SQSAK=3Tc;BA%C

�
D'" A��C=3E0,."K=SThAKJ�"K=7 �=3QBA>MA+kJ'D�EvAWn8HIJ8� A��C=�Q3J`E."IAK=7 ' FM"AbD�J'Ec;

4��C=tQ3JUTC=pHbM"AK=%J`n�=3M`Q(� DFECTGD�eUDFT',CM$ W=3ECQSJ<TG=3HoD�"r=	��,�M! )AbJED
=
V F�GH D ���C=3HI=I� D�" A��C=

 F=SEC?`A*�.J`n�A*�G=C�i,. �AbD' �=Se`=7 Q3JUTC=`; 4��C=tAbJ`AbM$ HbM"AK=%J`n�A��C=C�i,. �AbD� F=Se`=7 "KQ(�G=7�h=tD'" =	��,�M$ AbJ
D V F H ���C=3HI=�J VLK z

=NM
q J

=
;=4���,." D MrL. �J<Q4GhJ`n	J DFE<n8J'H��pM"AbD�J'EiLCD�A�">D�">=3EGQ3JUTC=3TdDFE^AKJPOM`TCTCHI=7">"ye'=SQSAKJ'H�" ~ ;5N M`Q(� J`n A*�GJ8"K=Oe'=3QBAbJ'H>"�D'"H,."I=3T AKJ�"K=) F=SQSAsML"KD�?'E�M$ +kJ'DFE^A ; n8HKJ8� A��C=Q3J'E;"IAb=) ' FM"AbD�J'Ec; 4��G=pLCDQ�I=3QBAbD�e`= �%M!+.+CDFEG? ; V � � ~ � D'"sTGJ'EC=N,."KD�EC?	XyEC?`=3HKLkJU=3Q4G}| " +�M`H�AbDH%
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x

x

L

1

Mapping

Encoder E

Encoder E

L

1

K L bits

K Information
bits

K1 bits

a

+,DF?�,GHK=��C; � � Wy,. �AbD� F=Se`=7 c=SECQ3JUTCD�EC?M"KQ(�C=)�p=";
AbDFJ`ECDFEC?G;

+�J'H =L)GM$�L+. �= D X EC?'=SHKLkJ<=SQ4G"|V":+�M`H�AbD�AbDFJ`ECDFEC?iJ`n,A*�C=oJ`EC=�%�TCD'�h=3E."IDFJ'ECM$ 3 % � ��� �pJUT',. FM %AbDFJ`E D'"�D' � J,."�AbHKM"Ab=ST DFE 
�?�,CHI= �C; ZU;

x x x x x x3 3 3 3 3 33 x x3

x x x x
2 2 2 2

x x
1 1

-7 -5 -3 -1 +1 +3 +5 +7

-7 -3 +1 +5 +7+3-1-5

-7 +1 +5-3

-7 -3+1 +5 -5 -1+3 +7

-5 +3 -1 +7

8-ASK constellation

A(0) A(1)

A(00) A(10) A(01) A(11)

A(100) A(010) A(001) A(101) A(011)A(110) A(111)A(000)

= 0= 0 = 0 = 0= 1 = 1 = 1= 1

= 0 = 0 = 1= 1

= 0 = 1

+,D�?�,CHK=��C; Z � XyEC?'=SHKLkJ<=SQ4G}| "5+�M`HIAKD�AKDFJ'ECD�EC?rJ"n M`E 3 %������ "KD�?'E�M$ cQSJ'E."�Ab=7 � qM"AKDFJ'E ;
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−+ Multistage decoding using decided bits

−x Multistage decoding using APP

−* Iterative decoding (2 iterations)

−− MSD without error propagation
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−− UP : Symmetric constellation

 − BP : Asymmetric constellation
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