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binary trellis:
- memory one (two states)
- decoding using simple BCJR algorithm
- for use with inner detection loop
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e.g. 256-ary trellis
(4x4 QPSK symbol modulation):
- memory one (two states)
- decoding using tailored BCJR algorithm
- for use with MIMO trellis detection
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M Mc input bits to
differential encoder

(accumulator)

M Mc output bits from
differential encoder

(accumulator),
corresponding to one

vector symbol s

÷�[Q�UbiWXNâñ>ñU|�f)- -LYZWXNPOQOl[�\¤\ZN��"YZ[QVUcd\¤ô�[ YXïiVUbvY#ùÊTd[lcdSUWZj�YZWXNPOlz
OQ[�\Xü�SUcdÝgô�[ YXï¼ùCó ��� � ßqSUWZj²YXWZN�OlOQ[Q\eü¤YZWXNPOQOl[�\�ÝvNPYZN4��YZ[QVUc2�
��N4�PSUOlO;ciN"øqY�YXïdSsY��"VvÝvN/ÝvN4\À[Q�UcoWXN�Ýibd�"N4\�YZVâ{²S�YX�eïi[Qci�

YXïiN�VUbvYXNPW �xm�� �"bdWZh>N�YZV»YXïiN�[lcicdNPW��2�#f2� -�ßq�PbiWZh>NU�
Û�ïd[Q\#{²N4S�cd\ÂYXïdSsY![lã�\ÀN�hUN�WXSUO�[QciciN�Wâ�"bdWZh>N�\#S�WXNo\À[Q{²[lO�S�W4]
SUcoVUbvYXNPW)�"biWXhUN�ÝvN4\À[Q�UcdN�ÝaãÊVUW¦VUciN�VUãÜYZïiN�{�ô�[QOQO;ÞFNPWZãÊVUWX{
WXN�S>\ÀV>cdS�TdOljÐô)NPOQO�ãÊV>W�S�OQO�VUã¦YXïiNP{��.Û�ïi[�\â\Zbi�U�>N�\ÀYX\�YZï;SsY
�PVvÝvN.ÞdS�WeS�{²NPYZNPW²{²[�\À{oSsYe�eïiN�\²ô�[QOQO/S �¢N��"Y�\Àjv\ÀYZNP{o\²bd\Àz
[Qci�¼YXWZN�OlOQ[Q\oÝiN"YZN4��YX[lV>c¯OQN�\X\aYZïdSUc�YZïiV6\ÀN�bd\Z[lcd�¼SUc¯[QciciN�W
ÝiN"YZN4��YX[lV>cgOQVqVUÞá�
�»N¼Þ;N�WÀãÊV>WZ{ YXïiN»ãÊVUOQOlVsô�[Qci��N"øvÞ;N�WZ[Q{²NPc6YgYZVEhUN�WZ[lãÊj

YXïi[�\}ÞdWZN4Ýv[Q�"YZ[QVUcá� �»N)ÝvN4\À[Q�Uc�S�c ��fE�PVqÝiN�ãÊVUW8S�caf����Âm
�eï;S�ciciN�O�TibvYobd\ZN�[lYaãÊV>WaSUOlO)YXïiNg`Ðûà`
	 �eïdSUciciNPO�\�� 	/ã
�PVUbiWe\ZNU]¢YZïdNPWXNaô�[QOQO�T;N²ÞFNPWZãÊVUWX{²SUcd�"NaÞFNPcdSUO YX[lN4\ÂT;N4�PS�b;\ÀN
YXïiN��"VvÝvNg[Q\�ciV�Y²{oSsYe�eïiN�ÝÆYZVÐYXïiN�ÝvN"YXN���YXVUWe\â[QcdÝv[Qhq[QÝibvz
SUOlOQjU]á�"ãà��ð p=òC]6ð ÿ�òC�#÷�[l�;�8ñPt�ÞdOlVUYX\xYZïiN²\Z[l{�biOQS�YZ[QVUc�WZN4\ÀbiOlYX\��
	xT;\ÀN�WZh>N®YXïdSsY�YZïiN.ÞFNPWZãÊVUWX{oS�cd�PN.Þ;N�cdS�OlYàjL[�\�\Z{²SUOlO�ãÊVUW
t��®tsßq�eï;S�ciciN�OQ\�]6TibvY�[�\�\À[Q�Uci[lþ;��S�c6Y¦ãÊV>W�t ��ñ�ßv�eïdS�cicdNPO�\P�
	xT;\ÀN�WZh>N�ãÊbiWÀYXïiNPW�YZïdS�Y�YXWZN�OlOQ[Q\�ÝvN"YXN���YX[lV>cJ\Zb��FN�WX\�{âbd�eï
OQN�\X\gãÊWXVU{ �"VvÝvN¼ÞdSUWXSU{²N"YZN�W®{²[�\À{oS�YX�eïiN4\gYZïdSUc@SUcJ[Qcvz
cdNPW�ÝvNPYZN��"YZ[QVUc�OlVqV>Þá�LÛ�ïi[�\²{²N�S�c;\âYXWZN�OlOQ[�\oÝvN"YXN���YX[lV>cL[�\
{²V>WZN�ãÊV>WZ�>[lhq[Qci��[lãdS/�eïdSUciciNPO>hsS�WX[lN4\¢ã±SU\ÀYZN�WáYZï;S�c#YXïiN�YX[l{²N
cdNPN�ÝiN�Ý�YZV²SUÝ *àbd\ÀY�YZïiN#�PVqÝiNxÞdSUWXSU{²N"YZN�WX\��8Û�ï6b;\P]qô)N�\XS=j
YXïdSsY�YXWZN�OlOQ[�\�ÝvN"YXN��"YZ[QVUcg[Q\ �o�s�X�!�Z�>©"�q�����P�6�s�«¡i�����e���>���d�s¿
�X�s�o�"���"���a�����²���Ë�e§i�"� �6��N�WXNP{oS�WX~ÂYZïdS�Y8YZïiN�S�TFVshUN��"V>cvz
�POlb;\À[QVUcd\¤ô�[lOQO¢S�O�\ÀV#ïiV>OQÝaãÊV>W¦SUc6j²�"VvÝvN/WXS�YZNU]6S�cqjac6bd{âTFNPW
VUã2YXWXSUcd\À{²[lY�SUc6YZNPcdcdSU\�]vS�cdÝ�{²SUcqjoV�YZïdNPW��eïdS�cdciNPO¢{²VvÝqz
N�OQ\�]�NU� �d�Q]2õ6bdSU\Z[Q\ÀYXS�YZ[��²�eïdS�cicdNPO�\P��÷dbiWZYZïiN�WZ{²VUWXNU]}SUÝiÝv[Qci�
SUc SU���"bi{�biOQS�YZV>W�YXVÆV�YXïiNPW®�"VvÝvN�\�]�NU� �d�Q])R ����- �"VvÝvN�\�]
{²[Q�Uï6Y)SUOQ\ZV!�"V>cqhUNPj�WZV>Tibd\ÀYZciN4\Z\�YZV#YXïiNP[QW)ÝiN��"VvÝvN�WX\�ô�ïiNPc
b;\ÀN4Ý®ô�[lYZïgYXWZN�OlOQ[Q\�ÝiN"YZN4��YX[lV>cá�

�å ��ì)" "$#8é��

�»N�ÝvNP{²V>cd\àYXWXS�YZN4Ý/YXïiN¤SUÞiÞiOQ[Q��S�Ti[QOl[lYàj/VUãqy¤ú/ûàÛ»�"biWXhUN"ß
þdYÀYZ[Qci�âYZV!ÿ=ß��¦w��Jô�[ YXïoYàô)V!Ýv[��¢NPWXNPc6Y�O�S�TFNPOQ[lcd�>\�� -¦OQV>\ZN�ß
YXVsßv�PS�Þ;SU�"[lYàj»Þ;N�WÀãÊV>WZ{oS�c;�"N���S�cÆTFNgS>�eïi[QNPhUN4Ý»ãÊVUWa{oS�cqj
VUYZïiN�Wá{oS�ÞiÞd[lci�6\áS�c;Ýx{²VvÝvbiO�SsYX[lV>cd\����»N8ãÊbiWÀYXïiNPW�\ÀïdVsô¦N4Ý

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

I E
,D

E
T
 a

t o
ut

pu
t o

f d
et

ec
to

r

IA,DET at input of detector

1x1 QPSK (AWGN), 0.5dB

4x1 QPSK, 7dB
4x2 QPSK, 3.3dB
4x3 QPSK, 2.3dB
4x4 QPSK, 1.8dB
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IA,D&A&C

CND 20% dc=1, 80% dc=3
inner MIMO detection loop

4x1 QPSK, 7dB

1x1 QPSK (AWGN), 0.5dB
4x4 QPSK, 1.8dB
4x3 QPSK, 2.3dB
4x2 QPSK, 3.3dB
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IA,D&A&C

CND 20% dc=1, 80% dc=3
MIMO trellis detection
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1x1 QPSK (AWGN), 0.5dB
4x4 QPSK, 1.8dB
4x3 QPSK, 2.3dB
4x2 QPSK, 3.3dB
4x1 QPSK, 7dB
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TdS�ci~>NU] _ �xN�\Z[l�>c V�ã���S�ÞdS>�"[lYàjUßvS�ÞiÞdWZV6SU�eïi[Qci��OlVsô)ß
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ð ñ4^sò!`½�¦Û}biN4�eïiOlN�W�S�cdÝEn;�¤k/SU�UN�cdS�biN�W�] _ y¤ú/ûàÛ �eïdS�WZYX\
S�cdÝL[lWXWXNP�UbdOQSUWa�PVqÝiN�\�] `��	� �«§ zx¡d¡F¹ u �s¡ £ ¹#��¡L¶�¡ £ ¹
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ð ñsp4ò �a��nd��÷dV>\X�eïi[Qci[] _ R}S=jUNPWXN�ÝJ\ÀÞdS>�"N"ß>YZ[Q{²N»SUWX�eïd[ YXN���z
YZbiWXN�ãÊV>Wáô�[lWXNPOQN�\X\á�PVU{²{âbicd[Q��SsYZ[QVUcÂ[QcâS)ã±SUÝi[lci�/NPcqhq[ z
WZV>ci{²NPc6Y�ô�ïdNPcÆbd\Z[Qci�Ð{âbdO YX[ÈßqNPOQNP{²NPc6YoS�c6YZN�cicdSU\�] `

 �P�«���}�U©"�"¹�·;�X�e§i¹�v¹ ]�hUVUOC�ÂñU]�ciVd��ói]xÞiÞ2��tdñ�ßiý�rd]
ñ�r>rU^i�

ð ñ4ÿsò#û��Uy���Û}NPO�SsYeS�W4] _ -)SUÞdSU�P[ Yàj#VUã;{�biO YX[ÈßvS�c6YZN�cicdS �ÂS�b;\àz
\À[�S�cÒ�eïdSUciciN�OQ\�] ` ´)�v�P¹�·v�X�s¡i�P¹o·;�"�l�e�e�s�o¹ ]�hUV>O��ñ4_i]
ÞiÞá�;ýUÿ>ý=ßvý�r6ýv]6m�Vsh¢�Üñ�r>rUri�

ð ñ4rsò!y��8M)[l�>Ol[QNPWX[]�n;� �¤WZV6S�~q[�\P]8S�cdÝ�w¢��wqïdS�{oSU[�ùCwqïi[lY �4ü"]_ ÷;SUÝv[Qci� �eïdSUciciN�OQ\�| [QcvãÊV>WZ{oSsYX[lV>cvzCYZïiN�VUWXN"YZ[�� S�cdÝ
�"V>{a{�bici[��PS�YZ[QVUcd\�S>\ÀÞFN��"YX\�] ` ¶Z´�´�´Ñ·i�Z�s¡d�"¹d¶�¡ £ �����²¹
·¢§i�e�s��ª ]>hUVUOC�4tUtd]scdVd��óv]sÞiÞ2�sóU^iñ4r=ßvóU^Ur6óv] 	��"Y��qñ�r>rUÿi�

ð óU_sòâw¢�;M)N�ciN�ÝvNPYÀYXVd] ��� �x[Qhq\XS�O�S�W4] �a�F`.VUc6YZV>WX\Z[C]iS�cdÝ.÷)�
�8VUOQOQSUWXSd] _ f/cdS�OQjv\À[�\P]FÝvN�\Z[Q�Ucá]FS�cdÝ�[lYZN�WXS�YZ[QhUNâÝvN4�"VvÝqz
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