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\ R * 2 *�~è µmµl�õ�7>J��fE87>4 * �/2 * JL.�78I��@.B,92�,'W�è�X/7>; * 4 õ�C�Êa,/. * .�RC�@.�.BR *e* J1.B78I��@.�,92K78J J%h ¯ î]c g�/4 ) .�R *]* JL.�78I��@.B7>,94 * 2�2L,92a� m ~è�ªTè_7>JaJ1.B�@.�78JL.�785%�/E8EFq )+* Y * 4 )+* 4M.�,/4�.BR * .B2 �/4+JLIr7F.�. *6)JLq
I[uD,9E�è {��/Ja4+, ) 7>.�R * 2a78Je3+J *6) U C@xYR * ,1Y-.B7>Ir7/Õ=7>4+XhJ�5[�@E8784-X�W��/5A.B,92Hl'�v���o{EtvÊHÒ U I���qGu *
W�,93+4 ) 4?3+I * 2�7>5[�/E>E>q/C� J�3+uD,1Y-.�78I��/E�5oR+,97>5 * |D�@.\E * �/J1.�W�,/2�.BR-78Jb,/4 *V) 7>I * 4+J�7>,94C�/E * · �@I�Y+E * |
78J�.B,[3+J * É¢É¢t^�J�5%�/E87>4+X+C�xYR * É¢É¢t-��5=2L7>. * 2�7>,94G5oR+,^,/J * J�l�JL,P�/Je.B,�IH784-78IH7"Õ * .BR *f* · Y * 56. *=)Z* J1.B7>I �@.�78,94* 2L2�,92!��«g��¼ ¬ C¶xYR * 2 * J�3+EF.B7>4+X}{<¥�7 * 4 * 2 U 56, *As 567 * 4?.e7>J�l#�K���1�k{�tDÊHÒ U m ���^�® q ���^� C��W7>X93+2 * U5=,9I:YC�/2 * J].�R * �<; * 2<�@X *U* 2L2�,92�Y+2�,9u3�/u+78E>7>.vqn�@Jd�uW�3+4-56.B7>,94�,'WY.�R * tDÊ=Ò�,�WY.BR * ��2 * X93+E¨�@2J�E>785 * 2=|D�]E¨�@.L.B7>5 * ¬
33�/4M.B7"Õ * 2��/4 ) �]J�5%�/E *6) {�784�å§�@. *6)�� E"�@.�.�785 * ¬?3C�/4M.B7/Õ * 2=C¶xYR * Y * 2�W�,92�I��/4+5 *,'W#.BR * 784�å§�@. *6) E¨�@.L.B785 * ¬?3C�/4M.B7/Õ * 2e7>J )+* Y+785A. *=) W�,92\;��/2L78,93+J\;��/E>3 * JY,�W�l¦�/J \ * E>E��/J}W�,92\.�R *
É¢É¢t-��;��/E83 * l'�K���L�k{�tDÊHÒ � C�xYR * E>, \ * 2 * 4M; * E8,'Y * ,�WK.BR *Q) �/J�R *=) E87>4 * Ja5=,92L2 * J YD,94 ) JV.�,l'�v�L��{�tDÊHÒ � CIãm.a78J!J *=* 4O.BRC�@.e.BR * 7>4�å§�@. *=) E¨�@.L.B785 * ¬?3C�/4M.B7/Õ * 2eRC�/J=�rJL3+u+J1.B�/4M.B7"�/E'XM�/7>4G,�; * 2.BR * J1.B�/4 ) �/2 ) {�3+4�WvJ�5%�/E *6)�� E¨�@.L.B7>5 * ¬?3C�/4M.�7"Õ * 2��@.!E8, \ tDÊHÒ�C¥ * 5=,94+56E83 )-* .BR3�@. \ R * 4U3+JL784+X��QE¨�g.�.B7>5 * ¬?3C�/4M.�7"Õ * 2}�@.�.BR *V)+* 5=, )+* 26| \ * I���qhX1�/784ru?q3+J�7>4+X¢� J%h ¯ î]c g E>784 * �/2 * JL.�78I��@.B,/2�Y-2�78,/2�.�,�¬?3C�/4M.�7"Õ[�g.B78,/4TC ãv4�56,94M.B2<�@JL.<| \ R * 4¦�G2 * X93+E¨�@2�9�
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inflated quantizer 
with MMSE scaling  
                   

regular slicer 

�W78X/3+2 * U Ú d ,9IH�C�/2L78J�,/4O,/ W� * 2L �,92LI �@4+5 * ,/ N2 * X93+E¨�@2eJLE87>5 * 26|¡JL.<�/4 ) �/2 ) {�3+4�WvJL5[�/E *=)�� E"�@.�.�785 *
¬?3C�/4M.B7/Õ * 2��/4 ) 784�å§�@. *6) E¨�@.L.B785 * ¬?3C�/4M.B7/Õ * 26C�xYR *O) �@J�R *6) E87>4 * J�56,92�2 * JL��,94 ) .B,`784�å§�@. *6)E¨�@.L.B7>5 * ¬?3C�/4M.�7"Õ * 2�J!¢!7>.�R�Ó · *6) ;��/E>3 * JY,/ -lÛm �D� w 5 �v� � 5 �[�[� 5 w C

�/£



transmitted lattice point

"codebook" boundary

imaginary transmitted point

(belonging to inflated lattice)

¤ ¥ r
¤ ¥ p

�W78X/3+2 * ¿ Ú	ãv4�å§�@. *6) E"�@.�.�785 *W)+* 5=, )+* 26CWuD,9E ) E87>4 * J<mHÑ�,92�,94-,97/2 * X97>,94+JT,/ ^,92L78X97>4C�/EgE¨�@.L.B785 * 5=, )+*@¦.BR+7>4rE>784 * JBm )+* 5=, ) 784+X�2 * X97>,94+J�,/ D.BR * 784�åC�@. *6) E"�@.�.�785 *@¦ J�I��/E8E-5=782L5=E * JBmµ�/56.�3C�/E+.B2 �/4+JLIr7F.�. *6)5=, )+* ¢�,92 ) J ¦ uD,9E ) 5=7>2�56E * J<mc784�å§�g. *=) {�78I��/X97843�/2Lq � 5=, )+* uD,^, ¢ CJ�E>785 * 2h{�¢!7F.BRtRC�@E> �,9� * 4ZuD,93+4 ) �@2Lq )+* 5678J�7>,94t2 * X978,/4+J � 7>Jc3+J *=) .BR * (+iOJ%h ¯ î]c g * J1.B78I��@.�,92V7>J5=E * �/2LE>q0JL3+� * 2�7>,92��/J!7>.\� * 2L �,92LIrJ�É © )+* . * 56.�78,94§Cãv4f.BR+7>J',94 *�) 78I * 4+JL78,943�/E * · �/IH�+E * |�.BR *�) 78J1.B784-56.B7>,94�u * .v¢ *6* 4­�eIr7>4+78I]3+I ) 78JL.<�/4+5 *�)+* W5=, )+* 2��/4 ) �cJL.�2�7>56.KE"�@.�.�785 * ¬?3C�/4M.B7/Õ * 2 )+* 56, )+* 2nI���qQJ *6* I¨,/ DIr7>4+,92#J�78X/4+7/Ó¡5%�/4+5 * |M�ïä * 5A.B7>4+X,94+EFqQ.�R * uD,93+4 ) �@2LqQ��,97>4M.BJ=CçSa,�¢ * ; * 2=|
784[R-78X9R ) 78I * 4+JL78,94+J#.BR * u�,93-4 ) �/21q]56, )+* ¢b,/2 ) J��/2 *.vq
�+785%�/E-�@4 ) .BR *]) 7>JL.B7>4+56.�78,94Ou * 5=,9I * Ja,/ K5 * 4M.B2 �/EW7>Ir�D,92L.<�/4+5 * C�xYR+78JaI �<q}u * ;
78JL3C�/E>7"Õ *6)uMqt.BR * I[3+EF.B7�W ) 7>I * 4+J�7>,94C�/E'E¨�g.�.B7>5 * .�2<�/4-J�IH78J�JL78,94ZJL5oR * I * ¢!7F.BR`784�åC�@. *6) E"�@.�.�785 *�)+* 56, )+* 2)+* �-7856. *=) 7>4R�N78X93+2 * ¿ CGxYR * 4-,978J * 7>J�Ï �/3+JLJ�7"�/4é�/4 ) 78J )+* �+785A. *=) �/Jd�}J��-R * 2 * C�ãv4�R+7>X9R) 78I * 4-J�78,/4+J@�/E>Ir,9J1.@�/E>E#.�2<�/4-J�IH7>.�. *=) E"�@.�.�785 * ��,/784M.BJcE>7 * 4 * �/2c.�R * J�3-2L ��/5 * ,@ ��0JL�+R * 2 * ,/ 
� �



2<� ) 783+J � ,T©'ª C�«c4 * JL3+5oRO�D,97>4?.b78J\56,94+JL7 )+* 2 *=) 7>40.BR * Ó¡X/3+2 * C�¥�7>.BR��[4-,94�WvJL5[�/E *=) E"�@.�.�785 *)+* 56, )-* 2=|Y56,92�2 * 5A. )+* 5=, ) 784-X�,
5=5=3-2�Jr¢!R * 4:.�R * 4-,978J *  ��/E>E8J[¢!7F.BR+7>4�.�R * Ñ�,/2�,94+,/7Y2 * X/78,94TC¥�R * 4U.�R * 4+,97>J * 7>J\E¨�/2LX * |
.BR+7>Jb,92L78X97>4C�/ECÑ�,92L,94+,97�2 * X/78,94U7>Jb5=,/Ir�+E * . * E>qH56,94M.B�/7>4 *=) 784P�/4 )78JKJ1.B2�7>56.�E>q[JLI �@E8E * 2W.BR3�/4H.�R * 4+,97>J * J��+R * 2 * C¶xYR?3+J=|?.BR * �+2L,9uC�/u-78E87F.vq],@ §56,92�2 * 56. )+* 5=, ) 784+X�7>J�+2�,/��,921.B7>,94C�/E¡.B,f.BR * 2 * E"�@.B7F; * ��,/2L.B7>,94�,@ k.BR * 4+,978J * JL�+R * 2 * 5=,94M.<�/784 *6) 784-J�7 )-* .�R * ,92L78X97>4C�/E
Ñ�,92�,/4+,97§2 * X97>,94T|-¢!R-785oR}78J\J1.B2L7856.�E>qrJ�I��/E8E * 2�.BRC�/4},94 * C�¥�7>.�R��/4 hji<p ¯'ì c g ë7¯'ì�ì hEeBc )+* 5=, )+* 26|.BR * �+2�,9u3�/u+78E>7>.vq�,/ �5=,92L2 * 56. )-* 5=, ) 7>4+X�78JH�+2L,9��,/2L.B7>,94C�/E\.�,�.BR * 2 * E¨�@.�7>; * �D,92L.�78,94¬,/ c.�R *4+,97>J * JL�+R * 2 * {�5 * 4M. * 2 *6) �@.Q.BR * .B2<�@4+J�IH7>.L. *=) 5=, )+* ¢�,92 )�� 5=,/4?.<�/784 *=) 784-J�7 )-* .BR * hji<p ¯'ì c gÑ�,92�,/4+,97\2 * X97>,94TC¦xYR * E¨�@.L. * 2[2 * X978,94­7>J�5 * 4M. * 2 *6) �/2L,93+4 ) .BR * �/JLJ�,
5=7"�@. *6) �D,97>4?.h,@ a.�R *784�åC�@. *6) E"�@.�.�785 * |W¢!R+7>5oR�¢ * 5[�@E8E­�®.BR * 7>I �/X/784C�/21qt.B2 �/4+J�IH7>.L. *6) ��,97>4M.<�+CD¥ * 5%�/4­J *6* 7>4.BR * Ó¡X93-2 * .BRC�g.e.�R * 784M. * 2�J * 56.�78,94G,/ W.�R * 4+,978J * J��+R * 2 * ¢!7>.�RG.�R * 7>4�å§�@. *=) Ñ�,92�,/4+,97T2 * X97>,94RC�/J �0E"�/2�X * 2a;/,9E83+I * .�RC�/4t.BR * ;/,9E83-I * ,@ �.�R * ,92L78X97>4C�/E�Ñ�,92�,/4+,97W2 * X97>,94TC xYR?3+J=|k.�R * 784�Wå§�@. *=) E¨�@.L.B7>5 *[)+* 5=, )+* 2�R3�/J��0J�I��/E8E * 2V�-2�,9uC�@u+78E>7>.vqG,/  * 2L2�,926CdÊa,@. * �/E>J�,0.BR3�@.�7> K¢ * ¢ * 2 *.B,Q784+562 * �@J * .�R * JL5[�/E>784+Xf2<�g.B78,-|v�g.bJL,9I * ��,/784M.�.BR * 4+,978J * JL�+R * 2 * ¢�,93+E ) 5 * �/J * .B,[7>4?. * 2LJ * 5A..BR * 784�åC�@. *6) Ñ�,92�,/4+,97'2 * X978,94§C�xYR
3-J=|§.�R * ,9�^.B78I��/EkJL5[�/E>784+XH2<�@.�78,H78J�Ó¡4+7>. * C��¡3+2L.�R * 2LIr,/2 * |
l'�v�L��{�tDÊHÒ � P l'�K���L�T{EtDÊ=Ò � �/JY.�R *�) 78I * 4+JL78,94UX/, * J!.�,h784DÓ¡4-7>.vq9C
¯ ° Ï}ÌÛÚÎÖéÕ ± ÖáÚÛË8ÌÎâ Ñ�Ð ÐtÖéÐ�Ñ³²O´ ÖéÌÎÍ�Ì ÔtÒ¨ÖhµáÔn¶ÎÍ¸· Êi¹_º±¸¶ÎÏ�ÌÛÌÎÍc»¶Ï�ÌÛÚ ÔK¶ÎÍ ¼÷Ör»�ÔT½�ÐtÍV¾ Ñ³²O´ ÖéÌÎÍ�Ì Ô¥ * 4+,�¢�J�R+,�¢�.BR3�@.].�R * 2 �/4 ) ,9I¿56, ) 784+X * 2�2L,92 * · ��,94 * 4M.BJ[,@ \.BR * É © � Ê�5oRC�/4+4 * E}�/2 *2 * E¨�@. *=) .B,}.BR * ´N,9EF.vq
2 * ; * · ��,94 * 4M. � � ¿ | w � �ÀCé¥ * Ó¡2LJL.QX97>; * �}R * 3+2�7>JL.B7>5 * · �+E¨�@4C�@.B7>,94Z,/ .BR * 2 * E"�@.B7>,94T|²�/2�2L7>;
784-X¢�@.d�/4 * · �+2 * JLJ�78,/4­ �,/2f.�R * É © � Ê * 2�2L,92 * · ��,94 * 4M.<C � 2L78X9,/2�,93+J)+* 2L7>;��@.�78,94U7>J\.BR * 4OX97F; * 4O7>4�Á * 56.�78,94 ¿ C w C´#,9E>.vq
2 * ;ÂJL.B3 ) 7 *6) .�R * �+2L,9u+E * IÃ,/ !5=, ) 784-X� �,92Q.�R * 3+4-5=,94+J1.B2 �/784 *6) � ¥úÏ�Ê¸5oRC�/4+4 * E¢!7>.�R�.BR * 784+�-3-.­�/E>�+RC�/u * .Qu * 784-X�.BR * ¢!R+,9E * J��3�/5 *�Ä 1 C^ãv4�.BR-78J]J * .L.B784-X+|N.�R * 4+,/.�78,94Â,/ 5[�/�3�/5=7F.vqhu * 5=,9I * J�I * �/4+7>4+X9E * J�J��/J�784vÓ¡4+7>. * 2<�@. * J�,/ §.�2<�/4-J�IH78J�JL78,94:�/2 * ��,9JLJ�7>u+E * Cçãv4+J1. * � ) |.BR *!* 2�2�,/2K�+2�,9u3�/u+78E>7>.vq�{�,@ L�@4 É © )+* 5=, )+* 2 � 7>JKI * �/J�3-2 *=) �/X1�/784+J1.n.BR * 4+,92�I��/E>7"Õ *6)[)+* 4+J�7F.vq,/ #.BR * 5=, )+* ¢b,92 ) J=C ¥ * 4-,�¢Å �,92�I��/E>7"Õ * .BR * J * 4+,/.�78,94+J6C

� U



© * . âÂÆ Ä 1 u * �/4�7>4DÓ¡4+7F. * 5=,94+J1. * E8E¨�g.B78,/4],/ D�D,9784M.BJY{�5=, )+* ¢b,92 ) J � �/4 ) E * .nÇçW d ¦H�b�ÉÈ
� ªaÇ³· � 5 Ç³· � � 1 u * �@4 , W ) 7>I * 4+J�7>,94C�/EV5=3+u * ,/ [JL7 )+* E * 4+X/.�RÅÇÊ5 * 4M. * 2 *6) �@.U.BR * ,92L78X97>4TC£ * 4+,@. * uMq Ë È³E87>I�J�3-�Ì9Í � ­ â�Î {ÏÇçW d ¦aÐ\� � ­­ ÇçW d ¦VÐb�H­.BR *G)+* 4+J�7F.vq­,/ a.�R * 5=,94+J1. * E8E¨�g.B78,/4TCÎÊa,/. * .BRC�@.�Ñ¡Ò µÈ w · Ë 78J�.�R * �<; * 2<�@X * ;/,9E83-I * ,/ ��
Ñ�,92�,/4+,97�2 * X978,94r,/ `�Q56, )-* ¢�,92 ) C�Ï�7>; * 4P�@4 � ¥úÏ ÊÅ,/ T;��/2L7¨�/4-5 * © û�.BR * {�4+,92LI �/E>7"Õ *=) � * 2) 78I * 4-J�78,/4 � ;9,/E83+I * .B,H4+,97>J * 2<�g.B78, ®�Ó {�Ñ�ÊHÒ � ³`7>J )+* Ó+4 *=) �/J³OÈ Ñ ¼ j 1Ò� �  QÔ © ûeÕ { U@Ö �

Êe,/. * .BRC�@.�× $%Ø�ÙÚ¼mÛ ± æ , 78J�.BR * �@JLq
Ir�^.B,/.�785h{�784 ) 7>I * 4+J�7>,94 , � J ¬?3C�/2 *=) 2<� ) 783+J\,@ -�[JL�+R * 2 *,/ K;9,/E83+I * Ñ¡ÒBC�ÜYR?3+J=|�³iRC�@JV.BR * J�78X/4+7/Ó¡5%�/4+5 * ,/ �.BR * 2<�@.�78,r,/ K.BR * J ¬?3C�/2 *=)ÅÝ 2<� ) 783+JV,/ ³�J��+R * 2�7>5[�/E²Ñ�,92�,94-,97W2 * X97>,94+Þ�.�,0.BR * ;��/2L7¨�/4-5 * ,/ �.�R * 4+,97>J * C�¥�R * 4D³iÈ w |N� Ý J��+R * 2�7>5[�/E>Þ
Ñ�,92�,/4+,97?2 * X978,94fRC�/J'.BR * J<�@I * 2<� ) 783+J²�/J'.BR * JL.<�/4 ) �/2 )[)+* ;^7"�@.B7>,94f,/ +.BR * 4+,/78J *@¦  �,92'J�I��/E>E * 2³R�@4 * 2�2�,/2e7>JYR+78X/R+E>q�E87 ¢ * EFqG�/4 ) 2 * E87"�/u+E * 5=,9IHI[3+4+7>5[�@.�78,94�78J!4+,/.Y.�,ru *�* · � * 56. *=) C\ÜYR?3+J6|³ßÈ w RC�/J�.BR * J�78X/4+7/Ó¡5%�/4+5 * ,/ '5%�/�C�/567>.vq9C�Á *=* .�R *c) 7>J�5=3-J�J�7>,9407>4Zà w<á |¡Á * 56.�78,94�ã'ãoC d�â ¢!R * 2 *.BR+7>JY78J!2 *   * 2L2 *=) .B,:�/JY.�R *OÝ J��+R * 2 * uD,93+4 ) Þ-C£ * Ó¡4 * �© ±6{ â � .�,au * .BR * E87>Ir7F.TJ�3-�+2 * I[3+I�{�,�; * 2nÇ � ,/ -.�R * ��; * 2 �/X * �+2�,9u3�/u+78E>7>.vqV,/  * 2�2�,/2,/ '.BR * 56, )-* ¢�,92 ) JY¢!7F.BR+7>4}Ç�W d ¦VÐ\�!|-.�R * J�7/Õ * ,/ '.BR *�ãAäDå  X9,9784-X[.B,�784vÓ¡4+7>.vq/Ct£ * 4-,/. * .�R *u * JL.e�D,9J�JL78u+E * ��; * 2 �/X * �+2�,9u3�/u+78E>7>.vqH,/  * 2�2L,92\ �,92���X97F; * 4�³ZuMq�© ±={�³ � È�784- æ �© ±={ â �¢!R * 2 * .BR * 784vÓ¡I[3+I�78J\,�; * 2��/E8E�5=, )+* uD,
, ¢ J\¢!7>.BRGÑ�ÊHÒ÷³nC�´N,9EF.vq^2 * ;UJLR+,�¢ *6) 7>4`à � ¿ â .BRC�g.�© ±6{�³ � �  
 1=ç-è�/êé83 { U�U �o�ë ë�hug�f�g%��� ��dNì´��i�qE�+e�p7sug'| p2sÂíïî�ðBñt��hugz�[gHp2fòprqE|ugzsue�f�g%|á�){Uò-óG��ô s`í ��õBñw�oö?÷�øÎprqE�%iGy7y2g'| f�hug��gzsug%�[i�y2púùzg'|"q�p7��sïiGyïf�e�sue�prq�gç� ikf�p7e i�sj|"prq�|4g%sueGf[g%|"�8{Yø �8p � g���û e�y2f<{)�[g1ü9ý q�ø�|up���gz� q.����e��Þe�vu� q.�){"i ��i��+f�e��e�� ��ö?÷��

� ¿



¢!R * 2 * �!þ�{<³ � |-.�R *OÝ ´N,/E>.vq
2 * ; * · �D,94 * 4M.�Þ+|�78JYX97F; * 4GuMq
�!þ�{�³ � È üýýþ ýýÿ

�fÿþ {<³ � È ®¼ à8{<³Gª w � ª�E>,9X ³ â 5 w �¶³ � ��fÿþ {<³ � È ®¼ E8,/X ± éô 5 � � ³ ��Ö���þ {<³ � È é Ö 5 ³ ß�Ö { UK¿ �
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