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"-.03546"}4B)�$0:-&f�Hc5$0&�( «5KM�$':HAs$w35.�~�$0:-&�.0/-V2.01HAB,
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46"-.*3=I-&
(0&�I�~�O&�4BV-.0&
(*b6&�$0:HAs$Y$'4v1Q&�(�)+46(0> ,�c546.0&T$04w4612$'35>[Asc�M���35$':�(*&�.*1x&
,
$�$'4 ;9CFJON�~-$':-&�V2c=4`,y�Sc5&�"-8B$0:.0:246/-c=IjVx&PAs$Zc5&|AB.�$ ��  $03=> &�.�$':-&P"`/2>?Vx&
(T4B)��-c5$'&
(T,
4F&�©S,
3=&
"G$0. m ¹H46(�.0:246(*$�V2c=4`,y�`. ¶�¶ ¼�C,|As"�35>S12(04�b6&Z1Q&�(�)+46(0>SAB"-,
&Z.035"-,�&�3U$Y(0&
I-/-,
&�.Y$':-&�"G/->PVx&
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"%$'.W$'4wVQ&Z&�.�$'35>[As$0&�I m
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matched filter

block length= 400

¹�3586/-(0&�o2�]��"-,
4FI-&
I�&�(*(046(�('As$0&�b`. m I-35>S&
"-.03546"<4s)�(0&
,�&�3Ub6&
(��HcU$'&�(PM «5GNW)+46(�$':-& ¶�¶ ¼�C<ABc5864sR(03U$':-> m�¶ &
.0/-cU$'.Z)+46(Z$#�O4�V-c=4`,y�jc5&�"-8s$':-.
~ �� 6  AB"-I ²  6  ~�AB(*&?.0:-4���" m � :2&?$'('A�©S,vc54%ABI�35.]J�(0c=AB"-86.'ºs,�&
c=c�~2AB"-I<ABc=cx4B$':2&�(�1HAB(0AB>S&�$'&
(0.�AB(*&]$0:-&].'AB> &]AB.Y$':246.0&]3="�¹�3586/-(*& �6m

��D?C Í�Sf�ÆSf[���ÎgÏ1P{ZaI
¹�3586/-(0& ² .0:24���.�&
(0(*46(f('A�$'&�.fAB.�At)+/-"2,
$'3546"�4B)�$03=> 3="-8¨4B®x.0&
$�~�"-46(0>SABc53=��&
I§V%{§$0:-&9,y:-351I-/-(0As$'3546"ª~H)+46(Y$':2&P>SAs$',y:-&
I<�HcU$'&
(�~QABIHAB1F$'35bB&P(*&�,�&
35bB&�(0.
~ªAB"2I�;9;9CFJ�(*&�,
&�35bB&�( m � :-&�$'(0As© ,c=46ABIw3=.��2�F&�I[As$ ��  JL(*czAB"286.L1x&
(¢,
&�c5c m d .O> &�"%$03=46"-&
IS35"SCF&�,�$'3=4B"[o m o2~%$':2& ¬ d ¼�C Asc=8646(*35$0:->(0&
EG/-3=(*&�.�$':-&¢>S4`I-3U�H,|As$03=46" M � k%N m � 4�8B&�"-&
('As$0&O$':2&O(*&�.0/2c5$'.�35"P¹�3586/-(*&�. ² As"-IvF~�$':2&O,
46"-.*$'AB"%$
� �WAB. $yAB�s&�"�$04¥VQ&  2m  m M � :-35.SbsABc=/2&��_AB.[,y:246.0&
"rA�)�$'&�( .04B>S&<&��F1x&
(035>S&
"G$'As$'3546"�N m d c=c(0&
,�&
35b6&
(0.�.0:24��ÃA?86(0AB,�&�)+/-cªI-&
86('ABI-As$'3546"f3="[&�(0(*46(W(0As$'&�As.W$':-&Z$03=> 3="-8�4B®x.0&
$�35"-,�(*&|AB.*&�. m ¹H46(.0>SABc5c�$03=> 3="-8S4B®�.*&
$0. Mfe ��  �wN�$0:-&vI-&�8B('ABIHA�$'3=4B"93="�1Q&�(�)+46(0>SAB"-,
&?3=.Z(*&�c=As$'3Ub6&�cU{j> 3="246(�)+4B(ABc5c�(0&
,�&
35b6&
(0. m¹�3=8B/-(0&��.0:-4���.S&�(0(*46(w('As$0&�.vb`. m $'('A�©S,�c=46ABIe)+46(?$':-&�>SAs$',y:-&
IK�-c5$'&
( AB"-IDABIHAB12$035bB&(0&
,�&
35b6&
(0.Y��35$0:�A °B  �ï$'35>S35"-8P4s®�.*&
$ m � :2&�.*$yAs"-IHAB(*I�I2&
b`3zAs$03=46"S)+46(O$0:-&�(0&
,�&�3Ub6&
I�35"%$'('A�R#,�&
c=c
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1Q4��O&�(¢3=. � I ±Tm ^_46> 1HAB(*3="-8�$':2&�.0&�(0&
.0/-cU$'.L$'4]$':-4B.0&�3="S¹�3=86/2(0& � ~%�O&�.*&�&�$0:HAs$L$':2&�35>S1-(*4�b6&�R> &�"%$T35"j1Q&�(�)+46(0>SAB"-,
&�4B)�$':-&PABIHAB12$035bB&?ABc58646(03U$':-> .Y(0&
czAs$035bB&]$04S$0:-&P>SAs$',y:2&�Ij�HcU$'&
(�35.�"-4s$.03586"-3U�H,|AB"%$0c5{vA�®�&
,
$'&
I[V%{v$'35>S35"-8Z4B®x.0&�$ m � :23=.L(046V2/-.*$0"-&�.*.O��35$0:S(*&�.*1x&
,
$¢$'4]$'3=> 3="28Z4B®x.0&
$¢35.AB"jABI2bsAB"%$yAB8B&�4s)�$':2&?ABIHAs12$'3Ub6&��Hc5$0&�(*3="-8 AB1-12(04%AB,y:<(0&
czAs$035b6&�$04[4B$0:-&�(�3=> 1-c5&�> &�"%$yAs$03=46"2.W4B)c=35"-&|As(WI-&�,
46(0(*&�c=As$'35"-8 AB"-Ij;9;9C2J�(0&
,�&
35b6&
(0.?g °6°�i ~¡g ° o i\m �¥&�ABc=.*4w>S&
"G$03=46"�(*&�czA�$'&�I��O46(0��35"��:-35,y:9ABIHAs12$'3Ub6&�ABc=864B(035$0:-> .YAB(0&�/-.*&�Ij$04fAB,
E`/23=(0&]$'35>S35"-8�M�35"jAsI-I-35$03=46"�$04SI-&
>S4`I-/-c=As$'3546"�Nglo ��i ~zglo °�i\m
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matched filter

¹�3586/-(0& ² ����"-,
4FI2&�I9&
(0(04B(�(0As$'&]b`. m $'35>S35"-8w4B®x.0&
$�~x"246(0>SABc=35��&
I�V%{�$0:-&P,y:-351jI-/2('As$03=46"ª~-)+4B($':2&_>SAs$',y:-&
I?�Hc5$0&�(_M�Ö*É�ÖTN�~ ¶ ¼�CPABc58646(03U$':->ïM�Ö)Ë N�~ ± ¼�CPABc58646(03U$':->ïM�Ö ª ÖTN�~GV-c=35"-I�M ¬ d ¼¡C2NABc58646(03U$':->¦MaÖ�ÌGÖTN�~�AB"2I¨;9;9C2JÛ.046c5/2$'3546"eMaÖ ú ÖTN m � :-&?$0('As© ,?c54%ABI<3=. �|  JL(*czAB"286.yºs,
&�c5c�~AB"-I<ABc5c�4B$0:-&�(�1HAB(0AB> &
$'&
(0.�AB(*&�$':-&].'As>S&]AB.Y$0:-46.0&]35"<¹¡3=86/-(*& �6m

Ð Ñ � ����Ë|��Ç���� ��Ç
� :-&L>SAB3="�,
46"%$'(035V-/2$03=46"]4B)`$':-35.�1HAB1Q&�(
~s(*&�czA�$'35bB&�$'4�1-(*&
b`3=46/2.ª�_46(*��46"�ABIHAB1F$'35bB&L3="%$'&
(*)+&�(*&�"-,
&.0/21-1-(0&
.0.*3=46"Û)+46(�X]CGR�^WX]; d ~W3=.�$04K35"%$'(04`I-/-,
&¨AK> 4FI2&�cT)+46(�1-AB,y�B&�$9IHAs$'A}$'('As"-.0> 3=.*.03=4B"��:-35,y:�12(04`I-/-,�&
.W$'(0AB"-.035&�"%$'.Y35"f$':-&T3="%$'&
(*)+&�(*&�"-,
&]&�"%b`3=(04B"->S&
"%$|~HAB"2If$'4v1-(*&�.0&
"%$TAs.0.04`,�3=As$'&
I1Q&�(*)+4B(0>SAB"-,�&T(0&�.*/-c5$0. m � :-&�(*&�.*/-c5$0.Y3="[$0:-&Z1-(*&�,�&
I-3="28 .*&�,�$'3=4B"�3="-I-35,|As$0&�$0:HAs$W)+46(¢$':-&�> 4`I-&�c,�4B"-.035I-&�(*&�Iª~�A�.*3=86"-3U�H,|As"G$�35"-,�(*&|AB.*& 35"¨$0('As© , c=4%AsI¨,�AB"¥VQ&w.0/-121x46(�$'&
It��35$0:¥AsIHAB12$035b6&S¼�CI-&�$'&�,�$'46(*.�~�(0&
czAs$035b6&?$04�$':-&w>SAs$',y:-&
IFR��-c5$'&
(�I-&
$0&�,�$'46( m � :23=.],|AB1-AB,�3U$#{�3="-,
(0&�AB.0&wI-35>S35"-3=.*:-&�.
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traffic load (Erlangs/cell)¹�3586/-(0&�F�±��"-,
4FI2&�I[&
(0(*46(O(0As$'&
.¢b`. m $'('A�©S,�c=46ABIv��35$':[A�"246(0>SABc=35��&
Iw$03=> 3="-8�4s®�.*&
$O4B) °B  � md c5cª4B$0:-&�(�1HAB(0AB> &
$'&
(0.�AB(*&�$':-&].'As>S&]AB.Y$0:-46.0&]35"<¹¡3=86/-(*& �6m
AB.�$0:-&W$'(0As© ,Yc=4%AsI?3="-,
(0&�AB.0&
.�M�3 m & m ~6VQ&�,
46>S&
.LAZczAB(*86&O)+(0AB,
$03=46"P4B)�$':-&W12(04`,�&�.*.035"-8]8%AB3="HN m � :-&1Q&�(*)+4B(0>SAB"-,�&]4B)¡$':-&�ABI-AB12$'3Ub6&�ABc58646(03U$':-> .W35.�35"-.0&
"-.03U$'3Ub6&�$'4wbsAB(03=As$'3546"-.W35"�(*&�,
&�35bB&�I91Q4��_&
(4�b6&
(�$0:-&�/-.*&�(�1x4B1-/-czA�$'3=4B"ª~`��:23=,y:�,|AB"�ABc5c=&�bF3=As$'&�1x4��O&�(Y,
46"%$'(04Bcª(0&
E`/23=(0&
>S&
"%$'. mO¬ )¡,�46/-(*.0&s~$':2& 12(03=>SAB(�{jI-35.'ABIFbBAs"G$'AB86&w4B)¢$':-& ABI-AB12$'3Ub6&wABc58646(*35$':2>S.�3=.]ABI-I235$'3546"HABc¡.03586"HABc�12(04`,�&�.*.035"-8,�4B>S1-c5&��F35$#{ m� :-&_(*&�.*/-c5$0.�)+4B(�$0:-& ¶�¶ ¼�C�ABc58646(*35$':2>r.*:-4��e$':HAs$�3U$�4B®�&
(0.¡A�1Q&�(�)+46(0>SAB"-,
&L3=> 1-(04�b6&
>S&
"%$46"-cU{w)+46(W(0&
czAs$035bB&�c5{w.*:-46(�$�V-c=4`,y�wc=&�"28B$':-. m ¹H46(O$0:-&�>S4`I-&
cx,
46"-.035I-&�(*&�Iª~2.0:-46(�$YV-c54F,y� c=&
"-8B$':2.,|As/-.0&vA .03586"-35�-,|AB"%$�I-&�86(0ABIHAs$03=46"<3="<1x&
(*)+46(*>[AB"2,�&�I-/-&�$04fIHAs$'AS35"-.0/2© ,
3=&�"2,
{ m !#"986&
"-&�(0ABc�~$':2& ¶�¶ ¼�C�As1-1-(046AB,y:t.*:-46/-c5I�Vx&w/-.*&
)+/-c���:2&�"�$':-&v"G/->?VQ&�(]4B)L�HcU$'&
(�,�4`&
© ,�35&�"%$'.]3=.T>?/-,y:czAs(086&
(T$':HAs"9$':-&vI-35>S&
"-.03546"�4B)L$':2&v.03=8B"HABc�.*1HAB,
& m � :-35.�>[A|{jVx&?$0:-&v,|AB.*&v��:-&�"�>?/-cU$'351-c=&AB"%$'&
"-"HAB.�AB(*&�,�46>?V23="-&
I���3U$':�$'35>S&�R#I-46>SAB35"[3="%$0&�(*)+&
(0&
"-,�&].0/21-1-(0&
.0.*3=46" m� :-&�(*&9AB(*&�>[AB"%{eI23=(0&
,
$03=46"-.v35"e��:-3=,y:K$':-35.w�O46(*�e,|AB"KVx&�&��F$0&�"-I2&�I m d .*3=86"HAscY1-(04sR,�&
.0.*3="-8<&�"-:HAs"-,�&
>S&
"G$�$'4�,�46"%bB&�"%$'3546"HABcOABIHAB1F$'35bB& ABc=864B(035$0:-> .T��:-3=,y:¥As$0$0&�> 12$'.]$'4�I-&�$'&�,�$AB"-Iw(0AB1-3=I2c5{�.0/-1-12(0&�.*.O&�AB,y: "-&
�§/-.0&
(¢35.�I-&�.*,�(*3=VQ&�I 3="�glo6o i ~GAB"-I >[A|{�1-(04�b`3=I-&�.*46>S&Y1Q&�(�)+46(�R>SAB"-,�&_3=> 1-(04�b6&
>S&
"%$L(0&�c=As$'3Ub6&¢$'4],�46"%bB&�"%$'3546"HABcH¼�CvABc58646(03U$':-> . m !#"-,
c=/-.*3=46"v4s)Q¸HAs$ ¶ A�{`c5&�3=8B:)�ABI-35"-8�3="�$':2&S1HAs,y�B&
$�IHAs$'A�> 4`I-&�c�I-&
.0,
(03=VQ&�It:-&�(*&B~¡ABc=4B"-8���35$':¨AB.*.04`,�3=As$'&
It1Q&�(�)+46(0>SAB"-,
&(0&
.0/-cU$'.
~�3=.�I-&
.0,�(*3=VQ&�I935"eg � ² i\m ¹�/F$'/-(*&��O46(0����3=c5c�3="-,
46(01Q46(0As$'&])+(0&
E`/2&�"-,�{GR�.0&
c=&�,�$'3Ub6&?)�ABI-35"-8-~AB.T�O&�c5c�AB.T.*{`.*$0&�> &
"-:HAB"-,
&�> &�"%$'.
~�.0/-,y:¨AB.T,�4`I-3="-82~�3="%$0&�(0c5&|A|b`3="-8fAB"-I9I-3Ub6&
(0.03U$#{6~�35"G$04[$':2&> 4FI-&
c m
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4 È�Ò6ÈZ�LÈZ����È�Ç
g ��i1Ó�m�Ô 35&B~ ¶]m � m CF:-4B(*$|~�AB"2I}^ m Ü m�¶ /-.0:F)+46(*$0:ª~�À d )�AB>S35c5{�4B)O.0/-VQ4612$03=>?/2>ÝI-&�$'&�,�$'46(*.)+46(¢,�46:-&
(0&
"G$�>P/-c5$03UR#/2.0&�(L,
46>S>P/-"-3=,�As$'3546"-.
~ÿÁ�Õ&Ö�Ö�Ö×W��Øw�Ã�N�8¥NÙ ½ ¥ ½ � ¦�½ÛÚYÜ � ½ �  r¡ �ÞÝ���ß+àß+Øw� ¡ �Û� ¦�¡ ���   ~wáL4Bc m k2~ � 4 m ² ~21-1 m »6k6o�Ra»6�   ~H;jA|{ � �B�  2m
g °�i X m X m ¹�ABc5,�46"-&
(�~�; m d VQI-/-c=(0AB:->SAB"ª~ ��m � m Ü m ¼�4-~ ±Tm�¶�mª¿ &
$0&�(*.0&�"�~�AB"-I d m � m�£�mCF:-&
3=�G:ª~�À d I2bsAB"-,
&�.�35"?J�EG/HABc=35�|As$03=46"�AB"-I?XZ35b6&
(0.*35$#{�)+46( ¿ 46(�$yABV-c5&¢��35(0&
c=&�.*.�C`{`.�$'&�> .�~qÁâ ¡¤£8¡ã¦ �8¥�Ù ¡¤£ �N�8¥�ä��å�@� ½& & ¢¡ � £Çæ ~H1-1 m�� ² k�R � » ° ~ � �6�6o m
glo i ; m d VQI-/-c=(0AB:->SAB"ª~ d m � mW£�m CF:-&
3=�G:ª~�AB"-I�X m X m ¹�ABc5,�46"2&�(�~vÀ0XZ&�,
3=.03546"�¹H&
&�I-VHAs,y�J�E`/-ABc=35�|As$03=46"w)+46(�^WX]; d 3="f!#"-I24F46(¢��3=(*&�c=&
.0.�^_4B>S>?/2"-3=,�As$'3546"-.0Á2~{ÕåÖ�Ö�Ö×Kç�Ù ½ ¥¤ç Ü �Ãà½ �   Ý���ß+ß�ç=~FbB46c m���° ~-"-4 m ² ~H1-1 m »6�Bk�R�p   ² ~H;jA|{ � �6� ² m
g ² i ; ms¶ /-1F)a~%¹ m � AB(*��è4B{6~GAB"2I*é m ¼ m ;jAB.0.*&
{B~�ÀG��.0&
(�RaCF&�1HAs('As$03="-8�XZ&
>S4`I-/-c=As$'3546"�)+46(�^_4`I-&�RXZ35b`3=.*3=46" ;�/-c5$03=1-c5&�R d ,�,
&�.0._C`{`.*$0&�> .�~qÁ*Õ&Ö�Ö�Ö|×���ØR�Ã�N�8¥a���dÙ ½ ¥ ½ � ¦�½ÛÚYÜ � ½ �  �¡ �êÝ���ß+ß+ØRà� ¡ �Û� ¦�¡ ���   ~RáL46c m���° ~ � 4 m F~H1-1 m pBk6»�RapB�%F~KéB/-"-& � �6� ² m
gq i�¿¡m�±Tm�¶ AB1HA�µ*35,_AB"2I ±Tm C m áL/-,�&�$'35,B~�À d IHAB1F$'35bB& ¶ &�,
&�3Ub6&�(�C`$'(*/-,
$0/-(0&
.�)+46( d .�{F"2,y:-(046"246/-.^WX]; d CG{F.�$'&
>S.*Á-~mÕ&Ö�Ö�Ö´×{çëÙ ½ ¥¤ç Ü � ½ �   Ý���ß+ß�ç=~QbB46c m���° ~x"-4 m ² ~�1-1 m »6k%�Ra»6�%p`~�;<A�{� �6� ² m
gl» i � m ;<ABI-:-4�� As"-Iï; m ¼ mZ£ 46"-358-~�À0;9;9C2J !#"%$'&
(*)+&
(0&�"2,�&§CF/-1-1-(*&�.*.03=4B"î)+46(�XZ35(0&
,
$*RCF&�EG/-&
"-,�&[CF1-(*&|ABItCF1Q&�,�$'(*/->Â^WX]; d Á-~mÕ&Ö�Ö�Öíì{�Û�8�   ç]���Ý���ß+ß�ç=~�áL4Bc m ² ° ~ � 4 m���° ~1-1 m o � pBk�Rao � k6k2~FXZ&�, m�� �6� ² m
gqp i C m ;<35c=c5&�(�~QÀ d " d IHAs12$'3Ub6&¢XZ3=(*&�,
$�R�CF&
EG/-&�"-,
&O^_4FI-&�RaXZ3UbF35.03546"�;</-cU$'3=12c=&�R d ,
,�&�.*. ¶ &
,�&
35b6&
()+46(<;</-cU$'3=/2.0&�(�!#"%$'&
(*)+&�(*&�"-,
& ¶ &aµ*&�,�$'3546"-Á-~)ÕåÖ�Ö�Ö ìK�G�8�   ç�����Ý���ß+ß�ç=~�áL46c m ² o2~ � 4 m° ºBo%º ² ~21-1 m�� p ² »�R � p66`~2¹H&�V m º6;<AB(0,y:�º d 1-(*3=c � �6�6 m
glk i d m Ü]c5&�35"ª~�� m Ü m Ü]ABc=&
:ª~LAB"-I ¿�m � m�± AB35&�(
~�À Ó &�(*4�¹�4B(0,�35"-8�AB"-IK;�3="-35>?/-> ;<&|AB"`RCFEG/HAB(*&�RaJ�(*(046( J�EG/HABc=35�|As$03=46"})+4B([;�/-c5$03=/-.*&�(wXZ&
$0&�,�$'3=4B"D35"§^_4`I-&�RaXZ35b`35.03=4B"K;</-c5$03=1-c5&�Rd ,
,�&�.*.S^_:HAB"-"-&
c=.*Á-~]ÕåÖ�Ö�ÖîìK�G�8�   ç����ðï ½ � ¡ �~ç*ì ½ �&�{ç=~ëáL46c m ² F~ � 4 mL° ~L1-1 mL° pB»�R ° k%pF~;jA|{ � �6�B» m
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