METHOD AND APPARATUS FOR PROVI DI NG ENHANCED CHANNEL

| NTERLEAVI NG RELATED APPLI CATI ONS [0001 1 This
wa@ppeilewsi on cl ains the benefit of the earl i erp€i/iB20gs/001121

date under 35 U. S.C. 119(e) of U S. Provisiona

Application Serial No. 60/680,285 filed May 12, 2005,

entitled "Enhanced Channel Nbrleaver For Supporting

Conmruni catl !
Appl i cati on Ahr% ‘3 y 4 2005,
entitled "N@th para us for e uncturlng and

Channel InterleaV| ng ; the entireties of which are
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[001)2 ] The invention relates to conmunications,
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CodéSPlEn%tu‘H'ng hanti hEh=m061V BiRdrREG S fthdTRRMirklidsy o vake Mwb tiicoporated by
rich set of services and features. This conveni ence

refepgge. spawned si gni fi cant adoption by an ever grow ng
nunber of consuners as an accepted node of
comuni cation for business and personal uses. To

pr.o I doption, the tel ecomrunication
FIE] ﬁﬁ%ﬁ?%ﬁg%ﬁgﬁnuf acturers to service providers, has
[0089" eRH irdbntneRlated %P ROMEAREIRES /d mbR seNelep, to prowdmg more
standards for communi cation protocols that under
partiqylarly & ¢hopieel dderlepwiBg and features. One key area of

effort involves broadcast and nulticast services.
Devel opnment of transm ssion standards, notably in the

[ vi ng, has not adequately
BAg@&OngSE%%Wt@@ast and nulticast services.
1603:00R4did cIhRuBLAIR sydtdiRd, Sudnes @elﬁﬁ?eﬁ‘@ysft@ﬁs @I%., 3peidgebirindsystems

provi de a channel Interleaving schene that |s

(S“Cé‘p@ﬁ fpdee Wivisipn BWble adecessn (CIWIAY inelstrkg e Py Tamg DEVIRRARGuItple
Acc%: WW%&WKQ“})&Q% Qsdrs WHRSHe (3&%‘1%195&@ lof RRBHRy é’iBﬁ‘g with a rich

ESSEd I nvention, In Ich an a pr oach iI's
set of services and features This convenience has spawned significant adoption by an ever

growing number of consumers as an accepted mode of communication for business and
personal uses. To promote greater adoption, the telecommunication industry, from
manufacturers to service providers, has agreed at great expense and effort to develop standards
for communication protocols that underlie the various services and features. One key area of
effort involves broadcast and multicast services. Development of transmission standards,
notably in the area of channel interleaving, has not adequately provided for such broadcast and

multicast services.

j0004] Therefore, there is a need for an approach to provide a channel interleaving scheme

that is optimized for broadcast and multicast services.

CONFIRMATION COPY



presented for channel interleaving in a conmunication
systemthat provide, for exanple, broadcast and
wOoreiobitcmst services. [ 0 1 According to one asperiB2006/001121
an enbodi ment of the invention, a nethod conprises
receiving a plurality of synbols. The nethod al so
conprises partitioning the synbols into a plurality of
subbl ocks. The subbl ocks forma plurality of
SUMMARYUGRTEE. INXFNTODnal |y, the met hod conpri ses
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preséieds B seanendgerlabing e 4 communiitipnt sysenuthac proamid for example,
puncturln the first output sequence to generate a
bragdeasirnd sRltinat seif§ence, and |nterleaV|ng t he second

output sequence. (001)71 According. .to another C .
(061 hecerBcioneio 2BFeb e SRR, of dbe JER: gembthod comriss
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nodul e is further confi enerate a firs
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Smh@§mapparatus conpri ses a sequence sel ection and
punctuatlon nodul e configured to select the

Ja@MY S&&%F&&gﬁ% Qhothle adpebtS bt bt RMBodRREH &ITCBe aMllerition, an apparatus
‘ punCt ure first out put sequence to gener ate a

CORPIEEeA i symbphreog@q@@ modulemepfigiaed tq Ff‘@ela% 'gd?hgpgtg of symbols and to
paxlcfgg}i) 1J|L & bg MRG | uﬂag{ylelsﬁl?o\fééﬁg e Hg;%rmléogwnﬁgls&oa subblock

P ALt By B sequenc
repRtitiar moﬂgletmnﬁgmbchem r@sgteﬂnb subbladcserr"ﬂ@dsubblwk%formhe plurality of

e By USRS58 RS O gl ] bt g oo

sequAdOfSm tHRbERLEHREL. aA&d)tl@r@HID rths 6§patdﬂds&foh@&‘ﬂ¢s@set1h®ce selection
scranbl ed synbols, The step nterl eavi ng.incl ud

angd puraspR @OthH@ cerHizyErd do 85)¢b &essu{v%ﬂ%qné?srp el iRt gedquence and
to Ha‘eﬂbst}m@rfﬁ %%ﬁl?@&%@h&&y todge?l'éfa\tebkﬂts@&nﬂ rHu@bu@ sBduehd@! | Fivrther, the
subbl oc e's

interl eaving also includes
appatfio compripes @ petnixy m@m eafing medelaisbniigukes toipteriesvp thepgecond output
Sesubblocks are fornmed into subsequences. Al so, the step
T |nterleaV|ng i ncl udes perform ng sel ection and

e L
enS&liRCd SldralitybfRigAST by adodadagribjole e Scrambling the encoded symbols The
method also comprises interleaving the scrambled symbols. The step of interleaving includes
reordering the encoded symbols, wherein the encoded symbols are sequentially distributed into
a plurality of subblocks. The step of interleaving also includes performing repetition of the
subblocks, wherein the subblocks are formed into subsequences. Also, the step of interleaving
includes performing selection and punctuation of the subsequences, and applying a matrix
interleaving scheme to the symbols associated with the selected and punctured subsequences.
Further, the method comprises modulating the interleaved symbols as modulated signals, and

transmitting the modulated signals.

[0009] According to yet another aspect of an embodiment of the invention, a system

comprises an encoder configured to encode a plurality of signals as encoded symbols. The
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Further, the nmethod conprises nodul ating the
interl eaved synbols as nodul ated signals, and
W0 e@ndmiest i ng t he nodul ated signals. (00091 AcPCY/B20e5/001121
to yet another aspect of an enbodi ment of the
i nvention, a system conprises an encoder configured to
syst@naRe @orap@deu B aéramylenéonﬁggndx ttsscambémthg deepded;syghpols, and a channel
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to performthe step of or m e ti
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ected punct ured subsequences. Further,

im J]e Sﬁﬁ %{h%{nﬁsggﬁp rféaﬁlﬁés @n&%ﬁtﬁé@@ lof @fRNAVAHbE e kéhdily apparent from

edved synbol s as nodul at ed S|gna
the [f&ll]ﬂzs(uhg Gttailed desdniptiorn spedy gby ifustiatingeasnunalyes b BYFHeH ggfggbodlments
he invent.i Qn,. ar d 0 t th tion.
andg ISTHH Oﬂsetl%‘i yding §gsb§ ?tl bt %{eoﬁ&}?egﬁ[p?}%f’d ff% dll-rﬁﬂu strati 1%%1
Th@nﬂ&ﬁf@ﬁ lis @0 dapatlld efdtiest apdrdididiemesnttsdamahts, and its several details can be
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severa etails can be nodified in various obvious
naturesmd aibgs redttictivgt hout departing fromthe spirit and
scope of the invention. Accordingly, the draw ngs and
description are to be regarded as illustrative in
nature, and not as restrictive. BRI EF DESCRI PTI ON OF
THE DRAWNGS | OO 1] The invention is illustrated by
way of exanple, and not by way of limtation, in the
figures of the acconpanying drawi ngs in which |like
reference nunerals refer to simlar elenments and in
which: [001 2j FIG 1 is a diagramof the architecture
of a wireless system capabl e of supporting various
aspects of broadcast-nulticast services, in accordance
with an enbodi nent of the invention; 101 3J FIG 2 is
a diagramof a transmt chain for supporting
br oadcast-nul ti cast servi ces;



(00141 FIG 3 is a diagramof a transmt chain
i ncl udi ng a puncturer/channel inter |eaver for

W@ appottesng broadcast-nul ti cast services, in aPCDIRa®1121
with an enbodi ment of the invention; [00 5] FIG 4 is
a flowhart of a process for channel interleaving, in
accordance wth an enbodi nent of the invention; |0016|

FIG 5 is a diagramof a scheme for synbol reordering,
BRIBE DBSCRIRIION G TERIRWWENGSof the invention; 0 17]

FIG 6 is .a flowhart of s IO MNeitation, in the

oordlfecenrihin MRS whvaleOPARR i MO e

figufel drhBle 1aBM R Pah@Ry dr&HidgsBi which lakef tefuerivartumstaly refer to similar
process for providing sequence sel ection and

elemsptsendimwiseh: i n accordance with an enbodi ment of the
invention; [001 9 FIG 8 is a diagramof an ex .
[00155Fl6ad istd 4[11a&r@a qfrthe ﬁ@hﬁ%‘%@g 25 lr%?sésy%‘?m é’%%%?%’%‘%pomg

1o an emodi meot: afibie sthNedtih RcorfHeL HithFinGemBodimera of the
t-mult >

\mﬂgﬁagwgﬁ1of%£ p%%&?u#ingsschene utilized in the process

invedfiolEl G 4, according to an enbodi nent of the

invention; |0021 1 FIGs. 10A and 10B are diagranms of .,
|06 E5 ERI. aliya diagthnad 2 omsiit deini fonwipperiing bregfcpstniyfigeast services;
process of FIG 4, according to an enbodi nent of the

[601VEIE. 13018 2 Jif}PAR of BlItBnsmil chan mcludingehpimetugs/changelyaisglgaver for
for matrix interl eavin

. LN accaor i fi: : .
supparseRRsestor i e o RS b oAl o invendon:
raphs showi ng the perfor ce of th s .
100 iR by & HARET PhE GFIcas, BF Chng] erlgavijen iy gocprgpeg it an
] i of hardware that can be used to
mm%ﬁ%+%ﬁgﬁ$b%§%?ghé enbodi ments of the invention;{0025]

i{){},ﬁfg G%{G.Jsz'iﬁ‘a ARG AloBerfll RGERIBY] Morddtih, ate@nding®l dnighdodiment of
' bi I'e phone~systens capable of supporting various
the &vbatitinrent s of the invention; [0026] FIG 15 is a

di agram of exenplary conponents of a nobile station ”
[00CEPALD.e ioh flopehat ofagprorss epreyidingpbtbsckpraltion Apacyfygance Wi

14B, . accordi ng t.o an enbodi rent of the invention; and
an?@@ﬁ@“ﬁlﬁf@fn%@nW%ha di agram of an enterprise network

{ii@%a‘?}p %iIJ(I}-e7 i%fa olilxgzge% E). 2 S’mEe@? £t rpPoql‘lecﬁl"?’,‘g,e&quence selection and punctuation, in

accordance with an embodiment of the invention;

[6019] FIG. 8 is a diagram of an exemplary payload utilized in the process of FIG. 4,

according to an embodiment of the invention;

[0020] FIG. 9 is a diagram of'a puncturing scheme utilized in the process of FIG. 4, according

to an embodiment of the invention;

[0021] FIGs. 10A and 10B are diagrams of exemplary payload constructions utilized in the

process of FIG. 4, according to an embodiment of the invention;

[0022] FIG. 11 is a flowchart of a process for matrix interleaving, in accordance with an

embodiment of the invention;

[0023] FIGs. 12A-12F are graphs showing the performance of the puncturer/channel

interleaver of FIG. 3;

[0024] FIG. 13 is a diagram of hardware that can be used to implement various embodiments

of the invention;



descri bed herein, according to an enbodi nent of the
i nventi on. DESCRI PTI ON OF THE PREFERRED EMBODI MENT
WO ¢ddb287631 An appar at us, nethod, and software fPCT/1B2006/001121
provi ding channel interleaving in a conmunication
system are described. In the foll ow ng description,
(0025 PTFIGRa 4RUIP 0SB Sreafiageatpd Gfiafférent celiularendaliis phreciy§tems capable of
details are_ set foréh i.n order to provide a thorough
supparithe et ens gmReIBenE REDE YEREMon. 1t is apparent,
~however, to one skilled in the art th?t %gﬁ.in ntion e of
[0626hFl6e 1Briace idi@Ermwiof 1§SERPIERe SmRAmaRs f9f @ Pl |S@ugp cap
i . cordifle 8 dhedmbodbhean6Lbe invention;
Opm§%¥$m2%3§gﬁgggﬁggﬁfg%(gﬁgﬁggg%é%s %re shown in bl ock
anddi agram formin order to avoid unnecessarily obscuring
the invention. 1002 J Although the present invention
[0047% EIGscadsedliagram of @s patstprise natvroukl icapablsrRfLIPRANG the processes

cescppedfrecprostiirain § SoriiofhofhEh e hop - ' 0 DT tent

i nvention has applicability to any type of

comuni cation systens, including wired systens.

Addi tionally, the various enbodi ments of the present
invention are described with respect to Turbo codes;
however, it is contenpl ated these enbodi nents are
applicable to other coding schenes (e.qg.,

convol utional and/or block codes). 100301 By way of
exanpl e, a radio network operates according to the
Third CGeneration Partnership Project 2 (3GPP2)
standard for supporting Hi gh Rate Packet Data (HRPD),
in particular, Enhanced Broadcast-Milticast (EBCMCS)
Enhanced Broadcast-Milticast (EBCMCS) has been
proposed for |xEV-DO, which introduced Othogona
Frequency Division Miltiplexing (OFDM nodul ation to
conbat a nulti-path fading channel. The present

I nvention, according to various enbodi nents, inproves
performance of EBCMCS systens. A nore detail ed
description of the HRPD and EBCMCS is provided in
3GPP2 C30- 20040607-060, entitled "Enhanced
Broadcast-Mul ti cast for HRPD," June 2004; 3GPP2 C30-
20040823- 060, entitled "Detail ed Description of the
Enhanced BCMCS Transmt Wavef orm Description, " August
2004; and TSG C. S0024-1S-856, entitled "cdma2000 Hi gh
Rate Packet Data Air Interface Specification"; all of
whi ch are incorporated herein by reference in their
entireties. 10031 1 FIG 1 is a diagramof the
architecture of a wireless system capabl e of
supporting




vari ous aspects of broadcast-nulticast services, in
accordance with an enbodi nent of the invention. The

wo 2@b01786t wor k 100 i ncl udes one or nore accessPCT/IB2006/001121
term nals (ATs) 101 of which one AT 101 is shown in
conmuni cation with an access network (AN) 105 over an
air interface 103. The AT 101 is a device that

provi des data connectivity to a user. For exanple, the
DESGRHBU@NU&RTHERRﬁF ting system such as

[H02 }[ CAe{ %?)Baglata%‘t TRHLE! and DR eg& g)'rcgz'l&lﬁ’é apgh! dhferlesdE in a

a service enab ['ul af handset. As
comNhiBatfow! éﬂteﬁe&ercﬂdsmbebel bwthet foéloﬂi[flgld)e_scrgm@pogg the purposes of

transnmt chain t | udes nnel t.er r
explprgten, PHNYARS 682,01@% ﬁ%@fclg A § eo{:lﬁ1 I orcfep tg I%Qi‘ﬁ@ a thorough

nventi on,

unddrfhd Iﬂ{&g @aShyeitbd.| gaBt appereit (heﬁ'eveﬁ Olﬁ&ﬁ)]e s'liﬁbdAm t11<{)5rt|t13at the
a ne

vt e DTELL LU DLV SE U348 SOMESLE Yohement. 1
otheg ipg‘iggcli,rg varll tl]ﬁlgen%% s%é&m%g thd cﬂ:%c@STaréL QHownl iR bRAKRBRAGEAM form in order to

1 is equivalent to a nobile station,
avoidnndchgartlg obsarimetharvkntion. equi val ent to a base

station. (0033] The AN 105 communi cates with a, Packet
(o0t AltiRpN itkepie iveDBN) is distussed withpaspeet: tocp Fdiqpgommunication

netvgql;]g zqtulglg gs é? WS?%QSE i.)tlt h%&a%lﬂzt% 0919 gf gﬁn{}%kﬁgﬁ thOS that the

preslgﬁtn@gcﬁfﬁ%ﬂ thhs BpRhbiB, tovdhiyClhpa oD B@nmhﬂneatloﬁ Lsmsicmrs) rigcluding wired
I NC

udes storing of HDRPD, sessi rel ated
systpres. f dldditlngalb’h@e?‘@Flﬁ?%%Pboélel%?ﬁo@Stheg?f‘t ﬂ’i‘VCE u?rg%teg"%ed with
res dett t[ﬁhbr(]) R}?& %Wé'velant 1€‘Ioriltgﬂpl§t@@ﬂie§}e Sebouhdnedre alieable to other

I's accessing the radi o network, and
codmgrsa@rmg(etga,eaomﬂammmndforbl@ek pode9o 1 . The PCF 109 |s
further described in 3GPP2 A S0001-A v2.0, ent|t
(2036 CBR 2vac oR s, vorddid netwofkaepssatph aePsfier o e P}}fd Generation

' Specj fi cat 0

Pukiebp gt SR S o MRSk kPR pgletiaa (D) i

pa r{]lmanaeﬂeBPdﬂda&ENmnsaunchmsw t hExamnm Ragadcast-Multicast
Aut hent i cat Aut d. A

ROt iy owinaes vt RRLRD, TR RERR Ry R requeny

Dwa%‘&P M%@W ((f)F'B o | ROGuIdtRR th hednbbt &Qﬁulﬂ{@ﬂﬁﬁﬂlr@ocﬂhnnel The

V Evol uti onary/ Data and_Voi ce
prebeXt EvreDDn, Evsirding é@la/ﬁW@a‘ﬂ%\b SPFS, dMPTOVRY Berforpance )ofBcmes

st andar ds ¢ G B 268 8RORICS Bpréts&ediin 3GPP2 C30-
SYSEEPEn<h B ‘f"?g‘le‘ &d{mﬁ%t%%fc}%g%tlgﬁ%vgr the air interface on
20640807-0600@ktel i“Tihanell BivadosstldnBigast ifordIRAD i Jpag ¢ei; SGPF2 C30-

20&3%8@0 t%%t;}}geg %taélgwm %g)%oq.ﬁgﬁle%%gnéeg HROES d[‘?ans?ut Waveform

Se ‘services nmay incl ude

DeQQi{pﬂBn % QPR abozs QhY ITSESC.S0024diSe s6atreiled Ecdna@80 HlighhRaje Packet
ce ‘and packet
Data Air Interface Spec1ﬁcat10n” all of which are incorporated herein by reference in their

entireties.

[0031] FIG. 1 is a diagram of the architecture of a wireless system capable of supporting
various aspects of broadcast-multicast services, in accordance with an embodiment of the
invention. The radio network 100 includes one or more access terminals (ATs) 101 of which
one AT 101 is shown in communication with an access network (AN) 105 over an air interface
103. The AT 101 is a device that provides data connectivity to a user. For example, the AT

101 can be connected to a computing system, such as a personal computer, a personal digital
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data, whereby data is transmtted froma transm ssion
source (e.g., a base station) to a specific recipient
Wa ennilisbl  These services may al so include PCT/IB2006/001121
point-to-nultipoint (i.e., nulticast) services, or
broadcast services, whereby data is transn1tted froma
assidtdrANE1e&s bp B dst@uewe;etenabéedmﬂibbr han‘dserte dispheratfully described below,

the z&%rég]bgtg{)]gw t?z(@)r}?%gut&gl glgﬁli%g%a (Qfa}rrl el i %%:glle& ttﬂa%1 9n various aspects
of tkt%tlh‘}ehﬁgn FackdRé # thebrodchdt-ndulfidagtrysivides. cha| nof FIG 2.
his transmt chain is illustrated to provide a

{i)f}zg?s’?ﬁe'gﬁﬁ 1?99 fis &%%ﬂd R Pmshi thattﬂi‘é?vﬂdsQiﬁﬁmohndéhﬂtmbeﬁifeen a packet

e performance of which are depicted i 85

switiRa- ctametv[/c@wyzh 1t globyldnigmey Héraa%ﬂ@fA 161, S stpd00D Systems,
far Iy

the q%%a HeR qg% dg%ﬁlg p%?ltgfs; aaéﬁ ﬁ%%{gééﬁ RtworeiVduBRlentto a base

smnBﬁoadcast Mul ticast (EBCMCS), which enpl oysl2l

Ot hogonal Frequency Division Miltiplexing (OFDV)
(603 AThaANOI05 cdiRguiBEMOSitph PaikeaiDath Sgreice Padk GIRSNIrld1 via a Packet

corfl O SrCEER 41 B, pOdE, LA 5 T U, SRR Sssion

Corfl3P R VBB Mﬁnég&ﬁé’nt RAn6A] WAkh iagdnyvbther iaﬂctmmt Ercludasjﬂqrmg of
nsuc%{aas Reteyd Sol ormn) ( RS) code. The scra

HRERRr sexhidre gelpled iafewmetion. ¢gt Blilj(tlng V%c; (’gq:{miugtl 13y n%%g% é:‘rocedure to
detér?ﬁr%él Raed, Rz'f o é%{l&p@’ﬂ@ ﬁlﬂééngﬁzﬁéd REMEhe 285,011 &RRasBE the radio

cessary runcat e the truncati on nodul e
netw®¥, tual m@myﬁgoﬂhatlecatiori o6 rt}mAleeOtla Fhgt BSF 110D ﬁle'@l% described in

sl S £ i Sl LS PSR Bkl Mperoii

Spe@ﬁﬁc&'io’h diuhi§ 2008 NHhiR duh@ip@techdein gy sdivemesn {MIByetpf
EBCMCS are given in Table 1 below. Table 1 10038 1 To

10088NILEVEIRIA! She PARNS QFBBEAmMuBicAYC | With shi FAN-Agk/or (erthengjcation,
process 211 is introduced after duhf ion
Fgiqe

Autpotization ol Aeinting gniihri§7t ot 2 ﬁﬁ?‘@?’r@%t afheptiggtion and
autl%éflzapo% fuﬂcﬁ?yﬁg fo?%erm@“fbﬁ 213, followed by the pilot

i nser the pilot tone insertion nodule 215

oSG L e bl gy 1x v

Ev@wbﬂaﬁsﬂ/ﬂﬂaat leybll airam&ryih@o tstsncbteds sppeifioR 1opkst idatayphiappel for use in
t oget

trarﬁpprglflg géﬁlfﬁ‘aog dg\tﬁ 8%%39% Bk r1r5erfacn§§ ?he%lafvga&d 104 LAPtne ek tink. A

ol's,” constitute one
wirtleEM o rReKcatibh Bys@a0mhp Beﬁes1§rﬁﬂ ft@momye fvmemqmeymy oflegruices. These
QPSK spreadi ng, by spreader 217 attgche a
services may include point-to-point services, or dedicated services Sich as voice and packet
data, whereby data is transmitted from a transmission source (e.g., a base station) to a specific
recipient terminal. These services may also include point-to-multipoint (i.e., multicast)
services, or broadcast services, whereby data is transmitted from a transmission source to a

number of recipient terminals.

[0036] One approach for transmitting signals over the communication system 100 is to utilize
a terminal with a transmit chain of FIG. 2. This transmit chain is illustrated to provide a
baseline for comparison with the transmit chain of FIG. 3; the performance of which are

depicted in FIGs. 12A-12F.

[0037] FIG. 2 is a diagram of a transmit chain for supporting broadcast-multicast services. A

transmit chain 200 supports Enhanced Broadcast-Multicast (EBCMCS), which employs
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channel interleaver 205 is designed in favor of HARQ
(I ncrement al Redundancy) flabledni cast transmi ssion. For
br oadcast - rrultl cast scenar | t
!‘“ﬁfﬁt Tayarkieve pofler BELTTHROGT 21 H| gﬁc %‘anne rd%&?é% Ogg%ezrlgqg%tmduced
aﬂeF ln%’dulétl(fne Cﬁ%nlbré&§5 bhin&rﬁr@@arcﬁmmst dael ﬁnplemtn’fm e by the insertion
ransm ssion for this scenario. Qg\m Grt odu% 215 into the
modmagm follofved by therpslat tong agrtion Bycthe Bl jony insertion m
ncturer/channel interleaver for supporting
‘oadcast-rmnul ticast services, in accordance with an

m;%[jb %%%egﬁgt | ng{dh%dﬂa{ﬁ\‘eeg&rdrp%ﬂxde'Moadla%f&ﬁﬁh{odﬁllamm el are 240 16-

via a bo encoder 301, is utiliz "
QAAS niodulatee cmaadjfpibelsqfer Bynthol block,h‘@hlg]p}dggfél@r gyr@n Qu%r@ure Phase

Turb th t |
Shlﬁ%ygr};&% rpll\é\% aﬁaaél? 15 uaFlﬁ gf&?glg 2%%1%&{6%?;9 N block with
32(PHAEL. UF@ludvﬁH%mq&enbﬁuemmaQHK S@Sadlmbjaswsadeh 31 hragtipeled to a

I nterl eaver

LinggrsFeedbask $i}1&OI§eg_?s?eg\| (iJrngJIr{]flg %;ﬁl@"c sepéfﬁf ft}%eogNoleqﬁgh%es Inverse Fast

Fourier Transform (IFFT) time domain data symbols are obtained by the IFFT module 221.

sig

[0040] After adding cyclic prefix (CP) by the cyclic prefix module 223 and Pseudo-Noise
(PN) de-spreading using Quadrature PN dispreading module 225, time domain data symbols
are time-multiplexed with the pilot and Medium Access Control (MAC) channels by
multiplexer 227 in accordance with TSG-C.S0024-IS-856, with the IS-856 traffic channel
being replaced by the Enhanced Broadcast Multicast (EBM) traffic channel (as detailed in C30-
20040823-060).

|0041] Further, the time-multiplexed signal is slot-interlaced (if it is a multi-slot
transmission), quadrature PN spread by module 229, and base-band filtered by the pulse
shaping filter 231. The result signal is then transmitted over the air interface 103.



ordering is enployed with the transmt chain 300. In
one enbodi nent, the transmt chain 300 inplenents 309
w@ee631765829 nodul es that correspond to the noRCI/ERIGIDI121

and 213-23 1. ( 0 51 The single interleaver 305

operates on both systematic and parity bits, and .
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the presence of f adi :
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provide$ certaty FRRtukepf@eki o pastybbitsookile ¢le tysteratic Wiecarerkept and

sel ection and punctuation, and matrix |eaving (as
transgtitbadralvays 1 &e finsf s1of-0046 1 hi an exenpl ary embodi ment,

for Rate Set (RS) 1, 2, or 5, the o f th
(0012t aharpaTriegoser Mk e naal o) BRERdreReg [oddancy)
for u?lﬁgg:t%ﬁsg%%ﬁs(iiﬁn ?Jﬁg gboggca&émﬁﬁcaf QenarioPbuch Btonstra@ades @bt exist; the

r RS or RS5, N=2048 for RS2). . .

desi%profRﬁa aennd] ittedeavert PtFIGF % mesoBmirdsothish desde pnds ghuse RtImIZES
e scranbled and denultiplexed into three subbl ocks

trangri R B SENABY P’ : each of the length N (N=5120
or_RS3, N=4096 f

f . N= RS4)., 10047 t hi g
(047 GGy 3o BBIRSRBEH ACPORNLein P B 18 Sy B B intemver fo

Supﬂm%tg lﬁB&d&&ktJnﬁllt%iﬁl%ﬁﬁcesAﬁ aBttelancé oiith apandedintent of the invention.
synbol s are %rouped to forma 16- QAM_nodul ﬁi N in the example
In treyamtibehain F00; harbe egeadings viddnbabo grco éﬁ?’df i“ﬁ Ze@fﬁ%‘b? g examp

eds MRS Glcb®A watR0dSer RS @odp bR opaisbled by the
Of]@%%}e Q(nh(gh%fi:g%ﬁgfhg%gw syrr%{gl s of the mgdul ation rrbgl
scraftpd 603, e Under itieip epyireath, @pﬁr@ﬂmﬁrgégnnph@teélgqv'gbgmoppfa%@ the channel

. previoys stage s trunc [ ic shift re-
s RSP AT AL M B0, o e st
e S (Lo o s
’ i
impETEnisid SRS PR fe SubtrrEoHpg I e maghRS ppimd 215250
interleaver 305 perforns subbl ock repetition.(st. :
0043T e FoER Griedernys SO SoPas T OB NPT gy oerine

i i ' I Vic PR fl the bRtb&@ké 8RMsNEding chambbasmeell as more
t1mér§fg§§1t)g8%éefgs $are detail eg below in FIGs. 5-11.

inteh 10640 gaif | dBe 16 thes leagediintgrieaveioTizen SCPRERES 1 P/arémbodiments, the
[ oot el nd 303GeRLdl odingent ¢ Ofynivbreordering, subblock
Chap?f@é‘ﬂ?rﬁegﬁe.q Qﬁeu%%@%o%ﬁr %tg%?g g?ﬁ%g is? ag eje 401 r ege?. fjg r Sg
repétiiRnsiFiRatsseiictibhamdqubpudtionf andmestrhulengngtae Slepyn ig G- 4).
The output of the Turbo encoder 301 can be
wa@ﬁm th Rk@félyictbodinfont, fexRarpiSe; (RHb ook S, e putppbef the Turbo
enceriy 10y poribl e B eged ing iV pbiRls " GeREES. Po P’ P, P
eacg%gtﬁieiyl%nﬁtmlg (RRGOMSfr RET BHRSS NHIOS fob RS2 eFareRffeortd, el utput of
e
the Turbo encoder 301 can be scrambled and demultiplexed into three subblocks denoted as S,

Po, Po’; each of the length N (N=5120 for RS3, N=4096 for RS4).

[0047] In this example, a higher order modulation scheme, such as 16-QAM modulation is
adapted. As such, four consecutive symbols are grouped to form a 16-QAM modulation
symbol. If the required number of modulation symbols exceeds the number modulation
symbols at a previous stage, the first few symbols of the modulation symbol sequence is

repeated; otherwise, the output of the previous stage is truncated.



into five subblocks with the first symbol going to th

S subbl ock, the second to the PO sub%l ock, gt hegthi r:j ©
W(bmob/ﬂ_emal subbl ock, the fourth to the PO ' subti/tE2k06/001121

the fifth to the P1 ' subblock, the sixth to the S

subbl ock, etc. 105} The S, PO, P1, PO ' and P1'
(;{;&\@}J ez gTe: K§ aCdwdhert of tahpreeess tﬁttrs@qm@h inderlegping, Waasserdeyoe with an

emb gchmgpt&f E}rl]aglnygi{t%é & ggng&iéﬁ% gl%%erf ﬁrﬁe}#ak/&o% 04 g‘gic 5{5% step 401, re-
orde§sucB9 LRGHe R mbOlk] Megdthbnitdavadbb bérﬁck'mﬁ’@ubbldch gepetition (step 403),
sequencé V11Vl | ncl udes t he sub

folld.vhé byuiﬂgumk sglgction anfi pyciuatigne(Sisnt ﬁ‘?&g}, ﬁ%aérl’bm%%fb‘?ta%ng is
perf?r]trgeﬂb ;Fgeqsu éﬁ%gssésncﬁ% ii’eg Qfo%qn FHBRSeqY e nces:

nce by VO VO subsequence, and

§€§f§4§g n%[?v\/\gtlsnaeéﬁfi V;fr%\(/) a§¥£ﬁﬁg&§gﬁgalt$§ggtde§%%d§9ﬁ?@tb aP 8Mb&ident of
the P&h#oAL Tl@@symbdl negrdsnﬂrmm 401 seoedgrs the syaBiobs at th oRtput qfjthe Turbo

encqdgs; é&g %/'ﬁlhg Zq%p:lt nggz’ﬂourgi 0429%%01 Rah %e ]deﬁlrdﬁlp?e'xed ngo for example,

€ reorganlzatlon
sublfl%{&g%l r egr @e bhx?@sels Sf SpramRtiog €de smhblo'Eabhte eﬁrp@@e«l) aadldenoted by
Define i ntegersMi= 2M - N, M = 3M -
s, bef Pnep,i mlefer NamvilzMhe Rpogder l}’fﬁ’lﬁ SYYE\\PIS oM b?\ﬁeq“?‘FIENX digfgbuted
>0, MB =2M 3N Else M3 = 3 Og % ex _se
intoSive gublilonks with gha @(ﬁt*SZNbR}I §°1‘|1g (t.P e, NEV% foc §% SEW‘?/%S the £,
+ round(i *2N M)

subicy the g othe 42, 4u{ob19ﬂ; s Jout t83héa (1%*%@%1%)%«? fifhlto the 7,
subl?lH%k g%ﬁsu%? fq‘téé én%‘bbl(gf)ereg}t fgrl:l } - S4 . S1 - S denotes

Order the subsequences
~as follows:
{0656 The S, B, B, P, and P, subblocks can form three subsequences 503, named U,

V,1V,, and ¥,/V;. The subsequence U includes the subblock S; the subsequence ¥, /¥,
includes the subblock P, followed by the subblock P, ; the subsequence 7, /V; includes the

subblock P, followed by the subblock P, .

[0051] The output sequence S, of this stage includes three subsequences: U subsequence,
followed by ¥,/V, subsequence, and followed by V,/V, subsequence.  Letting

Noutputl = N

wayiond / R denote the Jength of the output sequence, for the modulation coding

schemes listed in Table 1, R=1/5, N s =3042 or 2048 for Rate 1 and 2, respectively.

[0052] Sequence reorganization and symbol reordering is summarized, in Table 2:
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U W(Sl), W(S2), W(S3), W(S4), W(S5) for RS, 2,
or 5 U W(S1l), W(S2), W(S3) for RS3, or 4 Uis set
wa eog11Beguence W, is forned by concat enat i ngP@®DIE20€5/001121
Po'. Sequence WL, is forned by concatenating Pi and
P1' . Table 2 [0053 J After re-ordering of the

FRS8YMOOI'S, subbl ock repetition is perforned, as next
%%HJe%t M{ Q084 NEMe= BN a flowchart of a process
or pr ow d| ng subbl ock repetition, in accordance with

OfyL INeMZm/rgﬁt(QNraMIh@ subbl ock
st age 402 i's used to repeat the subl ocks
yrrbol s have been reordered in stage 401.
E%‘i 3012 xanple letting Ntotal = 3840 x nbe the
f blnary synbol s; these synbols can be
tran%fggg?ﬁ or 3 slots for the packet, as

specified in, for exarrpl e, C30-20040823-060. The
Compytp 6K 815 s descri bed bel ow. 10055 1 In step 601, if

V total is |larger than Nout utI out
s, =Tl INA 50U ENGIIARdadMI b S R Tl AR R P e
}—-Sadded at the end of outputl , and Nout put| = outputl +
S; =hppykeadN p+-8p-803). In step 605, the process again
S, = @ngjm@anmmg) | Bidit<allls 3, Soaf pLA £ 1 <2NF} + Puie,
thesubsequence FO ZV0 ' is added at the end of
s, -41 &én“oi!é%ﬂelsetdlﬁa@n tatiéd. = Noutputl + N payload x 2,
asm step 607. 056] Next, in step 609, if Ntotal >

rde cE féﬁﬂ%v%e%ence V1 1is added at the end
?51 0 l(gl;}twl g)%pﬂgl Jo grpayioad x 2, a's
) Sj‘@?q_ 01 through 6 11 are repeated
’o LIRS putf unt|I N total < N outputl
[0057Jlt is noted that for the MCS in Table 1,
subblock repetition is perfornmed for the case of 2048
UlsﬁﬁVP ad transmitted in 3-slot duration - shown in FIG
(subb] repetiti ppayload in 3 slots). In
Seq?eﬁlf’% ©als 0“1’88?88?‘}""“3% ]Inéggs&}f( our subsequences: U
Squel}ll?:g \e)\/('ql? 1es ormedfby concaterqatmg P; and Py’.

Table 2
[0053] After re-ordering of the symbols, subblock repetition is performed, as next explained.

[0054] FIG. 6 is a flowchart of a process for providing subblock repetition, in accordance with
an embodiment of the invention. The subblock repetition stage 402 is used to repeat the
sublocks 501 once the symbols have been reordered in stage 401. By way of example, letting
N, = 3840 x nbe the total number of binary symbols; these symbols can be transmitted in

n=12,0r3 slots for the packet, as specified in, for example, C30-20040823-060. The
expansion is described below.

[0055] In step 601, if Ny, is larger than Ngu. the output sequence S, i expanded, in
which the subsequence U is added at the end of S and Ny = Nowput + N payioad (step

603). In step 605, the process again determines whether Ny > Noypu» if true, the

11



by VO V subsequence, followed by V1IV subsequence, and
foll owed by anot her U subsequence. N outputl = 6 2048

WE 20828851 [ 00581 After this subbl ock repetiti oPCHIRgE/001121
Ntotal < N OUputl , Noutputl is equal to 5Npayload ,
or 6 payload (for the case of 2k, 3 slots). It is

subé% &ee Vhat, iNaddeiat the eB880Sx,.1 Adf 4 =N 2pu@F NByyisd 0 535 in step

059 1°FI'G. 7 is a flowchart of a process for

607prOV|d|ng sequence sel ection and punctuation, in
accordance with an enbodi ment of the invention. The

{;g;ﬂgt RH;Et of sitheosaguencs _7\80 el gahd subsapencpuii¢Vuad added sit ghgeend of

Sout pua can conprise, in an exenplary enbodi nent,

s the aﬂcd nst (= Ouﬁu N ol QS;Ldsaeqimnéﬁs e tsteps 601 through 611 are

“Blbsequéittes I"Mdice8 0, 1, 2, ..., Nsubseq -2) of

repéatHd%lrdrm,a@ndSt he?umﬂnmmylééqumcd\lsubseq -1)-th

output

subsequence of , Where NsilLseq is defined in the

iﬁii%‘@ bg%laoqu %gtgfﬁgfhﬁbw ol Tzalb% lg‘éllﬁ)gloggr fpeiﬂﬁﬁnt ik ﬁér!f&ﬁhteﬁ @42 119 case of

or med In
20458t;%9103&)3r,an§rﬂn&e¢) i éehﬂ; dietien m srhe\sfnm&lﬁe% (Mbbﬁlatr@e*@tlon for 2k

: tg <N t
paylogzg IHL§ é];ﬂ)t? aﬁlo%‘lg c@% aStZ @ gglu e(§ suE:sisJt T:SEE 8 E}Ssglﬂgeﬁo%[&% followed
gua o S
by (Eup 7oreBnor e B dapur oesuepues! ﬁﬁx“gg{;‘ﬁg groter
2 709 t th ts N sub
U bieatpetaiomn -t B TDRET 1 e T Cpeated unti 1
Noutput2 > N total . | 00611 A puncture_of the (Nsubsfjg or

[0058]1)Afret this witsbaplarptiting S8BOWNwii f WoluG> VpunaclE GIHRLHY
one enbodi nent of the present inventiagn, V\ﬁ gup;; i’elt
6 N \Nsfawttye cay of 2 3slois e fiemied that Mua g0 7 wiir BRl S101s
denoted by puno , is obtained by the foll ow ng
gg@&p%@w & o fR¥Enht bEIS bfodése aorlpfovlfdlﬁ‘g segjrence Belmoaasdimtuatwn in
hat L is the length of the hﬁ‘ t Jecti d
acc@tdas@q\uém@@ eppodimgpft ?ﬂﬂqq: 1nvelptf0nt C(O%QQ%Q Hw Seﬂljence selection an

aSub equ nece }Q@d ; Rt Q@MPlase endbodiment, the first
% aorex §b§ gf’“@‘ﬁ C?Jrllmo elnotlé1501121 hg}el ength of

>pul Bleqldcddidiads 0, 1( DOUL pML2 =R) of S, and
]\%Pj‘ﬁtﬂg SUbS@EJe%% (Iét\i/i\n%ﬁg e|qs 8ef1| nleo? t((ep J vvhebrcé \ x\ i

the X&l‘ﬂb‘c‘%ﬁe‘de@]st he hafp Q%E?deﬂéee&%’ S TTEWHe%f M baﬁs aefireq tathetfollowing

tH sy W, -1, is the
Steg,;offset + round(z x 1, )) -th syrrbol "of the (Nsubsea
- 1) -th subsequence of Sloutputl | 0062) FIGs. 1A

€§§ﬁ‘s@ﬂ L Bpafr, Hidgiramn af nexenpl aidy Npay,-o@ds performed. Next, in step

structions utilized in'the process of FIG 4,

708.CHHe f&b&@s deredin@Thaghee M, Of < Mg, | I/ @NLOAN Jn then Ny, and
part| cular, FIG 1Q0A shows *he construction of Sout pua

for &g lb@yhp't&%d andfofbes. 108 Khgysmbhie3 cisnsqualictoi &n (Bp 705),
i‘)bUi put 2 for

N, =N, + Ny (step 707), otherwise, Noqu =N upuz + Npaytona X2 (step 709). In

output2 output2

step 711, the process sets Nyyiq = Nopseq +1. Steps 705 711 are repeated until Nyo 0 = Ny -

[0061] A puncture of the (N, —1)-th subsequence is shown in FIG. 9, according to one
embodiment of the present invention. The punctured (N, —1) -th subsequence of S >

which is denoted by S, is obtained by the following procedure (and illustrated in FIG. 9). It

pune ?

is assumed that L is the length of the (N, —1)-th subsequence of Syupua- If the

(N,

subseq

—1)-th subsequence is U, L=N,

oaylona > Otherwise, L = N,ions X2 - AlsO, L, denotes
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2k payl oad. Table 3 summarizes the construction of
Souma , according to one enbodinent: Table 3 10063 J
wa\sooan1wxanpl e, for a 3k payl oad and 3 slots, PCDIB2pUVG01121
5*3072=15360. S ntputl includes U subsequence,
followed by V IV subsequence, and. foll owed Ey V IV
the 1SMRSEENCRNicNIObqE] 3B 4¥],1,520,). NRwiberethe=fallowing is defined:
Nout put 2“=15360. out put 2 in?Ludgs U subsequence,
L. £l /movedndy, NO=M, '/ 2 $ubiseg (e hidicatsh dhef laTer s iigeds pmp g ghan or
“Pparity bits uniformy punctured over V Y1 ,
equabhs eTenaesymtoD68 T, k) G= 01112 i-sLa, il olfdht ket 1qund(i x Ly,)) -th
process for matrix interleaving, in accordance with an
symiibpitie (gL, of) -thhrbjequanse Poundhe sequence SntpaQ is
interleaved by a single matrix interleaver; in one
‘ G%E{:‘cﬁé%%%t andt THES ar@ RIRRAG ofl sxeblaiyl gatyload cofsaictions utilized in the
Specitie

, tor exanple, in TSGC, S0024-1S-856 (whi
process of A®rpawendaw ther enbodimertef Hiedmealivh I PEUENRY *\@'S}?A shows
e %—’g%ﬁ% ﬁ ‘g‘ij gp gﬁb g](‘jﬁ)l g’ﬁn ﬁa;ryho%ﬁ,va%g 8L P sRWARR SonstnlktidA of S, for

can be generated by the

2k p{a)@%%f \Qdagg ;%%%%%gge;s%he &ggﬁlcti&gciis,?&nw JddcdrbiRg td @érembotlineent:

S Sequence , , as in step 1101, are
witten into a 3-dinensional cubical array with R
rows, € -2[cotums, and I'dvels. Synbols are witten

mcs [t Formit [N¥geu3|Sgisne N domelpapl¥puonp + h | oval - | REex—

JVpUL §11620 4 Yq Vsl + 1280 systematic bits unfformly pungtured over U
:;1; gk‘ mt\sn ] .r:ﬁﬁge HV\T’WIVZ?\VI:{V,;Q t 'iseo'f ,O! 3| T2t g‘\\;u/\%*)‘f 151§e‘ﬁéri§y' P GrfoiGierwred biVIMIWE D
T BNV vovaVe X tasaot TS| 2l B r7dz FertEElufiGr@hynct e dver SR _
Shiots | 0| UV ,Buy-M N @lsdon € 2ol 158ep m% = e pRRY Bl TSy RncuragoverViAs
u

- - . el Al

| 1 Vol ' - 68| | 16|U + 4508 pagify pits uniformly pupctured over ¥olVe
geﬁﬁﬁﬁ. l\égg ‘ﬁvot:‘/f/yv;-y 840] 1, 2| , 9216|U + 768 parly Bits ifrormly b!-fcture%tj%/_\@d by
CEX B aI— 1 OO0 TNeXT e rrnear array of C

I

synbol s, at each given Ie\(;[e{31 gnd row, is bit-reverse
interleaved (e.g., based A°€S1 umm i ndex), per step
1105. Thereafter, level-interleaving i rfor , as

[0063) A5 epexatle, foxacmavined sl LiiESeNbod é%%‘?’?—iﬁégfg sy moIudes
array of L synbols, at each given raow an ol o

U shisseglencat follbwedy &8 Vs e sHbsHIupisse G rf\é\ié%‘j e%agy 151 Vo viBsequence.
The L synbols are vvrittep]; g&osa 2-.di, ey

N L e9 0 RBk529 MisktiD Yeoms— 2i0-q eor (AL
are witten into the level-matrix wWith.roywi '

V, iVacsubaesivencag and dalfowegby g%\%{lr%wycl?}gu%ﬁnﬁ&’e@&%ed over 1117,
Additionally, the synbols fromthe level-matrix is

subpeddefGut with col unm-index increnenting first,

{é?&{é%le ng(:}JAﬁij]C g%/a rglg%klgﬁrx]’ﬁdgf( a plroncessét foP n‘?a%rg(g intérf%gviﬁé’,'moa!c&rﬁefn@énwith an

embodiment of the invention. The sequence S, I8 interleaved by a single matrix

s
S %@mge{gﬁ%ngla,sfollowed by

interleaver; in one embodiment, this approach is similar to that specified, for example, in TSG-
C.S0024-1S-856 (which is incorporated herein by reference in its entirety). The sequence of
interleaver output symbols, in an exemplary embodiment, can be generated by the following

procedure.
[0065] As seen in the figure, the N, symbols of sequence Sy, as in step 1101, are

written into a 3-dimensional cubical array with R rows, C= 2™ columns, and L levels.
Symbols are written into the 3-dimensional array with level-index incrementing first, followed

by column-index, followed by row-index. Next, the array is shifted, per step 1103. That is, the
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read out with rowindex increnenting first, followed

by col um-index, followed by levelindex. jO067 1 It is
woeweditshe matri x i nterl eaver paraneters depenPCDIB206m001121

nunber of transm ssion slots n, and are shown in Table

4 below. Table 4 JO068[ Let M denote the nunber of
linea€ Q@y SHfMRObBntolsatat ¢teen cHb eolupers gid tleth Jetielp i org-gpund-shified by

M=3840 _for 320 tone format, M=5184 for 360 tone
(cxf£oPBP4R- 1 n the case of the 320 tone format (M:=3840)

with RS3 (5k payload), the first 2Ms ols are . ..
[006s LBt t bl lingamartayi & CneEpPesAt rF@%‘gtVﬁX GREVEH PB@&?W’C‘:Sl fgreverse
. ol uyms. a = e S»&P8&] 11®d TRerdaflel, leel-infrieaving is
mterﬁegﬁ%‘%’ygr;%g#g&g? %ﬁl;ﬁu jaeg?’t 8?? fgﬂ matrix interl eaviH;l%
perfofiriell, 5344 stepvid 7. CA6ebrding tmens cargdinent, 5hq kingay yray| of pc S¥mbols, at

For RSI, the next. M s r ' (lb¥s. The L
cac vt I ORGP s R Pen Fo o O g ok ol The
symb&lY &leS whters BRS lafJ-gichehgbroivlevebmaiS2yitht fre rpwx end gNcalumpg.  The

2560) synbols are subjected to matrjx interl| ?aYiIng db
symbblh hirRwdittenvisto 1= 1o@l-meirimnivith aay-ipdex ngrpmertings Lirst, lotlowed by

specified,in SQ00 " . it 6Qumn-index
cote e ARERILE HE s P el ol A8 BulP6ihum. inde
incr&Hbiteg ted, followat byi powiindex | Ieated N §0%ittersymbals figwsthe eehicabarray is
colums and | =81 |l evels er. .Tahl.e 5) . -
reads NI o 9SG LIS o o o ﬁ“ﬁe%ﬂl‘é%‘@?lﬁg’gvxﬂlﬁa’%ﬁy tovel
inddxOWs, C=I 6 colums and L=81 levels. For RS4, the next
3N - 2M = 1920) synbols are subjected to matrix
adAt RN | J BreAEAWE pareimrsCdzberinsn dhiechubribler 6f transmission
gam’f’@vglléﬁﬁég?& igéﬁ,ril%tlﬁgﬂnext p(5N - ZMb: 4992) synbols are
slots wh pmtare shoven indeble £ belever | eavi ng with R=4 rows, C=32
colums and L=39 |levels. Table 5 10071 hi—ah
alfternativie enBodilment Mthe chahnell inte?! '
schene folll ows 4t hat degcri bed i¥f tHe Appendix. [60721
FIG. I2A-[12F are |graphs (1201-1211) shaoim t hed
pefformancie of 4 hd pundt urer/chénnel int®erl eaver 9af
FI 3. The perfornmance conpari son of the channel
interl eaver 300 of FIG 3 ,}Mbih t he EBCMCS channel
interl eaver 200 of FIG 2.'9%°%an be see that in all

00E8> ' Is tBAQar0bd Bkntetsn drveslot (M=3840
[06 E% C??%SME Jh%gcr)]t% 'grfé%ﬁlbeﬂ SHBAL {AURIs a e

I nterl eaver 200, especially for t
for GaSetond f@inapayirddd for 3AQrpne Bumpth 10 ghecase pleile Pfgone formr

| A 1S ta, ldB - Adgitd Il Ymbd1DGrel RbRELE Y BlatrXOfdterleaving
(M%%QH’%Z@% ¥ pé‘glﬁa‘@eﬁﬁenf%ﬁer%de = hout nuch
with R=4 rows, C=128 columns and L=15 levels as specified in Table 5. The next M symbols

are subjected to matrix interleaving with R=4 rows, C=64 columns and L=15 levels.

|6062] For RS1, the next M symbols are subjected to matrix interleaving with R=4 rows,
(=64 columns and L=15 levels as specified below. For RS2, the next (SN — 2M = 2560)
symbols are subjected to matrix interleaving with R=4 rows, C=128 columns and L=5 levels as

specified in C.S00024-A.

[0670] In the case of 360 tone format (M=5184), the first M symbols are subjected to matrix
interleaving with R=4 rows, C=16 columns and 1=81 levels (per Table 5). The next M
symbols are subjected to matrix interleaving with R=4 rows, C=16 columns and L=81 levels.

For RS4, the next (3N — 2M = 1920) symbols are subjected to matrix interleaving with R=4
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conplexity. Table 6, below, lists the transm ssion
scenarios: Table 6 |0ft73] One of ordinary skill in

wao b@eatteswoul d recogni ze that the processes foPCT/IB2006/001121
supporting channel interleaving and signal
transm ssion may be inplenented via software, hardwa

rows( @=92 cogﬁﬂﬁ raatl Imlﬁde&isor]?or@&jﬁ tﬂéﬁ next émr 23}/[0@ ég%})nsgmbols are
subjfc;@gﬁ@}natrpf 18]:6 eyﬁ}% fghﬁaﬁows ﬁ%ﬂ;gﬁ% %fédel@ r CUI t

illustrates PXngllar\/ har dwa e W-f-h—va“ ous

embodi ment$_of tBA inventiondcan i w&, erented. A

conmputing system 1300 includes a bus 1301 or other

conmuni cati on mechani sm for conmuni cating i nformation

and a processor 1303 couplTedefo the bus 1301 for

processing information. The conputing system 1300 a dc, bed
(0071 1 CinUeghesitemaii venemirdjmarB0be chaned Teierleaving ek mecib U that describe

RAM or other dynam c storage device, coupled

mﬂ%e&%édl us 1301 for storing infor mati on and

Mnst ructi o be execu e r £ ih
oo Wb T1508 % A L L ARG Syl e of o
unEtﬁfH’/@l‘iﬁﬁé’l Uadricatlrest B1G.08hemhe r);teﬁ”bmmhcatoempmﬁaonn@ﬁ thsnchannel
during execution of instru tlon the
inteflAy8r 30fhef 6P i ?ﬁ@’éﬁc %’1?"’1‘5? TR 4l oap be see

5 § foﬁﬁshtﬁé EBCM(L‘&clﬁhmsﬂ &gﬁleaver 200,
thatdngﬂc%g%%h eré?iEM bus 1 1 for storing é\t atj

espédidiiyr fontthe nasarrrf Rhwswltnadttramﬁglfﬁeé rin tlhdotp Fees Brga’f[l3§3“p g 1dB.
e 1309,,,S et ithout much
AdGRRRET o SRER 08r A BReeaT AR P Bt
conﬂﬁé‘ﬁﬂgst[ﬁlﬂ& bYbesdvalistaghd trihanisgion soenaied: i nstr ucti ons.
The conputing system 1300 may be coupled via
€ bus 130Igram di splay 1311, PAYEI0ALR AND Pl d
ryst ar—arspl d¥e1 OF active [matri xldpasphéih 3-5lor
sptay ng—Tgp TEtTOn 10 4 USET . 1 AhyloR® Ui 2- gevi ce
1343—sueh—as Fo5e kKeyboard—Tnctudi M HyRAARETTEIb! C and
0 r—keys; W%é e—eotpted—to ti'e31{’;5’a§{loja§ﬂﬁ3- Lg{
clommuni cating R¢ o mat-on—and co..?) B R s SIoP TS 0
the praocessor r 128%3 The i nput—devs RO Y et ude
al cursor contrdll such a nguse?kgay;ﬁﬂéum“ Sf ot
cursor direction keys, for comuni cating direction
i nformati on and conmand sel ections to the processor
1303 and for controlling cl#d®? novement on the
di splay 1311. j 00761 According to various enbodi nents .
[000%] thee bhoeintaiyoskill tih dhe pib aeoside secemmizer i %@le tPé?C@F%‘?gE%FnS“PPO“mg

channel interleaving and signal transmission may be implemented via software, hardware (e.g.,

&

firmare, a—conbi-ngt+on et ecyf—SuEtrern'pl ary

har dwar e fﬁr perform rg thc "es\,r bed—foaretii ons i s

detai l ed be L spect go H 13.3 169741 FIG 13
S ean bo

P

——

- O

general processor, Digital Signal Processing (DSP) chip, an Application Specific Integrated
Circuit (ASIC), Field Programmable Gate Arrays (FPGAs), etc.), firmware, or a combination
thereof. Such exemplary hardware for performing the described functions is detailed below

with respect to FIG. 13.

[0074] FIG. 13 illustrates exemplary hardware upon which various embodiments of the
invention can be implemented. A computing system 1300 includes a bus 1301 or other
communication mechanism for communicating information and a processor 1303 coupled to

the bus 1301 for processing information. The computing system 1300 also includes main
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be provided by the conputing system 1300 i n response
to the processor 1303 executing an arrangenent of
WO p@bnussi ons contained in main nenory 1305. SeChiB2006/001121
instructions can be read into main nmenory 1305 from
anot her conputer-readable medium such as the storage
menﬁl,e}v i85, $3@%as Exaciumi aoess fmanimey ARANAGE IR dypamic storage device,

truct t d .
A R R R A e T

scrib
I'OCQ&BIei 703, O0En HendB) BOPICRE EISS EGE gsetd ﬁor&stqruﬂgttcmymrw 6’9&&1}1\@ or other

arrangenent may al so be enpl oyed to e
internredtatey itfororEor CRAE FXECHHAT efi ﬁx =Y )6 1%% pri)cﬁzssor 1303. The

com{él%tin%r s?ggrhvl% 0§ ?%%P triudB %rr@ad%rﬂﬁ ﬁleﬁlloI‘}C@RGM)/ 1 3'0:Wor logher static

['ace o In conbination with softwa for th
storagasdemuebdmﬂmi tbcohé byl 0 rfer siorineeI AP EREagran fstructions for the

i nven I n a ot.he fi k dyesuled t
Procgssop | %)g 2 ét'oaigofg S f30§%ﬁ%nip g?tl rer{a %?g ﬂgsglb‘i %@&?1 B%an Wled to
the BE€d01 fon pYlisehtly fierideunimaivaland jnstwetiosonnect i on

topology of its logic gates are custom zabl e at
m}’f%‘f'”Tﬁé 1puhﬁ@bﬁ®hi wobyne@'%@ba;ﬁadmgthﬁebmrlﬁol trokdigplay 1311, such

as al lllq‘nld @I’dSt@ldll%nWe gggglzvge n{;tcr@{ogxﬁyl &? (ﬂsp ?}’tlrlfggi?lgo gtl(ﬂ’lO{O a user. An
1np1%§8\%9é H %, G o8 gﬁ&%&@ 1n&&9§g7alﬂha£ﬁ1ﬁeﬁ0ﬁﬁwﬂhdﬁ geﬁymhﬁbe coupled

so’1 ncludes at |east one comunica
to thethuarBaicfer tGBucioaink dxforestipy gndlmnan\#ﬁglegw% Biopessor 1303.

Thelclglégtlr 46%%? 1% 7 5?{2 {n\%}ggg %Scu%tzxt %&oﬁﬁ@fﬁ%a%saa %R)‘%@J Rl €RAkbaMN or cursor
dire QHATUBYsC b O6mmbhiedtingCdiretBb uﬁemm’gloa regdr @@gﬁlgpés selections to the

el ectrical, electronmagnetic, or ont (ﬁ|ysll palsthat

progassqry3QR Ayidifa cogtplling ¢ %CEH%OVFIE%IFé’Eent g-various types
f f h
L B A
?r’gvm&f %g%ﬁ'é co?ﬁﬁdtﬁk §m (18588)n tespakd acthe rﬁodEﬁVEllZ\O.% executing an

erson nput er nory Card Intern ti,ona|
arra@ugsmmtafurmyctms epitained inempain mengory L3 Sb‘#‘d&%&%f’“ﬁ%é’e read

execut r GQ8RMB I RiREIsBEh dseBektéRe device
mt%ﬂ'é}“ol?elg?rgr éb? Ohl g@ %Jn%ﬂlé st o?a e device 1309, or
131 Eecution of tk atrammnmfageucﬁ@ns mﬁmedeszé@mm@ﬁory 1305 causes the

this manner, the_conputin
o R e hC o6 SRR 3 MR B BEOR, Tk QDB in o
muﬁb?ro%@sﬁlﬂk R rnﬁ;eadabé emp’esaladm exasutel hedndimcidons contfained in
ers to any medi um t hat partg pat es. i nggrow

meimeemoryt 38 I altefnalvaraRadiugis: REE3VTE CIEWEL MY b%'ug% inplace of

&Kﬁ JRBYudkiBRs S implembstdhd Entvdimaobf the invention. In
o nc%%{% H{)dﬁﬁ%% voratl ueCImadl a, 1)vol atile ms

an@thﬁmmmpls; w©ronfigdiable hamh\camugh ias EiejfpRograpdy lg:o(éate %&ays (FPGAS)
can )%an;?sec? e}lncﬁaghe OfinARAARY | 6d HofKStion Ueblogy of its logic gates are

customizable at run-time, typically by programming memory look up tables. Thus,
embodiments of the invention are not limited to any specific combination of hardware circuitry

and software.

[0077] The computing system 1300 also includes at least one communication interface 1315
coupled to bus 1301. The communication interface 1315 provides a two-way data
communication coupling to a network link (not shown). The communication interface 1315
sends and receives electrical, electromagnetic, or optical signals that carry digital data streams

representing various types of information. Further, the communication interface 1315 can
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as the storage device 1309. Volatile nedia include
dynam ¢ nenory, such as main nenory 1305. Transm ssi on
wore@saliescl ude coaxi al cabl es, copper w re andpET/B2006/001121

optics, including the wires that conprise the bus
1301. Transm ssion nedia can al so take the form of

1nc1u@ﬁ Oésiphetal mparﬁacmldc;vms, shahc by enHgiversalc Sl Bus (R ipterface, a
t hose gen rin

reailb et RS R b AR o

n|ca 1'ons forns

{?{i’?d lét ;g_*[)éqrssg; g@e %&?ﬁe%leguﬁ ;B}gjl tgﬁ%gz’&meg o8 GRE Beinf rbdeRRIYond/or

rmgnet I C tap any
storeotthg %5dé71ﬁgﬁhe§tblﬁge’widém30@, JelthiBOMn - IR stOige fmﬂgﬁe@:h@xtlon In

opti cal nmedium punch_cards, paper..tape,

this gheesrsthe apPPBITESYSIER3PE BRY celamRPlisE Ry ﬁ%‘to t%r‘?cﬁs%"gfq%f 4 catrier
hol es or other optically recogni zable indicia, a RAM

WaV&% PROM and EPROM a FLASH EPROM any ot her nenory

car » \WaMBed QbremNiefdd$ N anyreebidinm that
Qg??'? ﬂf vxf?frgh cgm}é%%pelﬁ%%}o&g%%dlr ead [e Or]e Various forns
partiefpate Mpptoeiding éattadiions et arom‘yorblé 03 fy gkeration. pSuch a medium may

takeggl,%;{% d ngirx:lilgﬁ :élrllﬁlf({%gc IH@ {I]lgh il{r}lfa % G o&o%s\%%tllé Qedft e\%‘l‘ai,tl'lé) thedia, and

s for carrying out
tranlBRSbn RREL. NonlvORtileMeTA inonideeyr e}damlpleablbtgcab@ ngnntec @sks, such

a magnetic disk of a rempte co In suc
as tbec@tmagﬁe devigeni309 e Molatile BHa ‘fggfa%mlf R RPE Y 8]% £ g memory
130% n%i% o Rn i c%@ﬂglscanBE dopisdr Frtifet dn@ Tie0disics, dncluding the
In

e using a nodem A npdem of a Ioc.é ¢ "
w1rcsytﬁatecmrrrpmee iheemis t1R01.d drapsesssionenadéa endsnotaks fe 1QFg of acoustic,
n.infrared tra r Q&i&@& dh d
op’up%,r Pxé?l ﬂrog}aéli]]eg'c waves, [&?gﬂné%] oset en%ﬁ{nla\’irqg{rlg% i Qu @y @H?) an
infri¥ed H@'d@ta%@ﬂiﬁmhicﬁ@orﬂe@morsﬁwhs aﬁccanm@rgmdable meé;aﬂacplude for

e}xat?lfq? ;tggmgbj( ;D%A é%ﬁﬁ %ﬁga}gaécg&él& rr}agg fcrtagp; e%ﬂrgﬁl}ieﬁgﬁ gﬁetigl?nedlum a
Q{@M WC Qttae t hediunf patddcasdsg pader sape, optlcal mark
D acegﬁt he’ gm%gﬁ a bagtycaThe 1buslp conveys t he

choft smyeiion gh3skrloMESHIPCHTA T GBESE AR TGP T Senizable
1nd§§1e %{l#{%‘i/[ tgl%Rbﬂ)ft £rHlCEPﬁ6§/I ThEA'SH%FR@M' QRY oftRE @heviddly chip or

can optionally be stored on storage
cartfidyd, a@agiet hare trefig othepmedifindroneybich & CORPHY 537 &@lssor .
[U 11 FIGs. 14A and 14B are diagrans of different

[ooe®l Wakiatis foahs biboopfmteerﬁayiml@mdlgmmegn@ﬂvegup pEvidingyinstructions
to %&géé?@ﬁ%%rﬂ %&%&%m:? & f }ﬁ 1%5 uEchlQ ‘fochlaﬁgmé 335t 30 part of the

systens
1nv§1?cﬁ)|ﬂ iyt RitiR0Y be BaRY biea Slaghdtiomisker g romébte nctsptttgr dndudhasssenario,

station having a transceiver installed
the [D:rgotp gpmgptgrnlmds pipeol@@gggpns(lggpﬂm mENOLK éendé) gl%et mg)tIucﬁons over a
telepﬂo iR, g%%&de&c UA tnod@R Qo] SBRCREENS iy dm(m the telephone
the bas station and nobile station By n
line and uses an infrared transmitter to convert the data to an infraréd signal and transmit the
infrared signal to a portable computing device, such as a personal digital assistant (PDA) or a
laptop. An infrared detector on the portable computing device receives the information and
instructions borne by the infrared signal and places the data on a bus. The bus conveys the data
to main memory, from which a processor retrieves and executes the instructions. The

instructions received by main memory can optionally be stored on storage device either before

or after execution by processor.

{#051] FIGs. 14A and 14B are diagrams of different cellular mobile phone systems capable of

supporting various embodiments of the invention. FIGs. 14A and 14B show exemplary
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way of exanple, the radi o network supports Second and
Third CGeneration (2G and 3G services as defined by
wWa b@efirtest nat i onal Tel ecommuni cati ons Uni on (| AQ/IE2006/001121

I nternational Mbile Tel ecommuni cati ons 2000
(1 Mr-2000). For the purposes of explanation,

celluGARdobBE phdie styktanm edch satheloath @wbdap@b@n (e, laﬁld&eﬁeanfié’a?eostatwn
network is exp ned t are,

havingACHPCRET RS o R P PG S Lp e DIPA e, softw

an 1n{§§ra9e'§b c11%91%%@/gpa 'se?m&ﬁxldﬂcgoﬁde&md ar tle basd station el rﬂ[@hl}e@tatlon) By
neration Partnership P

way ofidixamples Wsr RAipATIVerKcIUR eﬁ%?‘i %38@@0%%1%%%@ o ad 36)

at §ecofininicatisn Uﬁhbh mﬁeﬁar &esmational
Semi(ﬁefs % def{ﬂg&]%ec élhg%rgétmg?e To the user \

Mobl'w\ﬂareabhmumcatronal OG0y (IMEr2009).  For t8® lﬁﬁﬁ’(ﬁ?eé & eéﬂa%“f’ﬁ the carrier
Base Statjon S S S QNEcdma2000
and haRRRYPHIESHIOD S7P aﬁﬂ@’ 8 %n t\?/le n{dﬁ)ol?twarﬁgg’ ?}gg‘fﬁﬁé?f xgiﬂ[‘ﬁbsllie@t ma

I 0 net wor
archRRROT 1§ tHdinfrd cemaion tvesion (o8 &-95 eedwiag e iadeige piapdadipsd in the

the I nternational Tel ications Union (I TU) for
Third @pmrﬁmP@ﬁavrS%Br%eét Qeré%gl(?ggnum cations 2000

(1 Mr-2000) 00831, 1 this anple, t S :
(006 hok uedis. acomsrke 1ARaiskEr, B105% AEATBH 1%@3? O, JaNGety, torminals

{ SCo A4 0%r (At Rotygharabl Slcmgjltey, etc.))
stat%:?s §n1§ @idé&rs] o@%[ﬁl IE;@E 'F)E{I:l’cc)efrﬁl s dt ; hai ( ACH §| er 8 _Ie_:ss ot

in cdmtpumedtio;a wimmaaaeé@atm SubrystEBBRI Hgh AT XA gnbodiment
of t&;@ﬁ%@i& eltvrv](ar ﬁéﬁ’%ﬁ? gﬁg%dﬂ&gtldnsﬁrbg Eé‘iﬁaest 4 ®@fined by the

Inteﬁx&@&faml“&%d:dhﬂn@rﬁwhbﬁﬁ Ueioh i(KRY) for In@np@@kzétM@quﬂfe@ﬂcommumcatlons
Function (PCF) 1411. Since the PDSN 1409 serves as a

200dMEVERP%-0 ext ernal networks, e. g.. the Internet 1413

or other private cons 415, P 5 and
LA this| %@plénthﬁ&%sg%giml}l‘%ﬁ\% ansee ive Egaélaﬁt%lygy% an
Basé%%tu% er ¥BEE) 14075 MY ad;ﬁigﬁf Bmes tﬁwm demacogmzed that

rivileges of  a user and to trah“l;f each 5 0-n0int links.
mulapmuamasuaestypiﬁhléy penegseckto1the BSEIHME der SR %\BP‘R oP

mg]g@g lir%éttc% E‘P%NQ@a’c&é%ﬂg'Nﬂﬁ@‘éP@S’N [‘fﬂ)9QﬁroﬁgH £transmission

are accessed throu a Honme

con{rblpéntllyér% aSeckst €bbniyyl l%unbtmm(P,lSEAlihlg7S1ne@@@4QDw tlﬁ&wes as a
a single BSS 1403 is s {5,

s BB o 2 B T s b 2 R RS g R neper 14

the PYSIC 100G aB R ah MBEYss, LakitBorizktien MBQAGWBingrsysérd GAAA) 1417 to
connectivity to a circui

t-swi.tched l.e b
sccwuloIetsTmEFRN s AT VLFES OB ABHE Rk BT LCParRy e The
net\_bé"r%ll 41 §| hﬂ%e(lgj %énl\é%t{&%ﬂksl\/[ﬁ{a%&nérﬁ G9gah 78NIS) a1 tihiedWBGne or more
databases 1433 that are accessed through a Home Agent (HA) 1435 secured by a Home AAA

1437.

[0084] Although a single BSS 1403 is shown, it is recognized that multiple BSSs 1403 are
typically connected to a Mobile Switching Center (MSC) 1419. The MSC 1419 provides
connectivity to a circuit-switched telephone network, such as the Public Switched Telephone
Network (PSTN) 1421. Similarly, it is also recognized that the MSC 1419 may be connected
to other MSCs 1419 on the same network 1400 and/or to other radio networks. The MSC 1419
is generally collocated with a Visitor Location Register (VLR) 1423 database that holds
temporary information about active subscribers to that MSC 1419. The data within the VLR
1423 database is to a large extent a copy of the Home Location Register (HLR) 1425 database,
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to other MSCs 1419 on the same network 1400 and/or to
ot her radi o networks. The MSC 1419 is generally
w@oeibocmsed with a Visitor Location Register (RURB2066AD1121
dat abase that holds tenporary information about active
subscribers to that MSC 1419. The data within the VLR
whic%gsg&a%sd@taalaas@sbﬁbar Gerdtick au@erimiomeinfonaatimmln@prn@ Hapleggpfations,
I on er (HLR
the 15410 425 G Ak G40 et St e PP, BRASE b ke L BBR 1405 can be
1oca‘(/ﬁ I-%? ]a_ggltnb@nloca!tl@n $06BBseld 'RloasHs rfbm tranmpde, af &gnd}mg Sy4e® Hwdber 7
| 3 are the sane p?gSIC? ﬁg %B howeve Eq
(ssmﬁetwm oém beihersicationd Carten, (bt 221 oEHADRE Adpisubedgpecitic

esse

: eXAIT.L¢ 2RnShigRfhi 1RY, DWusdoeircliumten 425 f
uthrgg eatt ?<h£% & ﬁehtllcatlongCe)r?ter (eAuC) 1ZHLR1 >

authélﬁfd:hﬁngnus&g; smmmdnerthsp/aiﬁ 1419 monrssied da e iorighiessage Service
Cen(sf-\a;J E&}M@ﬁ}e ?ﬁ%ﬁﬁ%c%cg etng &t %hgﬁ 15&¥ &eé & ARSRh AeSddio network

Icating users.
14ofurthernore, the MSC 1419 |s connected to a Short
Message Service Center (SMSC) 1429 that stores and

g;gyfﬁrwr%ggfgggr t&r | JRBE aFese tc@lhﬂfndtefephmnets[ysiemaBTSs dét)i,\mckwe and

|
dembdiletp haefﬁ of g%fséﬂﬁn{g et sigmseRLcenouleng: Jfb sty Wepone
callﬁs_g%??t et ¢ dxﬁ ﬁﬁlg‘eﬁmhé nlEa@ﬂ BBk & 11K @@hﬁ%&:n&ﬁ vyobiglven BIISt $405 is
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Module (SIM) 1443.

[0047] The PCU 1436 is a Jogical network element responsible for GPRS-related functions
such as air interface access control, packet scheduling on the air interface, and packet assembly
and re-assembly. Generally the PCU 1436 is physically integrated with the BSC 1445;
however, it can be collocated with a BTS 1447 or a SGSN 1432. The SGSN 1432 provides
equivalent functions as the MSC 1449 including mobility management, security, and access
control functions but in the packet-switched domain. Furthermore, the SGSN 1432 has
connectivity with the PCU 1436 through, for example, a Fame Relay-based interface using the
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[0039] The BTS 1447 and BSC 1445 manage the radio interface, including controlling which
Mobile Station (MS) 1441 has access to the radio channel at what time. These elements
essentially relay messages between the MS 1441 and SGSN 1432. The SGSN 1432 manages
communications with an MS 1441, sending and receiving data and keeping track of its
location. The SGSN 1432 also registers the MS 1441, authenticates the MS 1441, and encrypts
data sent to the MS 1441.

[6090] FIG. 15 is a diagram of exemplary components of a mobile station (e.g., handset)
capable of operating in the systems of FIGs. 14A and 14B, according to an embodiment of the

invention. Generally, a radio receiver is often defined in terms of front-end and back-end
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[0093] The encoded signals are then routed to an equalizer 1525 for compensation of any
frequency-dependent impairments that occur during transmission though the air such as phase
and amplitude distortion. After equalizing the bit stream, the modulator 1527 combines the
signal with a RF signal generated in the RF interface 1529. The modulator 1527 generates a
sine wave by way of frequency or phase modulation. In order to prepare the signal for
transmission, an up-converter 1531 combines the sine wave output from the modulator 1527
with another sine wave generated by a synthesizer 1533 to achieve the desired frequency of
transmission. The signal is then sent through a PA 1519 to increase the signal to an appropriate

power level. In practical systems, the PA 1519 acts as a variable gain amplifier whose gain is
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memory, flash memory, registers, or any other form of writable storage medium known in the
art. The memory device 1551 may be, but not limited to, a single memory, CD, DVD, ROM,
RAM, EEPROM, optical storage, or any other non-volatile storage medium capable of storing

digital data.

10097] An optionally incorporated SIM card 1549 carries, for instance, important information,
such as the cellular phone number, the carrier supplying service, subscription details, and

security information. The SIM card 1549 serves primarily to identify the mobile station 1501
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cor

Table 8 for Vari abl e Mde.

esponding to the broadcast
Fi xed Mode and in

bIe 7Table 8 [01.01] The

scranbl ed turbo encoder dati@’Sdd t ai l out put synbol s
generated with the rate-1/5
Rate Naata R C D Mi, Mg, M3 Li, Ly, L
Set
1 3072 4 768 4 192, 1488, 960, 1296,
1248 1296
2 2048 4 512 2 448, 1024, 960, 1296, 304
720
3 5120 4 1280 4 640, 1721, 0 1920, 1291,
629
4 4096 4 1024 8 272, 1640, 0 1296, 1440,
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encoder (corresponding to Rate Sets 1, 2, and 5) is

reordered according to the foll ow ng procedure: 10102J
w@20081L766f t he scranbl ed data and tail turbo ePCDUBE006/001121
__output synbols is denultiplexed into five sequences

denoted U—Vo—Vh—Vo,—and—V I —The scranbl ¢d gggcoder
out put synmbol s isjsequentlially dilstributed fromthe U

sequ td the V| 1 gquencg with t fiksest Screve| Ao,
5 co:}@?f ! nbo?%% 1 e |

en out|put’ sy goiing to the Lhsequence,
second to tlhe VO sequence, the third to the VW1

the

6 sequ\eﬁg@, t he4f ourt h12t8@, the oV 0 seqyenagezl,0he f 19200129,
e i seq

th uence, |the sixth to the U sequence, 1.
[01031 2 The U O, \/i y / 01 ana \v/ l Sean\n H

Ve Walal Lo
OCTTICCS 1T S

ordered according to UWOV OViVi. That is, the U

sequence of synbols is first and the Vi sequence of

synbols is last. [0 t J Thde8cranbl ed turbo encoder

data_ and tajl output .synhol . € with the rate-1/5
(01015 e”ﬂlf/sgragnﬁlggalgﬁo Frbcc%lerrélg%oaﬁl F%&@%u@@?ogwséee?gﬁs, 4, and
encdilbr %&n@?@h&ﬁﬁ% a6l FaGc S6tdi 1@, tand thds fairdeowi mgordingcwdihe dollowing

[01051 1. AIT of the scranbled data and tail turbo
procgtereder out put symbols is denultiplexed into three

sequences denoted U, VO, and Vo. The scranbl ed encoder
g‘{;;{&gt put  SUMb@E Sthé Ssch@fbidintdel biyd dhibt torboueedérr ontpttheytbols s
S

quence to the VO sequence wth the first scra
demeitipieted iwatfpyatseapniss deprith s Ve P e\;L o T ankl afpiset enooder
out;iuzgongoﬁ R %eﬁl%nﬁ%&?@%ﬂﬁﬁ@@ frolh@e tthidgterc® t4 e W Gequence with the

ence, to the U sequence, etc. (01}96% 2.
firsiemmbledViacodan duth@ sgmbeleeingdo ihe Gpegupnse thewsensi NG bo seduence,

. the Hl\ﬁ/]gl\{g tleFTQZa‘iﬁlé%{{«‘gttg?e foaorBg9 ltheen\9’§ s?cglelt?éémglfﬁhi t8 tld V§tse@Rflce, the

Symol's | st. 10107] The matrix
Sixth%ﬁ@kp@ﬁﬁgﬁge,@ﬁer ation is carried out in the follow ng
steps: 10108) 1. The Ndata synbols of the U sequence

are witten int -di pensi onal _r. . ) ’
101031 h2R rBesUa @Q/@ayé, G‘Hﬂg,l %uenceslﬁg{dgl%g% &gdlgg ERYVIW oV V7

ere

ThaPTBR PRl SN dyn®Blsigint dndahev Yiseqpasicofisymteis iajestui t h
colum-index increnenting first, followed by the
row i ndex. |In_other

o rds, the. ith incom te-1/3
[01{4ier @hpsczambled REPHCIBE % i Ryt G M b the rote .
U@B‘pr P@ﬁﬁ fo Ratkisets &) 4284 6) & teoniv@dd Geannding e the following
encl(r&gér]}f'g S %S r 1ggnd c indices are given by 0 <r < Rand O
prosedmres C. JO109J 2. The linear array of R synbols, at
the ¢ columm of the rectangular array Wis

[B1o5) 1. All of the scrambled data and tail turbo encoder output symbols is
demultiplexed into three sequences denoted U, Vo, and V’o. The scrambled encoder output
symbols is sequentially distributed from the U sequence to the V’o sequence with the first
scrambled encoder output symbol going to the U sequence, the second to the Vy sequence, the

third to the V’; sequence, the fourth to the U sequence, etc.

[0106] 2. The U, Vo, and V’o sequences is ordered according to UVV’o. That is, the U

sequence of symbols is first and the V’o sequence of symbols is last.

[6£07] The matrix interleaving operation is carried out in the following steps:

25



end-around shifted by ¢ nod R In other words, Wr][c]
is nmoved to W(r+c)nodR][c] for all 0O <r < R and O< ¢
W 2@6/11765L 10 1 3. The Ndata synbol s of the V sePCUuEBRoes/001121
foll owed by the Ndata synbols of the VO sequence are
witten jnto a 2-di [ QK Akin@h gk Y- Wintdisional
101081 ¢ ol aJH]EF %@%ﬂrg%qsgﬁéggr;‘ggl%&%%g@wi%len into the o
rect@eflial BRI WhAth REswyandiCt dohmadsuwhere hdaxs R #dr. Syehelp A written into
first, followed by the rowindex. |n other [
the rdimetizionh Y SyoGImRERS mgrementing Dy ﬁi"“@eﬁg"?qiﬁ%%&a‘}” fadex. In
othds I%g)rgs W and 6ol HBb LI BMRere WET € Ny oks into @E}Y" anvdargl & ¢olumn,
no

C'and the ranges of r and c indices are given b

whee <=1[i /<C]RndneF iOned € ard theranges piir and o ieep P iyer é?’ﬁéyr SR and 0
< g&syn‘ools, at the cth colum of the rectangul ar array
=®Wis end-around shifted by [c¢/D] mbd R hi other

words, Wo[r][c] is noved to W)L(rtg[c/D]) nod R]!c] for .
[0160] 9. < ThediRamarchy®f R gymbosCat thee. golpmnf theyec ar array W is

di mensj qnal arr ' WymodR][c] for all 0
endegrrigarBary By Yop pEishBE HFLTREmofed Qg RmedRyLe)
<rama ofc 2€.synbol s at each row of the rectangul ar
~array W is interleaved based on col um-index c by
_nmoving col um sdf.c the_ recta r Wouhibls of the V?
(0184 udn chfe&?IdataW“[‘lU]lS@%{?he<{}ﬁ§)q?e X 3? @%e&vtg%%é%mra Sdcan o °
soqRnce ek e it 4 Nainfekibeiiragampulacariyr¥; withR Sts agl 2C columns.

and S be ordered sets of integers dﬁfl ped .aa fonlclre?n"é'ﬁtin first
Syribals ere Iaitter Hatos tes2-dimensjonal garay o Wity £QIUHP-PHE £ ML

9k gw rR&sd driid HRA™ ER8mERL syRbol, Ahegersi € 2N, goes
fOIPW6d§%%%°§éffe% i Sty gL 131 S = ??twly? [0 % (20D
into-tHR.rBJrow afd &" tolumMiwherg 0F [1/2C])3pd < T {mpd/Bf auf fhesranges o

2CZ\NR) +

) 0.5] 0 < I < } - Si [0115] S3 ={ i IO
Indiecy arg én?yp%lig%gsf(ﬁi}gm The el enents of the

vector so [c] as ¢ ranges fromO Lo 2C- 1 are obtained )
(01hy] f iar st Thakihdag amkyl oftheyneiodsrenthe cofcolutie of thserpeanester agpy Wo s

that is the first. | epent s .of [
enbiiSpre SR Bt . B8 Wi RS & Rt mos
R]ﬂﬁj?%ﬁbssloiR%O@b&m’,nally all the elements of S3 in

e order the elenents appear in the respective

~ordered sets. jOUJ7] 6. If t .encoder | t .

0Rbn 5 218F RSBt 5 ek g U P fmehtignal arre

W@ﬂg@ 2(5& SRLUREs, e ERasSitdcired Symbbpld emdhngwtdiehesmotengular array
ocedu

re described in Step 3 by replacing all
Wois dnfenleeneidssest ont w@m@@d@h@%{ BPViRg Foévnw[g]rﬂﬁl?eﬁgotangular array Wo

sepguenc a y 81308} Rhn BE oBMINGH b?-ylltﬁe following
totcﬂ@lng’eﬁgbzrn%{gg %I% ggggvﬁfgﬁerglgggct [ \%Ityr.ldl f ot F1e enco
mne

er
précﬁdﬂfe: TeaatSe-L/ Bd S; be ordered sets of integers de as follows (note that the sets

S1, Sa, S3 defined by the following procedure partition the set of integers {i]0<i<2C}):
10113] Sy = {[C/M]+[i* 2C/M) +0.5][0<i<M;}

[0114] Sy = {[C/Mp] +[i * 2C/Mp) + 0.5] | 0<i<Mz } - 81

[0115] S;={i]0<i<2C}-S;-8S,.

[0116] The elements of the vector oo [c] as ¢ ranges from 0 to 2C-1 are obtained by first

taking all the elements of the ordered set S (that is the first M; elements of the linear array oo
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then Steps 7 and 8 bel ow are skipped. [01 1<i\ 7. Each
colum of the rectangular array WL i s end-around

wa@ biobtiewsby appl yi ng the procedure descri bed i PCBIE20064001121
with the array Vbreplaced by the array W. [Gt*J| 8.

| com-é- Ergg;fgo é?t g%:‘r 6117. e ele tg ()Pgsgrgi; q’]ﬁ'ﬁﬁ il Mol R of S;

I near
in tHRTkdEY tlféfele%ﬁn%)é b tRé re@@eﬁrvercﬂdmeﬁ setshe rect angul ar
array W is interleaved based on colunn i ndex ¢ by

nmovi ng colum 1JC] of th ect ul ar .
{01156 uq,g af tfhg,en%gdgzr JJ@)O rgte-4/55 %n ensiona Vecr%ggraré%ay W; with R

rowp ?Irg? gbﬁﬁﬁ‘ls BY cdnBiSucte Byofbll&ﬁm@ I’chCﬁle rmaoceﬂxﬁ'é dSscaibetl 18 Sja) 3 by
ered sets of I ntegers defined as, foll ows ng gﬁtp. by the

repladieg slbtoscupneas i Sie erstangdy Wyt\ﬁ@ a‘f"bmeoﬁﬁﬂ‘f’?@“’% y

rect%@u%bt | on“/t_]_ha,?l? %%\%?Ien Jét\ﬁ 2 rbspl:ct%lg' If?hézéﬁc})de)r is of rate-1/3,

i < M
thert Stht24nd 83eldw arebkifped. i < 2C > - S4. |0122| The

elenents of the vector OL[C] as c ranges from Qo 2C

‘ ned Byl 3 H%Hitﬁ%dg the
101 Gl de?edbﬁsagt‘ %3 (Itolgt © m(t'mm“’tﬂEﬂk %?aﬁgltl 151'\)%111%6?%1%!3 nts of Ve %ﬂgﬁng
pro&ddﬁl%arésoaﬂbwm Sp £k tHeraany B4 )oplandby tenrray Wit he

el ements of in the order the elenents appear in the

PR R P A PP Syt e

Wi S @h YIRS wokds! the einéL raifeyl oleC szmlbah) axseanlg rdvhef the rectangular array
ec angular arrays W W,

d t
W |1$1nteﬂeai/epW%W]ﬁommpfm‘iei’%é el on e af B fergnb gy W

to Eollift ag)g Uha§ BEraY¥cE Qlﬁerg thOVEt@NS & weobbiamed by Ithe fdlowing
? uxta 0SI ng t he rectangul ar arrays W a ﬂ@ g d
prot:emluteh aet S),radé S5 be <brglt:red sets of i infegopy q,%}red ag| 11‘?’2?1 (n9fs thaf— sets Sy an

umns,, of. .t he rect [ rdea by
s et oRl L S APRIRR PRI 24 £iRBr O Pre)
colums 0 < ¢ < Li, each colum c is noved to colunn

[016TR  ©) =rPC/Mai +iFGRCAG) trifrfg | Qi< Ms k Li +L2, each col um
c 1s noved to colum Li + (79 (c - Li)) rmdL2 For

unns Li +L2+L3, each colum c¢ is noved
imt“ge Fun{n”ﬁ 593 S”(79( c-Ll-1L)) mdL. The

remai ni ng colums of the rectangular array Z, if any
[01aLE Mot clenicatsl efatie dectprCLRY jas TirangPh dronef do %éresobéqmed by first

t he rectan rr t
LB LR R by B B e o
cot R WY, Ged théieall tie lampnts of )S’gtml the winder gh@eleinents Neppear in the

cones fromthe rth row and cth colum of the
respesgivapigaredsetarray z where ¢ = [i / R]

[0123] 9.  If the encoder is of rate-1/5, then a rectangular array Z of R rows and 5C
columns will be formed by juxtaposing the rectangular arrays W, Wo, and W1, in that order,
that is, Z = [W W, W1]. If the encoder is of rate-1/3, then a rectangular array Z of R rows and
3C columns will be formed by juxtaposing the rectangular arrays W and Wo, in that order, that
is, Z=[W Woq].

[0124] 10. The columns of the rectangular array Z are interleaved by the column index ¢
by the following procedure: For columns 0 <¢ <Lx, each column ¢ is moved to column (79 c)

mod L;. For columns L < ¢ < Li+L;, each column ¢ is moved to column L1 + (79 (¢ - L)) mod
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and r =1 nmod R and the ranges of r and c indices are
given by O<r < Rand O< ¢ < C where the nunber of

weeloassC of the rectangular array Z is gi venPOIE2066/001121
5Cif the encoder i s of rate 1/5 and C=3Cif the

e S L

L -1 n)‘o ehyd MITRe ﬂé}n'dfnﬁ{g doYun@fs oSﬂﬁ’ﬁ)ﬁdtﬁgulpmi‘aly 7, (franngtretm interleaved.
gF ols into a pl urallty of subbl ocks, the subbl ocks
formng a plurali

b
(013317 ot ou Tl AT P U LN e aas O i oy indox

mcrétggnt[?lg b&& qﬁdﬁ&ﬁ&f‘b}p&le E!S‘lﬁmflllﬁc&k Rl twosds(the ﬁltE eutputd;ymbol where
ring the first output sequence to genera

0 <$ 6dbagcoes fom tbeq u@h‘t@d o el e PR A g © = O/ Rl
Out pUty R AJY G 0 k@ <k @hd k.0 < C’ wh
and [, elrrg(?dnﬁ aﬂ&j ﬁl% s rfaa"r'bé 1H§eens%1?éé§ikléﬁ 132) Kq ok e CO where
the adbdr bf colutnhe cmaf ﬁmdedtatrguhe RITEYOAESY g1§;¢nnl@l Csa é@el,ﬁ @heeﬂnp?;ier is of

di stribut] he s nbol ck »t he
rater l4p pshi rig> @%dﬁ enc e“ ratﬁ,? 3 EBQ%“ LH%%\P SRJ,(A@met hod
according to cIa|n12 wherei n the subsequences are
denoted by U, VO VO, and V1 1V1 , and the first
out put sequence includes the subsequences U, VO VO
and V1 1Vl . 4 . A nethod according to claim 3,
wherein Ntotal is the total nunber of synbols and N
outputl is the nunber of synbols in the first output
sequence, the nmethod further conprising: determning
whet her Ntotal is |larger than Noutputl ; expanding the
first output sequence OUputl by adding the
subsequence U at the end of 0l1lltputl based on the
determ nation of whether Ntotal is [arger than
Nout put!l ; updating N outputl as follows N outputl = N
out putl + Npayl oad , wherein Npayi oad represents the
nunber of synbols in a payl oad,
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determ ni ng whether Ntotal is |arger than Nout putl

and addi ng the subsequence FO / VO at the end of
wObliopatiesy and setting N outputl = N outputl +PQpmBAGADI121

X 2 based on the determ nation whether Ntotai is

| arger than Noutputill21 5. A nethod according to

claim3, wherein Ntotal is the total nunber of

synbols and NOUtPut2 is the nunber of synmbols in the

second out put sequence t RAVS denoted as <S out put 2

the second output sequence conprises a first (Nsubseq

- 1) subsequences (wth subsequences indices 0, 1, 2,
WHA g%ﬂg 4g) o f outputP and the punctured (Nsubseq

-T%ﬁjeﬁt sgbsequence of outputl , wherein Nsubseq is

t he nunber of synbols in a subsequence, the nethod

further conpri.sing: determ nes whether N output2 <

IngAbpugthod cOPFTE g N out put 2 and Nsubseq based on the

receivingtggﬁﬁmtﬁ@f.ﬂ;y&ﬁol@;f whet her Noutput2 <Nt , the updating

p i ncluding, setting out put 2 .= u t2 .+
partitionegythe sxnbols intoN Al Oﬁﬂ’&’%‘@ckss%sdé%hk"’?% 906‘{“&%#@%“%1 hg
bs'\b%tngelétz = Nout put2 + Npayload x 2 if Nsubseq nod 3 is
SUDSRt™"&Gual to 0; setting N subseq = Nsubseq + 1; and
generatih@p €iadt buguttshaestesipan tfe sese@yehfai ng whet her N out put 2 <

. N total . updati N R$She fidboutfRistduatice to
selecting ispupainen b anet o BHheRRE sEHaRL, SRORupaLHAS
gené{%ia@gcoﬁggﬂpﬁiismehcb; ahddi m 5, further conprising:
witing the Ntotal synbols of sequence Output2 into a
interlea@ngth?éﬁ@néﬁatpuféﬁwfe&%¥ array with Rrows, C 2"
colums, and L levels, wherein R, Cand L are
integers; shifting the array; bit-reverse interleaving,
b he nRkHoAMocok@N@lo-dldinel; ieveinniy: tubbloeirsraeydenated by sadhnd: » £ and
out the synbols fromthe cubical array is read out
P W HetheukBdesmbrgnenenting first, followed by
col um-index, followed by |evel-index. 7. A netéholgl PP and
sequent@a§ Qidinging checlymbols Gyto thersubldecke dnibefaliqygng order: 5, Fo, 5, £ and,

B.
3. A method according to claim 2, wherein the subsequences are denoted by U, VylVy,

and ¥, /¥, , and the first output sequence includes the subsequences U , ¥, /¥, and ¥, /V;.

4. A method according to claim 3, wherein N, is the total number of symbols and N ...

is the number of symbols in the first output sequence, the method further comprising:

determining whether N, is larger than N .

expanding the first output sequence ;.4 by adding the subsequence U at the end of S
based on the determination of whether N, is larger than No,q.;

updating N, s follows Ny = Nowgun * N yuytona » Wherein Npayload TEpresents the number of
symbols in a payload;

determining whether Ny is larger than Noygputis and

adding the subsequence ¥, /V, at the end of Sy, and setting N guoutt = Nouwputt + Npagiond X 2 based

on the determination whether Nyt is larger than Noutput1-
29



witing the L synbols into a 2-di nensi onal
l evel -matrix with p rows and g col ums by row ndex

w0 p@oan®at i ng, followed by col umm-index. 8. A PEL/B206/001121

according to claim1, wherein the synbols are Turbo

encoded using an outer Reed-Sol onon (RS) code. 9. A

SR QB B 6 6rd Tz eclbion 3 vdiereinl NV, jyhie theitefalnusibgned symols and Noupue
gener ated based on the interl eaved s%/_rrbol S (Ior d

is thé hamber o simboloirethe seoopd ewuEuisisawaney fhpf is denoted as So,, the secon

system T/ 1 B2006/ 00H21 10. An apparatus_conprising:..a
outpstyselpeice @orpdises Al sn@but.c 0 oibsegness (vgh SasEqpaces tididds 0, 1,2,

plurality of synmbols and to partition the synbols in .
.y Al 623l Gft §uaf- 29d0he BEICRICh (gfu@bri)c'% %“%Beé’%‘? o %wduﬁg‘erem
configured to repeat the correspondin ubbl . the
N, substihemmiebet of symbels i HIUpseaupPRcs: tﬁ?l %ﬁg & %oéng)?ﬁ%'er ein
t he subbl ock repetition nodul e being further

determings rfhiedjerr dd.ot-0° Qemer ate a first output sequence from
t he subsequences; a_seguence.select] nd ct Wals¥
pdatingrue SN g Gl o S BRI e SBL B Aatees B e oo e
first output sequence and to puncture the first output
Stepé‘é&‘&f’é‘l‘ﬁze to generate a second out put sequence; and a
. trixyint eavi figv yodiuibé 3 ¢osubign0eshdt 0 i nterl eave
setting &?i‘@“‘zse]gé“ﬁ“é?e{)}l\jfmﬁt sesggqence. sfflq‘ An appar at us accordi ng
setting NO._Clam m“ng&Qi if N g sobbliowksquat® Menoted by S,
PE™%P1, “BY and"P1 ' , the synbol reordering nodul e
setting Bl Ng- Aurt hetaionfi gured to sequentially distribute
t A€“synbof s into the subblocks in the fol |l ow ng‘[or der ;
repeating the $€ps oPdetefiniagdhéther N4 N wopingal us.e #06 dYegien gm
to claim1l, wherein the subsequences are denoted by
settidg NQ, VO N, anel Wil W,,.adddhe first output sequence
i ncl udes the. subsequences U, VO VO , and V1ilv; . 13.

An apparatus according to claim12, wherein Ntotal is
the total nunber of. | s and. Nout putl is the nunber
éfAWIaécqrﬁngWeC??”in%S/?ior%‘ﬁli%%}pg%gg'uence, t he subt])nI ock
iting" i td 0B EBELH ReriSNg  fibitota Bedineasidracrbéul sroay with R rows,
Wntmgélgefgjtﬁahéﬁ@ &het hgr N to%ﬁl is larger than Noutputl , to

eXPANGhDGnd iIF Blel Whkéin BEVIARITCere Mnt@etsput | by addi ng
C_t%'g@élu'gse’qﬁence U at the end of outputl based on the
shiftinghtht errapi; nat i on of whether Ntotal is larger than N

bit-rev Ut RULL i ARl g, UPdate N outputl as fol | ows

level-interleaving the array; and
reading out the symbols from the cubical array is read out with row-index incrementing first,

followed by column-index, followed by level-index.

7. A method according to claim 6, further comprising:

writing the L symbols into a 2-dimensional level-matrix with p rows and g columns by row-

index incrementing, followed by column-index.

8. A method according to claim 1, wherein the symbols are Turbo encoded using an outer

Reed-Solomon (RS) code.

9. A method according to claim 1, wherein a signal is generated based on the interleaved

symbols for transmission over a spread spectrum system.
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outputi = outputl + payt ad , wherein Npayi oad
represents the nunber of synbols in a payl oad, the
WG awb/10™5KR1 r epeti ti on nodul e bei ng further confPgUIEdId/@1121
determ ne whether Ntotai is larger than outputl , to
add the subsequence VO IVO at the end of outputl , and

18, 0A S S paiiisatnlprisingrut putl + payl oad x 2 based on the
det erni nati on et h

o symbol ecpdermahes AP AREEe o £op B g pA T DB AE IR
symbg%(i’ﬁtéla lﬁaﬂt%féu%lebksnunber of synbols and output2 is
e nu synbols in the second..out HOC e&gg&%?ocks
a subblodkfrapetltlsn d@ﬁ@i@ é@lf%‘reé taprRent fhf?é’%&%?ﬂ%dl%i‘%’ gequée
formygg B gluﬁglﬁi o?sufbke{%lgéncgmpéﬁqm su%blo@l@ib@&ﬁuﬂﬁmﬁle(wr@ Iﬁlrther

ces 1 ndices O, ., Nsubseq 2) of
confipute@ttt generamndirsttoatput mwmp@ﬁopmgqp@@@ﬂuencg_%,
S e G ot AL A |0 sDeck HRSEBkel % Eé%fbfthe first
s seaueni ROy oo LR e S séguéme
outpt?t%k(f&hée%d AN pureHine thel &tst Ol[tputmdqlieecebe igengrdte ? segeid output

con gured to determ ne whether N output2 < N totai,

sequengseifidat e - out pu and subseq based on the

i Dl JaRi BhfMAatth BfierNa@ihp icandouspit séqaknce. wher ei n
ammmx%ﬁé%%g%gﬁé el udes setting N output2 = N output2 +
Npayl oad , if Nsubseq nod 3 is equal to 0, and setting

output. = OUtPU 2 + pa ad. x i g
ot hagqartius greoriga i nenen s eoLaraty BRed . £ 2
punctuation nodule further co r t

P, aqdsPL tlgeeazmboilseor%ngwgp g b ﬁglg;{%rélge? Iglgf CedSto se%ﬂ@ﬁ@cmsmbute

to cla

wherein the trix 1 | | eavi | Hipt her
the symRpls 4t B sp merbhfﬁogfomn& Feq gohgjg’lé g’?a{éequence
0111111112 into a 3-di nensi onal cublcal array with R

rows, C 2"' colums, and L levels, wherein R C and L

?j eRESacchigh g@t dditn 1 Dtvetickem dhiengibamderices besi cha@oted by U,
urt er conf| gure

o shift the array, to bit- MR8 ond
v, Vit EdVe adehafirsaputpriosenesnst inchidet e?%seﬂ‘llfé‘ceér af 02
and to read out the synbols fromthe cubical array is
V,/Vead out with rowindex incrementing first, followed
by col um-index, followed by |evel-index. 16. An
apparatus according to claim15, wherein the matrix

gﬁﬁe}{}p@a{ NG RGHL € Ui LGB, 1,0is Wd ol fltock of symbols and

I mensi onal |evel™~matrix with p rows

N ands g, CRlEn St B (RO bputeBRRhé the sibblbdvwepktitipn module
Nog) urm In

being further configured to determine whether N is larger than N, to expand the first

output sequence S, by adding the subsequence U at the end of Sy based on the

determination of whether N, is larger than N s and to update N, as follows

N gt = Nougutt + N payioad» wherein Nyayioad Tepresents the number of symbols in a payload, the

subblock repetition module being further configured to determine whether Nt is larger than

Nowput, to add the subsequence 7V, [V, at the end of Sy, and fo

set Noutputl = N

inati er Nitar is larger than Nowtput1-
J— N oaytond ¥ 1 based on the determination whether Niotal g outpu

14. An apparatus according to claim 12, wherein N, is the total number of symbols and

Noutpurz is the number of symbols in the second output sequence that is denoted as Sy, the
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17. An apparatus according to claim10, wherein the
synbol s are Turbo encoded using an outer Reed- Sol onon

W@ R®p/1csde. 18. An apparatus accordi ng to cl ai PeL082006/001121
wherein a signal is generated based on the interl eaved
synbol s for transm ssion over a spread spectrum oo

secoRd ﬁt@@se@ﬁnce&:o&ﬁi&ﬁm frainGd i, i1y stlbrequepprs (aity subsequencgs indices
10. 20. A nmethod conprising: encoding a plurality of

0, 152,931 B, a5 ENOOURY,.S v cespunsiredntVivag- DHE sbieawrage of Soupu:
synbol s; interleaving the scranbled synbols, the sﬁep d

whe@in iMt.er lieahe ngmbancofusyinrbgls6in0® Fulseqyeacs: dhe isprycrgfesclection an
encoded synbol s, wherein the encoded synbol s ar(=7V dat

pundeisemadalel heinj SitherbuonBeiredtoodterpingr HIGHEy e < New, to Update
subbl ocks, performng repetitjon of the subblocks,.

N, phendi M, hbasdibbltecdeteraimation ok thsst ovse 62’%0@?%‘@&%? the update
perform ng sel ection and punctuation q{

) the :
incladgbswtinendbsme 2MtapbNyimg b taes | Bofnt df | QR g O and setting

schene to the synmbal s associ ated w the se t :
N o uped Mubs 8duédbes:; mﬂ%é & ’59? F‘Hgi {Ohrbe “f}’ﬁ"ieglrtllhg gei/ 8%“:@ Wection
synbol s as nodul at ed siggal s; ,and t ans_rpltti ng the
and prenivasion grodplg Ather copdigur We?hé@bseaac vt g t o cl ai m 20,
wherei n the subbl ocks are denoted by S, PO, P1, PO
"‘and P1 ' , the nethod further conprising:

uent . LR A9, Wilkeeis ehedSx infdrieatifiemodule is further
iﬁgﬁ%’%@&%ﬁccﬁ@ﬁ%ﬂgﬁhw ng orclier: S, PO, P1, PO and
conBRuredtomaitaatt A eyebalgofssqehed M.pd intakrdimpnsiqrel cubical array
subsequences are denoted by U, VIV, and V1l 1Vl

witRmdrdwRe Cf 25 tolomhguatd Lrieveals sbereinek, §{arsdcie igessrshe mgpix
| VO

. , and Vil 1_ .. 23. t.hod C i NGt '
i e S o RN DR St o
arr%ﬁ%l-i&éleﬁ%h@ b3 indah rél wtiths syintbolsheort thestibical tapya is read

uence, the nmethod further, conprising: .determni
outwhithtrhwrindgx daGigmenging gpsé,efi;llqwﬁzg by RP Hllnbla%gi, t"o?lowe& g;/ 134 d19ndex.
16. An apparatus according to claim 15, wherein the matrix interleaving module is
configured to write the L symbols into a 2-dimensional level-matrix with p rows and g

columns by row-index incrementing, followed by column-index.

17. An apparatus according to claim 10, wherein the symbols are Turbo encoded using an

outer Reed-Solomon (RS) code.

18. An apparatus according to claim 10, wherein a signal is generated based on the

interleaved symbols for transmission over a spread spectrum system.
19. A system comprising the apparatus of claim 10.

20. A method comprising:

encoding a plurality of signals as encoded symbols;

scrambling the encoded symbols;

interleaving the scrambled symbols, the step of interleaving including,
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expandi ng the first output sequence SOUt put!l by adding
t he subsequence U at the end of So based on the
waledoenimionnt i on of whether Ntotal is |arger thaPCT/IB2006/001121
Nout put!| ; updating outputl as follows Noutputl = N
out putl + Npayload , wherein Npayi Cad represents the
reorderidd4AD&co@f spybdlgivehetein the paspesheymbelstas serwrntigf gt baed into a
totai is |arger than Noutputi; and adding the
pluradigiiefsyeldor® FO / FO ' at the end of oute;fl ,dgnd
; lef; tabB1bCkS, Wi tHel subblddirayledamhed ifo lvehseqiicnnss,
performl?iﬁtéép {eﬁ?oélrlgr%ﬁ#;ti on whether Ntotai is |larger than
performilig s¢lpatioh and pupctuptioneal fescsubEdBTer i o cl ai m 22, wherein
. Ntotal .i Bbgh SocHR witlaihe selgcWalting ptuRtured
fmmwn&%@mﬂﬁﬁgékggﬁg%@%@%F&Mint?ﬁgggcond out put sequence
substdiRhcess denoted as " ‘output2 the second out put

sequence conpri.ses a first u@g eq - 1) subseguences
modulat(qg&hq.,mgeﬂ%vggg)%@issasir%oﬁugagegdgéﬁil?, ’ﬁ . Neubseq -2) of
transmiéﬁ%%h@%{ddulaatea@iénilﬁle punctured (Nsubseq -1)-th

su

sequence of outputl , wherein N subseq is the
nunber of synbols in a subsequence, the nethod further
conprising: determ nes whether, N t uak s, p, P, P,
i der e Mot o G R B uDEERY o ferbRu®y 5, £, 2 4
determ nation of whether N output2 < Ntotal , the
andfpdféﬁmﬁlOQﬁggle’i??&‘mﬁ‘&’u“ﬁg, setting N output2 = N out put 2

+ Nnayload . if e i lowhi &Bang, P, B, P, and
sequenty By B s Gt R e TR o B R P e s
P nmod 3 is not equal to O; setting Nsubseq = Nsubseq +
1'1; and repeating the steps of determ ning whet her
Noutput2 < N total , updating N output2 and Nsubseq ,
and setting N subseq = Nsubseq + 1 until Noutput?2 > \
M & @ethod 3BcordingTet diinh 24c wherdinrthe subseduanass 212, derqied el » 7o /7o

conprising: witing the N total synbols of se,?ﬁlefnce <S

andOU)y Blytard thatfiest autBetdnetedes itherrabseauaseesal/ > £v Hay 24 Kin/R
rows, C 2'" colums, and L levels, wherein R Cand L
are integers; shifting the array; bit-reverse

iagfjgrrlnscﬁlgdi Qc%ortdpneg £ clatth 22, ielend %milr L ERY Q19 fddfbeRbF &¥ibols and
N gyipun 15 the number of symbols in the first output sequence, the method further comprising:
determining whether N, is larger than N u;
expanding the first output sequence S bY adding the subsequence U  at the end of Sy,
based on the determination of whether Ny, is larger than Noyp

i = i esents the number of
updating N g 2 follows Ny = N quputt T N payioad » Wherein Npayload TEPT

symbols in a payload;
determining whether Nyl is larger than Noutputt; and

adding the subsequence ¥, /V; at the end of S, » and setting N ouput = Nouput + Vpayiond X 2 based

on the determination whether Nita is larger than Noutput1-

24. A method according to claim 22, wherein N, is the total number of symbols and
Nougutz is the number of symbols in the second output sequence that is denoted as Soupu the

i i uences indices
second output sequence comprises a first (N, —1) subsequences (with subseq
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readi ng out the synbols fromthe cubical array is read
out with rowindex increnenting first, followed by
waeodoarmzesndex, foll owed by | evel -index. 26. A PEL/B06/001121
according to claim?25, further conprising: witing the
L synbols into a 2-dinensional level-matrix with p
0, 1/ DM, aNig),. o 2 Plofirfyg, bynd twi muetaradnGY.emen tAGIOFERIENEE Soupa>
by col um-index. 27. A nethod according to claim20, .
whetheNe], 1) it the neyhizoif syralreds Marsbseayraed 81y MERHUEhFT GopRrsing:
Reed- Sol onon (RS) code. 28. A nethod according to
determisdsaibeth20 N whet #in> a signal is generated based on the
interl eaved synbols for broadcast transm ssi or, datin
updatingnV {,j..c ast Ni.r.ahesed 98 ithsriletppmmationsgfrdisiies B&@tﬂrﬁ t°§y§1?ee‘fﬂ &
29. A system conprising: an encoder configured to
stepemidestieg,a plural ity of signals as encoded symbol s; a

; ranbher copfiguped toysgrankusl hheaincoded synbol s;
setting O@Waﬁh]ee‘ﬁ“ai+n‘/§}@’i‘°f“éavest‘b“"confi gured to interleave the

o RCT ambhed sypbol s, fhe chagaslis adikqral ®ayer being
setting gice‘i‘?ftzl g@?“@‘&%g:’?yﬁ@rfor m e st eps of‘?jreor dering the

: codegf symhoks, Wwherein the encoded synbols are
setfing gpéﬁiﬂen{}f“‘ﬁ’f‘ I+y’ distributed into a plurality of

e oy 't 0 "subbanuoncas,
sequences,

settR@rfor ning, selegidlan, and Nynct uation of the

subs&guences, and app“i ying a matrix interl eaving
schenme to the synbols associated with the selected and

punctured subsequences; and a nodul ator configured to
BH.dA heethed aererding torclaim A duEhsHSBIBrISRE odul at ed si gnal s.

writinggg%ialyﬁlé&?gﬁ %ﬁ%ngé RO t Q0 FhRRsiodal Bl array with R rows,

merT c™R€y pad configured to reéeceive
User Lnput:  an SRLAY EANf 1 SUERtheto display the
CTJZerCOIiu frahd 31%’%’%{}%{%% ’accor di&ng %o ¢l ai m 29,
shiftind 16 bAGE conprising: neans for transmitting the
nodul at ed signal s using spread spectrum
bit-reverse interleaving the array;
level-interleaving the array; and
reading out the symbols from the cubical array is read out with row-index incrementing first,

followed by column-index, followed by level-index.

26. A method according to claim 25, further comprising:

writing the L symbols into a 2-dimensional level-matrix with p rows and g columns by row-

index incrementing, followed by column-index.

27. A method according to claim 20, wherein the symbols are Turbo encoded using an outer

Reed-Solomon (RS) code.

28. A method according to claim 20, wherein a signal is generated based on the interleaved

symbols for broadcast transmission or multicast transmission over a spread spectrum system.

29. A system comprising:

an encoder configured to encode a plurality of signals as encoded symbols;
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a scrambler configured to scramble the encoded symbols;

a channel interleaver configured to interleave the scrambled symbols, the channel interleaver being
configured to perform the steps of,

reordering the encoded symbols, wherein the encoded symbols are sequentially distributed into a
plurality of subblocks,

performing repetition of the subblocks, wherein the subblocks are formed into subsequences,

performing selection and punctuation of the subsequences, and

applying a matrix interleaving scheme to the symbols associated with the selected and punctured
subsequences; and

a modulator configured to modulate the interleaved symbols as modulated signals.

30. A system according to claim 29, further comprising:
a numeric key pad configured to receive user input; and

a display configured to display the user input.

31. A system according to claim 29, further comprising:

means for transmitting the modulated signals using spread spectrum.
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