SYSTEM AND METHOD FOR | NTERLEAVI NG Cl ai m of Priority

under 35 U.S.C. 119 [0001] The present Application for
w®adosnis269 ai ns priority to Provisional Applicap¢Dosios027105

60/ 592,999 entitled "METHOD OF CHANNEL | NTERLEAVI NG I N

A OFDM W RELESS COVMUNI CATI ONS SYSTEM' filed July 29,

2004, and assigned AP HErRoASURINREAIQEERE and her eby
expressly incorporated by reference herein. BACKGROUND

Field [0002] The present disclosed enbodi nents rel ates -
generally to wirel ess comuni cations, and nore

i fieall. I rleaving in a wirel ess
ﬁgﬁ%ﬂ#gg I ngn%v%% %a@bground [ 0003] Ot hogonal
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for broadcastlng hi rate d| i tal nals. In
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f h
'W‘E@% ream bel ng use A?It D mdgﬁ‘g{\g@% élgl e%?t 2%& c?ass1gned to the

sstigree heof inddymebycaxprdstlyShanpatated byeéfestntdidreial t hough

the present invention is described in terns of

quadrature anplitude nodulation, it is equally

appl i cabl e to phase shi fﬁA&i‘d@ﬂO‘iﬁ‘@b" ation systens.

,[170004] The nodul ati on techni que used in OFDM syst ens
deld of erred to as quadrature anplitude nodul ation
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plural  data bits, with each synbol including a teal

ROMBRIRIcONH SYREMan i magi nary nunber termand with each
synmbol representing the plural data bits fromwhich it
was generated. A plurality of QMM bits are transnmtted
Bagkgrioandi n a pattern that can be graphically
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is divided into several parallel low rate substreams, with each substream being used to
modulate a respective subcarrier frequency. It should be noted that although the present
invention is described in terms of quadrature amplitude modulation, it is equally
applicable to phase shift keyed modulation systems.

[0004] The modulation technique used in OFDM systems is referred to as
quadrature amplitude modulation (QAM), in which both the phase and the amplitude of
the carrier frequency are modulated. In QAM modulation, complex QAM symbols are
generated from plural data bits, with each symbol including a real number term and an
imaginary number term and with each symbol representing the plural data bits from
which it was generated. A plurality of QAM bits are transmitted together in a pattern
that can be graphically represented by a complex plane. Typically, the pattern is
referred to as a "constellation". By using QAM modulation, an OFDM system can
mmprove its efficiency.

[0005] It happens that when a signal is broadcast, it can propagate to a receiver by
more than one path. For example, a signal from a single transmitter can propagate along

a straight line to a receiver, and it can also be reflected off of physical objects to



[0005] It happens that when a signal is broadcast, it
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propagate along a straight line to a receiver, and it

can also be reflected off of physical objects
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transmtted to the receiver along nore than one path.
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i fé&atively address multipath
%glﬁlﬁgfggﬁgns. [ 0006] Fortunately, OFDM systens that

[0865] QAMForiunAtely, QRDM systemsethatf fse QAMempdulatinn g5¢ eweneldective in

f multipath conditions i.ch, as . stated above.
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[0007] In a typjcal trellis coding schenme, the data
%‘%’}dgéﬂ?ﬁ?’éeeé‘%%@ed wi th a convol utional encoder and
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dimension). Typically, the value of "m" is four, five, six, or seven, although it can be
more or less.

[0008] After grouping the bits into multi-bit symbols, the symbols are interleaved.
By "interleaving" is meant that the symbol stream is rearranged in sequence, to thereby
randomize potential errors caused by channel degradation. To illustrate, suppose five
words are to be transmitted. If, during transmission of a non-interleaved signal, a
temporary channel disturbance occurs. Under these circumstances, an entire word can
be lost before the channel disturbance abates, and it can be difficult if not impossible to
know what information had been conveyed by the lost word.

[0009] In contrast, if the letters of the five words are sequentially rearranged (i.e.,

"interleaved") prior to transmission and a channel disturbance occurs, several letters



[0008] After grouping the bits into nulti-bit synbols,

the synbols are interleaved. By "interleaving" is
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sequence, to thereby random z? potential errors caused

by channel degradation. To illustrate, suppose five
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of "a non-interleaved signal, a te orary c anne
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word. [0009] In contrast, if the Ie ters of

W@r@%ﬁ)@n@a (lesemeholsate grapped treepriplere symbols using QAM principles
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perhaps one letter per word. Upon decodlng the
rearranged letters, howeve all five words woul d
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hese circunstances, it woul e re easy fof a
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I E21ZBlh fRiop bl o  (EiaPeset e R a8, Hgr s butter i

Bicoffahed Wih BRbRBoARRYE. nul t| pI exed into their
res:gectlve sub-carrier channel s, and transm tted.

FFISESbRibewWs @M iglerieayer brffy N@geomm] anFN/@1 rowes by owsolumns

ordance with an
@ﬁ'@%ﬁﬂ%&%rh&[cgyi% Ifiil&;or&fr@gghows a channel interleaver
i0014)CEIGS. dandliuswateh a Ointegleawsdb ogter@miet tatl® OGih2lacddrfanc€awith an
sho code bits of a turbo packet placed into an
P&alyi ng buffer in accordance with an enmbodi ment;
{0@951] 3k1d Ghod P a Sl 11?2&10?1 1y n{?’i‘e{xﬁ %’%comém:ee&lltﬁl a% @ng&%ment;
to an NNmrows m co S matrix 1N accordance
W)l(ﬂ Blts. Srebows mhanne[lfkﬂibﬁ]dld_gr& wath 4l oist’s gltiRBigdequence resulting

i terleav elacetabeln accordance w_.t h an
80?‘8%'%‘%100#@@““& SHBes SOt hBsTHEY pLSlet Bhaccordance with

Qi@}ﬁ[;(ﬁﬁ&hbﬁ accordance with an enbodi nent; [0016] FI G
5 shows a channelization di agramw th al I one's
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accordance
[0018] FIG. 7 shows a wireless device configured to implement interleaving in

accordance with an embodiment.



[0017] FIG 6 shows a Channelization diagramw th all
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FIG 7 shows a wireless devic confi gured to inpl enent
interleaving in accordance w an enbodi ment . DETAI LED
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|nterleaV|n for ce wt edf licit
TEORRIRS tQ 3oheY g m%{: 525}1] WE% EQF%VI‘ECS}egﬁro rlﬁaYIB% performance
WRESH 1R detd %&%xbﬁavgyxﬁwlmpmaviﬂg erl eaving bl ock 104.

Bit interleaving bl ock 104 outputs interleaved bits,
P21¢ Figure liarsbows Tuthe aodad biss Il@Z inpnt smpmb@untﬁlﬂ@wm@lock 104. Bit

A0S0 S aRETRRLEOR . G R, ot

éfﬂﬂié)‘l mﬁﬁﬁn%?ﬁlﬁélﬂlbdt l @brfétéﬂ’@@én | spn®bl eaappri@ lsekk 106 outputs
08. Constellation synmbol interleaving block 108
eamsislationc smbel | mepRsd Htb ovhiehht &) dBRkE 9P ¢ gonstellgtion  symbol

Z n ocC C 0
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e

FPNI sypdi€ii£aved bits, which are input
|nto co @? atlg%ﬁs mbol mappi ng bl ock 156.

[tIIOIiE}tFagmat libshowy fudio ‘m!ﬂpfi bitg) 152 ot 8o biytigertleaving block 154. Bit

[ tellati nbol d bit h

BltERnar JRRoASH B SRS ot S 47 g g Ol Reiation
SN eﬂnhglﬁﬁ%tmclsomt el Cahdtelmtism nbﬁhbdlnhfapbmgvemcbl 13 outputs
usi nﬂ aninterleaved interlace table and dynamc

eangtellatinne symbel  mappsdn bits 6whigh dare uippul tembepnelization block 158.
Channelization block 158 channelizes the constellation symbol interleaved bits using an

interleaved interlace table and dynamic slot-interlace mapping 160 and outputs OFDM
symbols 162.



synbol s 162.[0023] Bit Interleaving for nodul ation
diversity [0024] The interleaver of figure Ib uses bit

w0 ndoenireyi ng 154 to achi eve nodul ati on di ver sP¢HUSIHNS027105

code bits 152 of a turbo packet are interleaved in
such a pattern that adjacent tode bits are mapped i nto
different constellation synbols. For exanple, for
2m Ary nodul ation, the N bit interleaver buffer are
(B2 BH thitRabl @fm Rioliflarfifl diegiy code bits are

ten 1nto a Jacent s sequentially and then are
j0624] Bhe irvertealogr oﬁégtmeolh ubes begmtnmavglgaﬂ54 i@ able¥e modulation

0 the end t.he ent i.al der
St ot sode bt LS E At Butth nElfes BRp BB in ek it hat
ABRREA cOR Bits ArerRaped Anft @ifferdnt Qan‘iélIfﬁ@h S$ymbols. For example, for
EqU| valently, as is illustrated in Figure 2b_ (Bottom

neATymedulatione thep pitanterlsaver baffgotre dividedaintoiNrm tigeks bé;dJ acent
%od%?mt% @eo nﬁ%ﬂ brffo a@?ge%t Biocg ?quemdﬂ&ta?lﬁ thé?lt ﬁetrgh% out one by one

er °c columm and are read out row by
fromate begituiag @ﬁjtl&!:lﬁﬁferct@d& &idt intthe bejusmid @dddr,Oast sfhewn in Figure

sanme bit position qf the consteIJalon sypbol.. due to )

2 elapcThis gueraptees thah agipeant §pde; biEp RS PpP ﬁlfggﬁ%apnstellatlon
I I t

Yl ugg.lharqgg) i hg%gﬁ%%eﬁ ﬁ%ﬁ%fszg(sﬁ;toaéﬁ?ﬁ“»ﬁthﬁ I‘?n?c@ﬂ@dv@ﬂbuffer is

aranged irgo raaIN/abfosvstMam ¢ohensemetrtk. &ode bds atehwhitesnto the buffer

rqws shall be read o ft t i ght ht

pan s eslumms 2O AR b gERRP b o wefiind Biakérd B Bit to be

ﬂlfa?ﬁedttﬁrtﬂ@saﬁﬁ&&@boﬁggn Bf afée;@nstemaloarsymbbpaﬁee@vtha act that certain
fer 204 in accordance with an enbodi nent. B%”e

b1§ aﬁma p«mseﬁélan@n synbafargmore rrlisblecthen thy whes dor HIQAM dependmg

tgg VPP L p aalg (';EH? %'trg%g& thl?éjgﬁ Qxletrﬁor%f q]é’ E}B,géae second

nto an | 1 &5V ng
ﬂﬁi ﬁ)hﬁh\lblt!; oW lelebe&bad dindronttedy to eipht agl Ibglftft(eleﬁ%@maﬂvely

t r ansf or med g ing the second. and thlrd col um
[R2tleBigueer & eeP ol Ariyroupscket 262 plaget indp r?nmetsﬂeavmg

E\ﬂ“ &C rda %@c%lgﬂn'ég tﬁ\gts%gi?doﬁﬁﬂént. I d Q?EEQnCi‘?lqgranon of bit

pac are read from
lntﬁrkahag‘opagtlbm frf acolarice ‘{vﬂli)ﬁﬁ]eniﬁodimeinn‘pdeﬁ biys ofca Turbo packet

A0 nlfd 0 BB ViR AR 352 SAYR ThPHE 4 ol nigrleaving

Bﬁfférrﬁﬁ i§ @3fsfolnted WE@A@lﬂé"ﬁlessﬁ&ﬂfdaénHQlea @bluSKiheteB$ creating
m ddl e two col utms "ar e "Swapped before being read out.

lsaying o for 254, vt ove ﬁccprcglmeewzb a@BzthGrr;lenu interleaved
Rl PR R B el 0 bt o

[0026]hE§1€s1ﬁslbhl:1lﬁ<i fixedtfie4 aidy be used, if the highest modulation level is 16
and if code bit length is always divisible by 4. In this case, to improve the separation
for QPSK, the middle two columns are swapped before being read out. This procedure
is depicted in Figure 2b (Bottom). It would be apparent to those skilled in the art that
any two columns may be swapped. It would also be apparent to those skilled in the art
that the columns may be placed in any order. It would also be apparent to those skilled
in the art that the rows may be placed in any order.

[0027] In another embodiment, as a first step, the code bits of a turbo packet 202 are
distributed into groups. Note that the embodiments of both figure 2a and figure 2b also
distribute the code bits into groups. However, rather than simply swapping rows or

columns, the code bits within each group are shuffled according to a group bit order for



that the colums nmay be placed in any order. It would
al so be apparent to those skilled in the art that the

W0 os/0mR2y9 be placed in any order. [0027] |In anetes2005/027105
enbodi nent, as a first step, the code bits of a turbo
packet 202 are distributed iMo groups. Note that the

enbodi nents of both f gur 2a and f| ur
caFR EIVIEP GFQUP; Hgue.dhe 0{4 of four gropps G < 18 %&A‘é\ﬁeﬂ% Peing distributed
f&aﬁﬁﬁfa ea|a¥ be VPR gglj}oﬁﬁf rlOC@JI}“{@S’/ t1he5¢qdegbii Si6} using a

group are s accor |ngtoagr u
simpledinger ofderiegof tlg: glenptgammphe arersof thefowr greppoof 16¢pde bits
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thatlswiaflping rowLor RS EEdBe Qir@essivd As@sf tﬁfsdﬁﬁa-@ﬂ)ugfshufﬂmg

the groups and the order of the four groups of 16 code
bits after shuffling may be {13, 9, 5, 1} {2, 10, 6,
{ {12, 8, 4, 16}. Note that swapping
lg’@\ﬂ Iggerlealvﬁ(r}rli%tegv\%&fd be a regressive case of this
[0O29] Elngiceofdandeuivithi 410 embOdinttht, | the evhbrieel ddtetlndver Ilmem mterleaved
[0029] In accordance with an epbodi nent, the chan
ihigrlacd ot eameirdation SYBPPVGIFT WG ATRSeofrequenty dnersity. This

eglﬁgﬁatsé bt ﬁe%ﬁl BY¢ citl UnStel1SEoH Bnbdl 11';}&9&&%?% lefé%ﬁ?e%vag is

ersity. m nates the need for expl
peofoshed htawviodevedsynbol i nterl eaving. The interl eaV| ng is
performed at two | evels: [0030] Wthin or Intra
Interlace Interleaving: In an enbodi nent, 500

[0652F &I WiitBInSorOtra MnteA@ héFRaARE: | T &1 Elﬁ&\fdiﬂlehﬂ 580 subcarriers of
bit-reversal fashion. [0031] Between or Inter

anrinterlpercare interdqavediin mjt-raviersahfagipedi nent , ei ght

I bi_t j.
P%@;]ﬁ‘q?\?éen orﬁa{egtérﬁé%acg\rigt%{k%‘%ﬁ% hjéls ereg‘{\gl?cﬁ%ﬁlant ﬁ{i‘t]hlg&rlaces are
iatetledvdtin b ib&-reverke fashfonsubcarri ers can be ot her than

500. It would al so be apparent to those skilled in the
art that the nunmber of interlaces can be other than

t
381 1t R Bl ol 11000 SR i e BOWBEr &FsuBoartfers can
tecathercthae 800 Ttiwauld elsb bdiapparent t6ltleost skillediim thecaytithat the number
Sthowii the o eﬁg t?ln 034] vect or <i nt >
HARGEREFSSHRPE AR ¢8Rt 1 0035] { [0036] i nt
[05:83f PQ&E k4t ince 500 is not power of 2, a reduced-set bit reversal operation shall

be used in accordance with an embodiment. The following code shows the operation:

[0034] vector<int> reducedSetBitRev(int n)
[0035] {
[0036] int m=exponent(n);
[0037] vector<int> y(n);
[0038] for (int i=0, j=0; i<n; i++j++)
[0039] {
[0040] int k;
- [0041] for (; (k=bitRev(j,m))>=n; j++);
[0042] ylil=k;
[0043) }

[0044] return y;



[0037] vectok int> y(n); [0038] for (int i=0, j=0;
i<n; i++,j++) [0039] { [0040] int k; [0041] for (;

W@ keobioiRew G, n) ) >=n; j++) [0042] y[i]=k; [0043CH/US2005/027105
[0044] return y;[0045] [ 00 g] where n=500, mis the
smal | est i nteger such that >n" which is 8, and bitRev
is the regular bit reversal operation. [0047] The

ol s off the constellation synbol sequence of a data
channel is mapped into the correspondi ng subcarriers
in a sequential linear fashion according to the

(8646 WWEGe 5900, n fleihe sABNAN MiBRY shoh tHae 2ChramRaliétz RIS, and bitRev
using the intérlace table as 1s depicted in Figure 3,

1sﬂua@gdmdahcﬁmmmumemﬁoenbod|nent [ 0048] Flgure 3
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BN e hbl@édp@ﬁﬂlﬁ% faB¢eric®4in  an@dqhditial |1ﬁh6M€fashi0hedidcaﬂEng to the
tabl e 306 are shown, Al so shown are interlace 3 (308

aspigaed slob index3 Hgtermingd iy fhee Chagnelizer, usingethe d&t@ﬂece tible as is

by eSSl g bR (719), (et e
[emxpdﬁgénet 3 dhstrates anf intbdeaved hmtarlat:ertlabieem iascardede with an
et BHYS pBrked 00, ConaieTaote SYMRSls SHE. ebiniralepys interlace

tﬁﬁl@ 30%Cars Q&P &S L}%ﬁ?alfeq{lteﬁﬁwggbd)agmté:ﬂce 4 (3101 interlace 2
conveni ence, the Channelizer uses Slot as a scheduling

(Gr'hill, interlatet (Bi4)dhteriaat ho3b6)e intarlegel 5319 interlaeM(320), and
rrbol gi)lnterlace Table is used to nmap a slot to a
‘?F%LF interlace. Since eight interlaces are used,

[bbﬁ)] enddnenittAin&itgbie Silt Of $he shementeflh@¥sSs Wweed! fobgil&geie., Interlace
aside for use for Channelization and one slot for

Pieandntetljaen i usedsaitepratiyeliconpiley Assp gesulf, the Ghangelizsy can use
staqgn Eiétieﬁgc n%ﬁ %CRé(ﬁllllillg o%:%ﬁﬁenﬁiéngg,r fgﬁ:& C\}b%réx}eélzcterh leJSGS Slot as a
schedulinglunitx iAsslbssistdedined @t ohédigxrlatehf an OFDM symbol. An Interlace
Table is used to map a slot to a particular interlace. Since eight interlaces are used, there
are then eight slots. Seven slots will be set aside for use for Channelization and one slot
for Pilot. Without loss of generality, Slot O is used for the Pilot and Slots 1 to 7 are used
for Channelization, as is shown in Figure 4 where the vertical axis is the slot index 402,
the horizontal axis is the OFDM symbol index 404 and the bold-faced entry is the
interlace index assigned to the corresponding slot at an OFDM symbol time.

[0050] Figure 4 shows a channelization diagram in accordance with an embodiment.
Figure 4 shows the slot indices reserved for the scheduler 406 and the slot index
reserved for the Pilot 408. The bold faced entries are interlace index numbers. The
number with square is the interlace adjacent to pilot and consequently with good
channel estimate.

[0051] The number surrounded with a square is the interlace adjacent to the pilot and
consequently with good channel estimate. Since the Scheduler always assigns a chunk

of contiguous slots and OFDM symbols to a data channel, it is clear that due to the

inter-interlace interleaving, the contiguous slots that are assigned to a data channel will



the horizontal axis is the OFDM synbol index 404 and
the bold-faced entry is the interlace index assigned

w0 000bhes26or r espondi ng sl ot at an OFDM synbol tP@EUS2005/027105
[0050] Figure 4 shows a channgel i zation diagramin
accordance wi th an enbodi nent”. Figure 4 shows the sI ot

e e Pt g iSRS it Heniigry SRl i ban then be
RRlckbes are interlace index nunbers. The nunber wth

square is the interlace adjacent to pilot and
(00524 ddensemer,y thig statig Gseigementnér-» dBe isipitte. Plssh [ntqrace mapping

n@fgt’ AneSH toc%tktﬁge g\(t%{“ot{ﬂ?ﬂdé)%g WS dri né#p@ehptﬁa RCF a data channel

acen conseque W th
asblgmmenht diick medssumifip neetahpelafc bexiplesr maltipdy SOBBM ggmbals, the

chunk of .conti guo slots and OF synbol.s to a.,
igiealasReIassignetitg hq el ctaﬁatl fReongtsnRsae et e iy GG in loss of
fr&fuhd ai%ﬁﬁg'nnef ré,}\nﬁﬁy‘ gs%y%iléaly" MiARIChRStheMNAS interlace

to a data c scontl nuous
table €t.¢. pxeudirigthe Pfloeiqtee]lacq) fmm/@FQM yymholrto CDMsgmbbk

B 50 Q058D st 2t P RGP R e once e

OPBM ROMbENATKIE LM&he tsubR)sHRE UestedysetheORtatid riptetiam assxgnment
That 1S, if a data channel assignnment bl ock (assum

ng
preblenn gl & paiculapistes immanippd do citffiment ierlages whdifferent OFDM
inte es assigned to the data channel does not
Sé’ﬁg)r‘?yél%éver the time, resulting in |loss of frequency
[0034¢ I Eipgiing. 5Tdhﬁw&em”mﬁynn@lzaimﬁtagfaymImdalalllyomeﬁs fshlﬂl% sequence
the Schedul er i nt erl ace tab excl.udi ng

|
1epYIERE ihicss| THRE P! B9shindp sc;mﬂl f Bn%ﬁﬂrsayl’t%?“ ar slot 502, in
%Qﬁl%glluieﬂvgﬂr:ﬁl g&ﬂhﬁh %1’9 geglﬁ)tvtsoﬂleoglotsﬁhﬁéek '}gse}\rb% for the

Interlace ta | e Bnce .
sshédum S6candsthé slot yndbw geseowed foh &mlhmtw@& r&letr syafdml lndex 504 is

roblem i.e., a particular slot is napped

%ang?ﬁ?ﬁ zonfyl 8¥1aces at different OFDM symbol tine.
[ﬁ)@@-‘r’i’“ﬂloﬁé@f‘rﬁ 15 n%ﬁ@é@ﬁth%t cloanme! dss écp Fout REfiADBUY ihfdrlaces with

one's sh i ng seqguence resul in long runs of

wdcchamel psmnate.m awkd by dongauas of mter cemyith papraghasne) iestimates
el R RS O TR PHBk B e hces o
dhbf 1shobf irﬂléiﬁ?éeg a8 rpoetl channel infadsoIn HHigub,ahe dterek that is
;d?g:%ﬁt t?)ot?le Ip?lo? Pn?c\el}ni]acg qs gntzt?ket(]iovifllﬂ%gr;tqultre a1)§| solution to the long runs of
good and poor channel estimates problem is to use a shifting sequence other than the all
one’s sequence. There are many sequences can be used to fulfill this task. The simplest
sequence is the all two’s sequence, i.e., the Scheduler interlace table is shified twice
instead of once per OFDM symbol. The result is shown in Figure 6 which significantly
improves the Channelizer interlace pattern. Note that this pattern repeats every
2 x 7 = 14 OFDM symbols, where 2 is the Pilot interlace staggering period and 7 is
the Channelizer interlace shifting period.

[0056] To simplify the operation at both transmitters and receivers, a simple formula

can be used to determine the mapping from slot to interlace at a given OFDM symbol

time

1 The Scheduler slot table does not include the Pilot slot.



[ 0055] However, it is noticed that slots are assigned
four continuous interlaces with good channel estimates
w0 giobovieeb by | ong runs of interlaces w th poorpcheszed/ 027105

estimates in contrast to the dareferred patterns of
short runs of good channel estimate interlaces and
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0=0
1=>4
2=2o0r6
I=1
4=35
5=3

[0067] 6=7

[0068] This table can be generated by the following code:

[0069] int reducedSetBitRev(int x, int exclude, int n)
[0070] {
[0071] int m=exponent(n);

2 OFDM symbol index in a superframe instead of in a frame gives additional diversity to frames since
the number of OFDM symbols in a frame in the current design is not divisible by 14.



[0064] Exanple: In an enbodi nent, 1=8, R=2. The
corresponding Slot-Interlace mappi ng fornul a becones
WO 06515269 "' { (7 -((2x/)%) + -1)%} [0066] WhePET/US2005/027105
corresponds to the foll ow ng 1thbIe 0=>01=>4 2 =
2 or6 3=>15=>37[0067] =>7 [0068] This table can
tb eneratgg by the follow ng code: [0069] int
cedSet Y’Rev(int X, int exclude, int n) [0070] {
[00T811] i nt fomtaxiFOnNE (wx; iHEPM)synbol index in a
superframe instead of in a frame gives additional
rsity to frames since the nunber of OFDM synbol s
frame in tgy |V|S|bleby
E475[?0072] i nt y,gf %Bfﬁgvéfﬂﬁ}%xflﬁd@‘] (f
[00736]j ++) [P0O74] { [0075] for (; (y= bltRev(J,
,@excl ude; '+;|-) [0076] } [0077] return y; [0078] }
% 9] whef 83 and bitRev is the regular bit
foeys3r saly operation. [0080] For OFDM synbol t=I1, Pilot
uses Interlace 6. The mappi ng between Sl ot and
Interlace becones: [0081] Slot 1 nmaps to interlace of
[0079] - whetreinw@ and bitRwiF theregilas bitreversal @@8ion- S| ot 2
maps to interlace of ' 7 -(2xl1)% + 2 -1)%} = *{0}
0 .
[0080] For OFDM symbol t=11, Pilot uses Interlace 6. The mapping between Slot and

Interlace becomes:

[0081] - Slot 1 maps to interlace of 9%'{(7 =(2x1)%7 +1- 1)%7} =R{6} = 7;

[0082] -Slot 2 maps to interlace of R{(7 - @x1D)%7 +2-1)%7} = R{0} = 0.

[0083] -Slot 3 maps to interlace of SR’{(7 —(2x11)%7 +3 - 1)%7} Ril} =4 :
[0084] -Slot 4 maps to interlace of iR'{(7 —(2x1)%7 +4 - 1)%7} =R{2}=2 :
[0085] -Slot 5 maps to interlace of ER'{(7 - (2x1)%7+5- 1)%7} =R{3} =1 :
[0086] -Slot 6 maps to interlace of ‘}{’{(7 —(2x11)%7+6 - 1)%7} =R{4} = 5 .
interlace of B 17— @x1D)%7+7-1)0%7}= R{5} =3

[0087] -Slot 7 maps to

[0088] The resulting mapping agrees with the mapping in Figure 6. Figure 6 shows a
Channelization diagram with all two’s shifting sequence resulting in evenly spread good
and poor channel estimate interlaces.

[0089] In accordance with an embodiment, an interleaver has the following features:
[0090] The bit interleaver is designed to taking advantage of m-Ary modulation
diversity by interleaving the code bits into different modulation symbols;

[0091] The “symbol interleaving” designed to achieve frequency diversity by INTRA-
interlace interleaving and INTER-interlace interleaving;

[0092] Additional frequency diversity gain and channel estimation gain are achieved by
changing the slot-interlace mapping table from OFDM symbol to OFDM symbol. A

simple rotation sequence is proposed to achieve this goal.



[0083] -Slot 3 maps to interlace of t 7 (2 ) 7 +

}=4 ; [0084] -Slot 4 maps to interlace of ' 7 1 4
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Xx 11 7 +5 171 =*<3> =1 ;1[0086] -Slot 6 maps to
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" but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.
[0096] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of



[0095] Those of skill would further appreciate that

the various illustrative |ogical blocks, nodules,
waeeeeniey and al gorithm steps described in corrEU$10051027105
with the enbodi nents discl ossg herein may be

i mpl emented as el ectronic harflware, conputer software,

nbi nat i f bot.h. To cl ly illust j
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dthdryadH ednifiveragigAponent s, bl ocks, nodul es, circuits,
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si gnal” processor (DSP), an application specific
nracesspratlée mapeessArtand Ay stpraga npgdard mayorgsidenmien A&t elhe ASIC
array. {EPGA) or o r I g | 0gi ' .
il idk &5 G abe Vi o AR, the dkched 34 e storege medium
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conbi nati.on,of conputing devices, e.q., a.,conbinafion
Teiplpelsriang Berefi B b GBaip Other sy Wo depiting from
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in a software nodul e executed by a processor, or in a
conbi nation of the two. A software nodul e may reside
[0099RANVHA RIS CLAIMER Benory, ROM nenory, EPROM nenory,
EEPROM nenory, registers, hard disk, a renovabl e di sk,
a CD-ROM or any other



formof storage nmedi um known in the art. An exenplary
storage nediumis coupled to the processor such the
wEemeasRey can read information from and Wi tBCT/US2005/027105
information to, the storage nedium In the

alternative, the storage nedﬂén1nay be integral to the
processor. The processor and the storage nedi um nay
reside in an ASIC. The ASI@,LWSresi de in a user

termnal hi the alternative, the processor and the
storage nedium may reside as discrete conponents in a
luser A etethiaddbr infd@88hg, Mompmsengi ous descri ption of the

di scl gsed enpodi nents is proyided o epabl e any person
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| nvenhifAling ¥RMdodb HitsVdihin 6athi %Bﬁp h@otdifs ® & | BTEBider for the
will be readily apparent to those skilled in the art,

gven grhep.generi c princi pl es defined herein may be

applied to other enbodi nents w thout departing from

the spirit or scope of the invention. Thus, the

Dr eserie mBMEA tof @MhimS1,NOkertint tBe ¢eshpt bit beder iofithe dodeobitsfor each
enbodi nents shown herein but is to be accorded the

- gpeeisthessasise consistent with the principles and novel
features disclosed herein. [0099] WHAT IS CLAI MED
IS:CLAIMS 1. A nethod for interleaving, conprising:

Y| aciTig metted kiftctaimnt owhereinpthe it orddr figr placiag febde bits into each
order; . and shuffling the code bits within each group
HOWISdAY to a group bit order for the given group. 2.

The nmethod of claim 1, wherein the group bit order of

the code bits for each group is the same. 3. The

4ret hobheomethbdiah claimnBewbémint the i order derr pleeing §pée bitg into each
code. hits into each group is linear. 4. The nmethod of

ZP9R th'P“herein the bit order for placing code bits

into each group is linear. 5. The nethod of claim 2,

oup bit order for the given groups

wherein the gr . . p )
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6. The method of claim 2, wherein the group bit order for the given groups

amounts to swapping rows if the given groups are viewed as a matrix.

7. The method of claim 5 further comprising transmitting code bits from the groups

according to the group bit order.

8. The method of claim 6 further comprising transmitting code bits from the groups
according to the group bit order.

9. A processor configured to:
place code bits into groups according to a bit order; and

shuffle the code bits within each group according to a group bit order for the

given group.

10. A processor, comprising:



anounts to swapping rows if the given groups are

viewed as a matrix. 7. The nethod of claim5 further
WEowpoiReng transmtting code bits fromthe grewpes2005/027105

according to the group bit order. 8. The nethod of

claim®6 further conprising t M8nsmitti ng code bits from

the groups. accarding .to.the group bit order. 9. A
pr océggw%ﬁfdﬁ??lﬁ%F%% b5 intg erotipsy. bits into groups
accorgding fhioshafiihg 1Baé bitewethmiabh bfoupecsiaig tdhd srder.

wi thin each group according to a group bit order for
the given group. 10. A processor, conprising: neans for

| aci bits i . : d £
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11. Alaaag atdedirtato graipsadyrdiggdo abitoaderf ad
i nterl eavl n%éﬁ comprisi.ng: placing code bits into

gr oupHuidias i srslethits VIENR eah@ipup AprPTEiRG 9 pighP: ik order for the

: [fs within each group according to a group bit
%?%E#%%r t he given group.



