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Background

[0003] Orthogonal frequency division multiplexing (OFDM) is a technique for
broadcasting high rate digital signals. In OFDM systems, a single high rate data stream
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
improve 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
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inserting a guard interval of appropriate length at the beginning of each symbol.
Accordingly, OFDM systems that use QAM modulation are preferred when multipath
conditions are expected.

[0007] In a typical trellis coding scheme, the data stream is encoded with a
convolutional encoder and then successive bits are combined in a bit group that will
become a QAM symbol. Several bits are in a group, with the number of bits per group
being defined by an integer "m" (hence, each group is referred to as having an "m-ary"
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
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[0015] FIG. 4 shows a channelization diagram in accordance with an embodiment;

[0016] FIG. 5 shows a channelization diagram with all one’s shifting sequence resulting
in long runs of good and poor channel estimates for a particular slot, in accordance with
an embodiment; and

[0017] FIG. 6 shows a Channelization diagram with all two’s shifting sequence
resulting in evenly spread good and poor channel estimate interlaces; and

[0018] FIG. 7 shows a wireless device configured to implement interleaving in

accordance with an embodiment.



accordance wi th an enbodi nent. DETAI LED DESCRI PTI ON [ 0019] In an enbodi nent,
a channel interleaver conprises a bit interleaver and a synbol interleaver.
Fi gure 1 wbauss/diszyot ypes of channel interleaving schenmeecTBsRivssehesres use
bit interleaving and interlacing to achieye nmaxi mum channel diversity.
[0020] Figure | a shows a channel interleaver in accordance with an

enbodi nent. Figure Ib shows a c J i1 accordance with
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i nterl eaved b .which are jnput into constellation synmbol mapping bl ock
156. Const eﬂ‘?dgﬁfg hg%f?i%@ 13‘58960%%‘6? g IBEHtpEFPlecl@Wé]@é\rln&blosﬁ 184.n Bt
mapped Dbits intéddasthedbRck Nt ol j i 9R: Rl - 158. Channel.i.zation
bl ock 158 crllrémnel [ zggs. tche cogsﬂtagfgl g@%g%sdyéﬁ%’l Qf&ﬁ?e@?@&é@d%?tcsontsjg{lfﬁtbonan

i nt er | eaved SYRbelr mappingablock ah@h. dy Ganitellationt synitcdr inapsingaiplpiio gl 066 Quepes

tputs OF 62. [,0023 it. Interleaving for. nodul ation diversit
Fgoggu STheD%‘?%%gé‘?/e%y‘%‘f‘hf F&Bl’% | Bitsy s W Cbi 19 RN dnle; qgnstelption éﬂﬁb@vey
nodul ati on diterdsasinigy blotke 108de Qbistelhfian Oéyn%&u'irhé}(laég@{h%tetgl%ﬁce 108t 8§ﬂpﬁﬁved

in such a pattern that Iitgll acent code bits ‘are mapp ifferen
constel | ati ewsg%}]ﬁﬁgtp Sympely inéstleaytde bits dto channelization block 110. Channelization

block 110 interlaces the constellation symbol interleaved bits using an interlace table
112 and outputs OFDM symbols 114.

[0022] Figure 1b shows Turbo coded bits 152 input into bit interleaving block 154. Bit
'interleaving block 154 outputs interleaved bits, which are input into constellation
symbol mapping block 156. Constellation symbol mapping block 15 outputs
constellation symbol mapped bits, which are input into channelization 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.



2m Ary nodul ation, the N bit interleaver buffer are divided into NNm

bl ocks. Adj acent code bits are witten into adjacent bl ocks sequentially
and t hen woeossaast7out one by one fromthe begi nning of the/usedser7ive the
end in the sequential order, as shown ig Figure 2a (Top). This guarantees
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buffer 204 in accordance with an embodiment. Figure 2b is an illustration of bit

interleaving operation in accordance with an embodiment. Code bits of a Turbo packet
250 are placed into an interleaving buffer 252 as shown in figure 2b. The interleaving
buffer 252 is transformed by swapping the second and third columns, thereby creating
interleaving buffer 254, wherein m=4, in accordance with an embodiment. Interleaved
code bits of a Turbo packet 256 are read from the interleaving buffer 254.

[0026] For simplicity, a fixed m=4 may 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



colums, the code bits within each group are shuffled according to a group
bit order foreach given group. Thus, the order of four groups of 16 code
bits aftewvohesengsdpstri buted into groups may be {1, 5, @cTABR00EA27166 10,

14} {3, 7, 11, 15} {4, 8, 12, 16} using agsinple linear ordering of the
groups and the order of the four groups o? 16 code bits after shuffling may
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Intra | nterl ReesSWappmg rews pneplumns wouldrisodiegrestive &B6 of thixciatrhigesup shififfAg.
interlace are interleaved in a bit-reversal fashion. [0031] Between or
Inter Interlace Interleaving: In an enbodi nent, eight interlaces are

interleaved (0028 hitérl¢avedIfRrlabesdy PéquenPdRlerdity Woul d be apparent to those
skilled in L@g rt that the nunber of subcarriers can be other than 500. It
woul d al so %fip‘ar A5prdance Mbeans embpdignant, theechanneltinterleavee usesvieerl@ived

interlaces Gaprh& 940 i - Not e_t.hat since 500 is not power
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reducedSet Bi t Rev(int, .n 0035] { [0036] int mrexponent(n); [0037]
vect oKi nt > ff%i%?gf‘gﬁéﬁ)f"%v Si(int i=0, j=0: i<n; i++j++) [0039] { [0040]
int k; [0041] for (; (k=bitRevO ,m)>=n; j++); [0042] y[i]=k;
[0030] - Within or Intra Interlace Interleaving: In an embodiment, 500 subcarriers of
an interlace are interleaved in a bit-reversal fashion.
[0031] - Between or Inter Interlace Interleaving: In an embodiment, eight interlaces are

interleaved in a bit-reversal fashion.

[0032] It would be apparent to those skilled in the art that the number of subcarriers can
be other than 500. It would also be apparent to those skilled in the art that the number
of interlaces can be other than eight.

[0033] Note that since 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; 1++j++)

[0039] {

[0040] intk;

[0041) for (; (k=bitRev(j,m))>=n; j++);
[0042] ylil=k;

[0043] }

[0044] return y;



[0043] } [0044] return y;[0045] } [0046] where n=500, mis the smallest
integer such that >n which is 8, and bitRev is the regular bit reversa
oper at i orwo[20@d5278he synmbol s of the constell ati on synmbectasqusneaoof a
data channel is mapped into the corresponging subcarriers in a sequential
linear fashion according to the assigned slot index, determ ned by a
Channel i zer , [oo45) Ng thg interlace table as is depicted in Figure 3, in
accordance wth an enbodi nent. [0048] Figure 3 illustrates an interl eaved
interlace table in accordance with an enbodi nent. Turbo packet 302,
constel | ation synbols 304, and interleaved interlace table 306 are shown.
Al so shown dP@46] rivhere ac003 nf B0BY smakese irtegee such(BA0F, >ihiwidteis®, and BRIV
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the schedul édterdddd6 73B2R2)t he sl ot index reserved for the Pilot 408. The bold

faced entries are interlace index nunbers. The nunber with square is the
interl ace ad]4¥efit 21 gmppdigent 9e evhefdhe eight intexdaces igowed forpilot fi.ec Htermdce.

2 and Interlace 6 is used alternatively for pilot. As a result, the Channelizer can use
seven interlaces for scheduling. For éonvenience, the Channelizer uses Slot as a
scheduling unit. A slot is defined as one interlace of an OFDM symbol. An Interlace
Table is used to map a slot to a particular interlace. Since ei ght 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 0 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



[0051] The nunber surrounded with a square is the interlace adjacent to the

pil ot and consequently wi th good channel estimate. Since the Schedul er

al ways aswogoes/asrbunk of contiguous slots and OFDM synipolrasscesazdas a

channel, it is clear that due to the intgr-interlace interleaving, the

contiguous slots that are assi gned to a data channel WI I | be [napped to
sconti nuo | ac c VRL an hen

achi ved. [ 058 TPIRE @0 ERcontis PSR MBI BeRdnty 4Bl galy G e be

physi cal mtaelmbmde mappi ng tabl e 1 does not change over ti me) does suffer

one proble ' I f_a data channel assignnent bl ock (assum ng

rect angul ar )loogék%’pﬂlwst%’ e fhis; $iTHE esSEINSPhibe-s the plat jtobysigel einteslase glm@ntgo t he
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different interlaces at different tine. gure

channel i zat tabif @Gragrdvding the Bilot llﬁﬁéﬂctg) &hmeFIhM %:métvlc@FD%s;hmbam i n I ong
d e rti.cul ar
ocor dance. OSSERARY 5 B8A0RRhe SRLARL SEn e dnd REAclty Hipfactua? het Bixa 1 or

the schedul @FDBGsyattsl.t ThisStobbmiensie¥ess RIS d@&EohOthd RE:iP] in%rlaéé’%ss@hﬁém
symbol i ndex 4 is shown_on the horizontal axis. [0055] However, it 1Is
noti ced thaPr(’g’ Dsl-Gr & PIEIGULAR el 15MaRRSA: Iondidiezent rinterlaces eat diffetenty OFDM
channel est i\R8ASin{e0! | oOwed by long runs of interlaces with poor channel
estimates in contrast to the preferred patterns of short runs of good
channel est [0884]leFignteeh| stows amhaahnirzatlmmmlsagndmlwiﬂgrdlla@ﬁs sv\slﬁﬂﬂxﬁgoﬁqix&{wnna
esti mat es. hef ure | ace .that is adjacent to the pilo
interlace |§e5\"}i{fl§é%l %W%OE&&%‘?&H ROUTHFRRE) pstigatep, dor %H@‘*‘Pﬁﬁ%d@&@%da atnﬂ

h t n e
poor channehccofdahé@ et &I hibBdinicht.! Figie 2 shbd ttHe”Elo?Srgfg&@ ?&f‘gﬁﬁ t?g

all one's sequence. There are nmany sequences can be u
task. The stahpdder SQetndethe slat dndarearesdrved fov'tle Bidotue eSloi syenbol umx&maadm er

interlace t%'“ﬁ] dnsthé nblfléo%galtay(\fsce

[0055] However, it is noticed that slots are assigned four continuous interlaces with

good channel estimates followed by long runs of interlaces with poor channel estimates
in contrast to the preferred patterns of short runs of good channel estimate interlaces and
short runs of interlaces with poor channel estimates. In the figure, the interlace that is
adjacent to the pilot interlace is marked with a square. A 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 1s the all two’s sequence, i.e., the Scheduler interlace table is shifted 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.



i nstead of once per OFDM synbol. The result is shown in Figure 6 which
significantly inproves the Channelizer interlace pattern. Note that this
pattern repeatsoisyery 2 x 7 = 14 OFDM synbol s, where 2 ipeTiuseooBiokTabe
interlace staggering period and 7 is the annelizer interlace shifting
period. [0056] To sinplify the operation at both transmtters and

receivers, a sinple_ for a c¢an.be used to determ ne the mapping from sl ot
to interl acqoy] d@?‘\i&%%ﬁﬁ%’%@ﬂ‘ﬁ%ﬁ@ The Schedul er sl ot table does not
i ncl ude the‘,@e}é)t slot.[0057] i="{{ - ((R )+ - o} where [0058] = ~is

t he nunber o mtez\)g eg used for traffic data scheduling, where | is the

total nunbed®®Bl i nt'eT f aceis thy woBbgr of intexjaces used for traffic-data sohethulitigy gvhieteel

pilot interliageothSndaifr! e index that Slot s at OFDM synbol t maps
to; [0060] t1 ~€6?t&1,sq--, rbp{n?elrris?@%she OFDM synbol index in a super frane,

where T is ot ¢ {ynér1pf S |s.in,a fr 2: [0061] s =2 " ' '
'S~ 1 st[‘lmsggt he slot index %g;la(}aﬂgs% ?Jg’%f)ﬁléltetﬂgf%il lsﬁtgﬁ'b‘g?rllwl egtthat §16f062)
i s the nunberat OFDMisyrhsolpeiapOkd)M synbol ; [0063] is the reduced-set
bit-reversal operator. That is, the interlace used by the Pilot shall be

h
excl uded fr@oeohe bF{:lrevlrdak teporan epmbbORES] iFx s Franld) wiRrEThOHiTENt |
Slot-Interlace mappi ng fornul a becones [ 0065] -

1=8, R=2. The correspondin I
= W{(7 -((ﬁal)wbeﬁoggf%’?sm%]nW@Péz;corresponds to the follow ng

table: 0 > => 4.215>.2¢0§6.3 =>1 4 =5
?00%1] 21,7728 Ii51s the slot index where S is the total number of slots;

[0062] - R is the number of shifts per OFDM symbol;

[0063] - R’ is the reduced-set bit-reversal operator. That is, the interlace used by the

Pilot shall be excluded from the bit-reversal operation.

[0064] Example: In an embodiment, I=8, R=2. The corresponding Slot-Interlace

mapping formula becomes
[0065] = RY7-((2x)%7)+ s -1)%7}

[0066] where R’ corresponds to the following table:

x= R'{x}
0=0
1=4
2=>2o0r6
31
4=5
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.



[0067] > 7 [0068] This table can be generated by the foll ow ng code: [0069]
int reducedSetBitRev(int x, int exclude, int n) [0070] { [0071] int
nrEexponenyOnpos/@sBEDM synbol index in a superfrane instead/uskoosm2acd rane

gi ves additional diversity to frames si rbce t he nunber of OFDM synbols in a
frame in the current design i s not di vi%i bl e by 14.[0072] int y; [0073]
for (int i=0 = i <=x; i++, j++) [0074] { [0075] for (; (y=bitRev(j,

m ) =excl ud@07}]++) [BY5] } [0077] return y; [0078] } [0079] where me3 and
bitRev is eyregul a A raty on. [0080] For OFDM synbol t=I1,
Pi | ot usesfolhnt]erl acefoé%gl'lhgejrr%{)gﬁxg@ﬁg we)en Slot and Interl ace becorres

[ 0081] Sl of0074]jmaps td interlace of ' 7 2 x 1 7 + 1 >=7 ; [0082] -Slot 2
maps to in ace of ' 2 [0083] -Slot 3 maps to
interl ace tﬁ%‘/] (2 | %7 +£°§( y_mec-V(hm))[_Cfﬁ@Z‘fle J?bt 4 maps to interlace of
7 (2 X %067 1 7}— ) =2 . [0085] -Slot 5 maps to interlace of t 7 (2
>< %7 +51 =3 =1, [0086] -Slot 6 maps to interlace of t 7 ~1 %7 + 6
1 7 =} =5[007T]10087] reBIrBtYy; 7 maps to interlace of 717 +7 17 =5=3

[ 0088] The uIt| ng mappi ng agrees with the mapping in Figure 6. Fi gure 6
shows a Ch n lizdtion diagramwith all two's shifting sequence resulting
in evenly spread good and poor channel estimate interlaces. [0089] In

accor dancejgoir$]hwhsre@ned dhdBiiRev Rithé fighlat B Y&rerdabspdrittonf ol | owi ng f eat ures:
[0090] The bit interleaver is designed to taking advantage of mAry

nmodul ati on

[0080] For OFDM symbol t=11, Pilot uses Interlace 6. The mapping between Slot and

Interlace becomes:

[0081] - Slot 1 maps to interlace of SR'{(7 —(2x1D)%7 +1- 1)%7} =R{6} = 7 .

[0082] -Slot 2 maps to interlace of R {(7 Zx1)%7+2~- 1)%7} R{0} = O
[0083] -Slot 3 maps to interlace of ® {(7 (2x11)%7 +3~ 1)%7} R{l} = 4
[0084] -Slot 4 maps to interlace of R {(7 2x11)%7 +4- 1)%7} R{2} = 2
[0085] -Slot 5 maps to interlace of R {(7 (2x1)%7+5~ 1)%7} R{3} = 1
‘ [0086] -Slot 6 maps to interlace of R {( (2x11)%7+6~ 1)%7} R{4} = 5
[0087] -Slot 7 maps to interlace of R {(7 (2x1D)%7+7- l)%7} =R{5} = 3

[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.



diversity by interleaving the code bits into different nodul ati on synbol s;

[ 0091] The "synbol interleaving" designed to achi eve frequency diversity by
| NTRAI nt ewbao/d1sd7er | eavi ng and | NTER-i nterl ace i nterl ererngo0500024
Addi ti onal frequency diversity gain and channel estinmation gain are

achi eved by changing the slot-interlacelhapping table from OFDM synbol to
OFDM synbol . A sinple rotation_sequence is proposed tq achieve this .

goal . [ 0093]0083)y Figurey 7s Haphess & wrﬁléFSegewa%\ﬂoeggwsﬁftpgmrgernﬁr& Intgsleawivgt in

| nterleavipg. i gl 3¢ GOt %C&%gg]ﬁrﬁeﬁp s "BeRfce, Wf@!)xglgﬁségeéﬂ. Gfted P 704,

conpri ses an ant enna exer 706, a receiver 7 atransmtter 710,
processor ddRexanfOayeareecyivéld 408 Paocanssitter 711, i poccagab? 12, aind pmeforyni/ v

romor y 714 FRSESSSE T SRS ATb e At BETGTRH (FCleoT B o FROFTRFS S8 g EABPGRET 009a)
Those of sk} L})ri)&_sgct}e7 B LisedOmkRoHN g4 Shalffelabr dRfaOstARbiré tperfoingNial s may

be represented using any of a variety of different technol ogi es and
t echni ques opétanomsxanpl e, data, instructions, commands, information,

signals, bi nbol s...and.chi ps that . referenced . hout .t he
above desc#@%?k§‘° 95%%EP%HFé§§HP8@‘Bvbv%Wﬁggﬁé?E€§?%§h?@?&gﬁg%3? BSanet i ¢
waves, nagpéirésentel Chsitse Qhy [T 4 ivatiey, oD diffeant feckidisgiey apdtéddiqe®s. OForany

conmbi nation thereof. [0095] Those of skill would further appreciate.that
the vari ousxamplaseatat ingauctigns, commandskmformstionesignals, hitsi $3anbods, and)|cansi t hm

st eps descgﬁateerﬂ%* heC RGO hBut BE %ﬂégx%d H%P%:ﬁorg'rﬁﬁj eseRohSlRly iRy be
i npl enent ed as ectroni c hard e, conputer software, "or cohbi natlons of
both. To clvehidey, durtenst elatteorhdpinstic Maees; heaggetidbfi¢lids yr pdrtitlas,chpticd feedds or
software, varjous illustrati.ve_ conponents, blocks, nodules, circuits, and
steps have PRRIEISqusmycomgmation thegoferal Iy in terms of their functionality.

Wiet her  suGghobARbiLBaIskilY world TRHUGIEMpRLIAS thar ey LicRs iBRdtes qogaeaends
upon the particular application and design constraints inposed on fhe

overal | sydlaeks, Skidhlesd caetisszmd algyrithap|seapsndesctibedddi ceanbeatiohumdthi dieal ity
0 Y09 Rl SRS S SRR lbare e PBA TR O
of the presggmarleN\6eHohfbhations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
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



[ 0096] The various illustrative |ogical blocks, nodules, and circuits
described in connection with the enbodi nents di scl osed herein may be

i mpl ementwo 2006/asx7Hor med wi th a general purpose processecr/is2aisgetiaé si gnal
processor (DSP), an application specific integrated circuit (ASIC), a field
programuabl e gate array (FPGA) or ot herlzpr ogrammabl e | ogi ¢ device, discrete
gate or transistor |logic, discrete hardware conponents, or_any conbi nation
t her eof deBIGARIOCESSOISePHEPIIIPIFEMICTRREPTESTRES Hb SR NEAN thed PSP CasR T aaYy

pur pose prQﬁﬁ?%ﬁﬁchH £idh. M croprocessor, but in the alternative, the
processor may be any tonventional processor, controller, mcrocontroller,
or state NMEORTINEhe Astppsoofssometimyg at sdgdyghmmdesmibed et asnectombwithit then of
conputi ng devices, e.,g., conbi natjon of .a .DSP and ] Croprocessor, a
plurality WM@WBFO@%@%&S‘}“%H@W LWF@’OmeQr@WgXéggﬁ{ngvqrﬁ @o%f?ﬁ‘@?ﬁeon

W th a DSPAiR exBbutdd Yy Qliielesficdt iR ANlontBifon T the RAS 7] Alfavatefpatle a

nmet hod or al gorithm described in connection with the enbodi nents di scl osed
herei n mayny msibledire RAMr swmoyy,i Mlashamismeery, ROMa mestariia EER@GMuimemexscut ed

by a proce r in a combination.of the twg, sof dul e
Ceside in %MJPW% 5%%@?{&%%’@,‘1‘ rﬁ%’%\é@? @R&?@n@@@éﬁﬁ%
Menory, regirfi 6f sforaf@medithSknoveh naA®¥ADIAR dlefilplarf stoxge@ddimn iasyupldder form

of storage medi um known in the art. An_exenpl ary storage nmediumis coupled
to the prothesprosessercsich e prosessersenn readh infarpationt FEomandbWrite HRIMIHEN @i t e

informatiop t .ora ' . ' the: e di um
may be int ([ahge r %?ra%g??%%ﬂﬁ'r g@e{sfiggdrl&m]aﬁg&pélggé@é%er%{a%ﬁwE%aysl{;% Pgé 5larrg)d}h?ri may
reside in procASbE. Thé prod&isor amd/ theesirdge medianumay résideninnal ARIC.t ke ASIC

alternative, the processor an he storage dium may reside as discrete

conponent sMay reside By 2 pssf ﬁ‘?rﬂ‘é‘i‘a?' F‘D&?éﬂﬁtefﬂ‘? \ E@P%@S&%M%ﬁ%ﬂfgwe@ﬁw&

di scl osed H&?Q@éiﬁ@&%s&r&e%ﬂ bilad iha BAABIEnANY person skilled in the art
a3 185 . ] ;

to make or e present 1hvention. Various nodifications to these
embodi ment §0088] Thb pravemd idescriptipmofilie disslasedembedimentsds providad taenableaany t he

generic principle ef ined herein may.be applied.to her e I_ent
o thout aeBaSPY GRS BbERE 1€ Fdke e Bre L Grathy nFsuiof s AT ISR R
present i nyRRt eRBoditmeRRt willbendenly bppadént ltd hdse @killed il €hecarh QAU TRE enesizown
herein but is to be accorded the w dest scope ) ) )

principles defined herein may be applied to other embodiments without departing from

the spirit or scope of the invention. Thus, the present invention is not intended. to be

limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

[0099] WHAT IS CLAIMED IS:



consistent wth the principles and novel features disclosed herein. [0099]
WHAT IS CLAIMED I S: CLAIMS 1. A nethod for interleaving, conprising:

i nt er| eawsoudwnaszvers of an interlace in a bit reversalcirasbisnz7iand
interleave the interlaces in the bit reversal fashion. 2. The net hod of
claim1, wherein the bit reversal fashidd is a reduce-set bit reversa
operation if the nunber of subcarriers is not a power of two. 3. The nethod
of claim2, wherein the nunber of subfebAMM& s is 500. 4. The nethod of
claim 3, wherein the number of interlaces is eight. 5. The nmethod of claim
1, wherein the interleave subcarriers of an interlace in a bit reversa
fashi on i nvol ve%mﬂﬁdﬁgrﬁx}mrteaﬁsg,afonmrisbugst el l ation symbol sequence into
corresponding sybcarriers in a equeng al near f %r%on a cording to an

assi gned sl ot i AB&Reayg;sHBcagriers Af & i C?H’o‘? { reyersy) E&A8r configured to:

interleave subcapfeligdve R 1n?é?labé'§1‘ﬁrt111@l§i?rév@rs§1 ﬂﬁkﬁloﬁ eversal fashion; and
interleave the interlaces in the bit reversal fashion. 7. A processor,

conprising: neans for interleaving subcarrlers of an interlace in a bit

eversal 1 doni onheameROR corlpRL T KA ) I SRR 5P I Sfee it g

conpri sing reté?ia%béiﬁt{éﬁ\ﬂtﬁdlxhﬁﬁﬁd&bﬂﬁxﬂac@:fnmsInet £pdwEfitRoa bl t reversal
fashion; and interleaving the interlaces in the bit reversal fashion.

3. The method of claim 2, wherein the number of subcarriers is 500.
4, The method of claim 3, wherein the number of interlaces is eight.
5. The method of claim 1, wherein the interleave subcarriers of an interlace in a bit

reversal fashion involves mapping symbols of a constellation symbol sequence into
corresponding subcarriers in a sequential linear fashion according to an assigned slot

index using an interlace table.

6. A processor configured to:
interleave subcarriers of an interlace in a bit reversal fashion; and

interleave the interlaces in the bit reversal fashion.

7. A processor, comprising:
means for interleaving subcarriers of an interlace in a bit reversal fashion; and

means for interleaving the interlaces in the bit reversal fashion.

8. A readable media embodying a method for interleaving, comprising:
interleaving subcarriers of an interlace in a bit reversal fashion; and

interleaving the interlaces in the bit reversal fashion.



