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BACKGROUND | . Field [0001] The present invention
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specifically to techniques fqr parsing (or

demul tiplexing) data into nultiple streans in a

communi cation system |Il. Background [0002] A
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reliabilit¥. [0003] The S spatial channels nmay )
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C%{uﬁg%ﬁg%%gé\?g di fferent signalto-
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ipatial channel determnes its transm ssion
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dat a ¥ at P r o ALE e n
str egﬁng %ZSR gl?:zgr ry méls ?rg%g n%xgh%%%ér@?fg?&%f@gﬁ? e?: %ngﬁg’ég =2
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different data rat SSQCi d wth different
t(bhﬂé‘?'ﬁl?(gl%eg elrg}clqsrat?c?s &rl\ﬁ{s? $I%e S%]% of each spatia{ channel determines
its transmission capability, which is typically quantified by a particular data rate that

may be reliably transmitted on the spatial channel. If the SNR varies from spatial
channel to spatial channel, then the supported data rate also varies from channel to
channel. Furthermore, if the channel conditions vary with time, then the data rates
supported by the spatial channels also vary with time.

A major challenge in a coded MIMO system is parsing data into multiple
streams in a manner such that good performance can be achieved for all streams. This
parsing is complicated if different data rates can be used for different streams and these
streams can carry different numbers of bits in a given time interval. The parsing is
further complicated if different data rates are associated with different puncture patterns,
as described below.

There is therefore a need in the art for techniques to. parse data into multiple

streams with different data rates.
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Techniques to parse data intosnultiple streams with
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(cEHined by drehumchiee patisar seeddycthet grwdmt he nunmber of
punctpy LE e Shﬁ'fbnt ?Jr ,Pg%f}f\,{%&{tg» m}l‘l'@ﬁu%gs% F%fc’q%‘@%ﬁ %eeéocé rate for

parse cycle Is a w ver ( _
cpelr Stepameate imitiallyadglerntdhed Basey 6h €hd EatORG: ddlsth@Nthr Rat &ream. The

upcture pattern sequence of puncture cycles is
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that, for each stream with multiple puncture cycles, the multiple puncture cycles for that

et

stream are distributed evenly or approximately evenly across the sequence. Several
schemes for distributing the puncture cycles for each stream across the sequence are
described below. The code bits from the encoder are then parsed into the M streams
based on the sequence of puncture cycles, one puncture cycle at a time and in the order
indicated by the sequence. The code bits in each stream are further punctured based on
the puncture pattern for that stream. The M streams are then processed (e.g.,
interleaved, symbol mapped, and so on) for transmission via multiple transmission
channels (e.g., multiple spatial channels).

A receiving entity performs reassembly of multiple streams in a manner
complementary to the parsing performed by the transmitting entity. Various aspects and

embodiments of the invention are described in further detail below.
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then parsed into the Mstreans based on the sequence
wohogunesur e cycl es, one puncture cycle at a tPOE/US®G6/002498
in the order indicated by the, sequence. The code bits
in each stream are further punctured based on the
puncture pattern for that stream The M streans are
then processed (e.g., interleaved, synbol mapped, and
so on) for tmDESGRIPMOMDFiMLEDR?W\;Sm(?%bSS] A
chan | e spatial channels
[0010] rece&'&pﬁéggﬁ‘?q %9Puﬁfé Jfagyamso pEESERINg cptityAnritpeeiving entity.
[0011] StTeqTs. b RhAwIRRARMIEATD) EE;;S}BéJsL‘orta? tﬁe{}?an@ﬁﬁtﬁhggntlt
perfornmed by the transmttl entit ari ous spe
[0012] and didd Bﬁemdsﬂéfshmhewpmquﬂncemoﬁpmodlﬂs wyclee gendrated based on
detai |l bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS
tfvﬁdﬁlg re]ll—tlpérsni %C%S%g ‘a bl ock diagramof a transmtting
[0013] enti tBIGan@héws £pRic¥dsTor ﬁé}fdrﬁﬂn% P8RS Ivifal e n{)&l’l&lﬂg\e@d@S for each

transmt (TX) data processor the"transmttin
sEgameyenly dptrjuted acmss 3maesa¢ydsB show t wo sequences of

unctgifFe ed on two di
e s e R Ay R g b el o B R et
[0015] per f GG G ghgves Aiotigr \ambhdlgieﬁt foul it £a 6atleRSe JfPun (f R X]ck;s,
tream.eyenly distributed across a parse cycle.
00161 7| ¢ TGs %W%feéﬁﬁezﬁ‘%ﬁ%tamce&se? sitheregeisbgeatite of
puncture cycles. [0015] FIG 6 shows anot her
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modulation technique that effectively partitions the overall system bandwidth into

[0017]

multiple orthogonal frequency subbands, which are also called tones, subcarriers, bins,
and frequency channels. With OFDM, each subband is associated with a respective
subcarrier that may be modulated with data. For clarity, the parsing techniques are
described below for an exemplary MIMO systen.

[0019] FIG. 1 shows a block diagram of a transmitting entity 110 and a receiving entity
150 in a MIMO system 100. Transmitting entity 110 may be an access point or a user
terminal. Receiving entity 150 may also be an access point or a user terminal.

"[0020] At transmitting entity 110, a TX data processor 120 receives traffic data from a
data source 112, encodes the traffic data to generate code bits, and parses the code bits
into multiple (M) streams. TX data processor 120 further processes (e.g., punctures,
interleaves, and symbol maps) each stream of code bits to generate a corresponding

stream of modulation symbols. A TX spatial processor 122 receives M streams of
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subcarriers, bins, and frequepcy channels. Wth OFDV
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seleitesmap dnchiit P coniol@son s8deCaMBur8h cgﬁé,ec{:n%o%f déﬁﬁqgoﬂagi‘t check

yrbol s sent by

ich stimates of the nodul ation s
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C%P%\%l?%%ﬁ thetdd® MnSid gﬁ%difhfeng &heS e?%lﬁyi?l%%nﬁenetlsn 91 rate 1/2 binary
convolutional encoder that generates two code bits for each data bit. A parser 220
receives the code bits from encoder 210 and parses the code bits into M streams, as
described below.

M stream processors 230a through 230m receive the M streams of code bits
from parser 220. Each stream processor 230 includes a puncturing unit 232, an
interleaver 234, and a symbol mapping unit 236. Puncturing unit 232 punctures (or
deletes) as many code bits in its stream as necessary to achieve the desired code rate for

the stream. For example, if encoder 210 is a rate 1/2 convolutional encoder, then code

rates greater than 1/2 may be obtained by deleting some of the code bits from encoder



decoded data to a data sink 162. [0022] Controllers
130 and 170 control the operation of the processing
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150, respectively. Menory units 132 and 172 store data
and/ or program codes used by controllers 130 and 170,
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Index | Eff | Rate | Scheme |Sym|| Index | Eff | Rate Scheme |Sym

1 0.5 1/2 BPSK 8 35 | 712 | 64-QAM

0.75 | 3/4 BPSK 9 4.0 2/3 64-QAM

1.0 1/2 QPSK 10 4.5 3/4 64-QAM

1.5 3/4 QPSK 11 5.0 5/6 64-QAM

2.0 172 | 16-QAM 12 5.0 5/8 | 256-QAM

2.5 5/8 | 16-QAM 13 6.0 3/4 | 256-QAM
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3.0 3/4 | 16-QAM - 14 -} 7.0 |- 7/8- | 256-QAM |




parsing, puncturing, interleaving, and symbol napping

may be perfornmed based on control signals provided by
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for data transm ssion. Table lists an exenplary set

of 14 nodes that are identified by node indices 1
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code rate higher than rate 1/2 may be obtained by
puncturing sone of the ratéFabld2 code bits from
encoder 210 based on a specific puncture pattern.
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232 outputs n code bits for each set
convoiytionabenepder0 generstes Bamondertiitsforievery %&atﬁl eltet 6 oBfin the
|ts from

ST B ER Sh Bl RE  Sohaer code it
frohmencoddre2100 d'éhus, puncturing unit 232 deletes 2m —n code bits from each set of
2m code bits from encoder 210 to obtain the # code bits for code rate /7 . The code
bits to be deleted from each set are denoted by the zeros (‘0%) in the puncture pattern.
For example, to obtain a code rate of 7/12, two code bits are deleted from each set of 14
code bits from encoder 210, with the deleted bits being the 8-th and 14-th bits in the set,
as denoted by the puncture pattern ‘11111110111110°. No puncturing is performed if
the desired code rate is 1/2.

The mode selected for each stream determines the code rate for that stream,
which in turn determines the puncture pattern for the stream. If different modes may be

selected for different streams, then up to M different puncture patterns may be used for
the M streams.
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atﬁ (t) } four str ea%v@ FOf stream 1,

for the rate 3/4 puncture pattern of “111001” are used to obtam 12 code bits for two 64-
QAM modulation symbols. For stream 3, four puncture cycles for the rate 2/3 puncture
pattern of “1110” are used to obtain 12 code bits for two 64-QAM modulation symbols.
For stream 4, one puncture cycle for the rate 1/2 puncture pattern of “11” is used to
obtain 2 code bits for two BPSK modulation symbols. The parse cycle includes 56 code

bits from encoder 210.
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puncture cycles for the rate 5/ 8 puncture pattern of
11101 11011" are used to obtain 16 code bits for two
wasere@ddsnodul ati on synbol s. For stream 2, threeT/US2006/002498
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QAM nodul ation synbols. For stream 3, four puncture
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Wi t hich®reved inigiaf®a by @BhiePed B URtributih® Qﬁé‘bmﬁt&:’e cﬂmles for each
shows a process 400 for performng parsing with

StRgc RUpYenEy a3 pessitly agrasththstnaesenaysleenTle dxsmbrurubutoédme puncture
cﬁ%soﬁz os% r}?% @Ql%f %ty&g%n% bé % t | aeldI My va}&%gggxgr s C%’]ﬁ fhe following

rea erm ne

dmﬂpﬁmm exl*thCbrfx&rssdshael\/ﬁ&t r@aﬁﬁcaﬂb' a6s¢riBdd)or MestiRA8 with
. el.g ahed for. each strgam indicates (1) the code rate
npyidalfy sgleptablsmagdes @pd enesprsifieally desohed douithe esamplerwith four

sthe@nsigiensh a3, and (2) the nodul ation scheme for the
stream which determ nes the nunber of code bits per
moduF &t idovhows mtyobedsb 08 faypey formiing gamm@wah chepwichge BRYles for

eagzg &g'ggn% re\menq}el %Js%‘lsbuftgd ac%\éss the':z ngrgé cycle. ehlr1]tlilaHP ?[cheogars%uéy%ijet size for
the M streams is determined based on the modes selected for the M streams (block 410).
The mode selected for each stream indicates (1) the code rate for the stream, which
determines the puncture pattern for the stream, and (2) the modulation scheme for the
stream, which determines the number of code bits per modulation symbol (bits/sym).
The parse cycle size may be determined as follows. First, the number of output code
bits per puncture pattern (bits/pc) is determined for each stream by counting the number
of ones (‘1”) in the puncture pattern for that stream, as shown in Table 2. The number
of puncture cycles per modulation symbol (pc/sym) is next determined for each stream
as an integer ratio of bits/sym over bits/bc. The pc/sym ratio for éach stream is then

reduced so that the denominator is as small an integer as possible. The lowest common



bits per puncture pattern (bits/pc) is determ ned for
each stream by counting the nunber of ones (' 1' ) in

woOhespasosi ure pattern for that stream as ShowRCTMS2006/002498
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Tabl e 2. The nunber of punct ug e cycl es per nodul ation
synbol (pc/ sym is next determ ned for each stream as
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FFige o the sHeam éflfé}tth@mmun?ﬁer hEpunohire aymdzse(blook 4p2)n cTherdd sorted
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leSkspedvely, wherSW angy, h>ave MLl the- So,f.t,L,nLcj,NM punct ure
??/cl esp per parse cycl e, respectlvely whére N1 > N2 >

>AII\|M1@M‘ Povitht Felmoamts lsqbrr{lﬁn@ﬂijckm 43 rwlgere E’ :M/Itﬁehtolﬂél number
bl ock 414 re Tis the tota
o°fy° Y °5taﬁﬁ@ %ﬁ%}?%gl %Pzﬂé‘r Fyqfﬁ st Pexibs copppied as follows:
parse cycle. T may be conputed as follows: MEq (1) J=
1 The Tlenments of array P are initialized by setting
each BFeliBht -to zero (also block 414). An index i is Eq(l)

initialfZed to 1 for the first stream (bl ock 416).
[0037] The Nl-puncture cycles for stream S are then

"I'Hépp%@rﬂeﬁtsl\bf /YA Pabl & AIE@E% eﬁgigaéacﬁ%léj e %‘ zeroa(talso block

these N, - elenents are |str| seven

438k sAmindené isdsialiredey 1Ffof ﬂiecﬁrkt strkah (bI6bk 816‘)app| ng rray
descr.i bed bel o

Each 10 N Aue GElsD B EPnshts o SrP5d S oo lements o

Pt ek ey ehete N lchidnBAdE SistrithtSehLEvth b P
aﬁ’dﬁ vvhetlﬁgr a‘le}N?f/l streans 1hsave been pr e tsj’ %befc Eamy

@2@3 418y Thie manpingrmpy be mhlequhmnvmnuemamers as described below.
BB bf W‘Nieglaﬁﬁ)édoglgmé&g)cbrresponash?o Qﬂe"ﬁl%? g%tyc r}gr stream S;. A

determination is then made whether all M streams have been processed (block 420). If
the answer is ‘No’, then index i is incremented (block 422), and the process returns to
block 418 to process the next stream. Otherwise, if all M streams have been processed,
then array P represents a sequence with the final ordering of the T puncture cycles for
the M streams, where the N; puncture cycles for each stream S; are distributed es evenly
as possible across the parse cycle/sequence. The code bits from encoder 210 are then
parsed into the M streams based on the sequence of T ordered puncture cycles for the M
streams, as described below (block 424). Process 400 then terminates.

FIG. 5 shows a process 500 for forming a sequence of puncture cycles for M
streams. Process 500 is one embodiment of block 416 through 422 in FIG. 4.

The N; puncture cycles for stream S1 (which has the most number of puncture

cycles) are first distributed across the T elements of array P as evenly as possible (block



bl ock 418 to process the next stream Oherw se, if
all M streans have been processed, then array P

woemdseisi s a sequence with the final orderi ngrof/ushme 02498
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puncture cycles for the M strgans, where the
N-puncture cycles for each stream S-are distributed as

: [ h | e/ .
e ARyt ved By S0me SO NERER, fidfoa P EHhE Pifis computed
asfelliwvsst r eans based on the sequence of T ordered

puncture cycles for the Mstreans, as described bel ow
(bl ock 424). Process 400 then term nates. [0038] FIG

5 sho a 457500 for forming a,sequence of

punct)é\ﬁ's’é 5yc eé ero ™M streams.%’ﬁ’%o_c ’s"ﬁo_fs one Eq (2)
enbodi nent of block 416 through 422 in FIG 4. [0039]
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Kk il ab el nt is an array el enent

Sfr E%r{?@érgﬁg'é% ﬁ%lﬁgut%@c}g%n%ﬁp’sasﬁgﬁmﬁ?’r eady storing a

puncture cycle for a stream The "desired" |ocations

in array P for the/f+epmnining Nl1-- 1 puncture cycles

for dyeaky St romgd Efﬁe mput ed fgibf edk .51K) ~13s fol | ows: Eq (3)
KJ =K +round ( J U*Y =1, ... , N -1, Eq (3)

where ks 0 is the index of the array elenent for the

f.irst, pungture c e of streamS/; and s . is the

WS s SRedni SLthE s SR dbr sty pumctiin elerad sream ; and
cycle of. stream S . [0041] The N,. - 1 puncture cycles

f or ?‘sfrfeléﬁ?eéfﬁeﬁlr%‘ﬁéw%t n3gaY & dor e ith puncturg syela of gream S;.

The N; -1 puncture cycles for stream S; are then mapped to N; -1 available
elements of array P that are at or nearest to the N; —1 desired locations (block 518).
For each value of index J, where j=1, ..., N; -1, the j-th puncture cycle for stream S;
is stored in the & -th element of array P if this element is available. If this element is

unavailable, then successive elements on both sides of this unavailable element are
checked until an available element is found, and the j-th puncture cycle for stream S; is
stored in this available element. The successive elements are identified by alternately

incrementing and decrementing ks ; modulo T. For example, elements with indices
ks, ;> ks, ;+1, ks, ; =1, kg ;+2, and so on, are successively checked to see if they are

available.



el enents of array P that are at or nearest to the N, -
- 1 desired locations (block 518). For each val ue of
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cycle for stream$S/ is stored,in the ks j -th. el enent
of array P if this elenment is available. If this
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ggtern1ned as follows. The modul ati on schemes for
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P?rggﬁbéi? THRFSHYBhe | owest conmon denominator is 2 for

the fTRErfoREsaYAMS atd 98rted in descending order based on the number of
puncture cycles to obtain the following sorted order: streams 3, 2, 1 and 4. Stream 3 is

denoted as S; (or S, =3) and has N, =4 puncture cycles. Stream 2 is denoted as S, (or
S, =2) and has N, =3 puncture cycles. Stream 1 is denoted as Sz (or S, =1) and has
N; =2 puncture cycles. Stream 4 is denoted as Sy (or S, =4) and has N, =1 puncture

cycle. If two streams have the same number of puncture cycles, then the stream with
lower index may be selected by the sorting. The sorting provides a permutation or

mapping such that N, 2N, >N, >N, or N, 2N, for i</{, where ie{l, 2, 3, 4}
and £e{l, 2, 3, 4}. The sorting is further such that S, <S, if N;=N,. The total



Streanms 1, 2, 3 and 4 then have pc/symratios of 2/2,
3/2, 4/2 and 1/2, respectively, using the | owest

woamwmioenon nat or, and thus have 2, 3, 4 andP&T/US2006/002498

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

puncture cycl es per parse cyqbe respectively. [0045]
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5@9’ ﬁ#ﬁjag’g nilg gga{]n%p %I’f@%& $tesgms given in Table 3. Process 500 maps (1)

the four puncture cycles for stream S; to four elements with indices % = 0,3,5 and 8
in array P, (2) the three puncture cycles for stream S, to three elements with indices
k=1, 4 and 9, (3) the two puncture cycles for stream S; to two elements with indices
k=2 and 7, and (4) the single puncture cycle for stream S, to one element with index
k=6.

For sequence 310, parser 220 provides the first 4 code bits in the parse cycle to
stream 3, then the next 6 code bits to stream 2, then the next 10 code bits to stream 1,
then the next 4 code bits to stream 3, and so on, and the last 4 code bits in the parse

cycle to stream 2. Sequence 310 provides good mixing of the code bits from encoder
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(0L B20F A PSR P Eifoiion 35 i¥remgiied Bosinobeand the
prcessoriupmsidesclodIB tol1Pthe $8Rd c1&Raf! It dri§ PYVaGHMHIC L cEss 600
cycles within the parse cycle for each Streami 13 7
t‘E‘f‘%ﬁl“?‘lfesconputed as D,. = T/N, -, fgr z=1 , ..., M
I : 4 eac treami is L
i £ F R0 i atibaPb Aol el ng B ooy s pmisign in Table
31 dhetidenl sfacmarbetvadenPunctirddycles f8r Eh sTedm 1 is c];omeputh as A =5,
(block 612). An index k for the T elenents o rray P
K25 1048 i Ao + E®OH tamdz Ay & 10b! ik véddbles DP9&3Hhe Bl | ths may be

val ue of index k, the /c-th elenent of array Pis
iniliplizpdastPeadl i Ph=5/3,D, =5/4,and D, =5.

Table 4 shows the result of the processing for each value of index k. For k=0,

stream 3 has the smallest D; value among the four streams, which is D, =5/4, the
element with index 0 is set to stream 3, or P(0)=3, and D; is updated as
D,=5/4+5/2=15/4. For k=1, stream 2 has the smallest D; value among the four
streams, which is D, =5/3, the element with index 1 is set to stream 2, or P(1)=2,
and D, is updated as D,=5/3+10/3=5. For k=2 » stream 1 has the smallest D; value
among the four streams, which is D, =5/2, the element with index 2 is set to stream 1,
or P(2)=1, and D; is updated as D, =5/2+5=15/2. The processing for each

remaining value of index k is performed in similar manner. For each value of index £,
the stream with the smallest D; value is highlighted by grey shading in Table 4 and is

also selected for the k-th element of array P. If two elements have the same D; value,



the | owest value of D anong the M streans (bl ock 616).

The variable D- for the selected streamis then
wapadwtoeghsby adding D,. to the variable, or D. BCDIS2006/002498

D,. (block 618). A deternination is then made whether

all T elements of array P have been filled (bI ock

r en L ndex,. k

B e TR oeE n3pl Y e B8 Ve B St e B ipde £ may be

folastd 1896 to fill the next element of array P.

O herwi se, process 600 term nates. [0054] Process 600

i s described bel ow for the ,Iex rrgl e wth four streans

given in Table 3. The ideal @g‘%\ i ng between puncture

Cyc|e3 for—each—-stre Lis C nﬁHTPd s;: 1 =5, A2 =
10/ 3, | (¥reamd/ 4, ahd DB = 20 . Tha varj ablgs 0O - for
the fpur sStregns y TN tTatzed —bB—= - =
5/3 %/4 and® D4 é13[005§ Zabj e 20shows t he
resul fre process' rg—For—eachvallue of THdex K

For ki = O , Stredn 3 hathhe smabDsest Dmal e ep‘gapg
the foun sgre rehi —=org e eemgnt—with
i ndex ki cécp n?nl/%q\?r 98&1223 ar ;13 3 ,5 and D3 3I S
updat jed kasl D3 —25]//21 H 5/1&/3: 15/43/4:0r k 51, dtream?2

has tne PR ||‘ —ya-te—apRg—the—gur—sir gh

is D2 =k57 ‘gment> witlh BAdkex [1 i $ set| tol
stregm %,_3)r , and D:1Ig yupdgted as Oz '?‘3—4—
10/ 3 = k 4_st ri%pam 1§§Z.LPt He sr?*al | gst

val ue ar’m#b the7f1¢mr | weitgh i /2 p the
el emgn t ,

and 1(‘73=. nggﬁaglzbl

procgssjrg f gr ¢q¢j~| r
perf rret—rstra
k, tHe &&Tear

: vallue qf iﬁdex
stSBm-vaI uels s 1

hi ghlji ghted By gr A Tapte 4 —and—ts—=atso
“sel edte _T%gr t h]'(% lzyt I O%g}) r 5 I f |t wo2
el emgntk=lsave tirel/zarfe 1@2/ya case oI

k =4 71 Tabte '+, thetr—the—st

index i may be selected first. Table 4 [0056]
[0056] Di ffBuﬁmntswquamwSof%unEhh@&tc%@s %ﬁﬁl ﬁﬁ“ﬁé%&th Cfﬂ%tfn{g%rgfnpuncture

orderings of puncture cycles may be achieve
Stayita Aghieved bainisiphizng the vanalﬂe rRnin dﬁfamrtsmﬁmfs For

e he str th t he nost

“nurb rtﬁ%fV E“gﬂ’%éé rf d(}b & 8c Eeim gh ﬁ’éﬂ&%s Fn?if Paatusefygles and
henga dhe gmalisst lideal sztclu@ mag bet BitREFQ] tPz&80U6 Jitd his st-&R2 more
Welgflte in distributing its puncture cycles evenly across the parse cycle. If variable D;

for stream 3 is initialized to zero in Table 4, then process 600 would generate the
following sequence of puncture cycles: 3,2,1,3,2,3,4,1,3, 2.

[0057] FIGS. 5 and 6 show two embodiments for generating sequences of puncture
cycles such that the puncture cycles for each of the M streams are distributed as evenly
as possible across the parse cycle. The puncture cycles may also be distributed evenly
or approximately evenly in other manners, and this is within the scope of the invention.
Parser 220 distributes the code bits from encoder 210 to the M streams, one puncture
cycle at a time, based on the ordering of the T puncture cycles within the parse cycle,

e.g., as shown in FIG. 3B. This parsing per puncture cycle typically provides good



weight in distributing its puncture cycles evenly _
across the parse cycle. If variable D3 for stream3 is

wonbdeicadiszed to zero in Table 4, then process 800/Us2wb/d02498

[0058]

[0059]

[0060]

[0061]

generate the follow ng sequeglgﬁ of puncture cycles: 3,
2, 1, 3, 2, 3, 4, 1, 3, 2. | 7] FIGS. 5 and 6 show

dj. t,in ces of ncture
b BIRGEL AR b e e B3 SPLETB R Bl RO oo
810.eans are distributed as evenly as passible across

the parse cycle. The puncture cycles may al so be
di st PPH@@ Ogpenplyo éxsg&w( bricadr ity frementyder 31 ththe M streams,

. is i ithin. e th . s
PR BRIt 80 ol Suk ML BB RARRE e O, i ity e pa
eyoiodEor 2dintle frbesd/680 ieRIG. 6 aie Hevingilethented/ ¢4t8 Mtrepresenting

i me, based aon the_ordering of the T puncture cycles
b{iet etrh(g odp Rits fpg |sirearg igpriorato RYRSHAINER instaad Gpthe number of

Pitictur® %]fy§l'b£‘ GorP@FeaRUNCAHLES PCYEhR P iil&?lldeypr roNL 48s fc%r Tyit input
goodper f or mance si nce puncturing i s often designed for
ewleduisun itheeT pudetutsi dysles fonthe M sttesm 1Bach] déh&jt oParaeP is filled

R G P St RY e 6 By Ty et code bis
Bp@Gintoder 010/6J h8 91 Hfredniieras@rish ﬁ%%%déﬂn%@%énﬁfggrrggi)? e

cycle. For exanple, process 600 in FlI .
i mpl eherrthe gxemply with fouwssirearan shown ithdabla P e wimbarde code bits

Rt PUhr SHAER fref Byt pE G e fn colfs, VbondtG, =20,

' d it nt.s f.or. Thit |n ode bits in .
Mher 7 Bubbeur L0 oo oeor” HE L piwhito! cede Rl permame cvele i
f P i illed Wwth one of the Mstreans by
E‘ro%éég Vo I.“%%L:Fgae‘ﬁmgz%“‘teﬁ% (PO it Bt €aeh (SHEATB gt pqmemuted as
f 10 the.M streans based on.the
Brdet Tong iy SRR Py B oSt 68T 1P Bttt of e
f t. h in Table 3, the_ nunber_ of code bits )
18?41%?%?%535 ;urgi 'gil /;}or]‘:jl"%—{*’il‘cfﬁ~ '&'éﬁ]ﬁm@tﬁﬁﬁﬁé’fﬁyil)nlstth@ filled with

I whi ch i bp,t> x =20 , b;t,2 ="' ="

S5 e S i L St s bl 4oy » ven
flepredditd ase§lence DHET,); efbred BRfel Higs ﬁﬁtﬂ’l\@?ﬂrsg QJEIebi lta?%écroZZO then
each streami is conputed as bit / Noit I. ” Variable
meyides te festicaeds bitda the pawsgycyiste torthe stedany dicateddryethi ikt element

g, SRR B PO . ey R g

dndesoMd1st Pexaing, orea @er cadeit Biisié (inttbal Of PErafimciide SHIWMBasis) may
i n Tabl e_ 4. ray P then represents a sequence of Tt )
Hf%‘gP &god @a%fé\%al%@e figder ¢ratagncisqunasiances (g fethe 3ame ade rate is

used for all streams).

Recetving entity 150 performs reassembly of M received streams in a manner
complementary td the parsing performed by transmitting entity 110. The processing by
receiving entity 150 is also dependent on, and complementary to, the processing
performed by transmitting entity 110.

FIG. 7 shows a block diagram of an embodiment of RX data processor 160 at
recetving entity 150. Within RX data processor 160, M stream processors 710a through
710m are provided with M detected symbol streams from RX spatial processor 156.
Each stream 7processor 710 iﬁcludes é symﬁoi demaf)piﬁg uﬁit 712, a deinterleaver 714,

and an erasure insertion unit 716. Symbol demapping unit 712 generates log-likelihood



provides the first code bit in the parse cycle to the

streamindicated by the first elenment of array P, the
weeawndsode bit to the streamindicated by thecsasomd002498

el enent of array P, and so on., Parsing on a per code

bit basis (instead of per puhture cycle basis) nay

provi de good performance under certain circunstances

rétéosg(LLRs) ot keme athsr sepgesepigtiens Hr theepdedsitsf] the defsglgd jsymbols.
’#hggg&l ggeeé% gé(f‘@%l?ﬂlﬁ c‘é‘éés ﬁ%ohl&ﬁhg&(f OEimb %gc‘i"egﬁf@éﬁ{ﬁ QfonM( 1)ora

earrB ement
ZBRY E0NY Deﬁﬁe(i’leﬁﬁéi ’11}4 deinter eavies It]ﬁEgLERBIfby thlel@ode'lht?s in a manner

L TN T TN AT N -
ban%ﬁstu}% n‘gsﬁﬁelb&}ohﬁ“ 174Q, u{s?l%s Lhashile® fof BEMRe ablltél ﬁﬁﬂfctured by

I agram o ment o dat a pr OCGSSOI‘
puactanng mgiteX30i a4t trahSDittinvg ety 18 dsw argsnccesedilR @tal,ue f 0 and

ream 10a t hr h 7 i\ded wi

RBBERERBGTE OB oL POLHEIFAONY Pk SR A0 b dctdste (1) since
rbAfforfatbh RneFEEN B pas@ired &8ad BIE Mif@sisdob iraaitted.
demapping unit 712, a delnterleaver 714, and an

[0062] er asuﬂxe‘easageblm wht 120 rece1ds thy ity ERmpM Hiyeam procesgers 7102

[0063]

[0064]

[0065]

%—é:@ﬁ{l’at l\?eslltrle!élrﬁ df eg%sel%éle% ?ﬁalttlﬁfexgsogfﬁ ? togﬁ)ﬁts into one

Yr@@ﬂ’@ stre-ﬁﬁﬁmlaLrRaﬁI@E c glbm%ﬁidﬁy i the pﬁdingqieﬁbrrhd?tbby parser 220 at
i kelihood of the code bit being a one

t(ﬂl@m}ttm@énwelrlpeéa%mms thsi W%%@am FPea dpgeder ﬁo Decoder
dgﬁgggs Blet B RO flﬂ tﬂ@g&gl@oﬁ@@e?{fﬂeﬁ{ erﬁarﬁfér t(:Bﬁlplementary to the

|nte eavi ng perforne I nterl eaver
dncediagipetformgede by iehyodei @10 Bt asnsmitiings attttydﬂOLamndtprmlaes decoded

I nserts er res fo the ts cture A .
dstincDesadet e smplesent p SR b st o fiepyS i s g gonvolutionsl
?Ik Ire is an LLR value of 0 and indicates equal
e

I hood of a punctured code bit being a zero (O)
or a ]Fmecléﬂ‘t)y gienpassing techindgues thavn bﬁ@n Ressvibed &or ¢ fate 1/2 binary

unc ch is n r a 6
GG 55T oo oo o ndy ARG op BT Vbt b Plgfinct oo
PTOHBTOEE, Semlm&j bde0n Blvck 6ds, ﬁﬂd sd bﬁ: M streans,
reassenbl es or nultlplexes t hese ouﬁguts into one

conpobha pargmgégqhnilque& hepmplse beempeserbed sonya MIM@ system.  These
@%ﬁh 1c8 d‘H%{ ];1% es ?% iP 3P borfanfhtidd gf&?éﬂé Ed aﬁgleecﬁt fedi¥mitting

ovI e conposite strea oder
mdlipldasadrrvid ﬁﬁhltciﬂe: ﬁ'dmmtshm thaRaelsn A trensoosg@schagnel may be a

streamin a, manner I ement h, ' .
it Bnelp NEBIRYIE. Aect s BenEPN Sysgm. o spatial
AngnAoOVi 689 dRHARRAN a MIMO-OFDM system, a code channel, and so on.

The parsing techniques may be implemented by various means. For example,

these techniques may be implemented in hardware, software, or a combination thereof.
For a hardware implementation, the processing units used to perform parsing at the
transmitting entity may be implemented within one or more application specific
integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGASs), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or a combination thereof. The
processing units used to perform the complementary reassembly at the receiving entity

may also be implemented within one or more ASICs, DSPs, and so on.



data. Decoder 730 may inplenent a Viterbi decoder if
encoder 210 is a convol utional encoder. [0063] For

woleoeior9os1t he parsing techni ques have been deseCcThsenos/002498

[0066]

[0067]

for arate 1/2 binary convol utional code. These
t echni ques may al so be used fldr various other codes
such as a Turbo code, an LDPC code, a bl ock code,  and

SO o nFOT[WQMaTGFﬁHﬂ%@@W@ theqiapring tsehmigiies naayshs igwdsinented with
h
A500EL 1%, bRl ELtaL o SR LSRR IRl Wi

ligréins mhbtsbﬂgfamdddb$)hﬁy$brs&ﬁas iva memolry umlt ée. g memory unit 132 or
transn1ss on Chann A transj ssion

TARHD: dh h EFSeRIR DS RO Sy CoRTEE D ol knd e emory

hich

Su%g%x?: ﬁéfﬁérﬁéﬁ v@thﬁpﬁ‘fe ﬁ%gﬁ%?}?g‘céﬁ% tg n’cﬁgfpr&fessor in whic

@ase it[ca0 ®E]cofﬁhmnpatlselygzou}dc¢1 tri e psoasespr via Vamole meansedb is known
by vari ous neans. For exanple, these techni ques nmay be
nﬁb fdfented in har dware, software, or a conbination

t her ephe prePloudd BFHNGH 6F theBisEIIBIL et oAinedtO R (REEEESHI dhgble any
units used to performparsing at the transmtting

ravean; skilipsyinde arfi mwaksmprBsOife Broset ieveptionp Various modifications to

D) PR b AR Bl iy LR e s

Iﬂﬁlﬂssidmed eeteiie afy BSRIPplied for ﬁbﬁr&mﬂﬁﬂhﬁeﬂt@ gulmodiedldpaﬂmg from
PLDs), field programmuabl e gat ﬁ arrays, (FPGAs),
él@@ewéﬁrsgopec%fﬁih@ anyegtien. rhhgs.ghe rsed lpg?nélon 15 not intended to be
HEPRS Ocﬁﬁ %ﬁfﬁ odim&ttd §hoywh %}e{)ﬁ) :Pu@ b iR destdraetiet Ridest scope
per ormt uncti1 ons descri ereln, or a
consistenawithnhe prévcgaés anfhevpl fogtess idinglosed beremsed t o
performthe conplenentary reassenbly at the receiving
entity may al so be inplenmented within one or nore
ASI Cs, DSPs, and so on.[0066] For a software
i npl enentation, the parsing techniques may be
i npl enmented with nodul es (e.g., procedures, functions,
and so on) that performthe functions descri bed
herein. The software codes may be stored in a nenory
unit (e.g., menory unit 132 or 172 in FIG 1) and
executed by a processor (e.g., controller 130 or 170).
The nmenory unit may be inplenented within the
processor or external to the processor, in which case
it can be comrunicatively coupled to the processor via
various neans as is known in the art. [0067] The
previ ous description of the disclosed enbodi nents is
provi ded to enabl e any




person skilled in the art to nmake or use the present

i nvention. Various nodifications to these enbodi nents
woizbde/oagost eadi | y apparent to those skilled in PO®USRI0E/002498
and the generic principles dﬁ% ned herein may be

applied to other enbodi nents t hout departing from

the spirit or scope of theﬁ#@ﬁ@@ ion. Thus, the

present invention is not to be limted to the
WHao ki demks ishown herein but is to be accorded the

wi dest scope consistent with the principles and novel
features disclosed herein. CLAIMS What is clained is:

1. A gyretho icatjon system.
conpr?gingg' %?ﬁfaﬁzEanggﬁgﬁig 0 Snﬁﬁﬁﬁi%“%ytr %mnggk

a pl ufoatinlrtgya eéquehdccafpurrtied cidlad forf@ﬁiluﬁﬂﬁﬁ of bt &P dtich Rhat, for
e puncture cycles

ti cycles, the pulti
raaiﬂ Sflp éﬁﬂé%&ﬁ%ﬁ%@ﬁ%@d@%ﬁwe SHneipisr yRlefdelethy stream
YRGS} DEREOLRRRTY S bW o SUFCRE: et cvols;
o t he sequence of puncture cycles. 2. The gt hodf of
claiml,. further .c ri sing: determnin er o
punct RFEng §8‘ﬁ h'%‘{si IH%gtBB gflg@ﬂwg piLeayy bas ﬂn sefigence of puncture
Sfclsal ity of streans based on nodul ati on schenmes and
puncture patterns used for the plurality of streans.
3. The nethod of claiml, wherein the form ng thﬁ
sequeqice r rises ordering t he
pl Sra |tyohtleoryln{rﬁé§r?§d%¥ﬁg’e§%t§ﬁrg‘ip P¥er based on
n unbedet@mipiup @uthber 6y oycl@siah ﬁfrsel HRrlePlor eadhl dMthOblurality
reans, and distributing one or nore puncture cycles
‘? CEHE i?a qupodlatron schomes andy prEcEEe Rattesrmesed Ferrthe phwality of
gﬂg&@xinately evenly across the sequence of puncture
cycles. 4. The nethod of claim3, wherein the
distributing the one or nDre puncture cycles for each

of t L¢R§ af order treans conpri ses
but i

di str tﬂicftitirne rre@ rformigg the, gsapergs of puncture
@E&kc&ﬁﬁﬁgﬁ of puncture

ordering the plurality of streams in descending order based on number of
puncture cycles for each of the plurality of streams, and
distributing one or more puncture cycles for each of the plurality of ordered

streams evenly or approximately evenly across the sequence of puncture cycles.

4, The method of claim 3, wherein the distributing the one or more
puncture cycles for each of the plurality of ordered streams comprises
distributing the puncture cycles for a stream with most number of puncture
cycles evenly or approximately evenly across the sequence of puncture cycles, and
for each remaining stream in the plurality of streams,
mapping a first puncture cycle for the stream in a first available location
within the sequence,
determining desired locations for remaining puncture cycles, if any, for
the stream, and '
mapping the remaining puncture cycles, if any, to available locations in

the sequence that are at or closest to the desired locations.



cycles evenly or approximately evenly across the

sequence of puncture cycles, and for each renai ning

weoenowamdasn the plurality of streams, mappi ng aPETMSR2006/002498
puncture cycle for the streaniin a first available

| ocation within the sequence,fﬁeternining desired

| ocations for remaining puncture cycles, if any, for

the stream and mappi ng the renai ni ng puncture cycl es,

if any, toTRyaldiatd 6r biepal %éreiir[‘tﬂehﬁnﬁﬁ%utﬁg %@quLeg@é of puncture

are at or_ closest to the desired | ocations.
p¥alesrgnwtised ai m 1, wherein the forming the sequence of

punct | es. co i.ses determ ni spaci et ween .
et e P bR SR UL R B0 0 ety or
sineng| &id i buting a plurality of puncture cycles for

the plurality of streans based on the spaci ng between

punct %@bélyeg @_ﬁ)l‘f‘r@]fitymmf% ﬁ?ﬁle%for'rh%phlﬁtliﬁp @f streams based on
&Je%}gmiég béméflﬂglﬂ}chl}éc 184 fot ?%ﬁ%:spgaﬁlhe plurality of

puncture cycle or the plur of streans conprises
initializing a variable for each stream based on the

spaci pg for, the _stream d.for each location in the
sequ efice o{rh‘bﬁ’l‘?&oﬁh" ‘3%‘8%2 avhey b ‘{;Wh't}m@ the pluaityiof puncture
ay&&%iﬁébmghtp%féﬁémﬁmngﬁfste@bl e among the plurality

| ca

of streans, ling the | Ion in the sequence wth

a puniitipligingyactasiablerfor ¢rshistteamy bised dnshe spaning forcthe stream, and
updathgg éhﬁ vPrLa le for thf i dentified stream based

on t he" SEAORAIOIP e SEINTRSH O PYEHE E¥ESin 7. The

met hod of feledlifyink, a fsttedharite @EMAlIR I ehlue RGOk Rriable among the
traffic data in accordance with a rate 1/2

E@ﬁ@%ﬂ9ﬁ$ﬁﬁ§${code to generate the code bits. 8. The
met hod of ﬁili?l'gn}h%’ 10cHidd" S8 9 "Roheiel Iwith a puncture cycle for the

identified stream, and

updating the variable for the identified stream based on the spacing for

the identified stream.

7. The method of claim 1, further comprising:
encoding traffic data in accordance with a rate 1/2 convolutional code to

generate the code bits.

8. The method of claim 1, further comprising:
selecting a mode for each of the plurality of streams, the mode for each stream
indicating a code rate and a modulation scheme to use for the stream, wherein different

modes are selectable for the plurality of streams.

9. The method of claim 1, further comprising:
puncturing the code bits in each stream based on a puncture pattern for the

stream.



selecting a node for each of the plurality of streans,
the node for each streamindicating a code rate and a

wonadisloiasason schene to use for the stream wher eCD/US2006/002498

different nodes are selectable for the plurality of
streams. 9. The nethod of clatdn 1, further conpri si ng:

puncturing_the code bjts . in each stream based on a

punct m'e pg%?%’leﬁmg&fc lg heORRPTISTE et hod of

cl ai r h8 ki i AQ: ' :
{T?r%cesfsﬁ{ 18 pl&%ﬂ% bf b@&rn@f&ét?aéﬁn@;lo}lhﬁag% Hfuﬂlit% §>|f spatial

of streans for transm ssion via urality spat
chranelel s. 11. An apparatus in a conmmuni cati on system
conprising: a controller operative to forma sequence
of puncture cycles for a plurality of streans such

that, 1for AaGRp&hfuS &M WerhimullehlidPdyRteRH B6hPFiEnEYC! €s,
the nmultiple puncture cycles for the stream are

di st r # isonieelles\pparaliveto sppr 8xparenes pf pyeating cyclesder 2 iphurality of

SEAENE Hap S b7 e PuBRUB B The il frmcture
tyutessforithe Reeard brendisteibutee eoatty 6Sapplakimhtety PR @reks 1R sequence

c%)gli m 11, wherejn the controller is further operative
PEPWBICHE? CYRe: idiral ity of streams in descending order

based, ‘ﬁgrls&u St toﬁggﬁ]%etr Mt v Gh@Sme ?}ﬁmﬁﬂ%{%&?ﬁ%ﬁﬁ%ase on the

and to distribute o nmore puncture cy or eac
sdquetanm of pendtyrearycleppr oxi mat el y evenly across the
sequence of puncture cycles. 13. The apparatus of
claim1l, wherein the controller is further operative

to detgrm mge m&r&gopmﬁe@n WHAEIURE cEMAIIRS if REth8AG rative to
of the plurality of streans, and to distribute a

prdar teinlyrabity ¢fistesrms én dgsserding order fesed| amr minbey offpuncture cycles

.L.h ' b I
T T T T A y—-

pprotiatatety el Eacigss tsegieRdRr paRiickyes.t 0 encode
traffic data to generate the code bits. 15. The
apparatus of claim11l, wherein the controller is

oper ai:},.ve e ﬁ;gda?zﬁ:\gs 6’? Hgﬂ? li,o&zh @1?1%9 Eoﬁ ?le{) !lsuﬁl?llhéll %pderative to
of streans, t node for each stream i ndicating a code

determine spacing between puncture cycles for each of the plurality of streams, and to
distribute a plurality of puncture cycles for the plurality of streams based on the spacing

between puncture cycles for each stream.

14.  The apparatus of claim 11, further comprising:

an encoder operative to encode traffic data to generate the code bits.

15.  The apparatus of claim 11, wherein the controller is operative to select a
mode for each of the plurality of streams; the mode for each stream indicating a code
rate and a modulation scheme to use for the stream, wherein different modes are

selectable for the plurality of streams.

16.  An apparatus in a communication system, comprising:
means for forming a sequehce of puncture cyéles for a i)lurality of streams such

that, for each stream with multiple puncture cycles, the multiple puncture cycles for the



rate and a nodul ati on schene to use for the stream
wherein different nodes are selectable for the
wohowearoasy of streanms. 16. An apparatus in a PCT/US2006/002498

comuni cation system conprising: neans for formng a
sequence of puncture cycles £br a plurality of streans
such that, for each streamwith nultiple puncture
stgehese distibutad eveplyeormppeaximatelyevesly #cspsstthe sequerge effpmcture
distrihuted evenly or approximtely evenly across the

%ﬁe e of puncture cycles; and nmeans for parsing
code fhédns fonpAsihfeodd bitadntd heqilmslityesigreams ddsedror the sequence
sequence of puncture cycles. 17. The apparatus of
ofipaneiesyclgBer ei n the means for formng the sequence
of puncture cycles conprises neans for ordering the
plurality of streans in descendi ng order based on
nunbel7. of Thenatparatuscofadlam 6@ wheash thef medrs fpt foreling the sPquence
streans, apd neans for distributing one or nore
‘&PNE‘F'&‘}F%"YG&EI"@@F’F‘W each of the plurality of ordered

St r eafiBaRVENderg RPN TR 8hrdan@Ma He¥ceAin 9Bder BEsed on number
sequence of puncture cyclés. 18. The apparatus of

of painotufsts yclels dpmdanh ofi therpburalityfod stréasnsyi t he sequence

of punct ur ycles conprises neans. faqr er.m.ni .
epac REBde SR TRE P o B JER e hieh Toreth It plusaity of
Hasred sirbamPdvesity GapproxanselyRaasly horosdiihs kéquetts efpuacture cycles.
plurality of puncture cycles for the plurality of

streans based on the spacing between puncture cycles

for each stge I [ .
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oRnecakecycs coopeisés ts. 20. The apparatus of claim 16,

further copprising: nmeans for selectin de f.or .
each BPansHeEr fiFien iw%crm%{»?t@amuﬂchge ycles Roeagieffhe plurality
§1t§t1%§1'i‘i‘s,ieﬁ‘ﬁi cating a code rate and a nodul ati on schene

to use for the stream wherein different nodes are
sel ectaiisefof distrittuting layplaralityyofafunstureeyedes fon thesplwiatityoef streams

Blscl 3 Bl 9935 Betolbef QT A GR FoR RVt COMPY T ST NG:

19.  The apparatus of claim 16, further comprising:

means for encoding traffic data to generate the code bits.

20.  The apparatus of claim 16, further comprising:
means for selecting a mode for each of the plurality of streams, the mode for
each stream indicating a code rate and a modulation scheme to use for the stream,

wherein different modes are selectable for the plurality of streams.

21. A method of parsing data in a communication system, comprising:

forming a parsing sequence indicative of an order for parsing code bits into a
plurality of streams, the parsing sequence being formed to achieve shortest possible runs
of code bits for each stream based on coding performance and further to distribute the
7shortést possible runs of code bits fdr each stream évenly or approximately evenly
across the plurality of streams; and

parsing the code bits into the plurality of streams based on the parsing sequence.



form ng a parsing sequence indicative of an order for

parsing code bits into a plurality of streans, the
woaowingissequence being forned to achi eve shor PETUS2006/002498

possi bl e runs of code bits for each stream based on

codi ng performance and furthé? to distribute the

shortest possible runs of code bits for each stream

evenly or approximtely evenly across the plurality of

stre ; j j iniq.the plurality
of s??gangﬂ%ggggﬁgEg%%ggggﬁgﬁ%%héggtgﬁgé.22. The
met hodet@inining iapuadtpre pattetnefor empstreshngid determi ning a

puncture pattern for each strea ng.determ njn he
Shor t SRETEIEE B OFGHPOSTIORAHES ) ?@e?bafﬁ %_%ra%{ﬁ% St hrsed on the
RAF6S of Bu%ﬁ@cd&l‘é'm@ iin Bk pRHER paBBdEoPIEStrkdn t he

puncture pattern for the stream 23. The nethod of
claim 21, wherein the shortest possible runs of code

bits r each strea r.e f.or .one cod it. 24.. A X
et hotof - TERTELIB S et a YIRFIn EBHGHFL ReRaHe Sy oo bt
£ BRAH Sttehfd aré RrdhnBdodk iequence of puncture cycles for

a plurality of streans such that, for each streamwth

mul ti pl e puncture cycles, the multiple puncture cycles

for the SUASAMML St ALALLLAN £, BeRl b BlicARAI S Bhiising

evenl y 'across sequence puncture cycles;
I eas sfmibinghg s&puehed 6f puncaurlcviclad fdrya plaralinpof sisdanhesadieh that, for
based on the sequence of punc%#%e cles to for

&

n
BASh Feas ViR FRUGP1S PHARSIS Cyolss. g aanﬁﬁrecqyagﬁg%ﬁhe stream
. . r‘ .
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gekcendi ng order based on nunber of puncture cycles

for each of ..the rality of. streans,, and . disiributin

one. orBREIPRAERLRS 18 pol gy BRUSTRREE B 1 sejfence of
pﬁn&ﬁé@?ﬁs& RUHRREE ofpRIdtea ofaPRbEKI mat el y evenly
across the sequence of puncture cycles. 26. The net hod

of claim 24, wherein the form ng the sequence of
PUnC e Al BB SRRt P LRSS e
cycles comprises

ordering the plurality of streams in descending order based on number of
puncture cycles for each of the plurality of streams, and

distributing one or more puncture cycles for each of the plurality of ordered

streams evenly or approximately evenly across the sequence of puncture cycles.

26.  The method of claim 24, wherein the forming the sequence of puncture
cycles comprises

determining spacing between puncture cycles for each of the plurality of
streams, and

distributing a plurality of puncture cycles for the plurality of streams based on

the spacing between puncture cycles for each stream.

27.  The method of claim 24, further comprising:
inserting erasures in each input stream based on a puncture pattern for the input

stream.



streans, and distributing a plurality of puncture

cycles for the plurality of streans based on the
wepeawingisbet ween puncture cycles for each strefar/uR7006/002498

The nmet hod of claim 24, further conprising: inserting

erasures in each input streamased on a punct ure

pattern for the input stream 28. The nethod of claim

24, further conprising: decoding the output stream of

synbo in | t tanal code to

obtai%édecggggggg?ggggghZ%Hﬁg%%g%gbgghgg a

comudemdingahe syiptitstreasoofryntiotsyin aacardaiceobitlea convolutional code
(ﬁgat ive d%g form a sequence of puncture cycles for a

BF tainidecedse dater eang such that, for each streamwith

mul ti pl e puncture cycles, the nmultiple puncture cycles

for the streamare distributed evenly or approxi mately
evenl ¥9.acr dsppiratus digy epromupicapemssisiens copplisivg: and a

reassenbl nit operati.ve to reassepble.synbols dn a .

pl ur a? icP]ﬁ/l%%l i °rﬁ’ﬁbat%vi ?‘? AP 2 SETEHCS, ﬂ%ﬁ‘é%%q%‘ﬁé 5"%? Plurality of
Bludd@isiiueh €hat| 5 eiddh JtRham wiith ahiltié pehdteBytles, IHerlligple puncture
30. The apparatus of _claim29, wherein the controller

Pxclespler theisrearn grodigiaibuied evenly prapnrgxigrtaly pesnhsaqress the sequence
ggéﬁﬁﬂgh@gﬂg§q§& based on nunber of puncture cycles
or each st

réam and to distribute one or nore
punct areasssndile snit operethedtogtassanble wgimnbyls i a plurality of input streams

roxi mately evenly across the sequence of punctur
Biterl n thosseaudtis oL BpGtUE GEClst oo gt 981D of Sompofs.

controller is operative to determ ne spaci ng between
puncture cycles for each of the plurality of streans,
and t 80di stfhe lpparatas of gleathi 3% vdferqiu et comdrodlge iseapefagive to order

he plural bty of streans,.bas n the s I ng. bet ween
BBt o) el B SGRMRIT DB B Sor AR, MGG Protes for
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Insertion unit operative to Insert erasures In each

PPFOEintelE grsnhnaaassdhe seqpenretod pengrrelcdelesf or t he i nput
stream 33. An apparatus in a conmunication system
conpri si ng:

31.  The apparatus. of claim 29, wherein the controller is operative to

determine spacing between puncture cycles for each of the plurality of streams, and to
distribute a plurality of puncture cycles for the plurality of streams based on the spacing

between puncture cycles for each stream.

32.  The apparatus of claim 29, further comprising:
at least one erasure insertion unit operative to insert erasures in each input

stream based on a puncture pattern for the input stream.

33.  An apparatus in a communication system, comprising:

means for forming a sequence of puncture cycles for a plurality of streams such
that, for each stream with multiple puncture cycles, the multiple puncture cycles for the
stream are distributed evenly or approximately evenly across the sequence of puncture
cycles; and 7 7 7 7 7

means for reassembling symbols in a plurality of input streams based on the

sequence of puncture cycles to form an output stream of symbols.



means for form ng a sequence of puncture cycles for a
plurality of streans such that, for each streamwth
woubdeiopdosi punct ure cycl es, the multiple punct ureTagedoes02498

for the streamare distributed evenly or approximtely
evenly across the sequence 0ﬂ4puncture cycl es; and
means for reassenbling synbols in a plurality of input
streans based on the sequence of puncture cycles to
for m g OURoalab BHPCHimSATRElS: ddnpriliig. apparat us of
claim 33, fur ﬁér conprising. means ¥or nserting
er asumeansifor imagting epsires ir esairyas stieanmbased on @tpuneture pattern for
t@?tte%n for the input stream 35. The apparatus of

JFONE 8%8Ca0L - ¢ her conpri sing: means for decoding the
out put stream of synbols in accordance with a rate 1/2

convol utional code to obtain decoded dat a.
35.  The apparatus of claim 33, further comprising:

means for decoding the output stream of symbols in accordance with a rate 1/2

convolutional code to obtain decoded data.



