1 PARSER AND PUNCTURI NG FOR MULTI PLE DATA STREAMS | N A COMMUNI CATI ON
SYSTEM BACKGROUND | . Field [0001] The present invention rel ates
generally to comruni cation, and nore specifically to techniques for
parsing (or denultiplexing) data into nultiple streanms in a

comuni cati on system Background [0002] A rmul ti pl e-i nput

mul ti pl e-out put (MEMO) comruni cation system enploys multiple (T)
transmt antennas at a transmtting entity and nultiple (R) receive
antennas at BARSER ANDPUNCTURING FOR A i $ ANS 1NN
formed by the T transmt antg _
deconposed into S spatial cf L u T, R . The S
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spatial cheHHBENRHOB B¥Le®”| channel , then the supported data rate al so
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conditions vary with tine, then the data rates supported by the

spati al chmnelsaokgmnuary with lime. [0004] A major challenge in a
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Cote it & P prdl anitet L e SoBhert Gie SO R St BRunRRRNT uh
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parsi ng sequence is fornmed to (1) achieve the shortest possible runs

of code bi f&pppred Exbn foMaryivER iMut e t he runs of code bits
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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 pattems,
as described below.
[0005} There is therefore a need in the art for techniques to. parse data into multiple

streams with different data rates.



each streamare initially determ ned based on the data rate sel ected
for that stream The nodul ati on schenes and code rates for all M
streans are used to determ ne a parse cycle and the nunber of

punct ur e wgesen79er each streamin the parse cycle. APBEUSHIEHREB |
a w ndow over which parsing is perforngd, and a puncture cycle is one
instant of a puncture pattern. A sequence of puncture cycles is
fornmed for the M streans such thatsmh streamwith multiple
puncture cycles, the multiple puncture cycles for that stream are
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[0009] - ‘A receiving entity perfortis 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.



4 nodul ation synbols from TX data processor 120, nultiplexes in pil ot
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streans of transmt synbols to T transmtter units (T
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applicable) to generate data chips, amd further processes (e.g.,
converts to analog, anplifies, filters, and frequency upconverts) its
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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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modulation symbols from TX data processor 120, multiplexes in pilot symbols,
performs spatial processing as appropriate, and provides T streams of transmit symbols
to T transmitter units (TMTR) 124a through 124t. Each transmitter unit 124 performs
OFDM modulation (if applicable) to generate data chips, and further processes (e.g.,
converts fo analog, amplifies, filters, and frequency upconverts) its data chips to
generate a modulated signal. Transmitter units 124a through 124t provide T modulated
signals for transmission from T antennas 126a through 126t, respectively.

[0021] At receiving entity 150, R antennas 152a through 152r receive the T transmitted
signals, and each antenna 152 provides a received signal to a respective receiver unit
(RCVR) 154. Each receiver unit 154 processes its received signal and provides a
stream of received symbols to an RX spatial processor 156, RX spatial processor 156
performs receiver spatial processing (or spatial matched filtering) on the received
symbols from all R receiver units 154 and provides M streams of detected symbols,
which are estimates of the modulation symbols sent by transmitting entity 110. AnRX
data processor 160 then processes the M streams of detected symbols and provides
decoded data to a data sink 162.

[0022] Controllers 130 and 170 control the operation of the processing units at
transmitting entity 110 and receiving entity 150, respectively. Memory units 132 and
172 store data and/or program codes used by controllers 130 and 170, respectively.

[0023}) FIG. 2 shows a block diagram of an embodiment of TX data processor 120 at
transmitting entity 110. Within TX data processor 120, an encoder 210 encodes traffic
data in accordance with an encoding scheme and generates code bits. The encoding
scheme may include a convolutional code, a Turbo code, a low density parity check
(LDPC) code, a cyclic redundancy check (CRC) code, a block code, and so on, or a
combination thereof. In an embodiment, encoder 210 implements a 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.

10024} M stream processors 230a through 230m receive the M sireams of code bits
from parser 220, Each stream processor 230 includes a puncturing umit 232, an
interleaver 234, and a symbol mapping unit 236. Puncturing unit 232 punctures (or
deletes) as many code bits in its stfeaim 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
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210. Interleaver 234 interleaves {or reorders) the code bits from puncturing unit 232
based on an interleaving scheme. The interleaving provides time, frequency, and/or
spatial diversity for the code bits. Symbol mapping unit 236 maps the interleaved bits
in accordance with a modulation scheme and provides modulation symbols. The
symbol mapping may be achieved by (1) grouping sets of B bits to form B-bit values,
where B =1, and (2) mapping each B-bit value fo a point in a signal constellation
corresponding to the modulation scheme. Each mapped signal point is a complex value
and corresponds to a modulation symbol. M stream processors 230a through 230m
provide M sireams of modulation symbols to TX spatial processor 122. The encoding,
parsing, puncturing, interleaving, and symbol mapping may be performed based on
_ control signals provided by controller 130.
[0025] System 100 may support a set of modes for data transmission. Table 1 lists an
exemplary set of 14 modes that are identified by mode indices 1 through 14. Each
mode is associated with a particular data rate or spectral efficiency (Spec Eff), a
particular code rate, and a particular modulation (Mod) scheme. In Table 1, BPSK
denotes binary phase shift keying, QPSK denotes quadrature phase shift keying, and
QAM deuote_é quadrature amplitucie -J:mdulation‘ The data rate for ear;h mode is
determined by the code rate and the modulation scheme for that mode and may be given
in units of data bits per modulation symbol. The number of code bits per modulation
symbols (bits/sym) is also given for each mode in Table 1. The code rate and

modulation scheme for each mode in Table 1 are for a specific design.

Table 1

Mode | Spec | Code Mod |Bits/| | Mode | Spec | Code Mod  |Bits/
Index | Eff | Rate | Scheme |Sym|| Index | Eff | Rate | Scheme |Sym

1 o5 ]| 12 | BPSK 8 | 35 | 712 | 64-QAM
075 | 34 | BPSK 9 | 40 | 213 | 64-QAM
10 | 12 | QPSK 10 | 45 | 3/4 | 64-QAM
1.5 | 34 | QPSK 11 | 50 | s/6 | 64-QAM
20 | 12 |16-QAM 12 | 50 | 58 |256-QAM
25 | 5/8 |16-QAM 13 | 60 | 3/4 |256-QAM
30 | 3/4 |16-QAM. 14 -} 7.0 |- 78 | 256-QAM |
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[0026] As shown in Table 1, seven different code rates are used for the 14 supported
modes. Each code rate higher than rate 1/2 may be obtained by puncturing some of the
rate-1/2 code bits from encoder 210 based on a specific puncture pattern. Table 2 lists
exemplary puncture patterns for the seven different code rates given in Table 1 for a
particular consiraint length k=7 convolutional code. These puncture patterns provide
good performance for this convolutional code and are identified based on computer
simulation. Other puncture patterns may also be used for the supported code rates for

this convolutional code and also for other convolutional codes of the same or different

constraint length.
Table 2
Code Rate FPuncture pattern # Input Bits | # Output Biis

i72 11 2 2
7/12 11111110111110 14 12

5/8 1110111011 10 8

2/3 1110 4 3

3/4 111001 6 4

5/6 1110011001 - 10 6

7/8 11101010011001 14 8

[0027] For an m/n code rate, there are n code bits for every m data bits. Rate 1/2

convolutional encoder 210 generates 2m code bits for every m data bits. To obtain the
code rate of m/n, puncturing unit 232 outputs # code bits for each set of 2m code bits
from enéoder 210. Thus, puncturing unit 232 deletes 2m —n code bits from each set of
2m code bits from encoder 210 to obtain the n code bits for code rate m/n. The code
bits to be deleted from each set are denoted by the zeros (‘0”) in the punciure 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. .

[0028] 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
tﬁe M streams. |
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[0030] Parser 220 performs parsing on a group of code bits from encoder 210. A parse
cycle is the smallest window over which the parsing is performed and cofresponds to
one group of code bits from encoder 210. The parse cycle size (or the number of code
bits in each group) is determined by the modes used for the M streams and is selected
such that the same number of modulation symbols is generated for each of the M
streams. As shown in FIG. 2, puncturing is performed after parsing in order to readily
support the use of a different mode for each siream. The parse cycle size is thus further
selected to include an integer number of pimcture cycles for each of the M streams, so
that puncturing can be properly performed for each stream. The parse cycle includes at
least one puncture cycle for each of the M streams,

[0031]) For clarity, parsing for a specific example is described below. For this example,
M =4 and four streams are transmitted with the modes given in Table 3. In this
example, the parse cycle includes a sufﬁc-:ient number of code bits from encoder 210 to
generate two modulation symbols for each of the four sireams. For stream 1, two
puncture cycles for the rate 5/8 puncture pattern of “1110111011” are used to obtain 16
code bits for two 256-QAM modulation symbols. For stream 2, three puncture cycles
for the rate 3/4 puncture pattern of “111001” are used to obtain 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 fo
obtain 2 code bits for two BPSK modulation symbols. The parse cycle includes 56 code
bits from encoder 210.
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[0027] For an m /72 code rate, there are n code bits for every mdata
bits. Rate 1/2 convol utional encoder 210 generates 2m c&de l% ) %gr
every m dXQ2%§978081T4 optain the code rate of min , puhCVE?? F@““& t
232 outputs n code bits for each set 8§ 2m code bits from enooder
210. Thus, puncturing unit 232 deletes 2m- n code bits from each set
of 2m code bits from encoder 210 to obtain the n code bits for code
rate min. The code bits to be del et €tekbladm each set are denoted by
the zeros (L Q) in the puncture pattern. For exanple, to obtain a

code rate of 7/12,| two_code |bits are dglgkeait 1 WrsatHitsS Ptz Py code
bits from engpdel P10 Maf t h |t heCeflel et pd ng&%lbei ngaﬁé}e 8-% 334-t h
bits in the set, as &ermed by Ree pupgiyre.patts i L 110" .
No punct ur iHag—-s—perf-orned-if-the desired CO ra@n}:lc 142 170028]iThe

node sel ected Tor e@SH-GAMeam déf®er m hes 2be cqde rite for that
stream whiTh T tur i ne e punctyre patrtergr o the, Stream
| f different des %m | ec?é4 for difPererdt stfeams| th up to
M different puncturesngianer ns mays be Usedifor tthe Mgstreans. 4 WO
2006/ 07908 EPETHUS2006/ 002498710029 Parser—228—parses—the—code—bHt S
from encoder 240 ijnt oBFME Mistrdérs ih a ranner| to 3chieVe the
followi ng objectives: Mx the code bits fromencoder 210 across the

M streans as much as possible so that the small est possible run (or
cl ust 8052lof coddChPisshrws detequange efpunckire exples 300 generated based on stream

index. For sequence 300, parser 220 provides the first 20 code bits in the parse cycle to
stream 1, then the next 18 code bits to stream 2, then the next 16 code biis to stream 3,

then the last 2 code biis in the parse cycle to stream 4. Sequence 300 is easy to generate
but does not provide good mixing of code bits across the four streams since the puncture
cycles, and hence the code bits, for each stream are next to each other in the parse cycle.

[0033] Improved mixing can be achieved by distributing the puncture cycles for each
stream as evenly as possible across the parse cycle, The distribution of the puncture
cycles across the parse cycle may be achieved in various manners. In the following
description, various processes are first generically described for-M streams with
individually selectable modes and then specifically described for the example with four
streams given in Table 3.

[0034] FIG. 4 shows a process 400 for performing parsing with the puncture cycles for
each stream evenly distributed across the parse cycle. Initiélly, the parse cycle 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 moduiation 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 pattera (bits/pc) is determined for each stream by counting the number
of ones (‘1°) in the puscture pattern for that stream, as shown in Table 2. The number
of puncture cycles per modulation symbol (pe/sym) is next determined for each stream
as an integer ratio of bits/sym over bits/p'c. “The pc/sym ratio for e;-ach stream is then

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



Support different nodes for the Mstreans. [00301Parser 220 perforns
parsing on a group of code bits fromencoder 210. A parse cycle is
the smal | est wi ndow over which the parsing is perfornmed and

cor r esporid® 2005/089981 gr oup of code bits from encoder 21FCTH20054024E
cycle size (or the nunber of code bitsgin each group) is determ ned
by the nodes used for the Mstreans and is selected such that the
sane nunbefendmingefortheGBdk¥d Bk En rSiod FHEAIBNE shrdaffs i€ 864 deferhingd MIhe
streams. As shown in FIG 2, puncturing is performed after parsing in
order to rRuUsH jatie foxreck strogm ig Shenaepreseried neps e lowert common denemiratetam
The parse e Sl ' H | : e ' [

number of hrerTReR EuE N fatol Mol S G kfioded of HEloHAE ol BOSE
punct ur i ngsteeams lfer mreqpesel oyclee rAmexaampld for detanhinigribaparsd blonrdesribyd| e
i ncl udes a% | east one puncture cycle for each of the M streans.

[0031] *For "8 ¥y i ty, parsing for a specific exanple is described

bel owjooBsyr t hi STiRX@EReAns MeFheft 581160 BaReH orSthe ARiBerd bEpidcARS BYclds T6k eikh h
the nodes given in Table 3. In this exanple, the parse cycle includes

a suffici ebffeefudiBeringleseeadiag wrdes fram fhecHisamcvitlp thy mest nebpenghre

nodul ati on r a

punct ar e oS0 {5 sl 76 b tead REmb @SE pRlcb R Ies Bl A0 Thdy MBS
used to obstedams ke dendtedlas 85 Sh,ar., Bwand®bde GAMED dUNgpuachug\cytied ger phae
stream 2, three puncture cycles for the rate 3/4 puncture pattern of

"111001" af¥lgEspectiyelynvbsrd M2 Node- M Nusefies thesqring4- QaM nodul ati on

synbol For stge - rethe t.e.2/.3 punct ure
at otg 11 % fere Bt oBARRlS For R G Ment TSRl
modul at i onofyibtukscycles forsliMatteains i e patss elele.cT taylbe cobmputed as follows: 1/ 2
puncture pattern of "11" is used to obtnin 2 code bits for tw BPSK
nodul ati on synbol s,, The parse cycle includes 56 code bits from
encoder 210. W /079081PCT1US20061002498 8 Table 3 Streamg/@(jl)
Schenme Code Rate #-{ode Bits before Puncturi ng # Code Bits after
Puncturing # Puncture Cycles/Parse Cycle 1 256-QAM 5/8

The T elements of array P are initialized by setting each element fo zero (also block
414). Anindex i is initialized to 1 for the first stream (block 416).

[0037] The N; puncture cycles for stream S, are then mapped to N; available elements of
array P such that these N; elements are distributed as evenly as possible across array P
(block 418). This mapping may be achieved in various manners, as described below.
Each of the N; mapped elements corresponds to one puncture cycle for 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 as evenly
as possible across the parse cycle/sequénce. 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.

[0038} 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.
' [0039] . The N; puncture cycles for stream S; (which has the most number of puncture

cycles) are first distributed across the T elements of array P as evenly as possible (block
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[ 00321FI G 3A shows a sequence of puncture cycles 300 generated based
on streamindex. For sequence 300, parser 220 provides the fi)'st 20
code bi t sWD20g6/2908hr se cycle to stream 1, then the nexRCTIB8AW4Y ¢ s
to stream 2, then the next 16 code biti® to stream 3, then the last 2
code bits in the parse cycle to stream 4. Sequence 300 is easy to

gener at e bA10)d Tk neytbepchievelichygtathg 8 i Noarady ctatktdtiadvigdadiosoinheted
four streans_since the puncture cycles, and hence the code bits, for
each strea?ﬁ@ﬁ%‘”ﬁext to each other in the parse cycle. [00331

| mproved m xi ng can be achi eved by distributing the puncture cycles
for each stream as evenIE aSJ possi bl e across the parse cycle. The

di stribution of k¢ he rputidc el gycl es acrpsg=the..pal,sd cycle my ®e@)

achi eved in various mann In the foll owi ng description, various
processes are first generically described for Mstreans with
I ndi vidual |y se| ectabl e nodes, and then specifically described for the

exanpl e w ﬂ%ﬁﬁe ns & e dndexptas, atray stemend for the gdh ppngtese cxole pdwieam Sy
process 400, f.o8 ahory 13 Ay B Tounddh v in Rquaton (gjnCt U e cyeles for

[0040] The N; puncture cycles for each of the M—1 remaining streams are then

distributed across the T elements of array P as evenly as possible, one stream at a time

and in descending order from streams S; through Sy. The index i is set to two for the

next stream to process (block 512). The first puncture cycle for stream S, is mapped to

the first available (or non-zero) element of array P (block 514). An available element is

an array element that contains a zero and is not already storing-a puncture cycle for a

stream. The “desired” locations in array P for the remaining N, ~1 puncture cycles for

stream S; may be computed (block 516), as follows:

kSnJ' =k51.0 +round (%J L for j:}_, ey N;‘ -1 » Eq (3)
-
where X , is the index of the array element for the first puncture cycle of stream Sy, and

ks, , is the desired location in array P for the j-th puncture cycle of stream S.

[0041] 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 kg ,-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 ideniified by alternately

incrementing and decrementing #; ; modulo T. For example, elements with indices
ks, ;» K, ;+15 kg ; =1, kg, ;+2; and so on, are successively checked to see if they are

available.



each streamevenly distributed across the parse cycle. Initially, the
parse cycle size for the Mstreans is determ ned based on the nodes
selected for the Mstreans (block 410). The node sel ected for h
stream i nUPEMOPBY) the code rate for the stream Minﬁ%éfog’P&F?%es
t he puncture pattern for the stream 4&ahd (2) the nodul ati on schene
for the stream which determ nes the nunber of code bits per

modul @O4Bn synikhe fiiml tiséatipn) for The jparmactatec bels infay badefetniled evithoned
as follows, .First. .the nunber. of o ut code bits,per puncture
ot tor (o g e by OB 58 ek g o, Mg tding
number of @R§Bihk rendainder idrbatr MG dihiR tH T efe (L1135 2 BLili 4
shown in Table 2.reThe erl;u er o puné(‘:it ure?q'/}g{ggdc pgrrﬂodﬁ?g??ggf&egyﬁrbol

(pc/sym imat8vds tBehet RipRGdntepér V%ﬁﬁf}'or_sirﬁﬁr@xﬁipfé!‘if"ﬂ“é?@%ﬁd ML D tRén
bits/symover bits/pc. The pc/symratio for each streamis then
reduced so[whaf=thergepan ﬁﬁin@éget givide oINBIN, 210/BNie&S! qatieRTS flda
The | owest common WD 2006/ 079081PCT/ US2006/ 002498 9 denom nator for
the reducedmpmieyof tawhioh i§ Osss ahdn N2 eanso e qexentd®ieprivided as The
pc/symratio for each streamis then represented using the | owest
comon dendesiretblbeation.T Fer unky i iotegerf dividé b 2 NI 4]+ 028/ 3 bives 4 gubtieat &f 6 he
nunbers of puncture cycles for the Mstreans for one parse cycle. An
exanpl e f candde remainder 0§ 12hwhizhris equaldbd N g2 @ csa the dyubtitmivi pfud @88 fisThe
M streanms are then sorted based on the nunbers of puncture cycles for
each st r eabfpvidedyps the desited losptiinng order fromthe streamwith the nost

nunbe punct t.0 ,L]%-ﬁi i | @a ’p'!épf f
punct [?Pg]cycl es Itﬁoéé% gfLBZ)a. d%tﬁe @%ﬁ?‘g%%ﬁ%%%g agr%f eno?gjdavgsbegf o
52, Sm and pracessedl{(blobR 520). .If id\Mnswercis (iNe’, thealindexpds inpaanseatedy(bloek 522),
respectivel y, where N1 N2NI fiter, the sorting. [00 An.array P_wth
T oh ement Y BPHEA NBRS IAIacks 3 thamee e e ereRo baitoaptost SO0
puncture cyghigsted or all M streans in the parse cycle. T may be
conputed as follows: T=EN, .Eq (1) 1=1 The T elenents of array P are

initi B#ded by Byeqess HQ is deseribeceialon forsheepmpleayidfofonr geaema giwpn iyfable

index i is;imktializedt i 1.5 f ( )
[ 0037] The. ?ﬂi DIBIIS r@ Fég r lgyig)f é%ef ?05)"%- ts{sil%ﬁlgega{?] @Fe?%p%&{ﬁh etjﬁ]'lﬁg%p‘el‘gg%%odﬂahon
avai | abl e shenesnfos sipdansri, @y 3Rnd ddfavé Bas, & smiskbiv/syel, esspadtivelyr eThe code

di stributed as, evenl ossj bl e across.array P (bl ock 418)., This
Dl ho- et SR RB b AR 5 GO BT S PR e PRE S BRVERS. ok

of the Nt sRPPERL/S! SLBELS: .@1%&[99'19? 4 SndD il WAGE P/t Yeitio of 9'3/2, 2
stream Si. A det éﬁdr’riér?gti oﬁﬁios t hen nede whet her al?ulf\%/lmgtrear?s have

been pr ocesslel2,(toipsetivelyz (The lpwest isommos Wemominatons'2 for ferfoprmgéym; raties.

i ncrenente 224 r t

process thgﬁéla%kt?ﬁs ﬁ)’eégr% 4 gk%eﬁra\?\ngg gfsﬁﬁ]‘fr §fZﬂsl (ﬁtl\#%’tn?%’a‘?r/%bahgazz ’%é%ﬁéhqrely’
pr ocessed, udifiethe dsway cdintep daneihaorg ambuehoe 2\81 faid e plinchat cprlearer ng
of the T puncture cycles for the Mstreans, where the NI puncture
cycl es for PESRIYCIS, T5 W.are distributed as evenly as possible

acr 0sgggksle Par Senel Yo SURRAL WRE Sorte 18 GetBndihd rder OSRQNGAUBE ridh{beR 0f
then parsed into the M streans based on the Sequence of T ordered

punct ur e cpwichse gxplestih ebinsthe &xflopingsorige 9@61;: tserearped.chw (386 dc ISty B is
P 40 i . <[00 El G o)

Forning a SHaR 8t BF S a0ans b Ne raupshurs AR, SrBr Bis oot an & or
one enbodi geay, g%@d RLOKK ﬁﬁgﬁm éﬁ? tlchm Al Sdebted as %Q@ﬁ@; IPParlithas

puncture cytl es tor st rz_ea has the nost nunber of puncture
cycles) arepfis gﬁndi'lh%tcffél@d:‘tﬁfiaﬁq 19 98ndid¥as B, GradTRIY Pardhad N Y1 Buit$ure
evenly as pdssible (block WO 2006/ 079081P / US2006/ 002498 10 510).
This may beycls hifewe Girbamss haei the) sdphe tumbed ofl plugdture lcpeles) titen by st@m with
i ndi ces conputed as follows: ks, = round (I%)for_ ]=0, ...., NL-1  FAl
(2) lower index may be selected by the sorting. e sorting provides a permutation or

mapping such that N, >N, 2N, 2N,; or N, 2N, for i<£, where /e{l, 2, 3, 4}

and £&{l, 2, 3, 4}. The sorting is further such that S, <8, if N,=N,. The total



where kso is the index of the array elenent for the j-th puncture
cycle of stream Sr. Values at exactly 1/2 may be rounded up in
equation (2). [0040] The Nt puncture cycles for each of -

remai ni ngWéx20004118%8%re then distributed across the T el%é?g&ﬁz@ﬂﬁélﬁug%ray
P as evenly as possible, one stream atiza time and in descendi ng order
fromstreans Sy through Sm The index i is set to two for the next
stream t o mumoeess phhttorekeysled )for dlhdouristredmypisnaimpuedcascile: 403+ 3h1edm St
is mapped to the firs vai | ahl Qr...non- eégg el enent of array P

(bl ock 514)“?"335&" V&WFZ%S]@DJ@P%M?” i’%‘hgﬁe‘éﬁ’r Sel enent that contains a
zero i s not A j AL C %Gl r

"desi ?@gﬁl I ocat?lgéngiaﬁdﬁ%%{;}eg&'fc%?%g&ren% ﬁ‘%nﬁg"fs&?{m%“%gn%fdﬁ éﬁ@"?o
cycl es for elsinestant GirayPys Beenbyoagptssible( The ¢hdifel @F foraeldnfents0yfirray P fokso
= ks"" +rﬁ§}r%dffor j=1,INT; -1 Ecl (3) NI wher§lpk i.,s the index of .the
array el enBiFtlOWGUDENES gycles Of SEAREL B 8e CPEPWeGES HOPBARcaiation ke dedivield he
desired | ogatd an si I ae £ | e of stream Si.
[ 0041] The | NT, ’-1&61%10%? gu%@?%%@%t’?ﬁgﬁﬁg%%{r@g%g& hen mapped to

| sTi {fo47vai | abllee & en®rjugctafe @icledfoPstidagt SARR iyt AfstitReiertoss ghd IS
N1-1 desired locations (block 518). For each value of index j, where

j =1, ..., clements of atray P-astevpnip@s possitdy c Mhisfip achieved m BiritigsSzsindhefirst n

the kshi -th.elenment of .array, P.i.f, thi.,s el enent..is available. Lf.this
el oront i s UHHE0E: T of AR B et & B S Btk o) B e
t hi s unavaidcaiing f& teeRMairdti CtveRRkREL dyolek Foratedy 8} irekbepeke aetHownsn
found, and the j-th puncture cycle faor streamSi is stored in this

avai | abl e equshen(3) an areqyh deed $pd 8- hdwritared infhe ofemsnt with dufep f = 4 since

al ternatel g1 ' n i )
oy . hid BERSUSIY 1160 UL oD o8 UM, G o
ar e succes #i the Elgmetisciktemdsok sdebéchuseliy istheneaveat dvaliitde elemdt to £ =8.

2006/ Q79081PCT/ US2Q06/ 002498 11 [0042] The final |ocation for the j-th
punct W0¥8Lycl e HBS l*ﬁe-—'%lexstvémwgw for stgRany, By AR e distriytadesiess the 10

arithnmetic er f.orm an integer .di vide .by N d then addi one
if the renﬁfgﬁ]ﬁgtf o[fgnray (%a eerveylp{&ﬁ%gﬁsﬂg ugﬂlstlﬁ%wvlegl%ymﬂ%’?rﬁg’ lgtggiﬁﬁtng
oper at or t BadilaBlleVedSmdo F NevaY ¥ GkieH i HeCl@hent akitteirldex A=2FOoThexasmele,
if T =10 and Ni = 3, then 1 1121. 2. For j=1, an integer divide of T
I N ; =10/ Jegiiere forathg rempiaing puncBre sycle e pasartiSe 1&fcompuighiasshpyn|iass
than NI /21= 2 t t]ent I i h. I I I {Qn.
For | = 2. AaioRiaLaR G EET,, Tyb uplleBpaRndR k% ER 1, G
6 and a regRhdedeis andilalid, . which is equal to rN,/21=2 so the quotient

6 plus one is provided as the desired |ocatign. %043] After bl ock
518, d008t er ni ndb¢ O F § PraRTere\gele ey stgpm v is thea gipgedhimaray dopf the single

processed (bl. 20 | f.the. answer js. :No' . then.i.ndex i i.s

er enent edViaPE kst el Bowilh s eneS etk <,
procegsosghe NexFIGIIEivws@ Seguwics &f phfidee 5c1edP1( génetatal Red on process
[ 0044] Process 500 is described below for the exanple with four

streans gi woPinFHGraderthgexample with S stieams givs ip fable 3y, Praceysafanaps (1)
det er ni ned i : , d
eterm ne g&@gﬁ%&g&ﬂég@ 3P St §0R ﬁméyﬁ Slth %&dﬁ&@%& 3,% amtl 8N

4 have 8, sym respective e code rates ftor
streans 1, i@ amdy Rn(@)4hatirecapamtira tydesvior birgumB8j tr thrqzaglermenis withdbdices

provide 8, 4, 3 and 2 hits/pc, respectively. Strea . 2, 3.and.4
Phus have dor byhmihos 68 the bR bt Srelis fon s S 35 Bt Frmpips Hifidbies
| owest co ' [1h Sindleh ' : 1,
2" and 4 CARER o <Ra Yt Singio pRlotid by A UL Lo ManeevBHEx
respecti velys=6usi ng the | owest conmon denom nator, and thus have 2,

3, 4 an puncture cycl per p e cycl pect i vel 0045] The

Four Btk ar BoLsaitie Po el A Fgiirn B 55 0G50 T Tm e el

puncture cygbfs 3! BeR HeAicht & 06dd Bitd 18\WhrBin 30MER theQleHE10 coderRB NG stfoan?l, 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



cycle. If two streans have the same nunber of puncture cycles, then
the streamw th | ower index may be selected by the sorting. The
sorting provides a pernutation or mapping such that NI _N2 N3 &ﬁ«ﬁ or
NI L. N wW®zoosom908t, where e {1, 2, 3, 4} and E {1, 2, PEI/Uj1006/003408
sorting is further such that St <St ifigNt = Nt . The total WO
2006/ 079081PCT/ US2006/ 002498 12 nunber of puncture cycles for all
four streapm dofoss IMPHu dirétdnsTsincedhs pinokird thbles Mrlcavh Erda@bRi distrithled
elements that are initialized to zeros. [0046] The N, =4 puncture
cycl es forapproximastelgievenlpaqrpssdhe pArsetoyPlBut ed across the 10 el ements of

arra S eve i iLrdi.ces f e

P fo?/[ﬂfﬁ fﬂﬂ four rﬁ&?n??’ B?‘gégfg(%cg%s %-(#bet;c# ?ggrﬁ'gsja%%qrugﬁ %%‘?%é}?g@% agycs Sofglrmif%
equat i on (2jeamndPyoicedsdOR isardtheB embodimenithf. blodket 1R dhwough 42%entFIGWA L For

t hese indices ar et,tq Sl. 47] The N2 = upcture cycl es _for

St oam Sy EiPeeonEe Y ichfh spesind Pk esopineties st FEfHGh e Pab ayoia g eely

evenly as | Girst BBt g obla/ad, ot A1D110% SKiokR 616 A vible D,
avai |l abl e el enment (T)Sf arfay P, which s the’el'enent with i ndex k =1.

The desi r efdr lefshodtie@Rs if ditidied td; ¥R, ind halfWy (i idedlWhecisy €drabe Stfdam, or
stream Sy are conputed as shown in equation &3% and are at kK = 4_and
8. Sy is sDprdy/2for helel.edntblagktt2). ndimindex % fgr Bienk slemiants of peaeRts | s
avai l able., Since the e| eme with index k =8 is unavailable, Sy is
stored in PH@hé?detﬁé'ﬁﬁodz\}ioPlﬁgiﬂdex k =9 because this is the nearest

avai | gh%gxtel S?gsrrie%&l Jfaéﬁefsof ﬁ@%ﬁ]tﬂ-@ﬁ-tﬂ\'eleﬁgntm%?ﬁs GG §Be SRAmSKALaM

53 ar uted across the 10 elements of array P as_evenly
as possi bl the lowest vialneafhiDearsohgbthe Slosticargs §otkn6ithe The sariablevBi fartthe

I t of P, which is ¢t I it h i k = 2. Th
desi rod | otieHastebm 1 S el R TR P JEREb G B 7 Daffeolosk
Ced h Do . . 7 e
computed. 25130 AhRuRRH A8 ke SR} ombas Pl PE R Hl,
=1 p:J nctur @11&%?626){ of the ttahwi;&m oS tﬁehﬁﬂdﬁtbfsgdczmgﬁﬁd _agloikhezz),]t dnd the

singl e avail abl e el ement r [ in arra i.C s the ele
Wi t ﬁ i ndexPlecess geturns fqpigeN gﬁ*@%&%e §ﬁ6®£ﬂﬂ§¥g%ﬁa@ﬁ@e e%%?e?w@g%%
cycl es 3104 genefat ed based on process 500 in FIG 5 for the exanple

with four streans given in Table 3. Process 500 maps (1) the four
punct [@08dlcycl esProosss §00 isalescgibed belowifor the exaplewith fovr sietimsagver indablg,

L R L )
oyl oo, 107 SLEADD 3 Ay LTS ik Uil 2B 2 Ui 28014

6 . [0051] Eﬁﬁaﬁ@cﬁh@@fg%%gg)rﬁp%ﬁﬁﬁ%@wmtﬂ%.t he first 4 code bits

in the parSe cycle tad str n thé next 6 code bits to stream

2, thegpsshe nexiqphd4GReHR t!ﬁéiésuftgfﬁfeﬁ)?&@%shg fol fdh thRe BEided k.CPEEE Riot, S

to stream 3, andaso on, and the last 4 code bits in the parse cycle
to stream 2ireaBedUmsde: Shdliest Dy ivales agpongl thei folun gtreninst wdichoid eDp+644 f them
encoder WD 2006/ 079081PCT/ US2006/ 002498 13 210 across the four
streans si slsmenhavifuinsdenr @ isyetcle sinane J¢ tprs PAQamd -ared sy iwpdatedy as

st 60PS f%%é%gf%ziﬁﬁﬁﬁ%?ﬁ%ﬁg% 58%%34 Bevatng eohpics e e
P 600, i i 12 . 422 | G, 4.
oy o o oo SR WD o JEar S LBt Histent WRE et b S ReB2. B FD 22
parse cycl g § Bl ;&3Gfed as D, =5/3+10/3=5. For k=2, streamn 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 A-th element of array P. If two elements have the same D; value,
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Different sequences of puncture cycles with different orderings of puncture

cycles may be achieved by initializing the variable D; in different manners. For

example, the variable D; for the stream with the most number of puncture cycles and

hence the smallest ideal spacing may be initialized to zero to give this stream more

weight in distributing its puncture cycles evenly across the parse cycle. If variable Da

for stream 3 is initialized fo 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,

6.8 as shown in FIG. 3B. This parsing per puncture cycle typically provides good
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performance since puncturing is often designed for consecutive code bits from encoder
210.

Parser 220 may also distribute the code bits from encoder 210 to the M streams,
one code bit at a time, based on a specific ordering of the code bits within the parse
cycle. For example, process 600 in FIG. 6 may be implemented with N; representing
the number of code bits for stream i prior to puncturing, instead of the number of
puncture cycles for stream 7. Array P would then include Ty elements for Ty input
code bits in the T puncture cycles for the M streams. Each element of array P is filled
with one of the M streams by process 600. Parser 220 then distributes the code bits
from encoder 210 to the M streams based on the ordering given in array P.

For the example with four streams shown in Table 3, the number of code bits

prior to puncturing for each stream is given in the fourth column, which is N, =20,
N2 =18, Ny ; =16, and Ny, , =2. The total number of code bits per parse cycle is
T, =56. The ideal spacing between code lﬁts for each stream 7 is computed as
Ay =Ty /Ny, ;. Variable D, ; for each stream i may be initialized to one half of the
ideal spacing, or Dy, =Ay; ;/ 2. Each of the Thit elements of array P is tﬁen filled with

one of the M streams, e.g., similar to the processing shown in Table 4. Array P then
represents a sequence of Ty ordered code bits for the parse cycle. Parser 220 then
provides the first code bit in the parse cycle to the stream indicated by the first element
of array P, the second code bit to the stream indicated by the second element of array P,
and so on. Parsing on 2 per code bit basis (instead of per puncture cycle basis) may
provide good performance under certain circumstances (e.g., if the same code rate is
used for all streams).

Receiving entity 150 performs reassembly of M received streams in a manner
complementary tc; 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
receiving entity 150. Within RX data processor 160, M stream processors 710a through
710m are provided with M detected symbol streams ﬁom_RJ_{' spatial processor 156.
Each steam-processof 710 iﬁcludes E-l sinﬁb-o.l demaﬁping unit 712, a deinterleaver 714,

and an erasure insertion unit 716. Symbol demapping unit 712 generates log-likelihood
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ratios (LLRs) or some other representations for the code bits of the detected symbols,
The LLR for each code bit indicates the likelihood of the code bit being aone (‘1) ora
zero {‘0’). Deinterleaver 714 deinterleaves the LLRs for the code bits in a manner
complementary to the interleaving performed by interleaver 234 at transmiiting entity
110. PErasuwre insertion unit 716 inserts erasures for the code bits punctured by
puancturing unit 232 at transmitting entity 110. An erasure is an LLR value of 0 and
indicates equal likelihood of a punctured code bit being a zero (“0°) or a one (‘1°) since
no information is known for the punctured code bit, which is not transmitted.

A reassembly unit 720 receives the outputs from M stream processors 710a
through 710m for the M streams, reassembles or multiplexes these outputs into one
composite stream in a manner complementary to the parsing performed by parser 220 at
transmitting entity 110, and provides the composite stream to a decoder 730. Decoder
730 decodes the LLRs in the composite stream in a manner complementary to the
encoding performed by encoder 210 at transmitting entity 110 and provides decoded
data. Decoder 730 may implement a Viterbi decoder if encoder 210 is a convolutional
encoder.

For clarity, the parsing techniques have been described for a rate 1/2 binary
convolutional code. These techniques may also be used for various other codes such as
a Turbo code, an LDPC code, éblock code, and so on.

The parsing techniques have also been described for a MIMO system. These
techniques may also be used in other communication systems capable of transmitting
multiple streams via multiple transmission channels. A transmission channel may be 2
spatial channel in a MIMO system, a set of subbands in an OFDM system, a spatial
channel for a set of subbands in 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
(FPGAs), 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.

k
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[0066] For a software implementation, the parsing techniques may be implemented with
modules (e.g., procedures, functions, and so on) that perform the functions described
herein. The software codes may be stored in a memory unit (e.g., memory unit 132 or
172 in FIG. 1) and execuied by a processor (e.g., controller 130 or 170). The memory
unit may be implemented within the processor or external to the processor, in which
case it can be communicatively coupled to the processor via various means as is known
in the art.

{6067 The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
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 hetein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS

1. A method of parsing code bits in a communication system, comprising:

forming, by a transmit processor of a transmitter, 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 by determining a nmumber of puncture cycles for each stream,
determining a total number T of puncture cycles for the plurality of streams by summing the
number of puncture cycles for each stream, and ordering the T puncture cycles; and

parsing, by the transmit processor, code bits into the plurality of streams based on the T

ordered puncture cycles.

2. The method of claim 1, wherein determining a number of puncture cycles for each stream
comprises:
determining a number of puncture cycles in a parse cycle for each stream based on

modulation schemes and puncture patterns used for the plurality of streams.

3. The method of claim 1, wherein the forming the sequence of puncture cycles comprises
ordering the plurality of streams in descending order based on the number of puncture
cycles determined 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
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[ 0056] Di fferent sequences of puncture cycles with different orderings
of puncture cycles nmay be achieved by initializing the variable 331
in different manners. For exanple, the variable Di for the stream

wi th the nost nunber of puncture cyclg% and hence the snall est ideal
spacing may be initialized to zero to give this streamnore weight in
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vari able 133 for g‘f rué%%le?)rel S pun ey?jy%?g zefo"i eto %gﬁelgﬁ?éag%gnm the
process GOOMQOtdﬁgeaemmbfcmmmﬁﬁmﬂddnmmﬂgo&&muence of puncture cycl es:

3, 2, 1, 3, 2, 3, 4, 1, 3, 2. [0057]FIGS 5 and 6 show two

enbodl nts for e t|n c uncture cycles such that.
ot i ey bR SE Qu D AR IR P D BB e PR et O s bR
as possi bl ejaghfsifg bHRINRMeBReed pahQure TRE PR AN tiEThQEty FEY trédnS:) alte
di stributed _evenly or approxi mately evenlé%ﬁn ot her manners, and this

is within tHsribedies prralineol rwpets Gfles Fithepluadty ofisgeampbased on He seasing
bits f reans, one puncture cycle at a tine,
ﬁgﬁ@‘ég% 3 %Jc@estg@ dalf st%_/el i, p y

based on t I'ng t he puncture cycles within the parse
cycle, e.g as shown in FIG 3B. This parsing g@a puncture cycle
typi cably prWH@é@d@é@&nnWDﬁmﬁﬂﬁiGmgmsugcmg Ui o6zl 2 gdncture cycles for the

plurality of streams comprises
initializing a variable for the each stream based on the spacing for the stream, and
for each location in the sequence of puncture cycles,
identifying a stream with a smallest value for the variable among the plurality of
streams,
filling the location in the sequence with 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 differeni modes are

selectable for the plurality of streams.

9. The method of claim 1, further comprising:

puncturing the code bits in the each stream based on a puncture pattern for the stream,

10.  The method of claim 1, further comprising:

processing the plurality of streams for transmission via a plurality of spatial channels.
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oper at b¥vebOtRPLEQURRYEleDIdr $hd dat®stkdagn. pl ural ity of streams based on
the T ordered puncture cycles. 12. The transmtter of claim11,

wher ei the ontroller |s t her operative to order the pl uraIrty of
strea drg‘éﬁlért‘dflﬁ Cld’r“d%{ Lﬂ)’é@%d"‘dﬁ“i‘ﬂ% number of puncture cycles
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puncture cycles for the each streamevenly or approxi mately evenly
across the sequence of puncture cycles. 13. The transmtter of claim
11, whéfei nThametodof glrie? LifurtheicomarSBEer at i ve to deterni ne spaci ng
bet ween pungf S

distribute g%ft‘lﬁlf" ?{ef{)@ﬁugfs%%rﬁ?? re °é§ynt fac) %r?clet 1}efl £1g‘lt'oulr Ba]lqlﬁm C?M obfdin
st r eandedpds@datan t he spaci ng bet ween puncture cycles for each stream
14. The transmitter of claim 11, further conprising: an encoder
operat et n traftfi - rate the code bits. 15. The
transmi terg‘o%&?(fi%Ol o %ﬁ%ﬁ%%%céﬁn%gaglpro prlS(lanr &5 operative to
select a node:oﬁmlleea@aaﬁt/e thérpl ue@juetce dfpusittueacg]esttoe a mhdelityarf strlhgms
each str d| ca%r ng a cqde [’?’3 e and a gﬁdul atio chene to éise fo

the stf %rr%" SHF4'F ¥4 Bungfyge & aztﬂa%rneﬂrp byl cyele foryhe
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conpri si ng: means for formng a sequence of puncture cycl es
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puncture I

Gi'st i BORElEhEn BR U buE £ ean ¥ Salbblel Bt ELLEA TS for cach
punct uBﬁeany(ahéeuhymgleteélrpmmnmrga;a:la&umder of puncture cycI es for each

stream deter ing a total nunber T of nct s for the

o1 Ur al |ty ot SUY AP BB ARHOVE He SHONBEIS PTUSURGY PGt oG steams
each  BisedloheRT oﬁféﬂedq{uﬂ@rhfd'@ctebﬁ) fhrR U GhiphestdHl FS$ymBslsl means for
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or der ed punct ure cycle
. The receiver of claun 26, wherein the controller is operative to order the plurality of
streams in descending order based on the number of puncture cycles determined for each of the

plurality of streams, and to distribute one or more puncture cycles for each stream evenly or



17. The transmitter of claim 16, wherein the neans for formng the
sequence of puncture cycles conprises means for ordering the
plurality of streanms in descendi ng order based on the nunber of
puncture cycles determ ned for each of the plurality of streans, and
means for distributing one or nore puntture cycles for each of the
plurality of ordered streans evenly or approxi mately evenly across

t he se : smtter of claiml16,
wher ei %ﬁ%ﬁlﬁ%ﬁa%g}égﬁﬁr&%%? ?71%%&?6 Y i%&&gtﬂgee&gggpunct ure cycles

conpri ses means for determ ning spaci ng between the puncture
cycl es?8or &heheasivet né Qhrioy 36, wergin dter ecatrollerarrd operative tpedefernfing spacing
distributing.a pluralit f pupcture.c es for the,pluraki f .
st r eamb BB R RuEhE Glles o PR B Merp BN ST et "B B S8 lq Rl
st r eampuddure theled foatiRmlirhgiy ofbtredndd bisddbon the spdealy WROMGENHIthe fgictui®aytdes for
for encodi nlg traffic data to generate the code bits. 20. The

t r ansmitetS8F §¥ea8Y ai m 16, further conpri sing: neans for
selecting a node for each of the plurality of streans, the node for
the eagh st TRafckinel FlimMQcawE&eq: rate and a nodul ation schene to use
for the stream_wherein different nodes are selectable for the
plurality ofhedi dafaprocessor is Authsr RBRraye tp dasss erasiich i1 eaphiyglus stragmegbased on
commnhggﬁdt%g §¥eﬁ£%9thé791&39{étr%hxﬂ93 form ng, by a receive
processor o Erecei ver, "a sequence of puncture cycles for a
plurality of streans such that, for each streamwth nultiple

punct uB@ cyélressiver fier uselin 4 pirempuinadionsgsteypcdosprismg: t he stream are

di stri buted_eve Qr..appr.oxi nat el venl v _agross the seguence of
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plurality of streanms by sunm ng the nunber of puncture _cycles for
each sfi’rsééhﬁ‘fe‘]aﬁ&e oSt PRRJOTIRRISTY YRR U POty HiceSequspee 0fppuncture cycles by
r eassegbkinigingdy nhfBer @ﬁﬁﬁlﬁéﬁn‘@rc9§1@§ S each YoReth S détBrnAnib W &tditonfer T of
i nput streans based on the T ordered puncture cycles to form an

out put pergteragyees By thsapleralinPof sikemarky Bodmetg tbe apmbaiof phetpisi aycleh éor each
formn f i ycl.es conprises ordering the

pl ur al %@aﬁl@gﬁ@?éﬁ%ﬁﬁ%ﬂ@g@1&2@%%@?&%, E%)ilrdder based on t he nunber of
puncture cyetleass fdeteassantididg fsombeladh aqilurhlxg qilingalstreamObassd brahsT cadued
di stributin_g g{le or. nore LE)unctureﬁvg%/cle? for each of the plurality of
or der e VEVE SHE SO ADPUBHSHEXN REPEIRP Sevenl y across the sequence of
puncture cycles. 23. The nethod of claim 21, wherein the form ng the
sequenge, of TReRGEINESTCYEMSD, MOMPBY dos@sis@et er m ni ng spaci ng between the
puncture cycles for each of the plurality of streans, and

di stri buti ngeanspfoniaserting @psuseiniat ¢ick TpRpE sEean Gasednen ppypetiser Ratigm for the
streang, hagpd,on the spacing between the puncture cycles for the each
stream 24. Tﬁle met hod of claim 21, further conprising: inserting
erasures in each input stream based on a puncture pattern for the

i nput 8&r eaifhe pBeivad champ3@divsthercdogipmsizg; f urt her conpri si ng:

decoding th t put (str f l.S. ] rdance wth .
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a commueiwehitionsl ceys toeohitain dequded darg: a controller operative to
forma sequence of puncture cycles for a plurality of streanms such

t hat, r egch streamw th nmul tiple punctur cles, the.nulti .
pUnci urs' cy &1 SETIEY P PEYPEARTAP GO 1B HUEUEnpy PaRine codd bfs in a
appr ox chmhhita@iteflsiend eiedmFiwaiectef UanE ex@ltaBlnst dHeCorGi6ik %ﬁod@%og's and the
determ ni ng a nunber of puncture cycles for each stream determ ning
a t ot aFolhYi#B&Pdes COMPHYASt ure cycles for the plurality of streams by
summi ng the ELods fRURGhIN G |
T e THRE L B UGS SYELESf flp AR L S22 O deblch
that, for each stream with multiple puncture cycles, the multiple puncture cycles for the stream



23 approxi mately evenly across the sequence of puncture cycles. 28.
The receiver of claim26, wherein the controller is operative to
determ ne spaci ng between the puncture cycles for each of the
plurality of streans, and to distribqip a plurality of puncture
cycles for the plurality of streans based on the spaci ng between the
puncture cycles for the each stream 29. The receiver of claim 26,
wher ei g distribute% WS el HalidRliRGRRS el abidbd RRS sQREERL bt fuhcturk N8R by
erasures I n each 1 nput stream based on a puncture pattern for the

i nput ddtereaming a3Gumbkrrafcmingare tyrlesufe dach atreonndadroaningn wisdtamber T of

i si ng: for f.inni f f
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punct ustesagy ehesrderidpethe T fuhpthe: qyulestaude cycles for the streamare
distributed evenly or approximately. evenly across the sequence of
puncture cy¥fRETe{Pdge e mRsHIE P a%ﬁaHﬁ%lthed%lmﬁﬁwcqfﬂrsaleﬁ%ss or e L apdgred
streamy,fdeleryaiyi ng a total nunber T of puncture cycles for the
plurality of streans by summ ng the nunber of puncture cycles for
each stream and ordering the T puncture cycles; and means for
reassedbl | nahwﬁxmamumtrpfaﬂ%m@awg@rymdietmﬁmg a pyabereof pHE@HeSHclehor pach
orderegl.egH]Tr_]cture cycles to forman output stream of synbols. 31. The
recei ver of claim 30, further conprising: means for inserting

er asur es i ndeaeatining puiunster @ pubasedyoles an purcteuryelepfir teecn of dre plhmlity of

i nput strea 32. The receiver of claim30, further c .J_si.ng:
mans RO Qe AR es PRt B s B SeatPalivat e o
rate 1/2 convol utional code to obtain decoded data. 33. A nenory

uni t hayi ngThOfewareutio deslati 0 eathérbiar e soffwire padsi fog faxmitey thie tssquencaof
communi cati on system,  the software codes bei ng executabl e by one or
nmor e pP%&E’%S}’%eSaFﬁHlPFﬁ"é sof t ware codes conpri si ng: sof twar e
codes for forng c@de%efey@fa%ﬁn?ftheomfaw 8f GHGkRSin REcAIRE Wrddri fa¥edbn the
streans such that, for each streamw t’h nultiple puncture cycles, the
mul t i phiempered purature grélesdetaymineddostacke ahihe phirality ofistramisiamded evenly or
appr oxi mat el y._evenl cross.the sequen f n I ali
ot er ni i ng-ofrTiE e 35 GRTeb O, SEMRER o RO Rl HEn T ¥ phuraticy of
a t ot abrdetedzetands ©fenuorapproeintyed) egenlyoacrdds ehadeguaakt dfpunktusd cyebns by
summ ng the nunber of puncture cycles for each stream and ordering
the T ncture cycl es;. . sof twar e codes, for r.Si.ng .code bits
nto e o ShEmetgnRint Al st R i TSR GRigs Pl dRBIRLPE GRS or e
34. TheudBRre tyclédYol eh of Hiiphraly ofbalefidiudahessmiiseg a nunber of
puncture cycles for each stream eterm ning a nunber of

strea d .

punct ure cydfEeare godesar ditriypging theypursre cy¢les Fa pptsam pith et dppdsnef
based . j ; t £ @Fe LRRS. and
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sof t war e cotesadhoembming sugamhe teedueliyof sieapunct ure cycl es conpri ses
software codes for, ordering.the pluraliLty of strea i n.descendin i
order based on t?f’ét“{%%8‘besoforp‘f}ﬂ§3ﬂ’ﬁﬁé‘ ﬁvglp&aﬁl& %"Fcﬂﬁslﬁoerdthf’o?sfregréjchn %f fiest
the pl ural i hyhilgble $ddaB@withialRBe sequencesof tware codes for distributing

one or nore puncture cycles for each of the plurality of ordered )
streans evenly ofolBfss? eRderErr deipraipan desised losaiops ragiapgeuggure cycles, if

puncture cyglll}e§ r th grea;ghg%dmnory unit of claim 35, wherein the
sof t ware codes ?or Istfibuting the one or nore puncture cycles for

each of the pl ur sdfiwaye ofdesrfdemedpisg tearmmagong phsaere cycles, i ghy.warayailable

codes for distributing the nctur.e cycl or, a re W t h nost
nunber of piPr?E?(msén %%F%usen(‘éé\%‘ﬁﬁ afle Bors oﬁ?sgiol tflr?ﬁfi %ﬁlrfaté?/cgﬁ Iils across the
sequence of puncture cycles, and

37.  The memory unit of claim 33, wherein the software codes for forming the sequence of

puncture cycles comprises



for each remaining streamin the plurality of streans, sof tware
codes for mapping a first puncture cycle for the streamin a first

avail abl e I ocation within the sequence, sof tware codes for
determ ning desired | ocations for rengining puncture cycles, if any,
for the stream and sof tware codes for mapping the renaining

puncture cycles, if any, to available locations in the sequence that
are at or cl@eesd cdd@s teleR8RIniRkphaaabEQREN puriiure Iﬂﬁes%ﬂ@z[dﬁ HRid p1@fality
claim 33, wherein the software codes for form ng the sequence of

punct uplestiegmb.egdconpri ses 25 sof tware codes for determning
spaci ng bet ey f e ralj .St

and B e S T
cycl esbdsed ot fe sphaitigbdtivgergpunstureaiekes fasach areainhe spaci ng bet ween
puncture cycles for each stream 38. The nenory unit of claim 37,

cyel osohor TREBRORGITLY et ahieBhph e o o EypbdanEpllEaty &

for i npircalre 2ydM& far thahidklleg of @featnl@o@pEdesSt r eam based on the spacing
for the stream and for each location in the sequence of puncture

cycl es, softvegsg eafgs Eordpigializingp vitdrble for (herfgch steqapebasedn Hegspagieg fosdhe
val ue %tperm%g{; vari abl e anong the plurality of streans, sof twar e
codes for fi 1i ng the location in the sequence with a puncture cycle
for the i defirieddhddeasipn gathe sequénce of pungufetopeles codes for updating the

variable for the i.dentifjed stre based on t.he spacin or.the .

i dentified strealfilVagyco 30 %&&%?tsgg?m C‘TI& %ng\?ﬁeﬁ‘tlg}' Yefor e variable
conpri si ng: aseid thaprraRgesstieamsencoding traffic data in accordanceh a
rate 1/2 convol utional code to generate the code bits. 40. The
menory unit of clofMreaaders der Wlipe dsnigration g the sequence gfifhw panceyg s¥cle der

sel ecting aguogle o sRagh.Qf the plurality of streans, the node for
each streamindicating a code rate and a nodul ati on schene to use for

the stream wherwiftwags £ddss dot uprdaties tlzr eargblecior diel wlefitgedt dwapl bised ph yhe
of streans.__ 41. Th[ e%%rrgée}a lflrl’el:it of claim 33, further conprising:

sof twar e coﬁ’eagln\gcg?l Eu CHUYS nSg #e code bits in the each stream based
on a puncture pattern for the stream 42. The nenory unit of claim
33, f uB®.her Thonmpmosi it of claim 33sfufthmearompeienhgs f or processing the
2L;:1?1L: tsy Ogoft%arree g‘o es ]cfcg"rentccgcﬁrqlg trlr‘}alf?i%zldgtrzli ixlagco?da?llcéj Wit IatrXtecifIZ & n%gfu?ilonal code

to generate the code bits.

40.  The memory unit of claim 33, further comprising:
software codes 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.

41. The memory unit of claim 33, further comprising:
software codes for puncturing the code bits in the each stream based on a puncture

pattern for the stream.

42.  The memory unit of claim 33, further comprising:
software codes for processing the plurality of streams for transmission via a plurality of

spatial channels.



