
PARSERFOR MULTIPLE DATASTREAMS INA COMMUNICATIONSYSTEM
BACKGROUND I . Field [0001] The present invention
relates generally to communication, and more
specifically to techniques for parsing (or
demultiplexing) data into multiple streams in a
communication system. II. Background [0002] A
multiple-input multiple-output (MIMO) communication
system employs multiple (T) transmit antennas at a
transmitting entity and multiple (R) receive antennas
at a receiving entity for data transmission. A MIMO
channel formed by the T transmit antennas and the R
receive antennas may be decomposed into S spatial
channels, where S < min {T, R} . The S spatial
channels may be used to transmit data in a manner to
achieve higher overall throughput and/or greater
reliability. [0003] The S spatial channels may
experience different channel conditions (e.g.,
different fading, multipath, and interference effects)
and may achieve different signalto-
noise-and-interference ratios (SNRs). The SNR of each
spatial 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. [0004] 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. [0005] There is therefore a need
in the art for techniques to parse data into multiple
streams with different data rates.SUMMARY [0006]
Techniques to parse data into multiple streams with
individually selectable data rates are described
herein. Different data rates may be achieved with
different combinations of modulation scheme and code
rate. Different code rates may be obtained by using a
base code to generate a fixed number of code bits and
then puncturing (or deleting) as many code bits as
needed to achieve the desired code rates. Each code
rate is then associated with a specific puncture
pattern used to puncture the code bits. [0007] At a
transmitting entity, an encoder encodes traffic data
in accordance with the base code (e.g., a rate 1/2
binary convolutional code) and generates code bits. A
parser then parses the code bits into multiple (M)
streams based on a parsing sequence that indicates the
order for parsing the code bits into the M streams.
The parsing sequence is formed to (1) achieve the
shortest possible runs of code bits for each stream
and (2) distribute the runs of code bits evenly or
approximately evenly across the M streams. The
shortest possible runs for each stream are dictated by
coding performance and are often determined by the
puncture pattern used for that stream. [0008] In an
embodiment for parsing data, the modulation scheme and
the code rate for each stream are initially determined
based on the data rate selected for that stream. The
modulation schemes and code rates for all M streams
are used to determine a parse cycle and the number of
puncture cycles for each stream in the parse cycle. A
parse cycle is a window over which parsing is
performed, and a puncture cycle is one instant of a
puncture pattern. A sequence of puncture cycles is
formed for the M streams such that, for each stream
with multiple puncture cycles, the multiple puncture
cycles for that 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). [0009] 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.BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 shows a block diagram of a transmitting
entity and a receiving entity. [0011] FIG. 2 shows a
transmit (TX) data processor at the transmitting
entity. [0012] FIGS. 3A and 3B show two sequences of
puncture cycles generated based on two different
parsing schemes. [0013] FIG. 4 shows a process for
performing parsing with the puncture cycles for each
stream evenly distributed across a parse cycle. [0014]
FIG. 5 shows an embodiment for forming a sequence of
puncture cycles. [0015] FIG. 6 shows another
embodiment for forming a sequence of puncture cycles.
[0016] FIG. 7 shows a receive (RX) data processor at
the receiving entity. DETAILED DESCRIPTION [0017] The
word "exemplary" is used herein to mean "serving as an
example, instance, or illustration." Any embodiment
described herein as "exemplary" is not necessarily to
be construed as preferred or advantageous over other
embodiments. [0018] The parsing techniques described
herein may be used for various wireless and wireline
communication systems capable of transmitting multiple
data streams simultaneously. For example, these
techniques may be used for a MEVIO system, an
orthogonal frequency division multiplexing (OFDM)
system, a MBvIO system that utilizes OFDM (i.e.,
MMO-OFDM system), and so on. OFDM is a multi-carrier 



modulation technique that effectively partitions the
overall system bandwidth into 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 system. [0019] FIG. 1 shows a
block diagram of a transmitting entity 110 and a
receiving entity 150 in a MEVIO 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 ofmodulation
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 to 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. An RX 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. [0024] 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 encoder210.
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 to 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
streams 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. 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 denotes quadrature amplitude
modulation. The data rate for each 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[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 constraint 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 [0027] For an mln 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 mln , puncturing unit
232 outputs n code bits for each set of 2m code bits
from encoder 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
mln . The code 



bits to be deleted from each set are denoted by the
zeros (O') 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. [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 b e selected for
different streams, then up to M different puncture
patterns may be used for the M streams.[0029] Parser
220 parses the code bits from encoder 210 into the M
streams in a manner to achieve the following
objectives:  Mix the code bits from encoder 210 across
the M streams as much as possible so that the smallest
possible run (or cluster) of code bits is sent to each
stream.  Support different modes for the M streams.
[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
corresponds 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 stream. The parse cycle size
is thus further selected to include an integer number
of puncture 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 sufficient number of code bits from
encoder 210 to generate two modulation symbols for
each of the four streams. For stream 1, two 



puncture cycles for the rate 5/8 puncture pattern of "
11101 11011" 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 to obtain 2 code
bits for two BPSK modulation symbols. The parse cycle
includes 56 code bits from encoder 210.Table 3 [0032]
FIG. 3A shows a sequence of puncture cycles 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 bits to stream 3, then
the last 2 code bits 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 m the following
description, various processes are first genetically
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. Initially, 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 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/pc. The pc/sym
ratio for each stream is then reduced so that the
denominator is as small an integer as possible. The
lowest commondenominator for the reduced pc/sym ratios
for all M streams is next determined. The pc/sym ratio
for each stream is then represented using the lowest
common denominator. The numerators for the M ratios
then indicate the numbers of puncture cycles for the M
streams for one parse cycle. An example for
determining the parse cycle is described below. [0035]
The M streams are then sorted based on the numbers of
puncture cycles for each stream, e.g., in descending
order from the stream with the most number of puncture
cycles to the stream with the least number of puncture
cycles (block 412). The M sorted streams are denoted
as S1, S2, ..., SM and have N1, N , ..., NM puncture
cycles per parse cycle, respectively, where N1 > N2 >
... > NM after the sorting. [0036] An array P with T
elements is formed (block 414), where T is the total
number of puncture cycles for all M streams in the
parse cycle. T may be computed as follows: M Eq (I) J=
1 The T elements of array P are initialized by setting
each element to zero (also block 414). An index i is
initialized to 1 for the first stream (block 416).
[0037] The N1-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/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. [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 N1 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
(block510). This may be achieved by storing S1 in N1
array elements having indices computed as follows: /c
. = round J for = 0, ..., N1 - I , Eq (2) N1 where
kSiJ is the index of the array element for the 7-th
puncture cycle of stream S,. Values at exactly 1/2 may
be rounded up in equation (2). [0040] The N puncture
cycles for each of the M-I 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 S2 through SM- 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 N1-- 1 puncture cycles
for stream S/ may be computed (block 516), as follows:
K J =K +round ( J " for = 1, ... , N, - 1 , Eq (3)
where ks 0 is the index of the array element for the
first puncture cycle of stream S/; and s . is the
desired location in array P for the 7-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 7, where 7 = 1, ... , N,- - 1, the 7-th puncture
cycle for stream S/ is stored in the ks j -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 7-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 j , ks j + , ks .-1, ks j +2 , and so on,
are successively checked to see if they are
available.[0042] The final location for the y-th
puncture cycle may be determined without ambiguity in
integer arithmetic by performing an integer divide by
N and then adding one if the remainder is greater than
or equal to [N1-/ 2~| , where [Y] is a ceiling
operator that gives the next higher integer value for
x . For example, if T = 10 and N1 . = 3 , then [N1 . /
2 |= 2 . For j = 1, an integer divide of T/N,- = 10/3
gives a quotient of 3 and a remainder of 1, which is
less than [N1 . / 2~|= 2 so the quotient 3 is provided
as the desired location. For j =2 , an integer divide
of 2 -TVN1 . = 20/3 gives a quotient of 6 and a
remainder of 12, which is equal to [ N,. / 2 ]= 2 SO
the quotient 6 plus one is provided as the desired
location. [0043] After block 518, a determination is
made whether all M streams have been processed (block
520). If the answer is 'No', then index i is
incremented (block 522), and the process returns to
block 514 to process the next stream. Otherwise,
process 500 terminates. [0044] Process 500 is
described below for the example with four streams
given in Table 3. The parse cycle for the four streams
is determined as follows. The modulation schemes for
streams 1, 2, 3 and 4 have 8, 6, 6 and 1 bits/sym,
respectively. The code rates for streams 1, 2, 3 and 4
are associated with puncture patterns that provide 8,
4, 3 and 2 bits/pc, respectively. Streams 1, 2, 3 and
4 thus have pc/sym ratios of 1, 3/2, 2 and 1/2,
respectively. The lowest common denominator is 2 for
the four pc/sym ratios. 



Streams 1, 2, 3 and 4 then have pc/sym ratios of 2/2,
3/2, 4/2 and 1/2, respectively, using the lowest
common denominator, and thus have 2, 3, 4 and 1
puncture cycles per parse cycle, respectively. [0045]
The four streams are sorted 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 S1 (or S1 = 3) and has N1 = 4 puncture
cycles. Stream 2 is denoted as S2 (or S2 = 2 ) and has
N2 3 puncture cycles. Stream 1 is denoted as S3 (or S3
= 1) and has N3 = 2 puncture cycles. Stream 4 is
denoted as S4 (or S4 = 4 ) and has N4 = 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 N1 > N2 > N3 > N4 ,
or N,- > N for i <i , where i e {l, 2, 3, 4 } and
<X{1, 2, 3, 4 }. The sorting is further such that Sf <
St if N,. = N . The totalnumber of puncture cycles for
all four streams is computed as T 4 + 3+ 2 + l = 10.
Array P contains 10 elements that are initialized to
zeros. [0046] The N, = 4 puncture cycles for stream S1
are first distributed across the 10 elements of array
P as evenly as possible. The indices of four elements
of array P for the four puncture cycles of stream S1
are computed as shown in equation (2) and yield k =0,
3, 5 and 8 . The four elements with these indices are
set to S1. [0047] The N2 = 3 puncture cycles for
stream S are next distributed across the 10 elements
of array P as evenly as possible. This is achieved by
storing S2 in the first available element of array P,
which is the element with index k = 1. The desired
locations for the remaining two puncture cycles for
stream S2 are computed as shown in equation (3) and
are at k =4 and 8. S2 is stored in the element with
index k = 4 since this element is available. Since the
element with index k =8 is unavailable, S is stored in
the element with index k =9 because this is the
nearest available element to k = 8. [0048] The N3 = 2
puncture cycles for stream S3 are next distributed
across the 10 elements of array P as evenly as
possible. This is achieved by storing S3 in the first
available element of array P, which is the element
with index k =2 . The desired 



location for the remaining puncture cycle for stream
S2 is computed as shown in equation (3) and is at k -1
. The element with index r = 7 is set to S3 since this
element is available. [0049] The N4 = 1 puncture cycle
for stream S4 is then stored in array P at the single
available element remaining in array P, which is the
element with index k - 6 . [0050] FIG. 3B shows a
sequence of puncture cycles 310 generated based on
process 500 in FIG. 5 for the example with four
streams given in Table 3. Process 500 maps (1) the
four puncture cycles for stream S1 to four elements
with indices k =0, 3, 5 and 8 in array P, (2) the
three puncture cycles for stream S2 to three elements
with indices k = 1, 4 and 9 , (3) the two puncture
cycles for stream S3 to two elements with indices k =
2 and 7 , and (4) the single puncture cycle for stream
S4 to one element with index k =6 . [0051] 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 encoderW 2 13 210 across the four
streams since the puncture cycles for each stream are
distributed approximately evenly across the parse
cycle. [0052] FIG. 6 shows a process 600 for forming a
sequence of puncture cycles for M streams. Process 600
is another embodiment of block 412 through 422 in FIG.
4. For process 600, the ideal spacing between puncture
cycles within the parse cycle for each stream i is
first computed as D,. = T/N,-, for z= l , ..., M
(block 610). A variable Dfor each stream i is
initialized to, e.g., one half of the ideal spacing
for the stream, or D,. = D,- / 2 for = l , ... , M
(block 612). An index k for the T elements of array P
is initialized to zero (block 614). [0053] For each
value of index k, the /c-th element of array P is set
to the stream with 



the lowest value of D among the M streams (block 616).
The variable D- for the selected stream is then
updated by adding D,. to the variable, or D. = D1 . +
D,. (block 618). A determination is then made whether
all T elements of array P have been filled (block
620). If the answer is 'No', then index k is
incremented (block 622), and the process returns to
block 616 to fill the next element of array P.
Otherwise, process 600 terminates. [0054] Process 600
is described below for the example with four streams
given in Table 3. The ideal spacing between puncture
cycles for each stream i is computed as: 1 = 5 , A2 =
10/3, D3 =10/4, and D4 = 10 . The variables D,- for
the four streams may be initialized as: D = 5/2, D2 =
5/3 ,D3 =5/4, and D4 = 5 . [0055] 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 D3 =5/4, the element with
index 0 is set to stream 3, or P(O) = 3 , and D3 is
updated as D3 = 5/4 + 5/2 = 15/4. For k =1, stream 2
has the smallest D-value among the four streams, which
is D2 = 5/3 , the element with index 1 is set to
stream 2, or P(I) = 2 , and D is updated as D2 =5/3 +
10/3 = 5 . For k =2 , stream 1 has the smallest D
value among the four streams, which is D1 = 5/2 , the
element with index 2 is set to stream 1, or P(2) = l ,
and D1 is updated as D2 = 5/2 + 5 = 15/2 . The
processing for each remaining value of index k is
performed in similar manner. For each value of index
k, the stream with the smallest D1-value is
highlighted by grey shading in Table 4 and is also
selected for the &-th element of array P. If two
elements have the same D; value,which is the case for
k =4 in Table 4, then the stream with the smaller
index i may be selected first. Table 4 [0056]
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 D3 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
goodperformance since puncturing is often designed for
consecutive code bits from encoder 210. [0058] 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 i. Array P would
then include Tbit elements for Tbit 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. [0059] 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 Nbit> x = 20 , b;t,2 = ' = "
an< , = The total number of code bits per parse cycle
is Tbit = 56 . The ideal spacing between code bits for
each stream i is computed as bit / Nbit I. . Variable
Dbiu for each stream i may be initialized to one half
of the ideal spacing, or Dbit>/ = Dbiu / 2 . Each of
the T t elements of array P is then filled with one of
the M streams, e.g., similar to the processing shown
in Table 4. Array P then represents a sequence of T t
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 a 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).
[0060] Receiving entity 150 performs reassembly of M
received streams in a manner complementary to 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. [0061] 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 from RX spatial processor
156. Each stream processor 710 includes a symbol
demapping unit 712, a deinterleaver 714, and an
erasure insertion unit 716. Symbol demapping unit 712
generates log-likelihoodratios (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 a one (T) or a zero
('0'). Deinterleaver 714 deinterleaves the LLRs for
the code bits in a manner complementary to the
interleaving performed by interleaver 234 at
transmitting entity 110. Erasure insertion unit 716
inserts erasures for the code bits punctured by
puncturing 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 (O')
or a one (T) since no information is known for the
punctured code bit, which is not transmitted. [0062] 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. [0063] 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, a block code, and
so on. [0064] 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 a
spatial channel in a MDvIO 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. [0065] 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.[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
executed 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. [0067] 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 herein but is to be accorded the
widest scope consistent with the principles and novel
features disclosed herein.CLAIMS What is claimed is:
1. A method of parsing data in a communication system,
comprising: 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
parsing code bits into the plurality of streams based
on the sequence of puncture cycles. 2. The method of
claim 1, further comprising: determining number of
puncture cycles in a parse cycle for each of the
plurality of streams 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
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.5. The
method of claim 1, 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. 6. The method of
claim 5, wherein the distributing the plurality of
puncture cycles for the plurality of streams comprises
initializing a variable for 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
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.10. The method of
claim 1, further comprising: processing the plurality
of streams for transmission via a plurality of spatial
channels. 11. An apparatus in a communication system,
comprising: a controller operative to form 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 a parser operative to
parse code bits into the plurality of streams based on
the sequence of puncture cycles. 12. The apparatus of
claim 11, wherein the controller is further operative
to order the plurality of streams in descending order
based on number of puncture cycles for each stream,
and to distribute one or more puncture cycles for each
stream evenly or approximately evenly across the
sequence of puncture cycles. 13. The apparatus of
claim 11, wherein the controller is further 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. 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
sequence of puncture cycles for a plurality of streams
such that, for each stream with multiple puncture
cycles, the multiple puncture cycles for thestream are
distributed evenly or approximately evenly across the
sequence of puncture cycles; and means for parsing
code bits into the plurality of streams based on the
sequence of puncture cycles. 17. The apparatus of
claim 16, wherein the means for forming the sequence
of puncture cycles comprises means for ordering the
plurality of streams in descending order based on
number of puncture cycles for each of the plurality of
streams, and means for distributing one or more
puncture cycles for each of the plurality of ordered
streams evenly or approximately evenly across the
sequence of puncture cycles. 18. The apparatus of
claim 16, wherein the means for forming the sequence
of puncture cycles comprises means for determining
spacing between puncture cycles for each of the
plurality of streams, and means for distributing a
plurality of puncture cycles for the plurality of
streams based on the spacing between puncture cycles
for each stream. 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
shortest possible runs of code bits for each stream
evenly or approximately evenly across the plurality of
streams; and parsing the code bits into the plurality
of streams based on the parsing sequence.22. The
method of claim 21, further comprising: determining a
puncture pattern for each stream; and determining the
shortest possible runs of code bits for each stream
based on the number of output code bits in the
puncture pattern for the stream. 23. The method of
claim 21, wherein the shortest possible runs of code
bits for each stream are for one code bit. 24. A
method of reassembling data in a communication system,
comprising: 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
reassembling symbols in a plurality of input streams
based on the sequence of puncture cycles to form an
output stream of symbols. 25. The method of claim 24,
wherein the forming the sequence of puncture 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.28. The method of claim
24, further comprising: decoding the output stream of
symbols in accordance with a convolutional code to
obtain decoded data. 29. An apparatus in a
communication system, comprising: a controller
operative to form 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 a
reassembly unit operative to reassemble symbols in a
plurality of input streams based on the sequence of
puncture cycles to form an output stream of symbols.
30. The apparatus of claim 29, wherein the controller
is operative to order the plurality of streams in
descending order based on number of puncture cycles
for each stream, and to distribute one or more
puncture cycles for each stream evenly or
approximately evenly across the sequence of puncture
cycles. 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
means for reassembling symbols in a plurality of input
streams based on the sequence of puncture cycles to
form an output stream of symbols.34. The apparatus of
claim 33, further comprising: means for inserting
erasures in each input stream based on a puncture
pattern for the input stream. 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. 


