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ADAPTIVE BIT LOADING FOR MULTICARRIER COMMUNICATION SYSTEM

Technical Field

Embodiments of the present invention pertain to wireless communications. Some

embodiments pertain to multicarrier communication systems.

Background

Multicarrier communication systems use symbol-modulated subcarriers to
communicate. Changing channel conditions, including frequency selective fading, may

result in different data carrying capabilities of the subcarriers.

Brief Description of the Drawings

FIGs. 1A and 1B are block diagrams of multicarrier transmitters in accordance with
some embodiments of the present invention;

FIG. 2 is a functional diagram of a bit distributor in accordance with some
embodiments of the present invention;

FIG. 3 is a flow chart of a spatial stream bit distribution procedure in accordance
with some embodiments of the present invention; and

FIGs. 4A and 4B are examples of bit distributions for three streams in accordance

with some embodiments of the present invention.

Detailed Description

The following description and the drawings illustrate specific embodiments of the
invention sufficiently to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other changes.
Examples merely typify possible variations. Individual components and functions are
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optional unless explicitly required, and the sequence of operations may vary. Portions and
features of some embodiments may be included in or substituted for those of others.
Embodiments of the invention set forth in the claims encompass all available equivalents
of those claims. Embodiments of the invention may be referred to, individually or
collectively, herein by the term “invention” merely for convenience and without intending
to voluntarily limit the scope of this application to any single invention or inventive
concept if more than one is in fact disclosed.

FIGs. 1A and 1B are block diagrams of multicarrier transmitters in accordance with
some embodiments of the present invention. Multicarrier transmitter 100 (FIG. 1A) and
multicarrier transmitter 150 (FIG. 1B) may transmit two or more data streams using two or
more antennas 118. The two or more data streams may be generated from one input bit
stream 101. In some embodiments, multicarrier transmitters 100 and 150 may be part of a
multiple input multiple output (MIMO) multicarrier communication system in which a
receiving station may be configured to receive and separate the two or more data streams
transmitted by the transmitter. Although transmitters 100 and 150 may transmit more than
two data streams, circuitry is illustrated for two data streams. Elements illuétrated in FIGs.
1A and 1B having the same reference designation may perform similar functions.

Multicarrier transmitters 100 and 150 may comprise encoder 102 to encode input
bit stream 101 and to generate encoded bit stream 103. In some embodiments, encoder 102
may be a forward-error-correcting (FEC) encoder, although the scope of the invention is
not limited in this respect.

In accordance with some embodiments of the present invention, multicarrier
transmitters 100 and 150 include bit distributor 104 to generate at least first and second
spatial bit streams 105A and 105B from an input bit stream. The bit distributions for
streams 105A and 105B may be based on, among other things, subcarrier modulation
assignments 117A and 117B of the first and second streams. The bit distributions for
streams 105A and 105B may also be determined by bit distributor 104 to increase diversity
among sequential bits of the input bit stream. The subcarrier modulation assignments may
relate to the bit-loading capabilities of the subcarriers of the multicarrier communication
signal and may be determined as part of an adaptive bit-loading (ABL) process. These
embodiments are discussed in more detail below.

Multicarrier transmitters 100 and 150 may also comprise bit interleavers 106 to
perform an interleaving operation on their input bit stream. In some embodiments, the
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interleaving operation may be performed after the operations of bit distributor 104, while
in other embodiments (e.g., multicarrier transmitter 150), the interleaving operation may
be performed before bit distributor 104. Interleavers 106 may change the order of the input
bits, and in some embodiments, may comprise block interleavers in which a block of input
bits are input to a matrix in a row by-row fashion and output from the matrix in a column-
by-column fashion, although the scope of the invention is not limited in this respect.

Multicarrier transmitters 100 and 150 may also include first stream mapping
circuitry 108A to map bits of first stream 105A to symbols in accordance with subcarrier
modulation assignments 117A for the first stream, and second stream mapping circuitry
108B to map bits of second stream 105B to symbols in accordance with subcarrier
modulation assignments 117B for the second stream. Subcarrier modulation assignments
117A and 117B may be provided by subcarrier modulation level assignor 116 based on
channel conditions. The channel conditions may be determined by a multicarrier receiver
as part of a closed-loop system, although the scope of the invention is not limited in this
respect. In some embodiments, subcarrier modulation assignments 117A and 117B may be
individual subcarrier modulation assignments in which individual subcarriers or groups of
subcarriers are assigned modulation levels based on channel conditions. In other
embodiments, all subcarriers of each data stream 105A and 105B may be assigned a
modulation level, although the scope of the invention is not limited in this respect.

In some of these embodiments, transmitters 100 and 150 may symbol-modulate the
subcarriers in accordance with the subcarrier modulation assignments. This may be
referred to as adaptive bit loading (ABL). Accordingly, one or more bits may be
represented by a symbol modulated on a subcarrier. The modulation assignments for the
individual subchannel may be based on the channel characteristics or channel conditions
for that subcarrier, although the scope of the invention is not limited in this respect. In
some embodiments, the subcarrier modulation assignments may range from zero bits per
symbol to up to ten or more bits per symbol. In terms of modulation levels, the subcarrier
modulation assignments may comprise binary phase shift keying (BPSK), which
communicates one bit per symbol, quadrature phase shift keying (QPSK), which
communicates two bits per symbol, 8PSK, which communicates three bits per symbol, 16-
quadrature amplitude modulation (16-QAM), which communicates four bits per symbol,
32-QAM, which communicates five bits per symbol, 64-QAM, which communicates six
bits per symbol, 128-QAM, which communicates seven bits per symbol, and 256-QAM,
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which communicates eight bits per symbol. Modulation levels with higher data
communication rates per subcarrier may also be used.

In multicarrier transmitter 100, mapping circuitry 108A and 108B may symbol-
modulate bits based on a modulation level (e.g., a quadrature amplitude modulation
(QAM) level) for each subcarrier based the subcarrier modulation assignment for that
subcarrier. Mapping circuitry 108 A and 108B may generate symbols for each subcarrier,
and circuitry 110 may symbol-modulate the individual subcarriers to generate symbol-
modulated subcarriers 111. In multicarrier transmitter 150, circuitry 108A and 108B may
map a number of bits to symbols based on subcarrier modulation assignments 117A and
117B, and may generate symbol-modulated subcarriers 111. In some embodiments, the
number of data subcarriers of a multicarrier communication signal may range from 48 up
to 256 or more, although the scope of the invention is not limited in this respect.

Symbol-modulated subcarriers 111 for each data stream may be converted to
analog signals, may be RF modulated and may be transmitted by an associated one of
antennas 118. In some embodiments, each antenna 118 may transmit one spatial data
stream, while in other embodiments, beamforming may be applied (e.g., by spatial
beamformer 114) to allow two or more antennas 118 to transmit one or more spatial
streams. In some embodiments, beamforming may be done in the frequency domain on a
per-subcarrier basis, although the scope of the invention is not limited in this respect. In
some embodiments, a space-time block coder (STBC) may be used to introduce
redundancy to help reduce the effects of channel fading, although the scope of the
invention is not limited in this respect.

In some embodiments, cyclic shifters 112 may be used to introduce a cyclic shift to
the subcarriers. In these embodiments, the mapped symbols may be circularly shifted
among the tones (i.e., subcarriers).

In some embodiments, multicarrier transmitter 150 may include puncturer 120.
Puncturer 120 may delete part of the coded bits provided by encoder 102 in order to
increase the code rate, although the scope of the invention is not limited in this respect.

In some embodiments, bit distributor 104 may distribute bits among the plurality of
streams. In these embodiments, bit distributor 104 may calculate a delta for a first stream
(i.e., stream 105A) based on a bit-loading capability of the first stream. Bit distributor 104
may extract bits for the first stream from a group of selected input bits based on the delta
for the first stream. After bits are extracted for the first stream, bit distributor 104 may also
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calculate a delta for a second stream (i.e., stream 105B) based on a bit-loading capability
of the second stream, and may extract bits for the second stream from the remaining bits of
the initial group based on the delta for the second stream. In these embodiments, the delta
for the first stream may be based on the sum of the bit-loading capabilities of all streams of
the plurality divided by the bit-loading capability of the first stream. The delta for the
second stream may be based on the sum of the bit-loading capabilities of remaining (i.e.,
unassigned) streams divided by the bit-loading capability of the second stream. These
embodiments are described in more detail below.

- In some embodiments, either of multicarrier transmitter 100 and/or 150 may be
part of a wireless communication device that may transmit orthogonal frequency division
multiplexed (OFDM) communication signals. In some embodiments, transmitters 100
and/or 150 may transmit over a multicarrier communication channel. The multicarrier
communication channel may be within a predetermined frequency spectrum and may
comprise a plurality of orthogonal subcarriers. In some embodiments, the orthogonal
subcarriers of a subchannel may be closely spaced OFDM subcarriers. To help achieve
orthogonality between the closely spaced subcarriers, each subcarrier may have a null at
substantially a center frequency of the other subcarriers. In some embodiments, to help
achieve orthogonality between the closely spaced subcarriers, each subcarrier may have an
integer number of cycles within a symbol period, although the scope of the invention is not
limited in this respect.

In some embodiments, the frequency spectrums for a multicarrier communication
signal may comprise either a 5 GHz frequency spectrum or a 2.4 GHz frequency spectrum.
In these embodiments, the 5 GHz frequency spectrum may include frequencies ranging
from approximately 4.9 to 5.9 GHz, and the 2.4 GHz spectrum may include frequencies
ranging from approximately 2.3 to 2.5 GHz, although the scope of the invention is not
limited in this respect, as other frequency spectrums are also equally suitable. In some
broadband and WiMax embodiments, the frequency spectrum for communications may
comprise frequencies between 2 and 11 GHz, although the scope of the invention is not
limited in this respect.

In some embodiments, multicarrier transmitters 100 and/or 150 may transmit RF
communications in accordance with specific communication standards, such as the
Institute of Electrical and Electronics Engineers (IEEE) standards including IEEE
802.11(a), 802.11(b), 802.11(g), 802.11(h) and/or 802.11(n) standards for wireless local
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area networks (WLANS), although multicarrier transmitters 100 and/or 150 may also be
suitable to transmit and/or receive communications in accordance with other techniques
including the Digital Video Broadcasting Terrestrial (DVB-T) broadcasting standard, and
the High performance radio Local Area Network (HiperLAN) standard. In some
broadband and WiMax embodiments, multicarrier transmitters 100 and/or 150 may
transmit broadband wireless communications in accordance with the IEEE 802.16(e)
standards for wireless metropolitan area networks (WMANS).

In some embodiments, multicarrier transmitters 100 and/or 150 may be part of a
portable wireless communication device, such as personal digital assistant (PDA), a laptop
or portable computer with wireless communication capability, a web tablet, a wireless
telephone, a wireless headset, a pager, an instant messaging device, a digital camera, an
access point or other device that may receive and/or transmit information wirelessly. In
some broadband and WiMax embodiments, multicarrier transmitters 100 and/or 150 may
be part of a transmitting station.

Antennas 118 may comprise one or more directional or omnidirectional antennas,
including, for example, dipole antennas, monopole antennas, patch antennas, loop
antennas, microstrip antennas or other types of antennas suitable for transmission of RF
signals.

FIG. 2 is a functional diagram of a bit distributor in accordance with some
embodiments of the present invention. Bit distributor 200 may be suitable for use as one of
bit distributors 104 (FIGs 1A and 1B), although other configurations of bit distributors
may also be suitable. Bit distributor 200 receives input bit stream 201 and generates two or
more output streams 205A through 205N. The number of output bit streams may
correspond to the number of streams that are transmitted by the multicarrier transmitter
and may range from as little as two to up to four or more.

In some embodiments, bit distributor 200 may distribute bits based on subcarrier
modulation assignments 217 which may indicate the bit-loading capabilities of the
different spatial streams. Bit distributor 200 may increase diversity among bits of input bit
stream 201 by reducing the number of contiguous bits on the same output stream 205. Bit
distributor may also spread the bits of input bit steam 201 among output streams 205.

In some embodiments, bit distributor 200 may comprise calculator 204 to calculate
a delta for a first stream based on bit-loading capability of the first stream. Bit distributor
200 may also include bit extractor 206 to extract bits for the first stream from a group of
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selected input bits based on the delta for the first stream. Calculator 204 may calculate a
delta for a second stream based on a bit-loading capability of the second stream, and bit
extractor 206 may extract bits for the second stream from remaining bits of the group
based on the delta for the second stream. This process may be repeated for each remaining
output stream. In some embodiments, the delta for the first stream may be based on the
sum of the bit-loading capabilities of all streams divided by the bit-loading capability of
the first stream. The delta for the second stream may be based on the sum of the bit-
loading capabilities of the remaining unassigned streams divided by the bit-loading
capability of the second stream. Bit extractor 206 may provide groups of bits for each
stream in accordance with a ratio of the bit-loading capabilities of the plurality of streams.

In some embodiments, calculator 204, for example, may sort the plurality of 4
streams based on the bit-loading capabilities of the streams. In these embodiments, the first
stream may be selected to have a greatest of the bit-loading capabilities and the second
stream may be selected to have a next-greatest of the bit-loading capabilities.

For example, when three output streams are provided, the first stream may be
operating at a modulation level of 64-QAM (i.e., six coded bits per symbol), the second
stream may be operating at a modulation level of 16-QAM (i.e., four coded bits per
symbol), and the third stream may be operating at a modulation level of QPSK (i.e., two
coded bits per symbol). In this example, bit distributor 200 may provide output bits to the
first, second and third streams in ratios of 6:4:2. In some embodiments, bit distributor 200
may also include bit selector 202 to select a group of input bits based on the bit-loading
capabilities of the plurality of spatial streams.

In some embodiments, the bit-loading capabilities may represent a number of bits
per symbol for symbol modulating data subcarriers (i.e., tone) of each of the streams prior
to transmission. In some embodiments, the bit-loading capabilities may be determined
from channel conditions for each subcarrier frequency and/or each spatial channel. The bit-
loading capabilities may be dynamically revised, updated and/or changed in response to
changing channel conditions.

Although transmitter 100 (FIG. 14A), transmitter 150 (FIG. 1B) and bit distributor
200 are illustrated as having several separate functional elements, one or more of the
functional elements may be combined and may be implemented by combinations of
software-configured elements, such as processing elements including digital signal
processors (DSPs), and/or other hardware elements. For example, processing elements
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may comprise one or more microprocessors, DSPs, application specific integrated circuits
(ASICs), and combinations of various hardware and logic circuitry for performing at least
the functions described herein. In some embodiments, the functional elements of
transmitter 100 (FIG. 1A), transmitter 150 (FIG. 1B) and bit distributor 200 may refer to
one Or more processes operating on one or more processing elements, although the scope
of the invention is not limited in this respect.

FIG. 3 is a flow chart of a spatial stream bit distribution procedure in accordance
with some embodiments of the present invention. Spatial stream bit distribution procedure
300 may be performed by a bit distributor, such as bit distributors 104 (FIGs. 1A and 1B)
or bit distributor 200 (FIG. 2), although other configurations of bit distributors may be
used to perform procedure 300. In procedure 300, a delta (i.e., a step size) is calculated for
each output stream. The delta may be a nominal spacing between two bits for the output
stream currently being distributed over the remaining input bit sequence. The bit
distribution process may be performed on a stream by stream basis. In each iteration (i.e., a
distribution for one stream), bits may be attempted to be evenly extracted for the current
stream from the input bits remaining after the previous iteration. The variable delta may
depict the spacing between two extracted bits in the remaining bits after the previous
iteration. Examples of these embodiments are described in more detail below.

In operation 302, an initial group of input bits is selected. The number of bits in the
group may be based on the bit-loading capabilities of the streams. As part of operation
302, the output streams may be sorted based on their bit-loading capability so that the
stream with the greatest bit-loading capability is generated on first and the stream with the
lowest bit-loading capability is generated last. In an example with three streams, the first
stream may be operating at a modulation level of 64-QAM (i.e., six coded bits per
symbol), the second stream may be operating at a modulation level of QPSK (i.e., two
coded bits per symbol), and the third stream may be operating at a modulation level of
QPSK (i.e., two coded bits per symbol).

In operation 304, for the first stream (with loading capability six bits per symbol, a
delta is computed by summing the bit-loading capabilities of the remaining streams and
dividing by the bit-loading capability of the current stream. In this example, the delta may
be compute as follows: Delta = (6+2+2) / 6 = 5/3.

Operation 306 extracts bits from the input group for the first stream based on the
delta. In this example, for determining the first bit of output stream one, j =1, and k =
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round (1*5/3) = 2. Therefore, the second bit in the input bit sequence is assigned to the
first stream. For the second bit of the first stream, j=2, k = round (2*5/3) = 3. Therefore the
third bit in the input bit sequence is assigned to the first stream. This process is repeated
until k exceeds the number of selected input bits. The distribution is now complete for the
first stream.

Operation 308 comprises re-labeling the remaining bits. In the above example,
remaining bits 1, 4, 6, 9, 11, 14, 16, may be relabeled as bits 1, 2, 3, 4, 5, 6, 7 in the case
when sixteen input bits were selected in operation 302. Operations 310 and 312 may repeat
this process for the next (i.e., second) stream using the relabeled bits.

Operation 310 computes a delta for the second stream based on the bit-loading
capability of the second stream. In this example, the bit-loading capability of the second
stream is two bits per subcarrier, and the delta may equal (24+2) /2 =2.

Operation 312 may extract bits for the second stream from the remaining bits. In
this example, for the first bit of the second stream, j=1 and k = round (1*2) = 2. Therefore,
the second bit in the remaining bit sequence is assigned to the second stream. The second
bit was the fourth bit in the original bit sequence. This process is repeated until k is greater
than the number of remaining bits. For j=4, k = round (4*2) = 8, since 8 > 7 (i.e., the
number of remaining bits), the distribution is completed for the second stream.

Operation 314 repeats operations 308 through 312 for each remaining stream, and
when only one stream remains, the remaining bits may be assigned to the remaining stream
in operation 316. In the example with three streams, operation 316 may assign the
remaining (i.e., unassigned) bits to the third stream.

Operation 318 may provide the distributed bits for each spatial stream as output
streams as outputs of a bit distributor.

In some embodiments, the maximum number of contiguous bits from the input
stream may be determined by ceil (N / N1), where N is the sum of loading capabilities of
all streams and N1 is the loading capability of the first stream respectively. Function
ceil(x) may take the least integer greater than or equal to x.

In the example discussed above, the modulation levels of all data subcarriers of the
first stream are 64 QAM, while the modulation levels of all data subcarriers of the second
and third streams are QPSK; however the scope of the invention is not limited in this
respect. In other embodiments, the modulation levels of the individual subcarriers of the

same stream may be different.
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Although the individual operations of procedure 300 are illustrated and described
as separate operations, one or more of the individual operations may be performed
concurrently, and nothing requires that the operations be performed in the order illustrated.

FIGs. 4A and 4B are examples of bit distributions for three streams in accordance
with some embodiments of the present invention. In the example of FIG. 4A, each stream

=1,-,N N

(or spatial channel) ¢ sends " bits per subcarrier for ! s, where "~ ¢ is the number

n 2n,

> =
of streams and =", Tet M denote the greatest common factor of "% for

=1, n=—
! _,1’ N, and denote m , In this example, bit distributor 104 (FIGs 1A and 1B) may

Ny
N, =Zni

distribute coded bits group by group, where each group has =l contiguous coded
bits. For some embodiments, " takes a value of from 6, 4, and 2 (i.e., the possible

numbers of bits per symbol for this example); " takes value from 3, 2, and 1; and "
equals to 2. Example pseudo code that may be implemented by bit distributor 104 (FIGs.
1A and 1B) is listed as follows:

1) Select N, contiguous input bits.

2) LetV =N
3) For i=1:N,
A=l
4) Let "  where N is the number of remaining bits after bits have been

assigned to the first £ —1 streams.

5) For /=L

6) Distribute the k-th bit of the IV remaining bits to the i-th stream,
where X = rowzd(j A) ‘

7 End

8) Label the remaining bits sequentially from 1 to N-n

9) UpdateN =N-n;

10) End

10
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The function round () may be substituted by other functions such as floor () and
ceil (). In an example of ten input bits labeled sequentially b1 through b10, a bit distributor
may provide the following output sequences for the first ten bits:

Stream 1: b2, b3, b5, b7, b8, b10;
Stream 2: b4, b9;
Stream 3: b1, b6.

As can be seen, the streams intermix sequential bits very well as illustrated in FIG.
4A. In FIG. 4A, the first stream is illustrated by bits labeled 401, the second stream is
illustrated by bits labeled 402, and the third stream is illustrated by bits labeled 403. In this
example, the maximum number of contiguous bits of the same stream is two bits.

In another embodiment, illustrated in FIG. 4B, bit distributor 104 (FIGs. 1A and
. N, .. N ) . N
1B) may assign “'? bits to s streams alternately until the last stream (i.e. stream ~ ¢ ) has
enough bits (i.e. ", bits). The bit distributor may continue to assign the remaining bits to
the first N, -1 streams alternately until stream N,-1 has enough bits (i.e. 1 bits).
This process may be repeated until the second stream has "2 bits. Finally, the remaining

N, bits may be assigned to the first stream. Example pseudo code that may be
implemented by bit distributor 104 (FIGs. 1A and 1B) for this example embodiment is

listed as follows:

1) Select N, contiguous input bits.

2) Let "wen =0

3) For i=N,:-1:1

4 For j=n, +1l:n

5) Distribute the remaining bits to the first ¢ streams alternately.
6) End

7) End

Based on the previous example embodiment, the bit distributor may provide the
following output for the first ten bits.
Stream 1: bl, b4, b7, b8, b9, b10;
Stream 2: b2, b5;

Stream 3: b3, b6.
11
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In this example, the latter portion of the first stream doesn’t intermix very well
with the second and third streams. Namely, b7, b8, b9, b10, and b11 in the first stream do
not intermix with the second and third streams. This is illustrated in FIG. 4B. In FIG. 4B,
the first stream is illustrated by bits labeled 411, the second stream is illustrated by bits
labeled 412, and the third stream is illustrated by bits labeled 413. In this example, the
maximum number of contiguous bits of the same stream is five.

Unless specifically stated otherwise, terms such as processing, computing,
calculating, determining, displaying, or the like, may refer to an action and/or process of
one or more processing or computing systems or similar devices that may manipulate and
transform data represented as physical (e.g., electronic) quantities within a processing
system’s registers and memory into other data similarly represented as physical quantities
within the processing system’s registers or memories, or other such information storage,
transmission or display devices. Furthermore, as used herein, computing device includes
one or more processing elements coupled with computer-readable memory that may be
volatile or non-volatile memory or a combination thereof.

Embodiments of the invention may be implemented in one or a combination of
hardware, firmware and software. Embodiments of the invention may also be implemented
as instructions stored on a machine-readable medium, which may be read and executed by
at least one processor to perform the operations described herein. A machine-readable
medium may include any mechanism for storing or transmitting information in a form
readable by a machine (e.g., a computer). For example, a machine-readable medium may
include read-only memory (ROM), random-access memory (RAM), magnetic disk storage
media, optical storage media, flash-memory devices, electrical, optical, acoustical or other
form of propagated signals (e.g., carrier waves, infrared signals, digital signals, etc.), and
others.

The Abstract is provided to comply with 37 C.F.R. Section 1.72(b) requiring an
abstract that will allow the reader to ascertain the nature and gist of the technical
disclosure. It is submitted with the understanding that it will not be used to limit or
interpret the scope or meaning of the claims.

In the foregoing detailed description, various features are occasionally grouped
together in a single embodiment for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments of the subject matter require more features than are expressly recited in each

12
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claim. Rather, as the following claims reflect, invention may lie in less than all features of
a single disclosed embodiment. Thus the following claims are hereby incorporated into the
detailed description, with each claim standing on its own as a separate preferred

embodiment.
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CLAIMS

‘What is claimed is:

1. A bit distributor comprising:

a calculator to calculate a delta for a first stream based on a bit-loading capability
of the first stream; and

a bit extractor to extract bits for the first stream from a group of selected input bits
based on the delta for the first stream,

wherein the calculator is to calculate a delta for a second stream based on a bit-
loading capability of the second stream, and

wherein the bit extractor is to extract bits for the second stream from remaining bits

of the group based on the delta for the second stream.

2. The bit distributor of claim 1 wherein the delta for the first stream is based on
the sum of the bit-loading capabilities of a plurality of streams divided by the bit-loading
capability of the first stream, and

wherein the delta for the second stream is based on the sum of the bit-loading
capabilities of remaining streams dividing by the bit-loading capability of the second

stream.

3. The bit distributor of claim 1 wherein the bit-loading capabilities represent a
number of bits per symbol for symbol modulating data subcarriers of each of the streams
prior to transmission,

wherein the bit-loading capabilities are determined from channel conditions for the
subcarriers,

wherein the bit-loading capabilities are dynamically changed in response to

changing channel conditions.

4. The bit distributor of claim 2 wherein the calculator is to sort the plurality of
streams based on the bit-loading capabilities of the streams, wherein the first stream has a
greatest of the bit-loading capabilities and the second stream has next-greatest of the bit-
loading capabilities, and
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wherein the bit distributor further comprises a bit selector to select the group of

input bits based on the bit-loading capabilities of the plurality of spatial streams.

5. The bit distributor of claim 2 wherein the bit extractor provides output groups of
bits for each stream in accordance with a ratio of the bit-loading capabilities of the

plurality of streams.

6. A method of distributing bits among a plurality of streams comprising:

calculating a delta for a first stream based on a bit-loading capability of the first
stream,

extracting bits for the first stream from a group of selected input bits based on the
delta for the first stream;

calculating a delta for a second stream based on a bit-loading capability of the
second stream; and

extracting bits for the second stream from remaining bits of the group based on the

delta for the second stream.

7. The method of claim 6 wherein the delta for the first stream is based on the sum
of the bit-loading capabilities of a plurality of streams divided by the bit-loading capability
of the first stream, and

wherein the delta for the second stream is based on the sum of the bit-loading
capabilities of remaining streams dividing by the bit-loading capability of the second

stream.

8. The method of claim 6 wherein the bit-loading capabilities represent a number
of bits per symbol for symbol modulating data subcarriers of each of the streams prior to
transmission,

wherein the bit-loading capabilities are determined from channel conditions for the
subcarriers, and

wherein the bit-loading capabilities are dynamically changed in response to

changing channel conditions.

9. The method of claim 7 further comprising:
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sorting the plurality of streams based on the bit-loading capabilities of the streams,
wherein the first stream has a greatest of the bit-loading capabilities and the second stream
has next-greatest of the bit-loading capabilities; and

selecting the group of input bits based on the bit-loading capabilities of the

plurality of spatial streams.

10. The method of claim 7 further comprising providing output groups of bits for
each stream in accordance with a ratio of the bit-loading capabilities of the plurality of

streams.

11. A multicarrier transmitter comprising:

first stream mapping circuitry to map bits of a first stream to symbols in
accordance with subcarrier modulation assignments for the first stream;

second stream mapping circuitry to map bits of a second stream to symbols in
accordance with subcarrier modulation assignments for the second stream; and

a bit distributor to generate the first and second streams from an input bit stream
based on the subcarrier modulation assignments of the first and second streams, the bit
distributor to assign bits to the first and second streams to increase diversity among

sequential bits of the input bit stream.

12. The transmitter of claim 11 wherein the subcarrier modulation assignments
correspond to bit-loading capabilities of individual data subcarriers of the first and second
spatial streams, and

wherein the bit distributor comprises:

a calculator to calculate a delta for the first stream based on a bit-loading capability
of the first stream; and

a bit extractor to extract bits for the first stream from a group of selected input bits
based on the delta for the first stream,

wherein the calculator is to calculate a delta for the second stream based on a bit-
loading capability of the second stream, and

wherein the bit extractor is to extract bits for the second stream from remaining bits

of the group based on the delta for the second stream.
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13. The transmitter of claim 12 wherein the delta for the first stream is based on the
sum of the bit-loading capabilities of a plurality of streams divided by the bit-loading
capability of the first stream, and '

wherein the delta for the second stream is based on the sum of the bit-loading
capabilities of remaining streams dividing by the bit-loading capability of the second

stream.

14. The transmitter of claim 12 wherein the bit-loading capabilities represent a
number of bits per symbol for symbol modulating data subcarriers of each of the streams
prior to transmission,

wherein the bit-loading capabilities are determined from channel conditions for the
subcarriers, and

wherein the bit-loading capabilities are dynamically changed in response to

changing channel conditions.

15. The transmitter of claim 13 wherein the calculator is to sort the plurality of
streams based on the bit-loading capabilities of the streams, wherein the first stream has a
greatest of the bit-loading capabilities and the second stream has next-greatest of the bit-
loading capabilities, and

wherein the bit distributor further comprises a bit selector to select the group of

input bits based on the bit-loading capabilities of the plurality of spatial streams.

16. The transmitter of claim 13 wherein the bit extractor provides output groups of
bits for each stream in accordance with a ratio of the bit-loading capabilities of the

plurality of streams.

17. The transmitter of claim 12 further comprising circuitry to generate first and
second multicarrier communication signals respectively from the first and second streams,
the multicarrier communication signals comprising a plurality of symbol modulated

subcarriers.
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18. The transmitter of claim 17 further comprising a subcarrier modulation level
assignor to generate the subcarrier modulation assignments for data subcarriers of the

multicarrier communication signals for each stream based on channel conditions.

19. The transmitter of claim 18 wherein the subcarrier modulation assignments
comprise one or more of binary phase shift keying (BPSK) to communicate one bit per
symbol, quadrature phase shift keying (QPSK) to communicate two bits per symbol, SPSK
to communicate three bits per symbol, 16-quadrature amplitude modulation (16-QAM) to
communicate four bits per symbol, 32-QAM to communicate five bits per symbol, 64-
QAM to communicate six bits per symbol, 128-QAM to communicate seven bits per

symbol, and 256-QAM to communicate eight bits per symbol.

20. A method comprising:

mapping bits of a first stream to symbols in accordance with subcarrier modulation
assignments for the first stream;

mapping bits of a second stream to symbols in accordance with subcarrier
modulation assignments for the second stream;

generating the first and second streams from an input bit stream based on the
subcarrier modulation assignments of the first and second streams; and

assigning bits to the first and second streams to increase diversity among sequential

bits of the input bit stream.

21. The method of claim 20 further comprising:

calculating a delta for the first stream based on a bit-loading capability of the first
stream;

extracting bits for the first stream from a group of selected input bits based on the
delta for the first stream;

calculating a delta for the second stream based on a bit-loading capability of the
second stream; and

extracting bits for the second stream from remaining bits of the group based on the

delta for the second stream.
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22. The method of claim 21 wherein the delta for the first stream is based on the
sum of the bit-loading capabilities of a plurality of streams divided by the bit-loading
capability of the first stream, and

wherein the delta for the second stream is based on the sum of the bit-loading
capabilities of remaining streams dividing by the bit-loading capability of the second

stream.

23. The method of claim 21 wherein the bit-loading capabilities represent a number
of bits per symbol for symbol modulating data subcarriers of each of the streams prior to
transmission,

wherein the bit-loading capabilities are determined from channel conditions for the
subcarriers,

wherein the bit-loading capabilities are dynamically changed in response to

changing channel conditions.

24. The method of claim 21 further comprising:

generating first and second multicarrier communication signals respectively from
the first and second streams, the multicarrier communication signals comprising a plurality
of symbol modulated subcarriers; and

generating the subcarrier modulation assignments for data subcarriers of the

multicarrier communication signals for each stream based on channel conditions.

25. A system comprising:

at least two substantially omnidirectional antennas;

a multicarrier transmitter to transmit at least two data streams using the two
antennas, the multicarrier transmitter comprising:

first stream mapping circuitry to map bits of a first stream to symbols in
accordance with subcarrier modulation assignments for the first stream;

second stream mapping circuitry to map bits of a second stream to symbols in
accordance with subcarrier modulation assignments for the second stream; and

a bit distributor to generate the first and second streams from an input bit stream

based on the subcarrier modulation assignments of the first and second streams, the bit

19



10

15

20

25

WO 2006/076193 PCT/US2006/000200

distributor to assign bits to the first and second streams to increase diversity among

sequential bits of the input bit stream.

26. The system of claim 25 wherein the subcarrier modulation assignments
correspond to bit-loading capabilities of individual data subcarriers of the first and second
spatial streams, and

wherein the bit distributor comprises:

a calculator to calculate a delta for the first stream based on a bit-loading capability
of the first stream; and

a bit extractor to extract bits for the first stream from a group of selected input bits
based on the delta for the first stream,

wherein the calculator is to calculate a delta for the second stream based on a bit-
loading capability of the second stream, and

wherein the bit extractor is to extract bits for the second stream from remaining bits

of the group based on the delta for the second stream.

27. The system of claim 26 wherein the delta for the first stream is based on the
sum of the bit-loading capabilities of a plurality of streams divided by the bit-loading
capability of the first stream, and

wherein the delta for the second stream is based on the sum of the bit-loading
capabilities of remaining streams dividing by the bit-loading capability of the second

stream.

28. The system of claim 26 wherein the bit-loading capabilities represent a number
of bits per symbol for symbol modulating data subcarriers of each of the streams prior to
transmission,

wherein the bit-loading capabilities are determined from channel conditions for the
subcarriers,

wherein the bit-loading capabilities are dynamically changed in response to

changing channel conditions.

29. The system of claim 26 wherein the multicarrier transmitter includes circuitry
to generate first and second multicarrier communication signals respectively from the first
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and second streams, the multicarrier communication signals comprising a plurality of
symbol modulated subcarriers, and

wherein the multicarrier transmitter further comprising a subcarrier modulation
level assignor to generate the subcarrier modulation assignments for data subcarriers of the

multicarrier communication signals for each stream based on channel conditions.

30. A machine-accessible medium that provides instructions, which when
accessed, cause a machine to pberform operations comprising:

calculating a delta for a first stream based on a bit-loading capability of the first
stream;

extracting bits for the first stream from a group of selected input bits based on the
delta for the first stream;

calculating a delta for a second stream based on a bit-loading capability of the
second stream; and

extracting bits for the second stream from remaining bits of the group based on the

delta for the second stream.

31. The machine-accessible medium of claim 30 wherein the instructions, when
further accessed cause the machine to perform operations,

wherein the delta for the first stream is based on the sum of the bit-loading
capabilities of a plurality of streams divided by the bit-loading capability of the first
stream, and

wherein the delta for the second stream is based on the sum of the bit-loading
capabilities of remaining streams dividing by the bit-loading capability of the second

stream.

32. The machine-accessible medium of claim 30 wherein the instructions, when
further accessed cause the machine to perform operations,

wherein the bit-loading capabilities represent a number of bits per symbol for
symbol modulating data subcarriers of each of the streams prior to transmission,

wherein the bit-loading capabilities are determined from channel conditions for the

subcarriers,

21



WO 2006/076193 PCT/US2006/000200

wherein the bit-loading capabilities are dynamically changed in response to

changing channel conditions.
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