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(57) Abstract: A media access control (MAC) layer controller can manage base layer data and enhancement layer data in a layered
modulation system. The MAC layer controller can process both base layer data and enhancement layer data and map the encoded
& symbols to a layered modulation constellation when both are present. If data for one of the layers terminates, then the MAC layer
& controller can generate and supply predetermined stuffing data to the layer lacking additional data. The MAC layer controller can
send a control signal to the physical layer hardware to cause the hardware to map the layered signals having the stuffing data to
a modified signal constellation. The MAC controller can also generate an overhead message that indicates the occurrence of the
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METHODS AND APPARATUS FOR TRANSMITTING LAYERED
AND NON-LAYERED DATA VIA LAYERED MODULATION

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
60/660,873, filed March 10, 2005, entitled “METHODS AND APPARATUS FOR
TRANSMITTING LAYERED AND NON-LAYERED DATA VIA LAYERED
MODULATION,” and U.S. Provisional Application No. 60/643,264, filed January 11,
2005, entitled “A METHOD OF TRANSMITTING A SINGLE LAYER DATA WHEN
THE RECEIVER IS IN A LAYERED MODULATION MODE,” each of which is

hereby incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION
[0002] Wireless communication systems are continually striving to increase the data
bandwidth so that information can quickly be exchanged between devices coupled to the
communication system. Some of the parameters that limit the data bandwidth available
to devices include the spectral bandwidth allocated to the devices and the quality of the

channel linking the devices.

[0003] Wireless communication systems compensate for the various constraints on
data bandwidth using a variety of techniques. A wireless communication system may
incorporate multiple encoding techniques, and may select an encoding technique based
on a data rate supported by a channel. In such a system, the communicating devices
may negotiate a data rate based on the capabilities of the channel. Such a
communication system may be advantageous for multiple point to point links, but may
be less than ideal in a distributed broadcast system where a single transmitter provides

substantially the same data to multiple receivers.

[0004] Wireless communication systems may incorporate hierarchical modulation,
also referred to as layered modulation, where multiple data streams are simultaneously
transmitted across a hierarchy of data layers. The multiple data streams can include a
base layer that is a robust communication link capable of successful reception in nearly

all receiver operating conditions. The multiple data streams can also include an
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enhancement layer that is broadcast at a data rate that is lower, the same, or higher than

the data rate of the base layer. The communications over the enhancement layer may

require a higher signal quality at the receiver compared to the base layer. Therefore, the

enhancement layer may be more sensitive to variations in the quality of the channel.

[0005] The receiver is typically ensured the ability to communicate at the base level,
and can typically demodulate data on the base layer. In channel conditions sufficient to
support the enhancement layer, the receiver is also able to demodulate additional data
modulated on the enhancement layer to provide a higher quality of service or to provide

additional data bandwidth.

[0006] The use of layered modulation signals substantially complicates the operation
of the transmitter and receiver. Some data streams may have unrelated information on
each of the base layer and enhancement layer. Because of the relative independence of
the two layers, one layer, for example the enhancement layer, may complete a
transmission or otherwise have no additional information to transmit while the base
layer continues to supply information. The transmitter may not have the ability to
selectively activate and deactivate layered modulation at the same rate that is needed to
support intermittent operation of the enhancement layer. Alternatively, incorporating
unlimited ability to select between layered or non-layered operation may be undesirable

or unfeasible due to hardware constraints, cost, or established standards.

[0007] The intermittent lack of information for the various layers of a layered
modulation signal creates potential problems at the transmitter and the receiver. The
transmitter needs to have the ability to operate when there is information on less than all
layers of a layered modulation signal. Additionally, the receiver needs to be able to
discern when less than all layers of a layered modulation signal carry information.
However, any potential solution must not overly burden the processing capabilities of

the transmitter or the receiver.

BRIEF SUMMARY OF THE INVENTION
[0008] A media access control (MAC) layer controller can independently manage
base layer data and enhancement layer data in a layered modulation system. The MAC

layer controller can process both base layer data and enhancement layer data when both
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are present. The base layer' data and enhancement layer data are encoded and mapped to

a layered modulation constellation.

[0009] If data for one of the layers terminates, halts, completes, or otherwise ceases,
then the MAC layer controller can generate and supply predetermined stuffing data to
the layer lacking additional data. The MAC layer controller can send a control signal to
the physical layer hardware to cause the physical layer hardware to map the layered
signals having the stuffing data to a modified signal constellation. The MAC controller

can also generate an overhead message that indicates the occurrence of the stuffing data.

[0010] The receiver can receive the overhead message and can use the information to
configure the receiver for the layered modulation constellation or the modified signal
constellation. The receiver can also locally generate the stuffing data in order to assist

in the decoding of enhancement layer data.

[0011] Aspects of the invention include a method of transmitting layered and non-
layered data in a layered modulation channel. The method includes receiving base layer
data, encoding the base layer data to base layer symbols, receiving enhancement layer
data, determining termination of the enhancement layer data prior to termination of the
base layer data, generating stuffing data, appending the stuffing data to the enhancement
Jayer data, and encoding the enhancement layer data appended with the stuffing data to

enhancement layer symbols.

[0012] Aspects of the invention include a method of transmitting layered and non-
layered data in a layered modulation channel. The method includes generating a layered
signal during a first time slot of a logical channel having a plurality of time slots,
mapping the layered signal to a layered modulation constellation, generating a non-
layered signal during a second time slot of the logical channel, and mapping the layered

signal to a non-layered modulation constellation.

[0013] Aspects of the invention include a transmitter configured to transmit layered
and non-layered data over a layered modulation channel. The transmitter includes a
base layer processing block configured to receive base layer data and encode the base
layer data to base layer symbols, an enhancement layer processing block configured to
receive enhancement layer data and encode the enhancement layer data to enhancement
Jayer symbols, a signal mapper coupled to the base layer processing block and the

enhancement layer processing block, and configured to map a combination of at least
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one base layer symbol with at least one enhancement layer symbols to a constellation

point, and a controller configured to determine a termination of the enhancement layer

data, generate stuffing data in response to the termination of the enhancement layer data,

and couple the stuffing data to the enhancement layer processing block.

[0014] Aspects of the invention include a transmitter configured to transmit layered
and non-layered data over a layered modulation channel. The transmitter includes a
base layer processing block configured to receive base layer data and encode the base
layer data to base layer symbols, an enhancement layer processing block configured to
receive enhancement layer data and encode the enhancement layer data to enhancement
Jayer symbols, a controller configured to generate a control signal based on a presence
of enhancement layer data, and a signal mapper coupled to the base layer processing
block and the enhancement layer processing block, and configured to map the base layer
symbols and enhancement layer symbols to a constellation selected from a plurality of

constellations based on the control signal.

[0015] Aspects of the invention include a receiver configured to receive layered and
non-layered data over a layered modulation channel. The receiver includes a symbol
deinterleaver configured to receive a tone modulated by a constellation point and
generate a base layer symbol and an enhancement layer symbol from the tone, and
further configured to generate a decoder control signal, a base layer processor coupled
to the symbol deinterleaver, and configured to receive the base layer symbol and decode
a base layer data, and an enhancement layer processor coupled to the symbol
deinterleaver, and configured to receive the enhancement layer symbol and selectively

decode an enhancement layer data based on the decoder control signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The features, objects, and advantages of embodiments of the disclosure will
become more apparent from the detailed description set forth below when taken in

conjunction with the drawings, in which like elements bear like reference numerals.

[0017] Figure 1 is a functional block diagram of an embodiment of a wireless

communication system incorporating hierarchical modulation.

[0018] Figures 2A-2C are constellation diagrams for a layered modulation

system.
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[0019] Figure 3 is a simplified functional block diagram of an embodiment of a

transmitter in a layered modulation system.

[0020] Figure 4 is a simplified functional block diagram of an embodiment of a

media access control layer controller.

[0021] Figure 5 is a simplified functional block diagram of an embodiment of a

receiver configured for operation in a hierarchical modulation system.

[0022] Figure 6is a simplified functional block diagram of a stream

configuration for a logical channel of a layered modulation system.

[0023] Figure 7 is a simplified flowchart of a method of generating layered and

non-layered data in a layered modulation system.

[0024] Figure 8 is a simplified flowchart of a method of generating layered and

non-layered data in a layered modulation system.

[0025] Figure 9 is a simplified functional block diagram of an embodiment of a

transmitter in a layered modulation system.

DETAILED DESCRIPTION OF THE INVENTION
[0026] Systems, methods, and apparatus are described for enabling transmission and
reception of layered and non-layered data over a channel configured for layered
modulation. A logical channel in a wireless communication system can be configured
to support layered modulation. The layered modulation can have a plurality of layers.
A first layer can be configured as a base layer and a second layer éan be configured as

an enhancement layer when two layers are defined.

[0027] The base layer and enhancement layer can be configured to operate
substantially independently. Substantially independently refers to the independence of
the data carried on the layers. The upper communication layers and the physical layer
supporting the two modulation layers can have one or more blocks in common.
However, the base layer and enhancement layer are substantially independent where the
information carried on one layer does not rely on the information supplied on the other

layer.
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[0028] In another embodiment, a logical channel may time multiplex a plurality of
independent layered modulation streams. Each stream can be independent of any other
stream, and one or more streams assigned to the logical channel can cease generating

layered data while other streams continue to generate layered data.

[0029] When a data source ceases to supply layered data for a logical channel
configured for layered modulation, a media access control (MAC) layer controller can
determine that non-layered data exists. The MAC layer controller can be configured to
insert stuffing data, such as stuffing bits, stuffing symbols, stuffing packets, stuffing
frames, or some combination thereof, into the data stream to emulate, imitate, or
otherwise artificially generate a layered data source. The MAC layer controller can, for
example, insert a predetermined bit sequence to the absent layer. The predetermined bit
sequence can be a recurring bit sequence, a random or pseudorandom bit sequence, or
can depend on the information supplied on the other layer. In the embodiment where
the stuffing data is generated based on the data from the existing layer, the base and
enhancement layer data is no longer substantially independent. However, the stuffing
data carries no source information, but can be used to contribute to the ability to decode

the base layer data at the receiver.

[0030] In one embodiment, the MAC layer controller can be configured to control a
signal mapping module in the physical layer hardware. The physical layer hardware in
the transmitter can be configured to support a plurality of signal constellations. The
constellation used by the signal mapping module to which the base layer and
enhancement layer data re mapped can be based in part on a control signal generated by

the MAC layer controller.

[0031] When the base layer and enhancement layer both supply data, the MAC layer
controller can control the signal mapping module to map the data to a layered
modulation constellation. When the data source ceases supplying data to the
enhancement layer, the MAC layer inserts stuffing data to the enhancement layer. The
MAC layer controller also signals the signal mapping module to map the layered data
having the stuffing data to a second modulation constellation, which may or may not

correspond to a layered modulation constellation.

[0032] The MAC layer controller generates an overhead message t0 indicate the

presence of stuffing data and the second modulation constellation to receivers. The
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receivers can configure their decoders to operate on the received data according to the
overhead message. The receivers can use knowledge of the stuffing data to assist in

recovering the base layer data.

[0033] Figure 1 is a functional block diagram of an embodiment of a wireless
communication system 100 incorporating hierarchical modulation, alternatively referred
to as layered modulation. The system includes one or more fixed elements that can be
in communication with a user terminal 110. The user terminal 110 can be, for example,
a wireless telephone configured to operate according to one or more communication
standards using layered modulation. For example, the user terminal 110 can be
configured to receive wireless telephone signals from a first communication network
and can be configured to receive data and information from a second communication
network. In some embodiments, both communication networks can implement layered
modulation, while in other embodiments one of the communication networks may

impleraent layered coded modulation.

[0034] The user terminal 110 can be a portable unit, a mobile unit, or, a stationary
unit. The user terminal 110 may also be referred to as a mobile unit, a mobile terminal,
a mobile station, user equipment, a portable, a phone, and the like. Although only a
single user terminal 110 is shown in Figure 1, it is understood that a typical wireless

communication system 100 has the ability to communicate with multiple user terminals
110.

[0035] The user terminal 110 typically communicates with one or more base stations
120a or 120b, here depicted as sectored cellular towers. The user terminal 110 will
typically communicate with the base station, for example 120b, that provides the

strongest signal strength at a receiver within the user terminal 110.

[0036] Each of the base stations 120a and 120b can be coupled to a Base Station
Controller (BSC) 130 that routes the communication signals to and from the appropriate
base stations 120a and 120b. The BSC 130 is coupled to a Mobile Switching Center
(MSC) 140 that can be configured to operate as an interface between the user terminal
110 and a Public Switched Telephone Network (PSTN) 150. The MSC can also be
configured to operate as an interface between the user terminal 110 and a network 160.
The network 160 can be, for example, a Local Area Network (LAN) or a Wide Area
Network (WAN). In one embodiment, the network 160 includes the Internet.
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Therefore, the MSC 140 is coupled to the PSTN 150 and network 160. The MSC 140
can also be coupled to one or more media source 170. The media source 170 can be, for
example, a library of media offered by a system provider that can be accessed by the
user terminal 110. For example, the system provider may provide video or some other
form of media that can be accessed on demand by the user terminal 110. The MSC 140
can also be configured to coordinate inter-system handoffs with other communication

systems (not shown).

[0037] In one embodiment, the base stations 120a and 120b can be configured to
transmit layered modulation signals to the user terminal 110. For example, the base
stations 120a and 120b can be configured to transmit a multicast signal that can be
directed to the user terminal 110 as well as other receivers (not shown). The layered
modulation signals can include a base layer signal that is configured to be robust, and an
enhancement layer signal that operates at a lower link margin, and as a result, that is
more sensitive to variations in the channel. The enhancement layer can be configured to
provide supplemental data to the data supplied on the base layer or provide independent

data that has a lower quality of service requirement.

[0038] The wireless communication system 100 can also include a broadcast
transmitter 180 that is configured to transmit a layered modulation signal to the user
terminal 110. In one embodiment, the broadcast transmitter 180 can be associated with
the base stations 120a and 120b. In another embodiment, the broadcast transmitter 180
can be distinct from, and independent of, the wireless telephone system containing the
base stations 120a and 120b. The broadcast transmitter 180 can be, but is not limited to,
an audio transmitter, a video transmitter, a radio transmitter, a television transmitter, and

the like or some combination of transmitters.

[0039] Although only one broadcast transmitter 180 is shown in the wireless
communication system 100, the wireless commﬁnication system 100 can be configured
to support multiple broadcast transmitters 180. A plurality of broadcast transmitters 180
can transmit signals in overlapping coverage areas. A user terminal 110 can
concurrently receive signals from a plurality of broadcast transmitters 180. The
plurality of broadcast transmitters 180 can be configured to broadcast identical, distinct,

or similar broadcast signals. For example, a second broadcast transmitter having a
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coverage area that overlaps the coverage area of the first broadcast transmitter may also

broadcast some of the information broadcast by a first broadcast transmitter.

[0040] The broadcast transmitter 180 can be configured to receive data from a
broadcast media source 182 and can be configured to hierarchically code the data,
modulate a signal based on the hierarchically coded data, and broadcast the layered
modulation signals to a service area where it can be received by the user terminal 110.
The broadcast transmitter 180 can generate, for example, base layer data and

enhancement layer data from data received from the broadcast media source 182.

[0041] The layered modulation data configuration can be advantageous if the
enhancement layer does not carry data that is redundant to that carried on the base layer.
Additionally, the inability of the receiver to decode the enhancement layer may not
result in loss of service. For example, the base layer can be configured to deliver video
at a standard video resolution, and the enhancement layer can provide additional data
that increases the resolution or SNR of the received video signal. In another
embodiment, the base layer can be configured to provide a signal having a
predetermined quality, such as a video signal at 15 frames per second, and the
enhancement layer can be configured to supplement the information carried on the base
layer. For example, the enhancement layer can be configured to carry information used
to support a video signal at 30 frames per second. In such a configuration, the inability
to decode the enhancement layer data results in lower resolution signal, lower signal

quality, or SNR, but not a complete loss of signal.

[0042] The user terminal 110 can be configured to demodulate the received signal and
decode the base layer. The receiver in the user terminal 110 can implement error
control mechanisms as a standard part of the base layer decoder. The receiver in the
user terminal 110 can use the error control mechanisms of the base layer decoder to
determine a probability of successful enhancement layer decoding. The receiver in the
user terminal 110 can then determine whether to decode the enhancement layer based on
statistics or metrics generated in the error control mechanisms used in the base layer

decoding.

[0043] In another embodiment, the user terminal 110 can be configured to
substantially decode the base layer and enhancement layers concurrently, without

relying on base layer information when decoding the enhancement layer. For example,
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the user terminal 110 can be configured to determine a single decoder threshold value
and use the single decoder threshold value when decoding both the base and
enhancement layer. The decoder threshold can be based in part on a characteristic of
the layered modulation data. For example, the decoder threshold can be based on a ratio
of the power or energy of the enhancement layer relative to the base layer. The decoder
threshold can also be based in part on a desired error rate, such as a symbol error rate,
bit error rate, packet error rate, or frame error rate. The decoder threshold can be fixed
or may vary based, for example, on varying desired quality of service or varying

characteristics of the layered modulation data.

[0044] Figures 2A-2C show constellation diagrams of possible constellations that a
signal mapping module can use in mapping the base layer and enhancement layer data.
In one embodiment, the signal mapping module selects a constellation based on a
control input received from the MAC layer controller. The constellation diagrams
shown in Figures 2A-2C are not limitations on the types of constellations that can be
used in a layered modulation system, but instead are provided as examples of a

particular embodiment of a two-layer modulation system.

[0045] Figure 2A is a constellation diagram 260 of an embodiment of a particular
layered modulation implementation. The constellation diagram 260 of Figure 2A is
substantially a 16-QAM constellation in which the base layer data maps to a particular
quadrant of the constellation, and the enhancement layer data maps to the particular
position within the constellation. The 16-QAM constellation 260 does not need to be
consistently spaced, but may be modified to have a consistent spacing within each
quadrant and a distinct spacing between the nearest points within different quadrants.
Furthermore, some of the points in the constellation may be mirrored with respect to a

midpoint in the quadrant.

[0046] The input to a signal mapping block includes 2 bits from the base layer (b; bp)
and 2 bits from the enhancement layer (e; ep). The base layer stream is transmitted at a
higher power level with respect to the enhancement layer stream and the energy ratio r

satisfies the following relationship:
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[0047] By normalizing the average constellation point energy (=202 +2/42%) to 1, &

and [ can be expressed in terms of energy ratio r as

_ r
Y=\
1
p= 2(1+7)

[0048] The same energy ratio can be used for multiple tones in the same logical
channel of an OFDM system, where a logical channel can include one or more tones
from the OFDM group of tones. However, the energy ratio can change from logical
channe] to logical channel. Therefore, the signal mapping block can map the same data
to different constellations depending on the energy ratio, with the constellation
determined by the energy ration. Thus, an OFDM symbol can include multiple logical
channels. The tones of a particular logical channel can have a different energy ratio

relative to tones corresponding to another logical channel in the same OFDM symbol.

[0049] For example, a signal mapping block can be configured to map base and
enhancement layer data to one of two constellation, where the two constellations
correspond to energy ratios of 4 and 9. Note, the layered modulation signal
constellation follows the Gray mapping, and the signal constellation for layered
modulation is equivalent to the signal constellation of 16-QAM when the energy ratio,

r, is equal to 4.

[0050] Figure 2B is another embodiment of a constellation diagram 270. The
constellation diagram 270 of Figure 2B corresponds to a QPSK constellation, and
supports two bits per symbol. As such, the constellation diagram 270 of Figure 2B does
not support layered modulation when the two bits originate from the same layer. In one
embodiment, the distance between the constellation points can be adjusted to obtain an

energy ratio of one.

[0051] Figure 2C is another embodiment of a constellation diagram 280. The

constellation diagram 280 of Figure 2C includes four constellation points selected from
the constellation diagram 260 of Figure 2A. The constellation points selected from the
constellation diagram 260 of Figure 2A correspond to the four constellation points that

maximize the minimum distance between any two adjacent constellation points. Of
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course, other criteria can be used to select other constellation points, or some other

constellation diagram can be used in the system.

[0052] Figure 3 is a functional block diagram of an embodiment of a transmitter 300
configured for a layered modulation system. In one embodiment, the transmitter 300
can be implemented in the broadcast transmitter of the system of Figure 1. The
transmitter 300 of Figure 3 can be configured for layered modulation in an Orthogonal
Frequency Division Multiple Access (OFDMA) or Orthogonal Frequency Division
Multiplex (OFDM) system.

[0053] The transmitter 300 can be configured to map the base layer data and
enhancement layer data to the constellation diagram of Figure 2A when both base layer
data and enhancement layer data are present. The transmitter 300 can be configured to
select an alternative constellation, such as one of the constellations of Figures 2B or 2C,
when the enhancement layer terminates or otherwise is no longer supplied to the

transmitter 300.

[0054] However, the transmitter 300 shown in Figure 3 represents an embodiment and
is not a limitation on the disclosed apparatus and methods. For example, a single carrier
system can be modulated with layered modulation data, and the corresponding decoder

in a receiver can be configured to operate on a single carrier with layered modulation.

[0055] The transmitter 300 can include substantially similar base layer and
enhancement layer processing blocks, 310 and 320, respectively. The base layer
processing block 310 can be configured to process base layer data into a desired
modulation format, for example QPSK. The enhancement layer processing block 320
can be similarly configured to process enhancement layer data into a desired modulation

format, for example QPSK.

[0056] The base layer processing block 310 and the enhancement layer processing
block 320 receive the respective data from a source encoder (not shown), which can be
the broadcast media source of Figure 1. The enhancement layer processing block 320
can also be configured to receive stuffing data from a MAC layer controller 400 when

the source encoder (not shown) ceases supplying the enhancement data.

[0057] In one embodiment, the base layer data and the enhancement layer data can

include video signals, audio signals, or some combination of video and audio signals.
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The video/audio signal in the base layer corresponds to the data required to reproduce
basic quality of service at the receiver. The video/audio signal in the enhancement layer
corresponds to the additional data required to generate more enhanced quality of service
at the receiver. Hence, users capable of decoding two layers (base layer and
enhancement layer) can enjoy fully enhanced quality of video/audio signal while users

capable of decoding the base layer can get a minimum quality of video/audio signal.

[0058] Within each of the base layer processing block 310 and the enhancement layer
processing block 320, the data is coupled to a Reed Solomon encoder 301 or 311 for
block coding. The output of the Reed Solomon encoders 301 and 311 are coupled to
respective turbo encoders 303 and 313. The turbo encoders 303 and 313 can be
configured to turbo encode the data according to a predetermined encoding rate. The
encoding rate can be fixed or selectable from a plurality of encoder rates. For example,
the turbo encoders 303 and 313 can independently be configured to provide a coding
rate of 1/3, 1/2, or 2/3.

[0059] The turbo encoder 303 and 313 outputs are coupled to respective bit
interleavers 305 and 315 to improve resistance to burst errors. The output of the bit
interleavers 305 and 315 are coupled to respective slot assignment modules 307 and
317. The slot assignment modules 307 and 317 can be configured to time align the
encoded symbols with a predetérmined time slot, such as an interleaving time slot in a
time division multiplexed system. The outputs of the slot alignment modules 307 and
317 are coupled to respective scramblers 309 and 319. The output of the scramblers

309 and 319 represent the encoded base layer and enhancement layer symbols.

[0060] The symbols from the two layers are combined at a signal mapper 330. The
signal mapper 330 can be configured to map the base and enhancement layer symbols to
a particular point in the constellation for the layered modulation. For example, the
signal mapper 330 can be configured to map one or more base layer symbols along with
one or more enhancement layer symbols to a single point in the layered modulation
constellation. The signal mapper 330 can be configured to map each logical channel to
a constellation having a predetermined energy ratio. However, different logical

channels can be mapped to constellations having different energy ratios.

[0061] The output of the signal mapper 330 is coupled to a time interleaver 340 that is

configured to interleave the mapped constellation point to a particular slot in a logical
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channel. As described earlier, the system may implement a time division multiplex

configuration where a single layered modulation stream is time multiplexed with a

plurality of other layered modulation streams on the same logical channel. The

aggregate of signal streams can be time interleaved, or otherwise time multiplexed,

using a predetermined time multiplex algorithm, such as a round robin assignment.

[0062] The output of the time interleaver 340 is coupled to a subcarrier assignment
module 350. The subcarrier assignment module can be configured to assign one or
more tones, frequencies, or subcarriers from an OFDM tone set to each set of time
interleaved logical channels. The subset of subcarriers assigned to a set of time
interleaved logical channels can range from one channel to a plurality of subcarriers up
to all available subcarriers. The subcarrier assignment module 350 can map a serial
time interleaved set of logical channels to a subset of subcarriers according to a
predetermined algorithm. The predetermined algorithm can be configured to assign the
logical channels in a persistent manner, or can be configured to assign subcarriers

according to a frequency hopping algorithm.

[0063] The output of the subcarrier assignment module 350 is coupled to an OFDM
symbol module 360 that is configured to modulate the subcarriers based on the assigned
layered modulation symbol. The modulated OFDM subcarriers from the OFDM
symbol module 360 are coupled to an IFFT module 370 that can be configured to
generate an OFDM symbol and append or prepend a cyclic prefix or a predetermined

length.

[0064] The OFDM symbols from the IFFT module 370 are coupled to a shaping block
380 where the OFDM symbols can be shaped, clipped, windowed, or otherwise
processed. The output of the shaping block 380 is coupled to a transmit RF processor
390 for conversion to a desired operating frequency band for transmission. For
example, the output of the transmit RF processor 390 can include or be coupled to an

antenna (not shown) for wireless transmission.

[0065] When the source encoders (not shown) supply base layer data and
enhancement layer data to the respective processing blocks 310 and 320, the MAC layer
controller 400 controls the signal mapper 330 to map the base layer symbols and
enhancement layer symbols to a first constellation, such as the constellation diagram of

Figure 2A. When the source encoder (not shown) ceases or otherwise terminates the
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supply of enhancement data, the MAC layer controller determines the absence of the
enhancement layer data. The MAC layer controller 400 generates and supplies stuffing
data to the input of the enhancement layer processing block 320. The MAC layer
controller 400 can optionally control the signal mapper 330 to map the base layer data
and enhancement layer data having the stuffing data to a second constellation, such as

the constellation of Figure 2B or 2C.

[0066] Because the enhancement layer processing block 320 includes a Reed
Solomon encoder 311, a bit interleaver 315, and a scrambler 319, the order of the
enhancement layer symbols likely do not coincide with the order of the input
enhancement layer data. Thus, the MAC layer controller 400 can be configured to
control the constellation change of the signal mapper 330 at predetermined times,
instances, intervals, or events, such as following the completion of an interleaved and

scrambled Reed-Solomon block.

[0067] In another transmitter 300 embodiment, the enhancement layer processing
block 320 may omit the bit interleaver 315 and scrambler 319. In such an embodiment,
the output of the Reed-Solomon encoder 311 is coupled to the turbo encoder 313, and
the turbo encoded data can be assigned to a particular time slot. In such an
embodiment, the MAC layer controller 400 can be configured to control the
constellation of the signal mapper 330 at a time that coincides approximately with the

stuffing data.

[0068] A receiver receiving a transmission having only a portion of a Reed Solomon
code block can locally regenerate the stuffing data using the same algorithm used by the
MAC layer controller 400 to generate the stuffing data. The locally generated stuffing
data can be used to help recover the received base layer data. Thus, the receiver does
not require transmission of the stuffing data, and does not need to process the received

signals corresponding to stuffing data.

[0069] The MAC layer controller 400 generates an overhead message in order to
communicate the change in the signal constellation or the inclusion of stuffing data. In
one embodiment, the MAC layer controller 400 can generate an overhead message that
is transmitted on an overhead channel. In another embodiment, the MAC layer

controller 400 can be configured to include the information in a header that
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accompanies the modulated stream. The header can indicate, for example, the length of

the enhancement layer data, and thus the beginning f the stuffing data.

[0070] In one embodiment, the MAC layer controller 400 can be configured to
generate random or pseudorandom stuffing data. The MAC layer controller 400 can
also be configured to use the same constellation for layered and non-layered data. In
such an embodiment, the receiver does not benefit by the use of the stuffing data, unless
the stuffing data can be used to assist the decoding of a portion of the Reed-Solomon

encoded enhancement layer data.

[0071] In another embodiment, the MAC layer controller 400 can be configured to
use the constellation of Figure 2B when generating the stuffing data. In such an
embodiment, the signal mapper 330 maps the base layer symbols to QPSK constellation
points. The signal mapper 330 virtually ignores the stuffing data.

[0072] In another embodiment, the MAC layer controller 400 selects stuffing data
based on the base layer data in order to maintain the constellation of Figure 2C.
However, this embodiment may require significantly more signal processing as the
effects of the Reed Solomon encoder 313, bit interleaver 315, and scrambler 319 need to

be accounted for in generating the stuffing data.

[0073] Figure 4 is a simplified functional block diagram of an embodiment of a MAC
layer controller 400, such as the one shown in the transmitter of Figure 3. The MAC
layer controller 400 includes an enhancement data detector 410 coupled to a stuffing

data generator 420, overhead message generator 430, and constellation controller 440.

[0074] The enhancement data detector 410 can be configured to directly monitor the
enhancement layer source for the presence of enhancement layer data. Alternatively, or
in addition, the enhancement data detector 410 can receive a control message, for
example from an upper logical layer, such as an application layer or a network layer,
that informs the enhancement data detector of the impending completion or cessation of

enhancement layer data.

[0075] Upon determining the termination or absence of enhancement layer data, the
enhancement data detector 410 initiates the stuffing data generator 420. The stuffing
data generator 420 generates a predetermined stuffing data sequence and couples the

stuffing data to the input of an enhancement layer processing block. The enhancement
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layer processing block need not actually encode the stuffing data, because the data

represents dummy data. However, having the enhancement layer processing block

process the stuffing data may simplify the hardware implementation.

[0076] The stuffing data generator 420 can generate, for example, a predetermined
sequence, such as all ones, all zeros, or a predetermined pattern. In another
embodiment, the stuffing data generator 420 can generate stuffing data using a
predetermined generator algorithm such as a polynomial. The stuffing data can be a

random or pseudorandom sequence.

[0077] The enhancement data detector 410 can also initiate an overhead message
generator 430 that is configured to generate an overhead message that indicates the
inclusion of the stuffing data. Because the signal mapper may not actually encode the
stuffing data, the overhead message may be important to the receiver for the purposes of

recovering data.

[0078] The enhancement data detector 410 can also control the constellation
controller 440 that is configured to control the signal constellation used by the signal
mapper. In some embodiments, the constellation controller 440 can be omitted, and the
same constellation used for both layered and non-layered data. In other embodiments, a
first layered modulation constellation is used for the layered modulation, and a second

non-layered constellation is used for the non-layered data.

[0079] Figure 5 is a simplified functional block diagram of an embodiment of a
receiver 500. The receiver generally performs the complement of the transmitter

operations.

[0080] The receiver 500 includes a receive RF processor configured to receive the
transmitted RF OFDM symbols, process them and frequency convert them to baseband
OFDM symbols or substantially baseband signals. A signal can be referred to as
substantially a baseband signal if the frequency offset from a baseband signal is a
fraction of the signal bandwidth, or if signal is at a sufficiently low intermediate
frequency to allow direct processing of the signal without further frequency conversion.
The OFDM symbols from the receive RF processor 510 are coupled to an FFT module
520 that is configured to transform the OFDM symbols to the layered modulation

frequency domain subcarriers.
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[0081] The FFT module 520 can be configured to couple one or more subcarriers,
such as predetermined pilot subcarriers, to a channel estimator 530. The pilot
subcarriers can be, for example, one or more equally spaced sets of OFDM subcarriers.
The channel estimator 530 is configured to use the pilot subcarriers to estimate the
various channels that have an effect on the received OFDM symbols. In one
embodiment, the channel estimator 530 can be configured to determine a channel
estimate corresponding to each of the subcarriers. The channel estimates at a particular
subcarrier can be used as a channel estimate for adjacent subcarriers, for example, those

subcarriers within a predetermined coherence bandwidth of the pilot subcarrier.

{0082] The subcarriers from the FFT module 520 and the channel estimates are
coupled to a subcarrier symbol deinterleaver 540. The symbol deinterleaver 540 can be
configured to reverse the modulation performed by the subcarrier assignment module of
Figure 3. the symbol deinterleaver 540 can also be configured to generate a decoder
control signal. The symbol deinterleaver 540 can generate the decoder control signal,
for example, based on the overhead message transmitted by the transmitter informing of
the presence and location of stuffing data. The symbol deinterleaver 540 can couple the
decoder control signal to the enhancement layer decoder to selectively deactivate it
when the overhead message indicates the enhancement Jayer contains solely stuffing
data. The decoder control signal can also be used by the enhancement layer decoder to
selectively generate stuffing data and append the stuffing data to the received
enhancement layer symbols or decoded enhancement layer data in order to assist in the
decoding process. For example, the enhancement layer decoder can generate stuffing
data and can append the stuffing data to the enhancement layer data at the Reed ‘

Solomon decoder in order to assist in error correction and detection.

[0083] The receiver 500 is configured to perform base layer decoding and
enhancement layer decoding on each OFDM subcarrier or tone. Figure 5 illustrates a
single base layer decoder and enhancement layer decoder for the sake of clarity and

brevity.

[0084] The base layer decoder and enhancement layer decoder can operate
substantially in parallel. Each of the decoder modules can be configured to operate
concurrently on the same received constellation points. The enhancement layer decoder

can thus operate substantially independently of the base layer decoder and does not rely
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on the results of the base layer decoder when decoding the enhancement layer data. The
base layer decoder and enhancement layer decoders can be considered to operate
substantially independently even though the decoders share some sub-modules,
provided the enhancement layer decoder does not rely on the decoding results obtained
from the base layer decoder. Thus, the base layer decoder and enhancement layer
decoder can share channel estimates, and can even share a single bit metric module, for
example 550. Yet, the decoders can be considered substantially independent if the
enhancement layer decoder does not rely on the results of the base layer decoder when

decoding the enhancement layer data.

[0085] The decoders illustrated in the receiver 500 embodiment of Figure 5 are
configured to decode turbo encoded layered modulation data. Of course, if the
transmitter is configured to generate some other type of encoding, the decoders in the
receiver 500 would be matched to the encoder type. For example, the transmitter can be
configured to encode the data using turbo coding, convolutional coding, Low Density
Parity Check (LDPC) coding, or some other encoding type. In such an embodiment, the
receiver 500 is configured with the complementary decoders. Thus, each of the base
layer decoders and enhancement layer decoders in the receiver 500 can be configured to
provide turbo decoding, convolutional decoding, such as using Viterbi decoding, LDPC

decoding, or some other decoder or combination of decoders.

[0086] Each of the layered modulation tones is coupled to a base layer bit metric-
module 550 and an enhancement layer bit metric module 560. The bit metric modules
550 and 560 can operate on the layered modulation tone to determine a metric indicative

of the quality of the received constellation point.

[0087] In one embodiment, where the symbols represented in the constellation point
are turbo coded, the bit metric modules 550 and 560 can be configured to determine a
log likelihood ratio (LLR) of the received symbols represented by the constellation .
point. The LLR is the logarithm of the likelihood ratio. The ratio can be defined as the
probability that the original bit is 1 over the probability that the original bit is equal to 0.
Alternatively, the ratio can be defined in a reverse way, where the LLR is the
probability that the original bit is 0 over the probability that the original bit is equal to 1.

There is no substantial difference between these two definitions. The bit metric
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modules 550 and 560 can use, for example, the constellation point magnitudes and the

channel estimate to determine the LLR values.

[0088] Each bit metric module 550 and 560 utilizes a channel estimate and a received
signal to determine a LLR value. A noise estimate may also be used. However, the
noise estimate term can be substantially ignored if a turbo decoding method that
provides the same results regardless of the noise estimate is used. In such an
embodiment, the bit metric modules 550 and 560 hardware can use a predetermined

value as the noise estimate in calculating LLR values.

[0089] The output of the base bit metric module 550 is coupled to a base layer
processor 570. The output of the enhancement layer bit metric module 560 is coupled
to an enhancement layer processor 580 that functionally, operates similarly to the base
layer processor 570. For example, the LLR values are coupled from the bit metric
modules 550 and 560 to the respective base layer or enhancement layer processors 570
and 580.

[0090] The base layer processor 570 includes a descrambler 572 configured to operate
on the received LLR values to reverse the symbol scrambling performed in the encoder.
The output of the symbol descrambler 572 is coupled to a bit interleaver 574 that is
configured to deinterleave the previously interleaved symbols. The output of the bit
deinterleaver 574 is coupled to a turbo decoder 576 that is configured to decode turbo
encoded symbols according to the coding rate used by the turbo encoder. For example,
the turbo decoder 576 can be configured to perform decoding of rate 1/3, 1/2, or 2/3
turbo encoded data. The turbo encoder 576 operates, for example, on the LLR values.
The decoded outputs from the turbo decoder 576 is coupled to a Reed Solomon decoder
578 that can be configured to recover the base layer bits based in part on the Reed
Solomon encoded bits. The resulting base layer bits are transferred to a source decoder

(not shown).

[0091] The enhancement layer processor 580 operates similar to the base layer
processor 570. A descrambler 582 receives the LLR values from the enhancement bit
metric module 560. The output is coupled to a bit deinterleaver 584 and the turbo
decoder 586. The output of the turbo decoder 586 is coupled to the Reed Solomon
decoder 588. The resulting enhancement layer bits are transferred to a source decoder

(not shown).
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[0092] When stuffing data is used, the enhancement layer may not be transmitted. In
such an embodiment, the enhancement layer processor 580 can be idle or otherwise
powered down to conserve power. In another embodiment, the base layer processor 570
and enhancement layer processor 580 can continue to decode signals regardless of
whether the transmitted signal is a layered signal or a non-layered signal that can be
generated as a result of a base layer only mode. The base layer processor 570 and the
enhancement layer processor 580 need not have any knowledge of the operating mode
or constellation diagram used by the transmitter. The receiver 500 can be configured to
always assume a layered modulation constellation. The decoded data may contain
layered data having both base data and enhancement data, or may include only base data
and the decoded data from the enhancement processor 580 can be discarded by

subsequent processing stages (not shown).

[0093] Figure 6 is a simplified functional block diagram of a stream configuration 600
for a logical channel of a layered modulation system. The stream configuration can be

used, for example, in the system of Figure 1.

[0094] There is at least one Data Channel MAC Protocol Capsule corresponding to
each of the Base component and Enhancement component. The size of the stream
packets within each capsule may be mandated to be equal. A single field can be used to
carry the stream packet size in terms of number of MAC Layer packets. This field
applies to the stream packets in both Base component capsule as well as the

Enhancement component capsule.

[0095] For streams that are configured as “Base Layer only”, there is no Enhancement
Component provided by the Stream Layer to the Data Channel MAC layer on the
network side. In this case, the Data Channel MAC layer creates virtual Stream packet
that contains stuffing data that can be a known pattern, thereby making the stream
packet layout of the Base and Enhancement component of MAC layer capsule

substantially identical.

[0096] On the network side, while delivering the MAC layer packets to the physical
layer, MAC layer identifies the packets containing stuffing packets and instructs the
physical layer not to transmit the stuffing data, or not to transmit a majority of the
stuffing data. For error control of blocks consisting entirely of stuffing data, MAC layer

instructs the physical layer not to transmit the parity packets as well.
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[0097] Figure 7 is a simplified flowchart of a method 700 of generating layered and
non-layered data in a layered modulation system. The method 700 can be performed,

for example, by the transmitter of Figure 3.

[0098] The method 700 begins at block 710, where the transmitter receives base layer
data. The act of receiving the base layer data can include receiving the base layer data
from a source encoder, such as a media source. the transmitter proceeds to block 720

and encodes the base layer data.

[0099] The transmitter proceeds to block 730 and receives enhancement layer data. In
some embodiments the enhancement layer data is related to the base layer data, while in
other embodiments the base data and enhancement layer data are independent. The
transmitter can, for example, receive the enhancement layer data from a media source.
The transmitter proceeds to block 740 and encodes the enhancement layer data. The
transmitter may perform enhancement layer processing before, after, or concurrently

with base layer processing shown in blocks 710 and 720.

[0100] The transmitter proceeds to decision block 750 and determines if a base only
mode is active. A base only mode may occur, for example, when an application in the
system is configured to send high priority data, and the system desires high likelihood
of successful receipt of the data. Alternatively, or in addition, a base only mode may
occur as a result of an enhancement layer data completing, terminating, ceasing, or
otherwise halting. The enhancement layer data may terminate or cease when the
enhancement layer data is independent of the base layer data and the enhancement layer

data has been completely delivered.

[0101] If the transmitter determines that a base only mode is not active, the transmitter
returns from decision block 750 to block 710 to continue to process the two layers of
data. However, if the transmitter determines that base only mode is active, the

transmitter proceeds from decision block 750 to block 760.

[0102] At block 760, the transmitter generates stuffing data in response to the base
only mode. The stuffing data can be predetermined data that can include a
predetermined sequence of bits, predetermined bits, pseudorandom bits, random bits, or

some other bit sequence or combination of bit sequences.



WO 2006/076451 - PCT/US2006/001014

[0103] The transmitter proceeds to block 770 and appends or otherwise provides the
stuffing bits to the enhancement layer processing path. For example, the transmitter can
provide the stuffing bits to the enhancement layer encoder. The transmitter proceeds to

block 780 and encodes the enhancement layer having the stuffing data.

[0104] Figure 8 is a simplified flowchart of a method 800 of generating layered and
non-layered data in a layered modulation system. The method 700 can be performed,

for example, by the transmitter of Figure 3.

[0105] The method 800 begins at block 810 where the transmitter generates a layered
modulation signal. For example, the transmitter can generate a layered modulation
signal having a base layer and an enhancement layer. The transmitter proceeds to block
820 and maps the layered modulation signal to a layered modulation constellation. For
example, the transmitter can map a base layer symbol in conjunction with an
enhancement layer symbol to a constellation point of the constellation shown in Figure
2A. The transmitter proceeds to block 830 and assigns the mapped constellation point
of the layered modulation signal to a first time slot of a logical channel of a logical

channel having a plurality of time multiplexed time slots.

[0106] The transmitter proceeds to block 840 and generates a non-layered modulation |
signal. For example, the transmitter can generate a base layer only signal in response to
a base only mode. The transmitter proceeds to block 850 and maps the non-layered
modulation signal to a non-layered modulation constellation point. For example, the
transmitter can be configured to map a non-layered modulation signal to a constellation

point from the constellation of Figure 2B.

[0107] The transmitter proceeds to block 860 and assigns the constellation point from
the non-layered modulation signal to a second time slot of the same logical channel
having the layered modulation in the first time slot. The transmitter proceeds to block
870 and maps the logical channel to a physical channel for transmission. For example,
the transmitter can be configured to map the logical channel to one or more subcartiers

of one or more OFDM symbols.

[0108] Figure 9 is a simplified functional block diagram of an embodiment of a
transmitter 900 in a layered modulation system. The transmitter 900 includes means for

receiving base layer data 910 coupled to means for encoding the base layer data 960.
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[0109] The transmitter 900 also includes means for receiving enhancement layer data
920. The transmitter includes a means for determining a base only mode 930 coupled to
the means for receiving the base layer data 910 and means for receiving the
enhancement layer data 920. The means for determining a base only mode 930 can

monitor the data streams or can receive a control signal that indicates a base only mode.

[0110] A means for generating stuffing data 940 is coupled to the means for

determining a base only mode 930 and can generate stuffing data in response to the base
only mode being active. A means for appending the stuffing data with the enhancement
layer data 950 is coupled to the means for receiving enhancement layer data 920 and the
means for generating stuffing data 940. The means for appending the stuffing data with
the enhancement layer data 950 appends the stuffing data to the enhancement layer data

or substitutes the stuffing data for enhancement data when a base only mode is active.

[0111] The means for appending the stuffing data with the enhancement layer data
950 is coupled to a means for encoding enhancement layer data 980. The means for
encoding enhancement layer data 980 can thus encode enhancement layer data, stuffing
data, or a combination of enhancement layer data and stuffing data, depending on a

transmitter mode.

[0112] A means for mapping encoded data 970 is coupled to the. means for encoding
the base layer data 960 and the means for encoding enhancement layer data 980. The
means for mapping encoded data 970 can be configured to map the encoded data to a
signal constellation selected from a plurality of signal constellations. The constellation
can be selected based on the status of the base only mode, that is, depending on whéther
the base only mode is active. The means for mapping encoded data 970 can be
configured to select a base layer symbol and a corresponding enhancement layer symbol
and map the selected symbols to a constellation point. Additionally, the means for
mapping encoded data 970 can be configured to map the encoded data or signal
constellation points to a logical channel, and map the logical channel to a physical
channel. A means for transmitting data 990 is coupled to the means for mapping

encoded data 970 for transmitting the mapped data.

[0113] Systems, methods, and apparatus for transmitting layered and non-layered data

in a Jayered modulation system have been described. A transmitter can seamlessly
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handle layered or non-layered data in a stream that is assigned to a logical channel

configured for layered modulation.

[0114] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), a Reduced
Instruction Set Computer (RISC) processor, an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A general purpose
processor may be a microprocessor, but in the alternative, the processor may be any
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, for example, a combination of a
DSP and a microprocessor, a plurality of microprocessors, one or more MiCroprocessors

in conjunction with a DSP core, or any other such configuration.

[0115] The steps of a method, process, or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. The various steps or
acts in a method or process may be performed in the order shown, or may be performed
in another order. Additionally, one or more process or method steps may be omitted or
one or more process or method steps may be added to the methods and processes. An
additional step, block, or action may be added in the beginning, end, or intervening

existing elements of the methods and processes.

[0116] The above description of the disclosed embodiments is provided to enable any
person of ordinary skill in the art to make or use the disclosure. Various modifications
to these embodiments will be readily apparent to those of ordinary skill in the art, and
the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the disclosure. Thus, the disclosure 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.
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WHAT IS CLAIMED IS:

1. A method of transmitting layered and non-layered data in a
layered modulation channel, the method comprising:

receiving base layer data;

encoding the base layer data to base layer symbols;

receiving enhancement layer data;

determining termination of the enhancement layer data prior to
termination of the base layer data;

generating stuffing data;

appending the stuffing data to the enhancement layer data; and

encoding the enhancement layer data appended with the stuffing data to

enhancement layer symbols.

2. The method of claim 1, further comprising:
selecting at least one base layer symbol;
selecting at least one corresponding enhancement layer symbol; and

mapping the selected symbols to a constellation point.

3. The method of claim 1, further comprising:

mapping the base layer symbols in combination with the enhancement
layer symbols to a first constellation prior to the stuffing data; and

mapping the base layer symbols in combination with the enhancement

layer symbols to a second constellation subsequent to the stuffing data.

4. The method of claim 3, wherein the first constellation comprises

16 constellation points.

5. The method of claim 3, wherein the second constellation

comprises a QPSK constellation.

6. The method of claim 3, wherein the second constellation

comprises a subset of constellation points from the first constellation.

7. The method of claim 3, wherein mapping the base layer symbols

in combination with the enhancement layer symbols to the second constellation
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comprises mapping the base layer symbols to the second constellation without regard to

the enhancement layer symbols.

8. The method of claim 1, wherein the stuffing data comprises a

predetermined sequence.

9. The method of claim 1, wherein the stuffing data comprises a

pseudorandom sequence.

10. A method of transmitting layered and non-layered data in a
layered modulation channel, the method comprising:

generating a layered signal during a first time slot of a logical channel
having a plurality of time slots;

mapping the layered signal to a layered modulation constellation;

generating a non-layered signal during a second time slot of the logical

channel; and

mapping the layered signal to a non-layered modulation constellation.

11. The method of claim 10, further comprising assigning the logical

channel to a subset of OFDM subcarriers.

12. The method of claim 10, wherein the layered signal comprises at

least one base layer symbol and at least one enhancement layer symbol.

13. The method of claim 10, wherein the non-layered signal
comprises at least one base layer symbol and at least one enhancement layer symbol, the
at least one enhancement layer symbol generated by encoding predetermined stuffing

data.

14. The method of claim 10, wherein the non-layered modulation

constellation comprises a QPSK constellation.

15. The method of claim 10, wherein the non-layered modulation
constellation comprises a subset of constellation points from the layered modulation

constellation.
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16. A transmitter configured to transmit layered and non-layered data
over a layered modulation channel, the transmitter comprising:

a base layer processing block configured to receive base layer data and
encode the base layer data to base layer symbols;

an enhancement layer processing block configured to receive
enhancement layer data and encode the enhancement layer data to enhancement layer
symbols;

a signal mapper coupled to the base layer processing block and the
enhancement layer processing block, and configured to map a combination of at least
one base layer symbol with at least one enhancement layer symbols to a constellation
point; and

a controller configured to determine a termination of the enhancement
layer data, generate stuffing data in response to the termination of the enhancement

layer data, and couple the stuffing data to the enhancement layer processing block.

17. The transmitter of claim 16, wherein the controller is further
configured to control the signal mapper to select a constellation from a plurality of

constellations based in part on the presence of the stuffing data.

18. The transmitter of claim 17, wherein the controller controls the
signal mapper to select a non-layered constellation when stuffing data is present, and
wherein the signal mapper maps the base layer symbol to the non-layered constellation

without regard to the enhancement layer symbols.

19. The transmitter of claim 16, wherein the controller comprises a
stuffing data generator configured to generate stuffing data comprising a predetermined

sequence.

20. The transmitter of claim 16, wherein the controller comprises a
stuffing data generator configured to generate stuffing data comprising a pseudorandom

sequence.

21.  The transmitter of claim 16, wherein the controller comprises an
overhead message generator configured to generate an ovethead message indicating the

presence of stuffing data.
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22.  The transmitter of claim 16, further comprising a channel

assignment module configured to modulate a tone with the constellation point.

23. A transmitter configured to transmit layered and non-layered data
over a layered modulation channel, the transmitter comprising:

a base layer processing block configured to receive base layer data and
encode the base layer data to base layer symbols;

an enhancement layer processing block configured to receive
enhancement layer data and encode the enhancement layer data to enhancement layer
symbols;

a controller configured to generate a control signal based on a presence
of enhancement layer data; and

a signal mapper coupled to the base layer processing block and the
enhancement layer processing block, and configured to map the base layer symbols and
enhancement layer symbols to a constellation selected from a plurality of constellations

based on the control signal.

24. A receiver configured to receive layered and non-layered data
over a Jayered modulation channel, the receiver comprising:

a symbol deinterleaver configured to receive a tone modulated by a
constellation point and generate a base layer symbol and an enhancement layer symbol
from the tone, and further configured to generate a decoder control signal;

a base layer processor coupled to the symbol deinterleaver, and
configured to receive the base layer symbol and decode a base layer data; and

an enhancement layer processor coupled to the symbol deinterleaver, and
configured to receive the enhancement layer symbol and selectively decode an

enhancement layer data based on the decoder control signal.

25. The rece;iver of claim 24, wherein the enhancement layer decoder
is further configured to generate stuffing data and append the stuffing data to the

enhancement layer data based on the decoder control signal.

26. A transmitter configured to transmit layered and non-layered data
over a layered modulation channel, the transmitter comprising:

means for encoding base layer data to base layer symbols;



WO 2006/076451 PCT/US2006/001014
30
means for determining an active base only mode;
means for generating stuffing data in response to the active base only
mode;
means for appending the stuffing data to enhancement layer data; and
means for encoding the enhancement layer data appended with the

stuffing data to enhancement layer symbols.

27.  The transmitter of claim 26, further comprising:

means for mapping the base layer symbols in combination with the
enhancement layer symbols to a first constellation prior to the stuffing data; and

means for mapping the base layer symbols in combination with the

enhancement layer symbols to a second constellation subsequent to the stuffing data.

28.  The transmitter of claim 26, further comprising:

means for selecting at least one base layer symbol;

means for selecting at least one corresponding enhancement layer
symbol; and

means for mapping the selected symbols to a constellation point, the

constellation point based on whether the base only mode is active.

29. A computer readable medium having computer executable
instructions stored thereon to execute components of a wireless receiver,
comprising:

receiving base layer data;

encoding the base layer data to base layer symbols;

receiving enhancement layer data;

determining termination of the enhancement layer data prior to

termination of the base layer data;

generating stuffing data;

appending the stuffing data to the enhancement layer data; and

encoding the enhancement layer data appended with the stuffing data to

enhancement layer symbols.
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30. A computer readable medium having computer executable
instructions stored thereon to execute components of a wireless receiver,
comprising:
generating a layered signal during a first time slot of a logical channel
having a plurality of time slots;
mapping the layered signal to a layered modulation constellation;
generating a non-layered signal during a second time slot of the logical

channel; and

mapping the layered signal to a non-layered modulation constellation.
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