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Description

A METHOD OF IMPLEMENTING SUPERPOSITION CODING
FOR A FORWARD LINK IN A WIRELESS COMMNICATION

[1]
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[4]

[5]

[6]

[7]

[8]

[9]

SYSTEM
Technical Field

The present invention relates to a method of implementing superposition coding, and
more particularly, to a method of implementing superposition coding for a forward link

in a wireless communication system.

Background Art

Today, users of wireless communication enjoy freedom of mobility. That is, the user
with a mobile terminal is able to travel from one place to another while talking to
someone without losing connection. Often, a user moves from one service coverage
area to another service coverage area (e.g., from one cell to another cell). At the same
time, a user moves from one place to another within the same coverage area or cell/
sector.

When multiple users move about within the same cell/sector, it is important for a
base station (BS) or a network to transmit messages to these multiple users. Some of
the users may be close to the BS while some may be far away. Regardless, it is
important for the user to continue receiving the message without interruption and not
lose connection.

To this end, it is important that the signals from the BS are transmitted to the users
(e.g., mobile station or access terminal) more efficiently and more reliably so as to

provided effective service to the users in the current service coverage area.

Disclosure of Invention
Technical Problem

Accordingly, the present invention is directed to a method of implementing su-
perposition coding for a forward link in a wireless communication system that sub-
stantially obviates one or more problems due to limitations and disadvantages of the
related art.

An object of the present invention is to provide a method of transmitting at least one
data stream using superposition coding (SPC) in a wireless communication system.

Another object of the present invention is to provide a method of transmitting at least

one data stream using superposition coding (SPC) in an orthogonal frequency division



WO 2007/133051 PCT/KR2007/002405

[10]

[11]

[12]

[13]

[14]

[15]

multiplexing (OFDM) system.

A further object of the present invention is to provide a method of transmitting at
least one data stream using superposition coding (SPC) in a high speed downlink
packet access (HSDPA) system.

Technical Solution

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a method of transmitting at
least one data stream using superposition coding (SPC) in a wireless communication
system includes receiving feedback information from at least two access terminals
(ATs), assigning the at least two ATs as a first AT or a second AT based on the
feedback information, wherein the first AT has a smaller path loss than that of the
second AT, and the second AT has a larger path loss than that of the first AT, channel
coding the at least one inputted data stream by a channel coding scheme, modulating
the at least one data stream using layered modulation scheme, allocating wireless
resources to symbols of the first AT and the second AT, and transmitting the symbols
to at least one of the first AT and the second AT according to the allocated wireless
resources.

In another aspect of the present invention, a method of transmitting at least one data
stream using superposition coding (SPC) in a wireless communication system includes
layer modulating at least one of data portions of the at least one data stream or
preamble of the at least one data stream if the data portions overlap for a first AT and a
second AT, wherein the first AT has a smaller path loss than that of the second AT,
and the second AT has a larger path loss than that of the first AT, and transmitting the
symbols to at least one of the first AT and the second AT.

In a further aspect of the present invention, a method of transmitting at least one data
stream using superposition coding (SPC) in an orthogonal frequency division mul-
tiplexing (OFDM) system includes receiving feedback information from at least two
access terminals (ATs), assigning the at least two ATs as a first AT or a second AT
based on the feedback information, wherein the first AT has a smaller path loss than
that of the second AT, and the second AT has a larger path loss than that of the first
AT, modulating the at least one data stream using layered modulation scheme,
allocating wireless resources to symbols of the first AT and the second AT, and
transmitting the symbols to at least one of the first AT and the second AT according to
the allocated wireless resources.

Yet, in another aspect of the present invention, a method of transmitting at least one

data stream using superposition coding (SPC) in a high speed downlink packet access
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(HSDPA) system includes receiving feedback information from at least two access
terminals (ATs), assigning the at least two ATs as a first AT or a second AT based on
the feedback information, wherein the first AT has a smaller path loss than that of the
second AT, and the second AT has a larger path loss than that of the first AT,
modulating the at least one data stream using layered modulation scheme, allocating
wireless resources to symbols of the first AT and the second AT, and transmitting the
symbols to at least one of the first AT and the second AT according to the allocated

wireless resources.

Advantageous Effects

Additional advantages, objects, and features of the invention will be set forth in part
in the description which follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

It is to be understood that both the foregoing general description and the following
detailed description of the present invention are exemplary and explanatory and are

intended to provide further explanation of the invention as claimed.

Brief Description of the Drawings

The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the drawings;

FIG. 1 is an exemplary diagram illustrating ATs close and far from a serving BS in a
cellular system;

FIG. 2 is an exemplary diagram illustrating a hierarchical or layered modulation
using QPSK for each layer;

FIG. 3 is an exemplary diagram illustrating maximization of the layered or super-
positioned signal(s);

FIG. 4 is an exemplary diagram illustrating a hierarchical or layered modulation
where both the Close_AT and the Far_AT each use QPSK modulation; and

FIG. 5 is an exemplary diagram illustrating superposition modulation or layered-

modulation.

Mode for the Invention
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Reference will now be made in detail to the preferred embodiments of the present
invention, examples of which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to
the same or like parts.

In a wireless communication system, due to mobility of access terminals (ATs), the
ATs can be close to or far from a base station (BS) of a serving cell/sector at any given
time. As such, these ATs can have different path losses. For example, the AT close to
the BS may have very small path loss while the AT far away from the BS may have
significantly more path loss due to the distance.

Assume there are two (2) ATs in a serving cell. One of which is close to the BS (
Close_AT ) while the other one is far from the BS ( Far_AT ). A Close_AT is an AT
close to the BS in the sense that is experiences small path loss. More specifically, the
Close_AT is an AT whose channel quality indicator (CQI) is less than some or a
prescribed CQI threshold. A Far_AT is an AT far from the BS in the sense that it ex-
periences large path loss. More specifically, the Far_AT is an AT whose CQI is greater
than some or a prescribed threshold.

Figure 1 is an exemplary diagram illustrating ATs close and far from a serving BS in
a cellular system. Referring to Figure 1, Close_AT experiences a small path loss
whereas Far_AT experiences a large path loss. In the current systems, a set of
resources, in terms of transmit power and channelization codes, may be allocated ex-
clusively to only one of the ATs. For example, the resources are allocated for
transmission to the Far_AT and exclude allocation of resources to the Close_AT as a
result.

Such a limited or restricted allocation method seems inefficient and ineffective. To
address this limitation, a various schemes can be used, among which is superposition
coding (SPC).

In the SPC, a BS may transmit to both the Far_AT and Close_AT. In so doing, the
resources in terms of transmit power and channelization codes can be controlled and
shared among the two ATs. For example, since the Close_AT has a small path loss, the
BS may allocate a small fraction of the transmit power to the Close_AT and a larger
amount of transmit power to the Far_AT having a larger path loss. However, both ATs
can use the same resources. With this approach, both ATs can experience roughly the
same level of signal-to-noise ratio (SNR) (or different levels, if desired). Although
both ATs share the same resources, they can be distinguished by layered modulation as
explained shortly.

The SPC can be defined by hierarchical modulation or layered modulation. As an
example of layered modulation, the Close_AT and Far_AT can each use quadrature

phase shift keying (QPSK) modulation. Figure 2 is an exemplary diagram illustrating a
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hierarchical or layered modulation using QPSK for each layer. Referring to Figure 2,
layer 1 (inner layer) and layer 2 (outer layer) are modulated according to the QPSK
scheme. Here, it is likely that the superposition modulation results in a mostly non-
uniform 16 quadrature amplitude modulation (QAM). That is, the Euclidean distance
between each nearest neighbor may not necessarily be identical

In the alternative, as illustrated in Figure 3, some or all of layer 2 signal modulation
constellation can be properly rotated before superposition so that the minimum Euclid
distance of the layered or superpositioned signal can be maximized. This idea can be
applied on any other possible combinations of different or same modulation types.

Further, the signals of the Close_AT and Far_AT (also referred to as Close_signal
and Far_signal, respectively) can be added together to form composite signal a
16-quadrature amplitude modulation (16-QAM) signal as shown in Figure 4. Here, the
Close_signal is a signal intended for the Close_AT, and the Far_signal is the signal
intended for the Far_AT.

Figure 4 is an exemplary diagram illustrating a hierarchical or layered modulation
where both the Close_AT and the Far_AT each use QPSK modulation. Here, the
decision boundaries for the Far_AT symbol detection are identical to the x-axis and y-
axis. The decision boundaries for the Close_AT symbol detection are like + signs but
centered in each cluster as shown only for the top left quadrant.

In general, SPC can be described as follows. Figure 5 is an exemplary diagram il-
lustrating superposition modulation or layered-modulation. More specifically, referring
to Figure 5, each user s signal or data stream can be modulated with a modulation
scheme such as a low-order modulation scheme. Thereafter, the superposition
modulated or layered-modulated sub-streams can again be multiplexed (or super-
positioned) by other multiplexing schemes. Consequently, the data streams can be ef-
ficiently multiplexed without requiring additional processing gain and/or additional
frequency/time.

As shown in Figure 5, the channel coded data streams are modulated using a
modulation, followed by pre-coding (or superpositioning/multiplexing). Here, each
channel coded data stream is modulated by a quadrature phase shift keying (QPSK),
and they are pre-coded or superpositioned to 16 quadrature amplitude modulation
(QAM). In other words, the pre-coded symbols are combined to 16QAM. The pre-
coding includes power splitting as well as phase adjustment. Further, channel coding
schemes can include turbo coding, convolutional coding, or Reed-Solomon coding.

In addition, other modulation schemes that can be used include a phase shift keying
(PSK) and a rotated-PSK, QAM with different amplitudes, QPSK and a 16QAM,
QPSK and 64QAM, a Gaussian minimum shift keying (GMSK) and PSK, and the
GMSK and the QAM. Here, the the PSK and the rotated-PSK is further defined by any
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one of a binary PSK (BPSK) and a rotated-BPSK, the QPSK and a rotated-QPSK, and
a 16PSK and a rotated-16PSK.

When multiple users are simultaneously accommodated within a specified time-
frequency slot, various multiplexing schemes and combinations thereof can be used.
With superpositing, a single symbol can serve multiple users.

To illustrate this point regarding superposition pre-coding, consider that a single
transmitter can be used to transmit simultaneously data streams to several receiving
ends (or users). The data streams can be the same (e.g. TV broadcast) or it may be
different for each user (e.g., base station transmitting user-specific information). In
addition, assumption can be made that independent data streams are sent to each user
from the transmitter having multiple antennas.

That is, in transmitting the multiplexed or superposited sub-streams (or symbols), the
same combined symbols can be transmitted through the whole beamforming array, for
example. This can be referred to as coherent beamforming. Alternatively, each symbol
or sub-stream (e.g., some subset of the symbol constellation or each user s sub-symbol)
can be transmitted separately or independently through different antennas, for example.
This can be referred to as coherent multi input, multi output (MIMO).

Furthermore, if there are multiple beams used for transmission, more user capacity
gain can be achieved through spatial multiplexing, for example. More specifically,
each beam can carry composite symbol (e.g., single-beamforming or coherent
beamforming). Alternatively, each low-order-modulated symbol or sub-stream can be
transmitted through a single beam, for example. Alternatively, a combination of the
beamforming schemes can be used, which can be described as some beams can carry
composite symbols and some beams can be transmitted through a single beam.

In addition, space-time block coding (STBC) can be employed, for example. More
specifically, in case of a single-stream STBC, the STBC can be performed after
modulation multiplexing or superpositioning and/or performed on multiple inputted
low-order-modulated symbols or sub-streams. In case of multi-stream STBC, each sub-
stream can be treated as a single STBC, each low-order-modulated symbol or sub-
stream can be transmitted through a single STBC stream, and/or some STBC streams
can use a combination of the aforementioned schemes, in which each of some streams
are treated as a single-stream STBC and each of some low-order-modulated streams is
transmitted through a single STBC stream.

In order for successful performance by the superposition scheme, a predetermined
rate/power splitting for each user from the transmitting end and the SIC from the
receiving end can be used, for example. If the rate or power slitting is not pre-
determined, the transmitter will signal the receiver(s) beforehand or at the same time

using upper-layer signaling, or preamble or different pilot pattern.
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The SPC can be applied to various wireless communication systems including code
division multiple access 2000 (cdma2000), global system for mobile communications
(GSM), wideband cdma (WCDMA), high speed downlink packet access (HSDPA),
worldwide interoperability for microwave access (WiMAX), evolution-data optimized
(EV-DO), orthogonal frequency division multiplexing (OFDM), OFDM access
(OFDMA), and code vision multiplexing (CDM).

In view of inefficiencies associated with allocating transmit power/channelization
codes exclusively to only one AT, all ATs applying the SPC can receive symbols/
signals transmitted from the serving BS. As discussed, the SPC allows for the BS to
transmit to all the ATs in its serving cell/sector.

As the BS is able to transmit to all the ATs in its serving cell/sector, it may be
important for the BS to control the way in which the transmission is made to each and/
or all ATs. That is, the BS or (serving BS) may control transmission to a number of
SPC-applied ATs, control transmit power level, and alignment of sub-packet.

Since the SPC allows for the BS to transmit to all the ATs in its cell/sector, it is
possible that a large number of ATs are present in the serving cell/sector at a given
time. If there are a large number of ATs in the serving cell/sector at a given time,
transmissions to all the ATs by the serving BS can become complex. In response, it is
possible to limit or fix the maximum number of ATs, to which SPC is applied, at any
given time. Here, this maximum number can be configurable and can be set to provide
optimum transmission.

For example, the system can define the maximum number of SPC-applied ATs to be
two (2). This implies that the BS can transmit with a set of channelization codes (or
resources) to 0, 1 or 2 ATs. Here, the BS transmits SPC symbols (or sub-streams) to
the ATs. To put differently, the BS can transmit the SPC symbols to no ATs, a
Close_AT, a Far_AT, or both Close_AT and Far_AT.

Further, in transmitting the SPC symbols, transmit power levels can be fixed for each
layer (or power ratios between layers) at any given time. For example, if there are a
Close_AT and a Far_AT, the Close_AT can be allocated less transmit power relative to
the Far_AT. In other words, the Close_AT can be allocated 10dB transmit power
relative to the Far_AT. As discussed, the Close_AT generally refers to an AT that ex-
periences smaller path loss relative to the Far_AT. The number or value (e.g., 10dB)
that can be allocated to the Close_AT can be fixed for a system, and/or it can also be
configured. Alternatively, independent transmit powers can be allocated for each layer
at any given time.

For systems using automatic repeat requests (ARQ) or variants of it (e.g., Hybrid
ARQ), the 17 sub-packet for the Close_AT packet and the Far_AT packet can be

aligned but need not be aligned.
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From the ATs perspective, it is important for the ATs to properly receive the SPC
symbols/packets transmitted from the serving BS. As such, each AT receives and
decodes the SPC symbol and/or SPC packet.

More specifically, the detection can be made for symbols as well as packets. With
respect to symbol detection, the Far_AT can decode each received symbol according to
conventional means. As for the Close_AT, the Close_AT can first decode the symbol
for the Far_AT and removes or cancels the Close_AT symbol from the received
symbol. In other words, the Far_AT symbol is first decoded. Ideally, the Close_AT
signal remains but due to imperfect cancellation, there usually exists residual noise, in-
terference, and/or leftovers from the Far_AT signal. The Close_AT then performs
symbol detection on this residuel signal for the Close_AT signal.

Alternatively, packet detection is available. The procedures associated with packet
detection is same as those of the symbol detection except that the Close_AT removes
the Far_AT signal only after is successfully decodes the Far_AT packet. This typically
can be achieved if the check or cyclic redundancy code (CRC) or checksum passes
indicating a successful decoding operation of the packet.

As discussed with reference to Figure 1, the ATs in a serving cell/sector can be
identified as a Close_AT or a Far_AT, depending on degree of path loss, for example.
Moreover, the Close_AT and/or Far_AT can be defined based on a prescribed CQI
threshold. Here, data rate control (DRC) can also be used in place of CQI.

Further, the BS can designate the AT as being close or far. More specifically, the BS
can designate an AT as a Close_AT based on reported CQI, a data rate control (DRC),
or some moving average received by the system is below (or possibly equal to) a
prescribed value (e.g., Close_CQI_Threshold). The CQI is transmitted from an AT to a
BS transmitter which can be used for link adaptation and/or rate control and scheduling
the ATs.

In addition, the BS can designate an AT as a Far_AT based on reported CQI, DRC,
or some moving average received by the system is above (or possibly equal to) a
prescribed value (e.g., Far_CQI_Threshold). The DRC is transmitted by the AT to the
BS transmitter and has a similar purpose to that of the CQIL. However, it can also
indicate the data rate the BS should use when transmitting data to the AT. Similarly to
CQI, the DRC can be used for link adaptation and/or rate control and scheduling the
ATs.

Alternatively, an AT can designate itself as a Close_AT or a Far_AT. More
specifically, an AT can designate itself as a Close_AT if its CQI, DRC, or some
moving average is below (or possibly equal to) a prescribed value (e.g.,
Close_CQI_Threshold). The Close_CQI (or DRC)_Threshold represents a threshold
value below which an AT is designated as a Close_AT. In addition, an AT can
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designate itself as a Far_AT if its CQI, DRC, or some moving average is above (or
possibly equal to) a prescribed value (e.g., Far_CQI_Threshold). The Far_CQI (or
DRC)_Threshold represents a threshold value below which an AT is designated as a
Far_AT. The Close_CQI_Threshold and the Far_CQI_Threshold may or may not be
equal.

Further to designating an AT as a Close_AT or a Far_AT, the serving BS can also
schedule an AT. With respect to scheduling of the AT, a Close_AT can be scheduled
as a Close_AT, a Far_AT, or possibly as a Regular_AT. As for scheduling of a
Far_AT, the Far_AT can be scheduled as a Far_AT or a Regular_AT. Here, the
Regular_AT is an AT operating in the absence of the SPC concept as in legacy
systems.

Further, to prevent ping-pong effect between the Close_AT and the Far_AT,
hysterisis can be added, similar to that of power control add and/or delete regions for
soft handover. Alternatively, if the Close_CQI_Threshold is lower than the
Far_CQI_Threshold, AT can be required to read both the Close_CQI_Threshold and
Far_CQI_Threshold. This can be accomplished by setting the Close_CQI_Threshold to
be greater than the Far_CQI_Threshold.

The discussion of SPC as described above can relate to various cellular, wireless
communication systems such as cdma2000, GSM, WCDMA, HSDPA, WiMAX
systems. To put differently, the above discussion can be defined as a general de-
scription. The discussion to follow is more specific to cdma2000 or EV-DO/IS-856
1XxEV-DO system which includes revisions 0, A, and B type systems.

With respect to cdma2000 or EV-DO/IS-856 1xEV-DO system, the SPC can be
applied to the data portions (non-pilot or MAC burst) if the data portions overlap for
the Close_AT and the Far_AT. More specifically, a symbol for the Close_AT and a
symbol for the Far_AT can be applied to a length 16 Walsh code. This application of
the symbol can be repeated for each Walsh code.

In addition, the SPC can be applied to the preamble portions if they overlap for the
Close_AT and the Far_AT. More specifically, the symbol for the Close_AT and the
symbol for the Far_AT can be applied to a length 64 Walsh code.

Furthermore, the SPC can be applied to the preamble and the data portion if they
overlap for the Close_AT and the Far_AT. The preamble and the data portion overlap
if the first sub-packets of the preamble and of the data portion are aligned.

The power level for transmission to the Close_AT and the Far_AT can be fixed.
More specifically, the BS (or network) can set the transmit power level of the data and
the preamble destined for the Close_AT to Close_Power_Level. The
Close_Power_Level is a transmit power level for the Close_signal which is a signal
intended for the Close_AT.
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In addition, the serving BS can set the transmit power level of the data and the
preamble destined for the Far_AT to Far_Power_Level. The Far_Power_Level is a
transmit power level for the Far_signal which is a signal intended for the Far_AT.

As discussed, similarly to CQI, the DRC can be used for link adaptation and/or rate
control and scheduling the ATs. Moreover, the BS can designate an AT as a Close_AT
or a Far_AT based on the DRC reported from the AT.

To schedule the Close_AT, a BS scheduler can use a Close_DRC for scheduling
Close_ATs. The Close_DRC is a DRC which quantized the rate closest to the ratio of
the Close power level to the Total power level (Close + Far Power Level).
Furthermore, the BS scheduler can use rate control for determining the data rate for
transmitting to the Close_AT. In addition, the Close_AT can be scheduled on either the
close or far preamble, and the Close_signal or Far_Signal version of the forward traffic
channel (FTC). Here, the close AT can detect both preambles.

To schedule the Far_AT, the BS Scheduler can use the Far_DRC for scheduling
Far_ATs. The Far_DRC can be either set to the DRC or the DRC quantized to the rate
closest to the ratio of the Far power level to the Total power level (Close + Far Power
Level). Furthermore, the BS scheduler can use rate control for determining the data
rate for transmitting to the Far_AT. In addition, the Far_AT can be scheduled on the
far preamble and Far_signal version of the FTC.

Further to application of the SPC in cdma2000 or IS-856 1XxEV-DO system, the SPC
can also be applied to OFDM type systems.

The SPC can be applied to a set of OFDM tones (or signals) in a packet data channel
(PDCH). More specifically, the SPC can be applied to a set of OFDM tones (or
signals) intended for both the Close_AT and the Far_AT. The symbols for the close
signals can be set to the Close_Power_Level to generate a Close_PDCH. The symbols
for the far signals can be set to the Far_Power_Level to generate a Far_PDCH. The
two signals can then be added to generate the composite signal (e.g., layered
modulation or hierarchical modulation). Here, the composite signal can be generated
with different approaches. For example, the symbols can be added first to generate
composite symbols.

In terms of scheduling the Close_AT and/or the Far_AT, the BS scheduler (or the
network) can use the CQI. More specifically, the BS scheduler can use the Close_CQI
for scheduling Close_ATs. Similarly, the BS scheduler can use the Close_CQI for
scheduling rate control. Here, the rate control can be used to determine the data rate for
transmitting to the Close_AT.

As for scheduling the Far_AT, the BS scheduler (or the network) can use the
Far_CQI for scheduling Far_ATs and for scheduling rate control. Here, the rate control

can be used for determining the data rate for transmitting to the Far_AT.



11

WO 2007/133051 PCT/KR2007/002405

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

With respect to packet data control channel (PDCCH), a Close_PDCCH and a
Far_PDCCH can be defined. The PDCCH can be used to indicate the scheduled AT
(MAC ID) as well as the rate, modulation, and coding scheme used in the associated
PDCCH. Here, the Close_PDCCH can carry the control information for the
Close_PDCCH. Similarly, the Far_ PDCCH can carry the control information for the
Far_PDCCH.

In addition, the SPC can be applied to the Close_PDCCH and the Far_PDCCH. In
this case, the same resources or channelization codes can be used or shared by the
Close_PDCCH and the Far_ PDCCH. Howeyver, it is possible to not apply the SPC.
That is, separate or independent channelization codes can be used by the
Close_PDCCH and the Far_ PDCCH.

Furthermore, the PDCCHs can include a field indicating a layer number. The layer
number can be applied in SPC cases. For example, if the SPC is two layers, a 1-bit
field can indicate whether the PDCCH is a Close_PDCCH or a Far_ PDCCH.
Moreover, if more layers are used or needed, the field can use more bits (e.g., use two
bits for 3 or 4 layers).

Further to using a field to indicated a layer number, the PDCCHs can include a field
indicating a transmit power level if dynamic power level adjustment is desired. For
example, if two layers for SPC is used, the Close_PDCCH can carry the Close signal
power level, and the Far_ PDCCH can carry the Far signal power level.

In addition, the Close_ PDCCH can carry both the Close and Far power levels, the Cl
ose power level and a ratio of the Far to the Close power levels, the Far power level
and a ratio of the Close to the Far power levels, or some other combination which
conveys the Close and Far power levels.

Alternatively, the Close_PDCCH can omit the Close and/or Far power levels. For
example, omission can be used if the receiving end can estimate the Close power level
and the Far power level.

Further, a number of bits used to indicate the power level in the PDCCH can be
reduced. To this end, a layer number can be used to indicate the transmit power level.
For example, if the layer number is used to indicate a Far_ PDCCH, then this indicates,
like a most significant bit (MSB), that the power level is high. In this case, the power
level bits can be used to indicate at a finer quantization level the high power. Similarly,
for example, the layer number is used to indicate a Close_PDCCH, then this indicates,
like the MSB, that the power level is low. In this case, the power level bits can be used
to indicate at a finer quantization level the high power. In operation, the mapping of
the layer number to the power level can be preset (e.g., set to a default at the AT) or
configured.

As discussed, a field can be used to indicate various information such as a layer
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number and a transmit power level for the Close_AT and the Far_AT. If, however, the
Close power level and the Far power level are fixed, then these fields would not be
necessary.

In scheduling the Close_AT and the Far_AT, the Close_AT can be scheduled on
either the Close_PDCCH or the Far_PDCCH (and Close_PDCH or Far_PDCH).
Moreover, the Far_ATSs can be scheduled on the Far PDCCH and Far_PDCH.

The discussion above relates to applying the SPC to the OFDM type systems, the
discussion below relates to applying the SPC to HSDPA system.

The SPC can be applied to each of the high speed downlink shared channels
(HS-DSCH). Each HS-DSCH uses a configurable number of length 16 Walsh codes.
More specifically, the symbol for a Close_AT and the symbol for the Far_AT can be
applied to a length 16 Walsh code. As a result, transmission to the Close_AT can take
place via a Close_HS-DSCH and to the Far_AT via a Far_HS-DSCH.

It is possible for the SPC to be applied to the high speed shared control channel
(HS-SCCH). Here, the symbol for the Close_AT and that for the Far_AT can be
applied to the Walsh codes used to carry the HS-SCCH. As a result, transmission to the
Close_AT can take place via a Close_HS-SCCH and to the Far_AT via a
Far_HS-SCCH.

Preferably, separate and distinct Walsh codes can be allocated to carry the
Close_HS-SCCH and the Far_HS-SCCH. Here, the Far_HS-SCCH can re-use the
existing HS-SCCHs whereas the Close_HS-SCCH can use new Walsh codes.

With respect to power level, the Close_HS-DSCH can be set to the Close power
level, and the Far_HS-DSCH can be set to the Far power level.

New HS-SCCHs can include a field indicating a layer number. The layer number can
be applied in SPC cases. For example, if the SPC is two layers, a 1-bit field can
indicate whether the HS_SCCH is a Close_HS-SCCH or a Far_HS-SCCH. Moreover,
if more layers are used or needed, the field can use more bits (e.g., use two bits for 3 or
4 layers).

Furthermore, the HS-SCCHs can include a field indicating a transmit power level if
dynamic power level adjustment is desired. For example, if two layers for SPC is used,
the Close_HS-SCCH can carry the Close signal power level, and the Far_ HS-SCCH
can carry the Far signal power level.

In addition, the Close_ HS-SCCH can carry both the Close and Far power levels, the
Close power level and a ratio of the Far to the Close power levels, the Far power level
and a ratio of the Close to the Far power levels, or some other combination which
conveys the Close and Far power levels.

Alternatively, the Close_ HS-SCCH can omit the Close and/or Far power levels. For

example, omission can be used if the receiving end can estimate the Close power level
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and the Far power level.

Further, a number of bits used to indicate the power level in the HS-SCCH can be
reduced. To this end, a layer number can be used to indicate the transmit power level.
For example, if the layer number is used to indicate a Far_ HS-SCCH, then this
indicates, like the MSB, that the power level is high. In this case, the power level bits
can be used to indicate at a finer quantization level the high power. Similarly, for
example, the layer number is used to indicate a Close_ HS-SCCH, then this indicates,
like the MSB, that the power level is low. In this case, the power level bits can be used
to indicate at a finer quantization level the high power. In operation, the mapping of
the layer number to the power level can be preset (e.g., set to a default at the AT) or
configured.

As discussed, a field can be used to indicate various information such as a layer
number and a transmit power level for the Close_AT and the Far_AT. If, however, the
Closer power level and the Far power level are fixed, then these fields would not be
necessary.

In scheduling the Close_AT and the Far_AT, the Close_AT can be scheduled on
either the Close_ HS-SCCH or the Far_ HS-SCCH (and Close_HS-DSCH or
Far_HS-DSCH). Here, the Close_ATSs would then need to detect both HS-SCCHs.
Moreover, the Far_ATs can be scheduled on the Far_ HS-SCCH and Far_HS_DSCH.

Industrial Applicability

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention covers the modifications and
variations of this invention provided they come within the scope of the appended

claims and their equivalents.
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Claims

A method of transmitting at least one data stream using superposition coding
(SPC) in a wireless communication system, the method comprising:

receiving feedback information from at least two access terminals (ATs);
assigning the at least two ATs as a first AT or a second AT based on the
feedback information, wherein the first AT has a smaller path loss than that of
the second AT, and the second AT has a larger path loss than that of the first AT;
channel coding the at least one inputted data stream by a channel coding scheme;
modulating the at least one data stream using layered modulation scheme;
allocating wireless resources to symbols of the first AT and the second AT; and
transmitting the symbols to at least one of the first AT and the second AT
according to the allocated wireless resources.

The method of claim 1, further comprising configuring a maximum number of
ATs to support at any given time.

The method of claim 1, wherein the wireless resources include transmit power
level and channelization codes.

The method of claim 3, wherein the transmit power level is fixed for each layer.
The method of claim 4, wherein the transmit power level of the first AT is a
specified amount lower than that of the second AT.

The method of claim 3, wherein the transmit power level is provided to each
layer.

The method of claim 1, wherein the at least two ATs are located in the same cell
or sector.

The method of claim 1, wherein the wireless communication system is any one
of code division multiple access 2000 (cdma2000) system, global system for
mobile communications (GSM) system, wideband cdma (WCDMA) system, a
high speed downlink packet access (HSDPA) system, and a worldwide interop-
erability for microwave access (WiMAX) system, an evolution-data optimized
(EV-DO) system, an orthogonal frequency division multiplexing (OFDM)
system, an OFDM access (OFDMA) system, or a code vision multiplexing
(CDM) system.

The method of claim 1, wherein the AT is assigned based on the feedback in-
formation which is any one of channel quality information (CQI), a data rate
control (DRC), or a moving average.

The method of claim 9, wherein the AT is assigned as the first AT if the
feedback information indicates a value that is below or equal to a prescribed
threshold value.
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The method of claim 9, wherein the AT is assigned as the second AT if the
feedback information indicates a value that is above a prescribed threshold value.
The method of claim 1, wherein layer modulation schemes include any one of a
phase shift keying (PSK) and a rotated-PSK, a quadrature amplitude modulation
(QAM) with different amplitudes, a quadrature PSK (QPSK) and a 16QAM,
QPSK and 64QAM, a Gaussian minimum shift keying (GMSK) and PSK, and
the GMSK and the QAM.

The method of claim 1, wherein the channel coding scheme includes any one of
turbo coding, convolutional coding, or Reed-Solomon coding.

A method of transmitting at least one data stream using superposition coding
(SPC) in a wireless communication system, the method comprising:

layer modulating at least one of data portions of the at least one data stream or
preamble of the at least one data stream if the data portions overlap for a first AT
and a second AT, wherein the first AT has a smaller path loss than that of the
second AT, and the second AT has a larger path loss than that of the first AT;
and

transmitting the symbols to at least one of the first AT and the second AT.

The method of claim 15, further comprising receiving feedback information from
at least two access terminals (ATs) and assigning the at least two ATs as the first
AT or the second AT based on the feedback information.

The method of claim 15, wherein the symbols for the first AT and the second AT
are applied to a length 16 Walsh code.

The method of claim 15, further comprising allocating wireless resources to
symbols of the first AT and the second AT, wherein the wireless resources
include channelization codes and transmit power level.

The method of claim 18, wherein the transmit power level for the transmission of
the symbols are fixed.

The method of claim 15, wherein the first AT and the second AT is scheduled
based on a data rate control (DRC).

A method of transmitting at least one data stream using superposition coding
(SPC) in an orthogonal frequency division multiplexing (OFDM) system, the
method comprising:

receiving feedback information from at least two access terminals (ATs);
assigning the at least two ATs as a first AT or a second AT based on the
feedback information, wherein the first AT has a smaller path loss than that of
the second AT, and the second AT has a larger path loss than that of the first AT;
modulating the at least one data stream using layered modulation scheme;

allocating wireless resources to symbols of the first AT and the second AT; and
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transmitting the symbols to at least one of the first AT and the second AT
according to the allocated wireless resources.

The method of claim 21, wherein the wireless resources include transmit power
level and channelization codes.

The method of claim 21, wherein the transmit power level for the symbols
intended for the first AT is set to a level to generate a packet data channel
(PDCH) that corresponds to the first AT.

The method of claim 21, wherein the transmit power level for the symbols
intended for the second AT is set to a level to generate a packet data channel
(PDCH) that corresponds to the second AT.

The method of claim 21, wherein the feedback information is used to schedule
the first AT and the second AT and the feedback information is any one of
channel quality information (CQI), a data rate control (DRC), or a moving
average.

The method of claim 25, wherein the scheduled first AT and the scheduled
second AT is indicated by a packet data control channel (PDCCH) which is used
to carry any one of control information to respective ATs, a field for indicating a
layer number, or a field for transmit power level.

The method of claim 26, wherein the field is represented by at least one bit.

A method of transmitting at least one data stream using superposition coding
(SPC) in a high speed downlink packet access (HSDPA) system, the method
comprising:

receiving feedback information from at least two access terminals (ATs);
assigning the at least two ATs as a first AT or a second AT based on the
feedback information, wherein the first AT has a smaller path loss than that of
the second AT, and the second AT has a larger path loss than that of the first AT;
modulating the at least one data stream using layered modulation scheme;
allocating wireless resources to symbols of the first AT and the second AT; and
transmitting the symbols to at least one of the first AT and the second AT
according to the allocated wireless resources.

The method of claim 28, wherein the layered modulation scheme is applied to
each of high speed downlink shared channels (HS-DSCH).

The method of claim 29, wherein the each HS-DSCH uses a configurable
number of length 16 Walsh codes.

The method of claim 28, wherein the wireless resources include transmit power
level and channelization codes, and the transmit power level for the first AT is
set for the first AT and the transmit power for the second AT is set for the second
AT.
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[32] The method of claim 28, wherein the layered modulation scheme is applied to
each of high speed shared control channels (HS-SCCH).

[33] The method of claim 32, wherein the each HS-SCCH includes a field for
indicating any one of a layer number or a transmit power level.

[34] The method of claim 33, wherein the field is represented by at least one bit.

[35] The method of claim 32, wherein the each HS-SCCH includes a layer number for
indicating a transmit power level.

[36] The method of claim 35, wherein if the layer number is indicated for the second

AT, the transmit power level is high, and if the layer number is indicated for the

first AT, the power level is low.
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