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(57) ABSTRACT

An OFDMA communication system includes a plurality of
terminals, with at least one of the terminals including at least
one type of multi-user decoder adapted to decode a signal
intended for the at least one terminal received on a subchan-
nel of the system and adapted to decode at least a portion of
an interfering signal received on the subchannel. The system
also includes a plurality of base stations. Each of the base
stations may be in communication with others of the base
stations for exchanging information about data throughput
for particular terminals in cells of the system using particular
subchannels in the cells. Each of the base stations assigns the
subchannels to terminals in the cell of the base station so as
to maximize data throughput in the entire system.
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INTELLIGENT DEMODULATION SYSTEMS AND
METHODS IN AN OFDMA MULTICELL
NETWORK

TECHNICAL FIELD

[0001] The present invention is broadly related to wireless
communication systems, and specifically to systems and
methods for intelligent terminal side demodulation in an
Orthogonal Frequency Division Multiple Access (OFDMA)
network.

BACKGROUND OF THE INVENTION

[0002] Most current multi-cell wireless communication
systems are Time Division Multiple Access (TDMA) or
Code Division Multiple Access (CDMA) based. In such
wireless communication systems, particularly CDMA based
systems where terminals are employing differing codes, the
terminals often experience and hear intracell interference, as
well as other interference from neighboring cells. Herein,
interference received from other cells will be referred to as
intercell interference or a leakage signal. Intracell interfer-
ence may be created by a terminal itself and/or by trans-
missions to or from other terminals in a cell.

[0003] OFDMA is a highly flexible multiple-access
scheme based on Orthogonal Frequency Division Multiplex-
ing (OFDM) technology. OFDMA is the predominant mul-
tiple-access scheme of choice for beyond 3G (B3G) gen-
eration broadband wireless systems. The major benefits of
OFDMA include simplicity, high scalability, fine granular-
ity, and capacity-achieving performance. In OFDMA, the
multiple-access is not only accommodated in the time
domain, but also in the frequency domain. OFDMA is
similar to conventional Frequency-Division Multiplexing
(FDM) in that different terminals occupy different subchan-
nels. The difference lies in the manner in which spectrum is
allocated and in how signals are modulated and demodu-
lated. In OFDMA priority is given to minimizing the inter-
ference, or crosstalk, among the channels and symbols
comprising the data stream. Typically, less importance is
placed on perfecting individual channels. OFDMA employs
a very broad bandwidth, such as 5 MHz. Each terminal
within a cell will use a certain portion of the bandwidth, such
as by way of example 10 kHz. An OFDMA band employs
numerous narrow frequency bands, referred to as sub-
carriers, using Fast Fourier Transform (FFT) techniques.
Typical OFDMA systems group a number of the sub-carriers
into a subchannel. For example, 64 sub-carriers may be
grouped into a subchannel. Within a cell, every terminal will
occupy a different set of orthogonal subchannels in a non-
overlapping fashion, relative to other terminals in the cell.
As a result there is little or no intracell interference in
OFDMA. This is a great advantage of OFDMA. Terminals
have a clean channel and can transmit, using adaptive
modulations, as fast as possible based on the terminal’s
subchannel’s Received Signal Strength Indication (RSSI)
and/or the like.

[0004] However, while there is no intracell interference in
multi-cell systems employing OFDMA, a terminal will hear
interference from other cells using the same subchannel as
the terminal. As note above such interference may be
referred to as intercell interference or a leakage signal.
Typically, existing systems have used one of two categories
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of solutions in an attempt to address this problem. One is to
use sectorization, as in a Global System for Mobile Com-
munications (GSM) system, OFDMA based systems may try
to reduce or at least suppress intercell interference by
orienting the different antenna patterns and/or by using
different frequencies, for sectors from two cells pointing to
each other. However, this interference mitigation technique
reduces overall system capacity, in that the subchannels that
can be used in particular areas of a cell at any particular time
is typically reduced.

[0005] The second approach for mitigating intrercell inter-
ference in typical OFDMA systems has been to employ
subchannel patterns which “hop” over time. This subchannel
may hop across the sub-carriers of the 5 Mhz bandwidth of
the OFDMA band, with hopping patterns in different cells of
a system being different. In this way a certain degree of
so-called interference averaging is achieved. In effect, occa-
sionally a “direct hit,” for terminals from different cells
using a same sub-carrier, may be encountered. However, in
a next time slot, because the different cells use a different
hopping pattern, a direct hit is avoided. The randomized,
“smoothed” interference pattern resulting may be treated
like other background interference. However, a best case
situation, where there are no hits at all, will not typically
result. Therefore, a problem exists with the latter prior
intercell interference mitigation technique for multi-cell
OFDMA systems in that by eliminating the worst case
scenario of sequential direct hits, the best case scenario of no
hits is not available. Some OFDMA systems using an
interference averaging approach to deal with the intercell
interference manage the interference by sometimes combin-
ing interference together, and sometimes separating the
interference. Generally, interference averaging improves the
worst-case performance of the system at the expense of
lower network capacity.

SUMMARY

[0006] The present invention is directed to systems and
methods which employ intelligent demodulation in an
OFDMA muticell network, at the terminal, to mitigate
intercell interference. The present systems and methods seck
to the avoid network capacity loss associated with interfer-
ence averaging by exploiting the structure information of the
inference at the terminal. In contrast to existing OFDMA
systems and methods, embodiments of the present invention
overlaps, preferably fully overlaps, subchannels used by
adjacent cells such that terminals of the present systems and
methods receive both intended signals and interfering sig-
nals in a multiple input, multiple output (MIMO) fashion.
Embodiments of terminals of the present systems and meth-
ods employ a multi-user decoding approach to eliminate the
interference by using powerful decoding schemes. By over-
lapping the interferences, embodiments of the present inven-
tion, based on the channel and the interference information,
enables cells to assign subchannels in such a manner as to
maxamize data throughput. This subchannel assignment
may be made in a coordinated fashion, such as may be
facilitated by intercommunication between base stations of
a system employing the present invention.

[0007] Embodiments of an OFDMA terminal of the
present invention may include a preamble processor that
receives a preamble signal broadcast by the terminal’s home
base-station plus preamble signals broadcast by neighboring
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base-stations, a receiver that receives signal intended for the
terminal and at least one interfering signal on a subchannel
of the OFDMA wireless communication system, a single
user decoder that is preferably adapted to decode only the
intended signal, and one or more multi-user decoders,
adapted to decode the intended signal and at least a portion
of the interfering signal. The multi-user decoders may
include a linear multi-user decoder and/or a non-linear
multi-user decoder. The terminal also preferably includes
demodulation scheme selection logic that selects between
the single user decoder, the linear multi-user decoder and the
non-linear multi-user decoder for demodulating/decoding
the intended signal. This selection may be based, at least in
part, on a strength of the interfering signal, relative to a
strength of the intended signal. The aforementioned decod-
ers may also be referred to as “detectors” or “demodulators.”

[0008] The preamble processor may be used to derive a
preamble of the intended signal and a preamble of the
interfering signal, if possible. The selection between the
single user decoder, the linear multi-user decoder and the
non-linear multi-user decoder for demodulating the intended
signal may also or alternatively, be based on information
from the preamble derived from the interfering signal, such
as. For example, the information from the preambles derived
from the interfering signal may be used to determine if the
linear multi-user decoding can satisfactorily decode the
intended signal. In accordance with embodiments of the
present invention, in addition to preambles, previously
demodulated signal(s) may be used (together with the pre-
amble signals) to select between signal and multi-user
decoders.

[0009] The linear multi-user decoder may include a filter
used to filter out the decoded interfering signal. This filter
may include a filter set based on a data structure of the
interfering signal. Additionally or alternatively, the terminal
may use beam forming to form an antenna pattern for the
terminal with a null directed toward a base station or
terminal transmitting the interfering signal. The source
transmitting the interfering signal may be identified from the
derived preamble of the interfering signal. The non-linear
multi-user decoder of at least one embodiment is adapted to
decode all of the interfering signal and then discard the
decoded interfering signal when it is selected by the
demodulation scheme selection logic to decode the intended
signal.

[0010] Embodiments of base stations of the present inven-
tion preferably overlap subchannels used by a first cell of an
OFDMA wireless communication system with subchannels
used by at least one other cell of the OFDMA system in such
a manner as to present any interfering signal appearing in
said at least one other cell as a signal that overlaps a signal
intended for use by a terminal of the first cell. The terminals
may employ the aforementioned multi-user decoding to
decode both a signal intended for the terminal and at least a
portion of any interfering signal(s) on the same subchannel
as the intended signal, and use the decoded interfering signal
to improve decoding of the intended signal, such as by
canceling the interfering signal.

[0011] An embodiment of an OFDMA communication
system of the present invention may employ at least one of
the aforementioned terminals and a plurality of the afore-
mentioned base stations. Preferably, each of the base stations
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in communication with others of the base stations for
exchanging information about data throughput for particular
terminals in cells of the system using particular subchannels
in the cells. Preferably, each of the base stations assigns the
subchannels to terminals in the cell of the base station so as
to maximize data throughput in the system. Each of the base
stations may assign use of the subchannels to terminals in
their cells which have the highest data throughput for the
subchannel. However, other considerations may influence
assignment, or nonassignment, of subchannels by a particu-
lar base station. For example, at least one of the base stations
might not assign a particular subchannel for use in its cell
because use of the subchannel by the base station would
interfere with one or more terminals using the subchannel in
a neighboring cell or because use of the subchannel by the
at least one base station would prevent use of the subchannel
in one or more neighboring cells. In accordance with
embodiments of the present invention, centralized subchan-
nel assignment among base stations can be used to maximize
the total network throughput.

[0012] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present invention in
order that the detailed description of the invention that
follows may be better understood. Additional features and
advantages of the invention will be described hereinafter
which form the subject of the claims of the invention. It
should be appreciated by those skilled in the art that the
conception and specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the appended
claims. The novel features which are believed to be char-
acteristic of the invention, both as to its organization and
method of operation, together with further objects and
advantages will be better understood from the following
description when considered in connection with the accom-
panying figures. It is to be expressly understood, however,
that each of the figures is provided for the purpose of
illustration and description only and is not intended as a
definition of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWING
[0013] For a more complete understanding of the present
invention, reference is now made to the following descrip-
tions taken in conjunction with the accompanying drawing,
in which:

[0014] FIG. 1 is a diagrammatic view of an OFDMA
based wireless communication system adapted in accor-
dance with the present invention;

[0015] FIG. 2 is block diagram illustrating how a terminal
receives intercell interference in FIG. 1;

[0016] FIG. 3 is a diagram illustrating how channels may
be overlapped in an OFDMA wireless communication sys-
tem;

[0017] FIG. 4 is a logic flow diagram illustrating an
embodiment of demodulation logic used in the present
invention;

[0018] FIG. 5 is a diagram illustrating thesholding in

terminal joint decoding in accordance with embodiments of
the present invention;



US 2006/0188031 Al

[0019] FIG. 6 shows subchannel assignment by a single
base station in accordance with embodiments of the present
invention; and

[0020] FIG. 7 shows subchannel assignment in a multi-
cell system in accordance with embodiments of the present
invention.

DETAILED DESCRIPTION

[0021] FIG. 1 is a diagrammatic view of at least a portion
of multi-cell OFDMA based wireless communication sys-
tem 100 employing the present systems and methods. Each
cell, 101, 102 and 103, has a corresponding base station, 111,
112 and 113, respectively. Each cell may have multiple
sectors, with each sector serviced by one or more antennas
or antenna arrays of a base station, such as antenna 121 of
base station 111 and antenna 122 of base station 112.
Multiple antennas or antenna arrays may be used by base
stations 111, 112 and 113 to provide beam forming, diversity
transmission and reception, and the like. Base station 111 is
shown in communication with terminal 131. For purposes of
illustrating the present systems and methods, subchannel K
of system 100 is being used to communicate with terminal
131. However, base station 112 is in communication with
terminal 132 and again for purposes of illustrating the
present invention, is using the same subchannel K. As one of
ordinary skill in the art would readily appreciate, it is highly
probable that at least a portion of the RF signal from base
station 111 on subchannel K will leak into cell 102 and at
least a portion of the RF signal from base station 112 on
subchannel K will leak into cell 101 and thus be received by
terminal 131 as interference with its communication with
base station 121. In accordance with the present invention
base stations 111, 112 and 113 may be adapted to overlap
subchannels as described in greater detail below and to
assign subchannels to users in such a manner as to enhance
overall system data throughput, as also discussed in greater
detail below. Base stations 111, 112 and 113 may commu-
nicate via links 141,142 and 143 to facilitate this channel
assignment. Additionally, at least one terminals of embodi-
ments of system 100 is adapted to receive and decode both
signals intended for the terminal and at least a portion of
interfering leakage signal(s) received on a same sub channel,
and use information from the decoded interfering signal to
improve decoding of the intended signal, as also described
in greater detail below.

[0022] FIG. 2 is block diagram of portion 200 of system
100 of FIG. 1, illustrating how a terminal, such as terminal
131, receives intercell interfering signal 201 in a multi-cell
OFDMA wireless system. Without correction, the leakage of
the RF signal from cell 102 using the same subchannel as
data signal 202, intended for terminal 131, will be received
as interference or background noise by terminal 131. Inter-
fering signal 201 typically has a low signal to noise strength,
relative to data signal 202. Interfering signal 201 typically
affects terminal 131’s data rate. Existing systems typically
do not take advantage of knowledge of the neighboring cell.
Signals originating from neighboring cells are typically
consider part of the background noise and treated the same
as other interference, using typical filtering, the aforemen-
tioned averaging techniques, or similar mitigation tech-
niques. However, terminal 131 may be capable of actually
receiving interfering signal 201, in addition to received data
signal 202, transmitted from base station 112 and intended
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for terminal 132 of FIG. 1. This results in a MIMO channel
configuration, which combines all useful information. In this
case multiple input means that multiple sources of informa-
tion, such as both the intended signal 202 and the interfering
leakage signal 201, are being received, such as by terminal
131; and multiple output means that a receiving terminal,
such as terminal 131 may employ the received signals, both
the intended signal 202 and the interfering leakage signal
201, as output data, at least internally. For example, in
accordance with the present invention information contained
in interfering signal 201 may be treated as information rather
than just as interference, such as by using a multi-user
decoder scheme or joint decoding scheme, as discussed in
greater detail below, to decode the information from both the
intended signal 202 and interfering leakage signal 201.
Therefore, in accordance with embodiments of the present
invention the second signal, interfering leakage signal 201,
is not treated as interference, as is typically done in existing
OFDMA systems. Rather, interfering signal 201 is treated as
part of a received signal, which is comprised of intended
signal 202 and interfering signal 201, and which is decoded
using joint decoding considering all received signals of a
similar nature, such as transmitted on subchannel K using
OFDMA, as useful information.

[0023] FIG. 3 is a time to frequency diagram illustrating
how channels may be overlapped in an OFDMA wireless
communication system. In FIG. 3 time frequency represen-
tation 301 a first cell is shown for comparison with time
frequency representation 302 of a second cell. In a cell, at
the beginning of a time slot, preambles 311 and 312 are
broadcast for the respective cells. The preamble carries a
beacon signal or the like for the associated base station. Each
base station has its own preamble beacon signal. Following
transmission of the preamble, the various data subchannels
occupy the available bandwidth in time and frequency. For
the sake of illustration in FIG. 3, the rectangles are intended
to represent a collection of time and frequency as an RF
“resource” designated to certain terminals. However, the
resources used by a subchannel may not be uniformly
distributed over time and/or frequency. In block 321 of cell
1 and block 322 of cell 2, the resource or subchannels are
identical, subchannel K. Therefore, resources 321 and 322
are overlapped in time and frequency, directly interfering
with respect to each other. Subchannel L resource 331 of cell
1 and subchannel L resource 332 of cell 2 only partially
overlap in frequency, but are shown as synchronized in time.
Therefore, resources 331 and 332 only partially interfere
with each other. Furthermore, resources may partially over-
lap in both frequency and time, also resulting in mutual
interference.

[0024] FIG. 4 is a logic flow diagram illustrating embodi-
ment 400 of terminal demodulation logic, such as may be
used in the present invention to enable higher overall system
capacity in a system terminal, such as terminal 131. A
terminal of the present invention receives signal 401, which
may comprise both a signal intended for receipt by the
terminal and interfering one or more interfering signals
using a same subchannel. For example signal 401 may
include both the signal intended for the terminal, such as
signal 202 of FIG. 2 from base station 111 intended for
terminal 131, as well as the portion of signal 401 that is not
intended for the terminal, such as may include interfering
signal 201 from base station 112 intended for terminal 132.
The present invention will usually receive more than just
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two signals, a signal intended for the terminal and an
interfering leakage signal. For example additional interfer-
ing leakage signals, might also be received, such as from
base station 113 of FIG. 1 or from outside the OFDMA
wireless system in which the terminal is operating. Preamble
processor 402 will receive and process a preamble signal
broadcast by the terminal’s home base-station plus preamble
signals broadcast by neighboring base-stations.

[0025] Channel profile selection may also be carried out in
parallel with processing of the preamble. This channel
profile selection may comprise comparing signal strength
from a first source, such as a base station or other terminal,
transmitting a signal intended to be received by the terminal,
and at the same time monitoring signals form neighboring
base stations. If the neighboring interference is very low, so
as to be considered trivial, such as below a lower threshold
or of insufficient strength to provide code information to the
terminal, terminal demodulation scheme selection logic 403
may select to use single user decoder 404 to decode the
signal intended for the user terminal. Single user decoder
404 preferably, ignores the interfering signal as a low
strength background noise and/or treats the interfering signal
in a manner such as other interference is treated. This results
in an output of signal 405, the signal intended for the
terminal, only. In accordance with the present invention
terminals may also make use of multiple antennas for beam
forming, diversity transmission and reception, and the like.
For example, when using single user decoding, a terminal
may “null out” a base station, in a manner known to those
of skill in the art, to provide filtering.

[0026] On the other hand, if the interference from the
preamble estimation of the interference signal strength pro-
vided by channel profile selector 402 is significant or strong,
such as strong enough to provide code information, multi-
user decoder 405 or 406 is preferably selected by demodu-
lation scheme selection logic 403. Numerous multi-user
decoders are known in the art. Two types of multi-user
decoders are discussed herein and illustrated in FIG. 4,
linear multi-user decoder 406, and a more powerful, non-
linear multi-user decoder 407.

[0027] If the interference is above the aforementioned
lower threshold, but not above an upper threshold, linear
multi-user decoder 406 may be selected by demodulation
scheme selection logic 403. One often-used scheme of linear
multi-user decoding is commonly referred to as Minimum
Mean Squared Error Multi-user Decoding (MMSE multi-
user decoding). An MMSE multi-user decoder takes advan-
tage of the data structure of the interfering signal, the
interfering signal’s algebraic structure. This data structure
may be reflected in the signal’s spatial structure, its coding
structure, and/or the like. The MMSE multi-user decoder
forms linear filter set 408, such as by forming coefficients,
to filter out the interfering signal. Additionally, a terminal
using linear multi-user decoding may null out a base station
once it identifies the base station as the source of an
interfering signal. Therefore, in accordance with embodi-
ments of the present invention, when employing linear
multi-user decoding the terminal need only decode the
interfering signal long enough to derive filters 408, or long
enough to identify the base station transmitting the intercell
interference and thus the direction of intercell interference.

[0028] If the interference is above the aforementioned
upper threshold demodulation scheme selection logic 403
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preferably chooses to employ non-linear multi-user decoder
407. A typical example of a non-linear multi-user decoder is
the so-called “maximum likelihood multi-user decoder.”
However, as will be appreciated by one of ordinary skill in
the art, any number of multi-user decoders may be used in
accordance with the present invention. Non-linear multi-
user decoder 407 jointly decodes both data streams, the data
intended for the terminal and the interfering leakage signal.
Non-linear multi-user decoder 407 preferably discards the
decoded interfering leakage signal data. However, by decod-
ing both streams jointly, decoding of the data stream
intended for the terminal may be significantly improved. The
decoding of the intended signal is improved because, rather
than treating the interfering signal as noise, which will result
in the interfering signal imparting significant interference,
the interfering signal is decoded and discarded, eliminating
it as a source of interference, relative to the intended signal.

[0029] Whereas non-linear multi-user decoder 407 is more
computational intensive, it may drain more battery power of
a terminal, generate more heat and/or the like, if the liner
multi-user decoder or the single user decoder will suffice one
of these may be employed. Therefore, demodulation scheme
selection 403 may compare not only the strengths of the
signal intended for the terminal and an interfering signal, but
also evaluate the knowledge of the two signals it can derive.
As a result, demodulation scheme selection 403 preferably
makes a prediction as to whether linear multi-user decoder
406 can satisfactorily decode the intended signal. By way of
example, if linear multi-user decoder 406 demodulation can
provide a certain Signal-to Noise Ratio (SNR) strength
threshold and/or meet other threshold factors, the simpler
linear multi-user decoder 406 will be used. However, if
linear multi-user decoder 406 cannot satisfactorily decode
the intended signal, such as failing to provide a threshold
SNR strength and/or other threshold factors, resulting in an
unacceptable error rate or other performance, non-linear
multi-user decoder 407 is preferably used for decoding.
[0030]FIG. 5 is a diagram illustrating signal strength thesh-
olding 500 in terminal demodulation scheme selection in
accordance with embodiments of the present invention, such
as at 403 in FIG. 4. Thresholding 500 looks to signal
strengths of signals 1 through 4, preferably the signal
strengths of the preambles of signals 1 through 4. These
signal strengths may be used as a first level of evaluation of
the interference from four interfering base stations and/or
terminals. Preamble 1 is shown as having sufficient signal
strength, above an upper signal strength threshold, to war-
rant, at least in a first approximation, nonlinear multi-user
decoding. Meanwhile preamble 3 is shown as having only
sufficient strength, above the lower signal strength threshold,
but below the upper signal strength threshold, to warrant
linear multi-user decoding. Whereas signal strength from
preambles 2 and 4 are below the lower signal strength
threshold, Preambles 2 and 4 may be treated as background
interference and ignored or filtered out in a conventional
manner during single user decoding. Additionally or alter-
natively, embodiments of the present invention may employ
previously demodulated signal(s), in addition to, or instead
of, preamble signals, to assist in selecting between signal
and multi-user decoders.

[0030] However, embodiments of the present invention
might treat all interfering signals alike, and once one signal
breaches a signal strength threshold, all of the received
signals are afforded the same type of demodulation/decod-
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ing. Under such an embodiment, the signals in FIG. 5 would
all be subjected to nonlinear multi-user decoding since
preamble 1 breaches the upper signal strength threshold.

[0031] Alternatively, all signals for which the preambles
breach at least the lower signal strength threshold may be
decoded using the scheme appropriate for the highest signal
strength, while signals for which the preamble did not
breach the lower signal strength threshold may be treated as
background noise and ignored or filtered out in a conven-
tional manner. In this latter embodiment, signals 1 and 3 of
FIG. 5 would be subjected to nonlinear multi-user decoding
since the preamble of signal 1 breaches the upper signal
strength threshold and the preamble of signal 3 braches the
lower signal strength threshold, even though it does not
breach the upper signal strength threshold. Meanwhile,
signals 2 and 4 would be treated as background noise and
ignored or filtered out in a conventional manner, as the
preambles of signals 2 and 4 fail to reach the lower signal
strength threshold.

[0032] Attention is now directed to FIGS. 6 and 7, which
tabulate subchannel assignment in accordance with embodi-
ments of the present invention. In a multi-cell OFDMA
system such as system 100 of FIG. 1 the base stations have
the responsibility of assigning the subchannels. A traditional
OFDMA system assigns subchannels more or less randomly,
as a traditional OFDMA system sees the subchannels as
more or less fungible. However, knowing whether a terminal
has multi-user decoders in accordance with the present
invention, or not, a difference arises in assigning the sub-
channels. FIG. 6 tabulates a comparison of possible data
rates of a number of terminals for a single OFDMA base
station. If the terminals are only capable of single user
decoding then the terminal which can make the best use of
the subchannel, that provides the highest usage of the
spectrum associated with the subchannel, is assigned the
subchannel, terminal ¢ in FIG. 6. However, in accordance
with embodiments of the present invention, if some of the
user terminals also have multi-user decoders, then they can
achieve higher data rates because they can eliminate inter-
ference. Therefore, in FIG. 6, since terminal b can achieve
the highest data rate and since terminals a and c, possibly
due to their locations, cannot achieve as high a data rate as
terminal b, the subchannel is assigned to terminal b. In this
manner a single OFDMA wireless communication base
station employing the present invention employs intelligent
channel assignment in consideration of whether the termi-
nals have a multi-user decoder or a single user decoder and
the data rates these terminals are capable of using.

[0033] FIG. 7 tabulates subchannel assignment in a multi-
cell system in accordance with embodiments of the present
invention. In a multi-cell OFDMA system, all the cells may
use a subchannel simultaneously. The example of FIG. 7
shows a determination of how three such cells may assign a
subchannel in accordance with the present invention. With a
goal of maximizing throughput for the entire system, in light
of other factors such as obligations to provide a minimum
data rate to certain terminals. In accordance with the present
invention both terminals with or without multi-user decod-
ing performance are considered. Also, a consideration as to
whether a particular subchannel should be used by certain
cells may be appropriate. For example, a benefit, such as
lowered interference for that subchannel in a neighboring
cell, that benefits the overall performance of the system may
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be considered in subchannel assignment in accordance with
the present invention. Given the achievable data rates of the
terminals of FIG. 7, terminal 15 of cell 1, terminal 2¢ of cell
2, and terminal Na of cell N provides the maximum total
throughput for the system of FIG. 7.

[0034] However, autonomous decision by each cell to
assign a subchannel to its terminal that provides the highest
throughput would not necessarily result in providing the
highest throughput for the entire multi-cell system. Forcing
the maximum throughput in one cell may affect other cells
and lower the overall throughput of the system. For
example, usage of a subchannel in a particular cell may
destroy the potential usage of that subchannel in a plurality
of other cells. Therefore, in accordance with the present
invention the cells of a system may coordinate, such as via
communication links 141-143 of FIG. 1, in order to enhance
overall system throughput. For example, in FIG. 7, if
assigning the subject subchannel to terminal 156 would
detrimentally effect the use of that subchannel in a plurality
of other cells, then the subject subchannel may be assigned
to another terminal or not assigned at all in cell 1, even
though assigning the subject subchannel to terminal 15
would provide a very high data rate for terminal 16. Con-
versely, if nonassignment of the subject subchannel to
terminal 15 would not enable more throughput in other cells,
grealer than the throughput allforded by assigning the subject
subchannel to terminal 15, the subject subchannel should be
assigned to terminal 15, unless it would have an impact on
other factors, such as making any coverage at all unavailable
to terminals in other cells. In the end, the goal of the present
systems and methods is to maximize the total throughput
across cells while satisfying fairness and other constraints.
In accordance with embodiments of the present invention,
centralized subchannel assignment among base stations can
be used to maximize the total network throughput. However,
the present invention may not employ centralized control,
but rather distributed decision making process. For example,
each cell’s base station may share information with other
cells, such as via communication links 141-143 of FIG. 1,
particularly neighboring cells to provide distributed optimi-
zation. In this manner, each cell may assure it will not be
adversely effecting other cells, particularly neighboring
cells, by its subchannel assignments.

[0035] For example, base stations may cooperate or coor-
dinate to overlap subchannel assignments in frequency and
time so that terminals may more effectively use linear or non
linear multi-user decoding to handle interfering leakage
signals. With attention directed back to FIGS. 3 and 4, if the
assignment of subchannels is fully overlapped in both fre-
quency and time, the assignment of subchannel K is fully
overlapped, relative to cells 1 and 2 in FIG. 3, then during
demodulation, in accordance with the present invention
(FIG. 4), linear or non linear multi-user decoding may be
effectively used. However, if the subchannels are not fully
overlapped, such as is shown for partially overlapped sub-
channel L in FIG. 3, the interference between the cells may
be randomized. As a result, linear or non linear multi-user
decoding might not be as effective, or even possible, and
single user decoding and filtering might need to be used,
typically resulting in a lower throughput for the subject
terminal(s) and thus possibly for the overall system.

[0036] Although the present invention and its advantages
have been described in detail, it should be understood that
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various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine,
manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill
in the art will readily appreciate from the disclosure of the
present invention, processes, machines, manufacture, com-
positions of matter, means, methods, or steps, presently
existing or later to be developed that perform substantially
the same function or achieve substantially the same result as
the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

What is claimed is:
1. A method comprising:

receiving a signal intended for a terminal of an Orthogo-
nal Frequency Division Multiplexing Access
(OFDMA) wireless communication system on a sub-
channel of said OFDMA system;

receiving, by said terminal, an interfering signal on said
subchannel;

decoding at least a portion of said interfering signal; and

using the decoded portion of said interfering signal to
decode said intended signal.
2. The method of claim 1 wherein said decoding at least
a portion of said interfering signal is selective and said
method further comprises:

selecting between a single user decoder and a multi-user
decoder to decode the intended signal, wherein said
single user decoder decodes only said intended signal if
selected and said multi-user decoder decodes at least a
portion of said interfering signal if selected.

3. The method of claim 2 wherein said selecting is based,
at least in part, on a strength of said interfering signal
relative to said intended signal

4. The method of claim 2 wherein said selecting further
comprises selecting between a linear multi-user decoder and
a non-linear multi-user decoder.

5. The method of claims 4 wherein said selecting between
a linear multi-user decoder and a non-linear multi-user
decoder is based at least in part on previously demodulated
signals.

6. The method of claim 4 further comprising:

processing a preamble for said intended signal; and

processing a preamble for said interfering signal.

7. The method of claims 6 wherein said selecting between
a linear multi-user decoder and a non-linear multi-user
decoder is based at least in part on information from the
preambles.

8. The method of claim 7 wherein said information from
the preambles is used to determine if said linear multi-user
decoding can satisfactorily decode said intended signal.

9. The method of claims 8 wherein said selecting between
a linear multi-user decoder and a non-linear multi-user
decoder is based at least in part on previously demodulated
signals.
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10. The method of claim 4 wherein said linear multi-user
decoder, if selected, filters out the decoded interfering sig-
nal.

11. The method of claim 10 wherein said filtering out
comprises forming a filter set based on a data structure of
said interfering signal.

12. The method of claim 10 wherein said filtering out
comprises forming an antenna pattern for said terminal with
a null directed toward a source transmitting said interfering
signal.

13. The method of claim 12 wherein said a source
transmitting said interfering signal is identified from said
interfering signal.

14. lThe method of claim 4 wherein said non-linear
multi-user decoder, if selected decodes all of said interfering
signal and then discards the decoded interfering signal

15. The method of claim 1 further comprising:

filtering out the decoded interfering signal.

16. The method of claim 15 wherein said filtering out
comprises discarding said decoded interfering signal.

17. The method of claim 15 wherein said filtering out
comprises forming a filter set based on a data structure of
said interfering signal.

18. The method of claim 15 wherein said filtering out
comprises forming an antenna pattern for said terminal with
a null directed toward a source transmitting said interfering
signal.

19. The method of claim 18 wherein said a source
transmitting said interfering signal is identified from a
derived preamble of said interfering signal.

20. An OFDMA terminal comprising:

means for receiving a signal intended for said terminal
and at least one interfering signal on a subchannel of an
OFDMA wireless communication system; and

at least one multi-user decoder adapted to decode said
intended signal and at least a portion of said interfering
signal.

21. The terminal of claim 20 further comprising:

a single user decoder that is adapted to decodes only said
intended signal; and

demodulation scheme selection logic selecting between
said single user decoder and one of said at least one
multi-user decoders for demodulating said intended
signal.

22. The terminal of claim 21 wherein the selection
between said single user decoder and one of said at least one
multi-user decoder is based at least in part on a strength of
said interfering signal, relative to a strength of said intended
signal.

23. The terminal of claim 22 wherein said at least one
multi-user decoder comprises a linear multi-user decoder
and a non-linear multi-user decoder.

24. The terminal of claim 23 wherein said demodulation
scheme selection logic selects between said single user
decoder, said linear multi-user decoder and said non-linear
multi-user decoder for demodulating said intended signal.

25. The terminal of claims 24 wherein said selecting
between a linear multi-user decoder and a non-linear multi-
user decoder is based at least in part on previously demodu-
lated signals.
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26. The terminal of claim 24 further comprising:

a preamble processor deriving a preamble of the intended
signal and deriving a preamble of the interfering signal,
if possible.

27. The terminal of claim 26 wherein the selection
between said single user decoder, said linear multi-user
decoder and said non-linear multi-user decoder for demodu-
lating said intended signal is based at least in part on
information from the preambles.

28. The terminal of claim 27 wherein said information
from the preambles is used to determine if said linear
multi-user decoding can satisfactorily decode said intended
signal.

29. The terminal of claims 27 wherein said selecting
between a linear multi-user decoder and a non-linear multi-
user decoder is based at least in part on previously demodu-
lated signals.

30. The terminal of claim 23 wherein said linear multi-
user decoder comprises a filter used to filter out the decoded
interfering signal when said linear multi-user decoder is
selected by said demodulation scheme selection logic to
decode said intended signal.

31. The terminal of claim 30 wherein said filter comprises
forming a filter set based on a data structure of said inter-
fering signal.

32. The terminal of claim 30 wherein said filter comprises
means for forming an antenna pattern for said terminal with
a null directed toward a source transmitting said interfering
signal.

33. The terminal of claim 32 wherein said a source
transmitting said interfering signal is identified from the
derived preamble for said interfering signal.

34. The terminal of claim 23 wherein said non-linear
multi-user decoder is adapted to decode all of said interfer-
ing signal and then discard the decoded interfering signal
when said linear multi-user decoder is selected by said
demodulation scheme selection logic to decode said
intended signal.

35. A method comprising:

overlapping use of a subchannel used by a cell of an
OFDMA wireless communications system with use of
said subchannel by at least one other cell of said
OFDMA system so as to cause interfering signals using
the same subchannel in one of said cells to overlap with
a signal intended to be received by at least one terminal
using said subchannel in the one cell.

36. The method of claim 35 wherein at least one terminal
of said OFDMA system selectively employs a multi-user
decoder to decode a signal intended for said at least one
terminal received on an assigned subchannel and at least a
portion of an interfering signal received on said assigned
subchannel.

37. The method of claim 36 wherein said multi-user
decoder decodes only a portion of the interfering signal and
[ilters out the decoded interfering signal.

38. The method of claim 37 wherein the filtering out
comprises forming a filter set based on a data structure of
said interfering-signal.

39. The method of claim 37 wherein the filtering out
comprises forming an antenna pattern for said terminal with
a null directed toward a source transmitting said interfering
signal.
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40. The method of claim 37 wherein the multi-user
decoder decodes all of the interfering signal and discards the
decoded interfering signal.

41. The method of claim 35 further comprising:

assigning said subchannel to a terminal if assigning said
subchannel to said terminal will maximize overall data
throughput to terminals of said system.

42. The method of claim 41 wherein a base station of each
of said cells of said OFDMA system assign use of said
subchannel to a terminal which has the highest data through-
put for said subchannel.

43. The method of claim 41 wherein said assigning further
comprises coordinating between base stations of said
OFDMA system assignment of subchannels by each of said
base stations.

44. The method of claim 43 wherein said coordinating
comprises at least one of said base stations not assigning a
particular subchannel for use by a cell terminal.

45. The method of claim 44 wherein said subchannel is
not assigned because use of said subchannel by said at least
base station would interfere with one or more terminals
using said subchannel in a neighboring cell.

46. The method of claim 44 wherein said subchannel is
not assigned because use of said subchannel by said at least
base station would prevent use of said subchannel in one or
more neighboring cells.

47. The method of claim 43 wherein said coordinating
between base stations comprises sharing information
between said base stations.

48. The method of claim 47 wherein said information
comprises information about data throughput for terminals
in said base stations’ cells using subchannels of said
OFDMA system.

49. The method of claim 43 wherein said coordinating
between base stations of said OFDMA system is centralized.

50. The method of claim 43 wherein said coordinating
between base stations of said OFDMA system is decentral-
ized.

51. An OFDMA communication system comprising:

a plurality of base stations overlapping use of a subchan-
nel used by a cell of an OFDMA wireless communi-
cations system with use of said subchannel by at least
one other cell of said OFDMA system, such that
interfering signals using a same subchannel in one of
said cells overlaps with a signal intended to be received
by at least one terminal using said subchannel in the
one cell.

52. The system of claim 51 further comprising:

a plurality of terminals, at least one of said terminals
comprising at least one multi-user decoder adapted to
decode a signal intended for said at least one terminal
received on a subchannel of said system and adapted to
decode at least a portion of an interfering signal
received on said subchannel.

53. The system of claim 52 wherein said plurality of
terminals includes at least one terminal comprising a single
user decoder.

54. The system of claim 52 wherein said at least one
terminal also comprises a single user decoder.

55. The system of claim 54 wherein said single user
decoder decodes only said intended signal.

56. The system of claim 52 wherein said multi-user
decoder comprises a linear multi-user decoder, which
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decodes only a portion of the interfering signal and filters out
the decoded interfering signal.

57. The system of claim 56 wherein the filtering out
comprises forming a filter set based on a data structure of
said interfering signal.

58. The system of claim 56 wherein the filtering out
comprises forming an antenna pattern for said terminal with
a null directed toward a source transmitting said interfering
signal.

59. The system of claim 52 wherein the multi-user
decoder comprises a non-linear multi-user decoder, which
decodes all of the interfering signal and discards the decoded
interfering signal.

60. The system of claim 51 wherein each of said base
stations is in communication with others of said base sta-
tions for exchanging information about data throughput for
particular terminals in cells of said system using particular
subchannels in said cells, each of said base stations assign-
ing said subchannels to terminals in the cell of the base
station so as to maximize data throughput in said multicell
system.
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61. The system of claim 60 wherein said assigning is
carried out in a centralized manner.

62. The system of claim 60 wherein said assigning is
carried out in a decentralized manner.

63. The system of claim 60 wherein each of said base
stations assign use of said subchannels to terminals which
has the highest data throughput for said subchannel.

64. The system of claim 60 wherein at least one of said
base stations does not assign a particular subchannel for use.

65. The system of claim 64 wherein said subchannel is not
assigned because use of said subchannel by said at least one
base station would interfere with one or more terminals
using said subchannel in a neighboring cell.

66. The system of claim 64 wherein said subchannel is not
assigned because use of said subchannel by said at least one
base station would prevent use of said subchannel in one or
more neighboring cells.
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