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ADAPTIVE ORTHOGONAL SCHEDULING FOR
VIRTUAL MIMO SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to communications,
and more particularly relates to scheduling for a virtual
multiple input multiple output communication environment
using mobile terminals having a single antenna.

BACKGROUND OF THE INVENTION

[0002] With the ever-increasing demand for wireless
transmission capacity, be it the number of users able to
access a system or the speed at which data is transferred,
multiple input multiple output (MIMO) architectures have
evolved. MIMO architectures incorporate multiple antennas
for transmission and multiple receivers for reception. In
combination with various coding techniques, the spatial
diversity provided by MIMO systems provides for signifi-
cant increases in the number of users that can access a
system at any given time, as well as the amount of data that
can be transmitted over a given period of time. Unfortu-
nately, the nature of mobile communications dictates the
need for inexpensive mobile terminals, such as mobile
telephones, wireless personal digital assistants (PDAs), and
the like. Implementing a mobile terminal having multiple
antennas significantly increases its complexity, and thus its
price. To date, the price associated with providing multiple
antennas and transmission paths in mobile terminals has
significantly outweighed the benefit of more capacity, at
least from the consumer’s perspective.

[0003] Most base stations are already equipped with mul-
tiple antennas and receivers, and given the nature of such an
infrastructure, the cost of providing such has proven largely
insignificant. Thus, there exists a wireless infrastructure
capable of facilitating MIMO-based communication, yet
consumers are unwilling to bear the cost of completing the
MIMO environment by buying properly equipped mobile
terminals. As such, there is a need to reap the benefit of
MIMO-based communications without requiring mobile ter-
minals to have multiple antennas.

[0004] In order to accommodate this need, virtual MIMO
systems have emerged. An exemplary virtual MIMO system
is disclosed in commonly owned and assigned U.S. Patent
Application Publication No. 2004/0114618, entitled VIR-
TUAL MIMO COMMUNICATION SYSTEM, filed Dec.
16, 2002, which is hereby incorporated by reference in its
entirety. In general, a virtual MIMO system is created by
pairing mobile terminals. However, virtual MIMO systems
require a scheduler for pairing mobile terminals. Thus, there
remains a need for a scheduler for a virtual MIMO system.

SUMMARY OF THE INVENTION

[0005] The present invention provides a system and
method for scheduling cooperative uplink transmissions in a
virtual multiple input multiple output (MIMO) wireless
communication environment. More specifically, the present
invention provides both random and channel aware orthogo-
nal scheduling techniques for identifying a sub-set of N
mobile terminals to provide cooperative uplink transmis-
sions for each transmit time interval.

[0006] Forrandom scheduling, a first mobile terminal may
be selected in a round-robin fashion. Thereafter, a number of
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additional mobile terminals are selected randomly, thereby
forming a group of mobile terminals for cooperative uplink
transmission during an upcoming transmit time interval.
Alternatively, mobile terminals are randomly grouped to
provide potential groups of mobile terminals. One of the
potential groups is selected based on proportional fairness,
thereby providing a group of mobile terminals for coopera-
tive uplink transmission during an upcoming transmit time
interval.

[0007] For channel aware orthogonal scheduling, a first
mobile terminal is selected in a round-robin fashion. There-
after, a number of additional mobile terminals are selected
based on orthogonality. The uplink is preferably transmitted
according to either an Orthogonal Frequency Division Mul-
tiplexing (OFDM) scheme or a Single-Carrier Frequency
Division Multiple Access (SC-FDMA) scheme, and the base
station determines channel transfer functions for each sub-
carrier frequency in each of a number of sub-channels in the
uplink frequency band. The base station then determines the
orthogonality of the transfer functions for the first mobile
terminal and the transfer functions of the other mobile
terminal. One or more mobile terminals having transfer
functions that are most orthogonal with the transfer func-
tions of the first mobile terminal are selected as the addi-
tional mobile terminals for the cooperative uplink transmis-
sion.

[0008] Alternatively, a group of mobile terminals for an
uplink transmission is identified based on orthogonality and
proportional fairness. More specifically, for each mobile
terminal, a number of potential groups including the mobile
terminal that are most orthogonal are identified. The group
of mobile terminals for the uplink transmission is then
selected from the potential groups for each mobile terminal
based on proportional fairness.

[0009] Those skilled in the art will appreciate the scope of
the present invention and realize additional aspects thereof
after reading the following detailed description of the pre-
ferred embodiments in association with the accompanying
drawing figures.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0010] The accompanying drawing figures incorporated in
and forming a part of this specification illustrate several
aspects of the invention, and together with the description
serve to explain the principles of the invention.

[0011] FIG. 1 is a block representation of a wireless
communication environment according to one embodiment
of the present invention.

[0012] FIG. 2 is a block representation of a base station
according to one embodiment of the present invention.

[0013] FIG. 3 is a block representation of a mobile termi-
nal according to one embodiment of the present invention.

[0014] FIG. 4 is a more detailed logical representation of
a mobile terminal according to one embodiment of the
present invention.

[0015] FIG. 5 is a more detailed logical representation of
a base station according to one embodiment of the present
invention.
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[0016] FIG. 6 illustrates a multiple input multiple output
(MIMO) communication scheme according to the prior art.

[0017] FIG. 7 is a flow diagram representing the basic
operation of one embodiment of the present invention.

[0018] FIGS. 8 illustrates an Orthogonal Frequency Divi-
sion Multiplexing (OFDM) virtual MIMO environment
according to the present invention.

[0019] FIG. 9 illustrates an exemplary uplink frame struc-
ture.

[0020] FIGS. 10A and 10B illustrate two exemplary
embodiments of Random User Scheduling (RUS) according
to one embodiment of the present invention.

[0021] FIGS. 11A-11C illustrate exemplary embodiments
of Channel Aware Orthogonal Scheduling (CAOS) accord-
ing to one embodiment of the present invention.

[0022] FIG. 12 is a flow chart illustrating a virtual MIMO
implementation according to one embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] The embodiments set forth below represent the
necessary information to enable those skilled in the art to
practice the invention and illustrate the best mode of prac-
ticing the invention. Upon reading the following description
in light of the accompanying drawing figures, those skilled
in the art will understand the concepts of the invention and
will recognize applications of these concepts not particularly
addressed herein. It should be understood that these con-
cepts and applications fall within the scope of the disclosure
and the accompanying claims.

[0024] With reference to FIG. 1, a basic wireless commu-
nication environment is illustrated. In general, a base station
controller (BSC) 10 controls wireless communications
within multiple cells 12, which are served by corresponding
base stations (BS) 14. Each base station 14 facilitates
communications with mobile terminals 16, which are within
the cell 12 associated with the corresponding base station 14.
For the present invention, the base stations 14 include
multiple antennas to provide spatial diversity for commu-
nications. The mobile terminals 16 may or may not have
multiple antennas, depending on the implementation of the
present invention.

[0025] With reference to FIG. 2, a base station 14 config-
ured according to one embodiment of the present invention
is illustrated. The base station 14 generally includes a
control system 18, a baseband processor 20, transmit cir-
cuitry 22, receive circuitry 24, multiple antennas 26, and a
network interface 28. The receive circuitry 24 receives radio
frequency signals through the antennas 26 bearing informa-
tion from one or more remote transmitters provided by
mobile terminals 16 (FIG. 1). Preferably, a low noise ampli-
fier and a filter (not shown) cooperate to amplify and remove
broadband interference from the signal for processing.
Downconversion and digitization circuitry (not shown) will
then downconvert the filtered, received signal to an inter-
mediate or baseband frequency signal, which is then digi-
tized into one or more digital streams.

[0026] The baseband processor 20 processes the digitized
received signal to extract the information or data bits con-
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veyed in the received signal. This processing typically
comprises demodulation, decoding, and error correction
operations. As such, the baseband processor 20 is generally
implemented in one or more digital signal processors
(DSPs). The received information is then sent across a
wireless network via the network interface 28 or transmitted
to another mobile terminal 16 serviced by the base station
14. The network interface 28 will typically interact with the
base station controller 10 and a circuit-switched network
forming a part of a wireless network, which may be coupled
to the public switched telephone network (PSTN).

[0027] On the transmit side, the baseband processor 20
receives digitized data, which may represent voice, data, or
control information, from the network interface 28 under the
control of the control system 18, and encodes the data for
transmission. The encoded data is output to the transmit
circuitry 22, where it is modulated by a carrier signal having
a desired transmit frequency or frequencies. A power ampli-
fier (not shown) will amplify the modulated carrier signal to
a level appropriate for transmission, and deliver the modu-
lated carrier signal to the antennas 26 through a matching
network (not shown). The multiple antennas 26 and the
replicated transmit and receive circuitries 22, 24 provide
spatial diversity. Modulation and processing details are
described in greater detail below.

[0028] With reference to FIG. 3, a mobile terminal 16
configured according to one embodiment of the present
invention is illustrated. Similarly to the base station 14, the
mobile terminal 16 will include a control system 30, a
baseband processor 32, transmit circuitry 34, receive cir-
cuitry 36, an antenna 38, and user interface circuitry 40. The
receive circuitry 36 receives radio frequency signals through
the antenna 38 bearing information from one or more base
stations 14. Preferably, a low noise amplifier and a filter (not
shown) cooperate to amplify and remove broadband inter-
ference from the signal for processing. Downconversion and
digitization circuitry (not shown) will then downconvert the
filtered, received signal to an intermediate or baseband
frequency signal, which is then digitized into one or more
digital streams.

[0029] The baseband processor 32 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically
comprises demodulation, decoding, and error correction
operations, as will be discussed in greater detail below. The
baseband processor 32 is generally implemented in one or
more digital signal processors (DSPs) and application spe-
cific integrated circuits (ASICs).

[0030] For transmission, the baseband processor 32
receives digitized data, which may represent voice, data, or
control information, from the control system 30, which it
encodes for transmission. The encoded data is output to the
transmit circuitry 34, where it is used by a modulator to
modulate a carrier signal that is at a desired transmit
frequency or frequencies. A power amplifier (not shown)
will amplify the modulated carrier signal to a level appro-
priate for transmission, and deliver the modulated carrier
signal to the antenna 38 through a matching network (not
shown). Modulation and processing details are described in
greater detail below.

[0031] With reference to FIG. 4, a logical transmission
architecture is provided according to one embodiment of the
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present invention. The transmission architecture is described
as being that of the mobile terminal 16, but those skilled in
the art will recognize the applicability of the illustrated
architecture for both uplink and downlink communications
in a variety of wireless environments. In this exemplary
embodiment, the mobile terminal 16 operates according to
an OFDM modulation scheme. However, the present inven-
tion is equally applicable to a mobile terminal 16 transmit-
ting according to a Single-Carrier Frequency Division Mul-
tiple Access (SC-FDMA) modulation scheme, as will be
apparent to one of ordinary skill in the art upon reading this
disclosure.

[0032] In OFDM modulation, the transmission band is
divided into multiple sub-channels each including a number
of orthogonal sub-carrier frequencies. The sub-carrier fre-
quencies are modulated according to the digital data to be
transmitted and transmitted in parallel. Because OFDM
divides the transmission band into multiple sub-carrier fre-
quencies, the bandwidth per sub-carrier decreases and the
modulation time per sub-carrier increases. Since the mul-
tiple sub-carriers are transmitted in parallel, the transmission
rate for the digital data, or symbols, on any given sub-carrier
is lower than when a single carrier is used.

[0033] OFDM modulation requires the performance of an
Inverse Fast Fourier Transform (IFFT) on the information to
be transmitted. For demodulation, the performance of a Fast
Fourier Transform (FFT) on the received signal is required
to recover the transmitted information. In practice, the
Inverse Discrete Fourier Transform (IDFT) and Discrete
Fourier Transform (DFT) are implemented using digital
signal processing for modulation and demodulation, respec-
tively.

[0034] More specifically, data 42, which is a stream of
bits, to be transmitted to the base station 14 is scrambled in
a manner reducing the peak-to-average power ratio associ-
ated with the data using data scrambling logic 44. A cyclic
redundancy check (CRC) for the scrambled data is deter-
mined and appended to the scrambled data using CRC
adding logic 46. Next, channel coding is performed using
channel encoder logic 48 to effectively add redundancy to
the data to facilitate recovery and error correction at the
mobile terminal 16. The channel encoder logic 48 uses
known Turbo encoding techniques in one embodiment. The
encoded data is then processed by rate matching logic 50 to
compensate for the data expansion associated with encod-
ing.

[0035] Bit interleaver logic 52 systematically reorders the
bits in the encoded data to minimize the loss of consecutive
data bits. The resultant data bits are systematically mapped
into corresponding symbols depending on the chosen base-
band modulation by mapping logic 54. Preferably, Quadra-
ture Amplitude Modulation (QAM) or Quadrature Phase
Shift Key (QPSK) modulation is used. The symbols may be
systematically reordered to further bolster the immunity of
the transmitted signal to periodic data loss caused by fre-
quency selective fading using symbol interleaver logic 56.

[0036] At this point, groups of bits have been mapped into
symbols representing locations in an amplitude and phase
constellation. Blocks of symbols are then processed by
space-time block code (STC) encoder logic 58, which modi-
fies the symbols in a fashion making the transmitted signals
more resistant to interference and readily decoded at a
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mobile terminal 16. The control system 18 and/or baseband
processor 20 will provide a mapping control signal to
control STC encoding.

[0037] The symbol stream output by the STC encoder
logic 58 is sent to pilot insertion logic 59 and then an IFFT
processor 60, illustrated separately for ease of understand-
ing. Those skilled in the art will recognize that one or more
processors may be used to provide such digital signal
processing alone or in combination with other processing
described herein. The IFFT processor 60 will preferably
operate on the respective symbols using IDFT or like
processing to effect an Inverse Fourier Transform. The
output of the IFFT processor 60 provides symbols in the
time domain. The time domain symbols are grouped into
frames, which may be associated with prefix headers by like
insertion logic 62. Each of the resultant signals is up-
converted in the digital domain to an intermediate frequency
and converted to an analog signal via the corresponding
digital up-conversion (DUC) and digital-to-analog (D/A)
conversion circuitry 64. The resultant (analog) signals are
then simultaneously modulated at the desired RF frequency,
amplified, and transmitted via the RF circuitry 66 and
antenna 26.

[0038] Reference is now made to FIG. 5 to illustrate
reception of the transmitted signals by a base station 14.
Upon arrival of the transmitted signals at each of the
antennas 26 of the base station 14, the respective signals are
demodulated and amplified by corresponding RF circuitry
68. For the sake of conciseness and clarity, only one of the
multiple receive paths in the receiver is described and
illustrated in detail. Analog-to-digital (A/D) conversion and
downconversion circuitry (DCC) 70 digitizes and downcon-
verts the analog signal for digital processing. The resultant
digitized signal may be used by automatic gain control
circuitry (AGC) 72 to control the gain of the amplifiers in the
RF circuitry 68 based on the received signal level.

[0039] The digitized signal is also fed to synchronization
circuitry 74 and a demodulation function 76, which will
recover the incoming signal received at a corresponding
antenna 26 at each receiver path. Note that the demodulation
function 76 performs a FFT in order to recover the symbols
transmitted on each of the sub-carrier frequencies. The
synchronization circuitry 74 facilitates alignment or corre-
lation of the incoming signal with the multiple access
demodulation function 76 to aid recovery of the incoming
signal, which is provided to a signaling processing function
78 and channel estimation function 80. The signal process-
ing function 78 processes basic signaling and header infor-
mation to provide information sufficient to generate a chan-
nel quality measurement, which may bear on an overall
signal-to-noise ratio for the link, taking into account channel
conditions and/or signal-to-noise ratios for each receive
path.

[0040] The channel estimation function 80 for each
receive path provides channel responses corresponding to
channel conditions for use by a diversity decoder 82. The
symbols from the incoming signal and channel estimates for
each receive path are provided to the diversity decoder 82.
The channel estimates provide sufficient channel response
information to allow the diversity decoder 82 to decode the
symbols according to the transmission and/or encoding used
by the mobile terminal 16.
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[0041] The recovered symbols are placed back in order
using symbol de-interleaver logic 84, which corresponds to
the symbol interleaver logic 56 of the mobile terminal 16.
The de-interleaved symbols are then demodulated or de-
mapped to a corresponding bitstream using de-mapping
logic 86. Depending on the configuration of the receiver
architecture, combiner logic 88, such a Chase combiner,
which is well known in the art, may optionally be included
to combine the energy associated with parallel receive
channels to arrive at a soft decision for each bit or group of
bits. The bits are then de-interleaved using bit de-interleaver
logic 90, which corresponds to the bit interleaver logic 52 of
the transmitter architecture. The de-interleaved bits are then
processed by rate de-matching logic 92 and presented to
channel decoder logic 94 to recover the initially scrambled
data and the CRC checksum. Accordingly, CRC logic 96
removes the CRC checksum, checks the scrambled data in
traditional fashion, and provides it to de-scrambling logic 98
for de-scrambling using the known base station de-scram-
bling code to recover the originally transmitted data 100.

[0042] A channel quality indicator (CQI) may be deter-
mined based on the recovered data. An additional or alter-
native CQI function 102 may be provided anywhere along
the data recovery path (blocks 84 through 100) to monitor
signal-to-noise ratios, error rates, and the like to derive
information bearing on individual or overall channel quality.
Additional information on one exemplary way to determine
a CQI value is provided in co-assigned Provisional Appli-
cation Ser. No. 60/329,511, filed Oct. 17, 2001, which is
incorporated herein by reference in its entirety.

[0043] Referring now to FIG. 6, an existing multiple input
multiple output (MIMO) transmission scheme of an existing
Nortel Networks Limited OFDM architecture is illustrated.
In this infrastructure, a mobile terminal 16 has two trans-
mission paths leading to two antennas 38, which will trans-
mit signals to the antennas 26 of the base station 14. FIG. 6
illustrates two transmission techniques. The first uses space-
time transmit diversity (coding), while the second uses Bell
Labs layered Space-Time (BLAST) or like parallel trans-
mission technique. In both techniques, a block of OFDM
sub-carriers in the time-frequency domain, which may be
referred to as a sub-channel, is allocated to a single mobile
terminal 16 at any given time. Within this sub-channel,
certain sub-carriers will be used as pilots, while others are
used to transmit data. The pilot information is represented as
P, which represents pilot data capable of being processed to
provide a complex conjugate P,* and a negative complex
conjugate —P_*. Similarly, data for transmission by a data
sub-carrier can be represented as the actual data S,, a
complex conjugate S.*, or a negative complex conjugate
=S, *. Data, conjugates, and negative complex conjugates
are used for space-time transmit diversity coding, as will be
recognized by those skilled in the art.

[0044] In existing MIMO systems, the base station 14 will
assign different pilot information P,, P, and corresponding
sub-carriers for transmitting the pilot information to the
mobile terminal 16. In both the Space-Time Transit Diver-
sity (STTD) and BLAST transmission techniques, STTD
coding is implemented across each of the transmission paths
in the mobile terminal 16. As such, the pilot information is
processed and provided in the sub-carriers assigned by the
base station 14 for the group of sub-carriers, as illustrated.
Further, any data to be transmitted to the base station 14
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from the mobile terminal 16 is provided in all or select ones
of the remaining sub-carriers in the group of sub-carriers
using STTD coding wherein redundant versions of the data
are coded and transmitted from the different antennas 38 of
the mobile terminal 16, or using the BLAST technique
wherein each antenna 38 transmits different data. Further
information regarding STTD and BLAST techniques is
provided in U.S. patent application Ser. No. 09/977,540 filed
Oct. 15, 2001, Ser. No. 10/251,935 filed Sep. 20, 2002, Ser.
No. 10/261,739 filed Oct. 1, 2002, and Ser. No. 10/263,268
filed Oct. 2, 2002, the disclosures of which are incorporated
herein by reference in their entireties.

[0045] Providing a MIMO architecture with mobile ter-
minals 16 having multiple transmit paths can increase chan-
nel capacity by allowing multiple users to share the same
channels, increase data rates, or a combination thereof.
Unfortunately, equipping mobile terminals 16 with multiple
transmission paths significantly increases the cost and com-
plexity of the mobile terminals 16.

[0046] The present invention is related to a system allow-
ing mobile terminals 16 to operate under the control of the
base station 14 to provide a virtual MIMO environment. The
flow diagram of FIG. 7 provides an overview of the present
invention. Initially, the base station 14 identifies a sub-set of
N mobile terminals 16 to cooperate with one another during
uplink transmissions (block 200). While the discussion
herein primarily focuses on the situation where N=2, any
number of mobile terminals 16 may be identified to coop-
erate with one another during uplink transmission. Next, the
base station 14 assigns one or more sub-channels, each
including a number of sub-carrier frequencies, to the coop-
erating mobile terminals 16 via downlink channels (block
202). Note that the cooperating mobile terminals 16 will
transmit over the same sub-channels using the same sub-
carrier frequencies. Next, the base station 14 assigns pilot
sub-carrier frequencies within the assigned sub-channels to
each of the cooperating mobile terminals 16 via the down-
link channels (block 204).

[0047] Once the sub-channels and pilot sub-carriers are
assigned, each mobile terminal 16 in the cooperating group
transmits data to the base station 14 in synchronized time
slots, which may be referred to as transmit time intervals
(block 206). Again, note that the mobile terminals 16 in the
cooperating group transmit over the same sub-channels
using the same sub-carrier frequencies. The base station 14
will receive the transmitted signals from the mobile termi-
nals 16 at each of its antennas 38 (block 208) and extract the
pilot signals for each of the mobile terminals 16 to help
identify the mobile terminals 16 transmitting information
(block 210). Finally, the base station 14 will decode the
received signals to extract the data or information transmit-
ted by each of the cooperating mobile terminals 16 (block
212).

[0048] Turning now to FIG. 8, a communication environ-
ment having two mobile terminals 16 cooperating with one
another to provide virtual MIMO operation is illustrated. For
the same sub-channel, each of the mobile terminals 16
transmits information via the same sub-carrier frequencies at
the same time. Each mobile terminal 16 will transmit its own
data, yet will use pilot information provided by the base
station 14 to provide a virtual MIMO environment. In
essence, the mobile terminals 16 will emulate a single user
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element having two transmission paths and two antennas 38
by transmitting data over the same group of sub-carriers and
careful use of pilot placement. In particular, the illustrated
sub-channel block includes ten sub-carriers over, for
example, seven OFDM symbol time periods for a total of
twenty Basic Access Channels (BACHs). The BACHs
marked with P1 and P2 provide the pilot data for the
cooperating mobile terminals 16. Note that one of the mobile
terminals 16 does not transmit anything during the BACHs
allocated for P1 while the other of the mobile terminals 16
does not transmit anything during the BACHs allocated for
P2, as indicated by the shading of the corresponding
BACHs. By ensuring that pilot signals for the cooperating
mobile terminals 16 are transmitted using separate sub-
carriers and separate OFDM symbol time periods, the pilot
information provided by both of the cooperating mobile
terminals 16 does not interfere with one another, and pro-
vides the necessary pilot information to allow decoding of
the transmitted information as if it were simultaneously
transmitted from a single mobile terminal 16 having mul-
tiple transmission paths and antennas 38.

[0049] FIG. 9 illustrates a basic uplink frame structure for
communication between the mobile terminals 16 and the
base station 14. In this example, the frame includes twenty
transmit time intervals (TTIs), each including seven OFDM
symbol time periods. The present invention provides a
system and method for identifying a subset of N mobile
terminals 16 to cooperate with one another during each TTI.
This process is referred to herein as scheduling.

[0050] The present invention provides both random and
channel aware orthogonal scheduling techniques for identi-
fying a sub-set of N mobile terminals 16 for each of the TTIs
in each uplink frame. The discussion below focuses on
identifying two mobile terminals 16 (N=2), each having one
transmit antenna, to cooperate for virtual MIMO operation.
However, the present invention is not limited thereto. As will
be apparent to one of ordinary skill in the art upon reading
this disclosure, the various embodiments discussed below
may be adapted to provide scheduling for groupings of more
than two mobile terminals 16 and to accommodate mobile
terminals having more than one transmit path and one
antenna.

[0051] FIGS. 10A and 10B illustrate two exemplary
embodiments of Random User Scheduling (RUS) according
to one embodiment of the present invention. Referring to
FIG. 10A, a first mobile terminal 16 may be selected by the
base station 14 from the group of mobile terminals 16 served
by the base station 14 based on round-robin scheduling (step
300). As used herein, “round-robin” scheduling is defined as
a scheduling algorithm that assigns time slices, which may
be uplink time slots, to each mobile terminal 16 served by
the base station 14 in equal portions and in order, wherein all
mobile terminals 16 have the same priority.

[0052] A second mobile terminal 16 to be paired with the
first mobile terminal 16 for virtual MIMO operation may
then be selected randomly (step 302). The base station 14
then provides the one or more sub-channels and pilot
sub-carrier frequencies assigned to the mobile terminals 16
of the selected user pair to the mobile terminals 16 of the
selected user pair, as discussed above with respect to FIG. 7.
This process may be repeated for each TTI. Note that there
may be a delay between the time at which the base station
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14 selects the user pair and the uplink transmission by the
selected user pair. Thus, for example, the base station 14
may operate to select a user pair for a fourth TTI (TTI-4) of
an uplink frame during a first TTI (TTI-1) of the uplink
frame.

[0053] Referring to FIG. 10B, base station 14 may ran-
domly pair the mobile terminals 16 served by the base
station 14 into groups of two (step 400). The base station 14
may then select one of the groups of the mobile terminals 16
as a selected user pair for virtual MIMO operation based on
proportional fairness scheduling (step 402). As an example,
the base station 14 may calculate a ratio p,, for each pair of
mobile terminals 16 according to the equation:

Rw R

P =700 T oY

where x and y are identifiers for the mobile terminals 16 in
the pair, R is a transmission rate for the mobile terminal 16,
and T is an average throughput for the mobile terminal 16.
Both the transmission rate and the average throughput for
the mobile terminals 16 are known by the base station 14, as
will be apparent to one of ordinary skill in the art. The pair
of mobile terminals 16 having the lowest ratio p, , may then
be selected as the selected user pair.

[0054] The base station 14 then provides the one or more
sub-channels assigned to the selected user pair and the pilot
sub-carrier frequencies to the mobile terminals 16 forming
the selected user pair, as discussed above with respect to
FIG. 7. This process may be repeated for each TTI. Again,
note that there may be a delay between the time at which the
base station 14 selects the user pair and the uplink trans-
mission by the selected user pair. Thus, for example, the base
station 14 may operate to select a user pair for a fourth TTI
(TTI-4) of an uplink frame during a first TTI (TTI-1) of the
uplink frame.

[0055] FIGS. 11A and 11B illustrate two exemplary
embodiments of Channel Aware Orthogonal Scheduling
(CAOS) according to one embodiment of the present inven-
tion. Referring to FIG. 11A, the base station 14 first deter-
mines a channel transfer function for each sub-carrier for
each mobile terminal 16 within the coverage area of the base
station 14 (step 500). More specifically, in this embodiment,
the mobile terminals 16 provide sounding channels using,
for example, the first OFDM symbol in each TTI of the
uplink frame. For example, the entire uplink frequency band
may be divided into 600 sub-carrier frequencies. The sub-
carrier frequencies may be divided among the mobile ter-
minals 16 within the coverage area of the base station 14. If
there are twenty mobile terminals 16 within the coverage
area of the base station 14, each of the mobile terminals 16
may be assigned thirty sub-carriers to be used as a sounding
channel during the first OFDM symbol period. Note that the
thirty sub-carriers assigned to each of the mobile terminals
16 are distributed throughout the uplink frequency band.
Then, for each of the mobile terminals 16, the base station
14 may use interpolation to determine a channel transfer
function for each sub-carrier in the uplink frequency band.

[0056] Next, the base station 14 may determine the
orthogonality for each user pair (step 502). More specifi-
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cally, for each pair of mobile terminals 16, the base station
14 may determine the correlation of the channel transfer
functions for each sub-carrier in each sub-channel assigned
to the mobile terminals 16 in the user pair. The correlations
for each sub-carrier in each sub-channel assigned to the
mobile terminals 16 in the user pair may be averaged to
determine an average correlation. As will be apparent to one
of ordinary skill in the art, a low average correlation
corresponds to high orthogonality.

[0057] Asanexample, the orthogonality of a user pair may
be determined based on a predetermined formula. First, the
channel matrix for a 2x2 MIMO configuration is:

F,,:Han:[fu flz]

fu fn

where H is the complex spatial multiplexing channel for
sub-carrier n for the user pair and the superscript H denotes
conjugate and transpose. As a first example, a value (D,)
indicative of orthogonality may be computed using an
orthogonal formula represented as:

_ (fir + f22) = (fiz + fo1)

D,
tr(Fy)

where tr(A) is the trace of A. As a second example, the value
(D,) indicative of orthogonality may be computed using a
determinant formula represented as:

_ det(F)
" te(Fy) ’

where det(A) is the determinant of A. As a third example, the
value (D,) indicative of orthogonality may be computed as:

D, =log,[det(I+F,)],

where [ is the identity matrix.

[0058] Using any of these formulas, orthogonality of the
user pair may be determined based on computing the aver-
age D, over each sub-carrier in each sub-channel assigned to
the mobile terminals 16 in the user pair. For each user pair,
the average D, may be computed according to the equation:

where N is the number of sub-carriers over all sub-channels
assigned to the mobile terminals 16 in the user pair.

[0059] Once the orthogonality for each user pair is deter-
mined, the base station may select a first mobile terminal 16
for a selected user pair based on round-robin scheduling
(step 504). Next, the base station 14 may select the mobile
terminal 16 having a greatest orthogonality with the first
mobile terminal 16 as a second mobile terminal 16, thereby
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forming a selected user pair (step 506). For example, the
base station 14 may examine the average D, values for each
pairing of the first mobile terminal 16 with another mobile
terminal 16. From these average D, values, a maximum
average D, value is determined. The mobile terminal 16
associated with the maximum average D, value is selected
as the second mobile terminal 16 for the selected user pair.

[0060] Alternatively, the base station 14 may select a
number M of the mobile terminals 16 having the greatest
orthogonality to the first mobile terminal 16. Then, the base
station 14 may select one of the number M of mobile
terminals 16 as the second mobile terminal 16 for the
selected user pair based on proportional fairness.

[0061] The base station 14 then provides the one or
sub-channels assigned to the selected user pair and the pilot
sub-carrier frequencies to the mobile terminals 16 forming
the selected user pair, as discussed above with respect to
FIG. 7. Steps 500-506 may be repeated for each TTI (step
508). Note that there may be a delay between the time at
which the base station 14 performs steps 500-506 and the
uplink transmission by the selected user pair. For example,
the base station 14 may perform steps 500-506 during a first
TTI (TTI-1) of a frame for an uplink transmission and
instruct the selected user pair to transmit during a fourth TTI
(TTI-4) of the frame.

[0062] A second exemplary embodiment of Channel
Aware Orthogonal Scheduling (CAOS) is illustrated in FIG.
11B. This embodiment is similar to that in FIG. 11A but uses
proportional fairness scheduling rather than round-robin
scheduling. The base station 14 first determines a channel
transfer function for each sub-carrier for each mobile ter-
minal 16 within the coverage area of the base station 14 (step
600). More specifically, in this embodiment, the mobile
terminals 16 provide sounding channels using, for example,
the first OFDM symbol in each TTT of the uplink frame. For
example, the entire uplink frequency band may be divided
into 600 sub-carrier frequencies. The sub-carrier frequencies
may be divided among the mobile terminals 16 within the
coverage area of the base station 14. If there are twenty
mobile terminals 16 within the coverage area of the base
station 14, each of the mobile terminals 16 may be assigned
thirty sub-carriers to be used as a sounding channel. Note
that the thirty sub-carriers assigned to each of the mobile
terminals 16 are distributed throughout the uplink frequency
band. Then, for each of the mobile terminals 16, the base
station 14 may use interpolation to determine a channel
transfer function for each sub-carrier in the uplink frequency
band.

[0063] Next, the base station 14 may determine the
orthogonality for each user pair (step 602). More specifi-
cally, for each pair of mobile terminals 16, the base station
14 may determine the correlation of the channel transfer
functions for each sub-carrier in each sub-channel assigned
to the mobile terminals 16 in the user pair. The correlations
for each sub-carrier in each sub-channel assigned to the
mobile terminals 16 in the user pair may be averaged to
determine an average correlation. As will be apparent to one
of ordinary skill in the art, a low average correlation
corresponds to high orthogonality.

[0064] As anexample, the orthogonality of a user pair may
be determined based on a predetermined formula, as dis-
cussed above. The orthogonal formula may be represented
as:
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D = (fur + f2) = (fiz + fo1)
T tr(F,)

where tr(A) is the trace of A. The determinant formula may
be represented as:

_ det(Fy)
T,

where det(A) is the determinant of A. Lastly, the value (D,)
indicative of orthogonality may be computed as:

D, =log,[det(I+F,)],

where I is the identity matrix. Using any of these formulas,
orthogonality of the user pair may be determined based on
computing the averaged D, over each sub-carrier in each
sub-channel assigned to the mobile terminals 16 in the user
pair. For each user pair, the average D, may be computed
according to the equation:

where N is the number of sub-carriers over all sub-channels
assigned to the mobile terminals 16 in the user pair.

[0065] Once the orthogonality for each user pair is deter-
mined, the base station may select a number of most
orthogonal user pairs for each mobile terminal 16 (step 604).
For example, for each mobile terminal 16, two pairings
having the greatest orthogonality may be selected. Then, a
user pair is selected from the most orthogonal pairs for each
mobile terminal 16 based on proportional fairness schedul-
ing (step 606). As an example, the base station 14 may
calculate a ratio p, , for each of the most orthogonal pairs for
each of the mobile terminals 16 according to the equation:

Rx) Ry

where x and y are identifiers for the mobile terminals 16 in
the pair, R is a transmission rate for the mobile terminal 16,
and T is an average throughput for the mobile terminal 16.
Both the transmission rate and the average throughput for
the mobile terminals 16 are known by the base station 14, as
will be apparent to one of ordinary skill in the art. The pair
of mobile terminals 16 having the lowest ratio p, , may then
be selected as the selected user pair.

[0066] The base station 14 then provides the one or more
sub-channels assigned to the selected user pair and the pilot
sub-carrier frequencies to the mobile terminal 16 forming
the selected user pair, as discussed above with respect to
FIG. 7. Steps 600-606 may be repeated for each TTI (step
608). Note that there may be a delay between the time at
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which the base station 14 performs steps 600-606 and the
uplink transmission by the selected user pair. For example,
the base station 14 may perform steps 600-606 during a
during a first TTI (TTI-1) of a frame for an uplink trans-
mission and instruct the selected user pair to transmit during
a fourth TTI (TTI-4) of the frame.

[0067] FIG. 11C is a block diagram illustrating the process
of FIG. 11B. In this example, there are eight mobile termi-
nals 16 identified as UE1-UE8 After determining the chan-
nel transfer function for each sub-carrier for each mobile
terminal 16, the orthogonality for each user pair is deter-
mined. More specifically, the orthogonality for each user
pairing for the mobile terminal UE1l is determined, as
indicated by dashed box 104. Likewise, the orthogonality for
each user pairing for the mobile terminals UE2-UES8 is
determined, as indicated by dashed boxes 106-108. While
this example includes eight mobile terminals UE1-UES, the
present invention is equally applicable to any number of two
or more mobile terminals 16. Next, the user pairings for the
mobile terminals UE1-UE8 may be sorted in ascending
order based on orthogonality, as indicated by dashed boxes
110-114. Then, for each of the mobile terminals UE1-UES,
a number of most orthogonal pairings are selected, as
indicated by dashed boxes 116-120. In this example, the two
most orthogonal pairings for each of the mobile terminals
UE1-UES are selected. However, the present invention is not
limited thereto. Then, based on proportional fairness sched-
uling, one of the user pairs from the most orthogonal
pairings for each of the mobile devices UE1-UES is selected
as the selected user pair, as indicated by dashed box 122. In
this example, the mobile terminals UE3 and UE4 are
selected as the selected user pair.

[0068] In either of the exemplary embodiments illustrated
in FIGS. 11A and 11B, the orthogonality of a particular
mobile terminal 16 may be such that it is rarely, and
potentially, never paired with another mobile terminal 16. As
a result, the throughput for the mobile terminal 16 may be
lower than desired. If the base station 14 identifies such a
mobile terminal 16, the base station 14 may instruct the
mobile terminal 16 to artificially adjust a phase of the
sub-carrier waveforms transmitted by the mobile terminal 16
in order to improve the orthogonality of the mobile terminal
16 with others of the mobile terminals 16 served by the base
station 14. As an example, the mobile terminal 16 may adjust
the phase of the sub-carrier waveforms transmitted by the
mobile terminal 16 using a pre-determined pattern or wave-
form. A number of pre-determined patterns or waveforms
may be stored at the mobile device 16.

[0069] In operation, the base station 14 may communicate
with the mobile terminal 16 by, for example, an iterative
process until the orthogonality of the mobile terminal 16
with one or more other mobile terminals 16 is improved. As
a result, the number of pairings of the mobile terminal 16
with other mobile terminals 16 in increased, thereby increas-
ing the throughput of the mobile terminal 16.

[0070] In one embodiment, the Channel Aware Orthogo-
nal Scheduling (CAOS) of the present invention may be
implemented to include Adaptive Orthogonal Scheduling
(AOS). More specifically, one or more mobile terminals 16
may experience a very low geometry or long term Signal-
to-Noise Ratio (SNR), which causes poor user coverage.
Additionally, the orthogonality of a particular mobile termi-
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nal 16 may be such that it is rarely, and potentially, never
paired with another mobile terminal 16. If this happens, the
aggregated throughput for that mobile terminal 16 may be
much lower than a predetermined minimum requirement.

[0071] In order to address these potential issues, Adaptive
Orthogonal Scheduling (AOS) may be used. In essence, the
base station 14 periodically performs an analysis and groups
the mobile terminals 16 into two groups: a virtual MIMO
group and a Single Input Multiple Output (SIMO) group.
The SIMO group may also be referred to as a 1x2 diversity
group. More specifically, initially, each of the mobile ter-
minals 16 may begin in the virtual MIMO group. The base
station 14 may periodically examine the geometry or long
term SNR and the aggregate throughput for each of the
mobile terminals 16. If one or more of these criteria for a
mobile terminal 16 does not meet minimum requirements,
the base station 14 may place the mobile terminal 16 in the
SIMO group.

[0072] Thereafter, the base station 14 may perform sched-
uling for both the SIMO group and the virtual MIMO group.
For example, if the round-robin scheme of FIG. 11A is used,
the base station 14 selects a first mobile terminal 16 based
on round-robin scheduling. If the first mobile terminal 16 is
in the SIMO group, then a second mobile terminal 16 is not
selected and the first mobile terminal 16 is scheduled to
provide a single data transmission with receive diversity
during an upcoming TTI. If the first mobile terminal 16 is in
the virtual MIMO group, then the base station 14 proceeds
as discussed above with respect to FIG. 11A to select a
second mobile terminal 16 to provide a selected user pair.

[0073] FIG. 12 is a flow chart illustrating an exemplary
virtual MIMO implementation, wherein the base station 14
groups the mobile terminals 16 into one of three groups: a
Random User Scheduling (RUS) group, a SIMO group, and
a Channel Aware Orthogonal Scheduling (CAOS) group.
This process is performed by the base station 14 periodically
for each of the mobile terminals 16. First, a velocity of the
mobile terminal 16 is compared to a predetermined thresh-
old such as, for example, 30 km/h (step 700). The velocity
of the mobile terminal 16 may be determined, for example,
by a Global Positioning System (GPS) receiver associated
with or incorporated into the mobile terminal 16. If the
velocity of the mobile terminal 16 is above the predeter-
mined threshold, Channel Aware Orthogonal Scheduling
(CAOS) may not be desirable since the channel transfer
functions for each of the sub-carriers for the mobile device
16 may be rapidly changing. Thus, if the velocity of the
mobile terminal 16 is greater than the predetermined thresh-
old, the base station 14 may place the mobile terminal 16 in
the RUS group (step 702).

[0074] If the velocity of the mobile terminal 16 is not
greater than the predetermined threshold, the base station 14
may then determine the transfer function for each of the
sub-carriers within each of the sub-channels assigned to the
mobile terminal 16 (step 704). These transfer functions may
be known by the base station 14 due to a recent calculation
of the transfer functions for scheduling. Alternatively, the
base station 14 may compute the transfer functions as
discussed above with respect to FIGS. 11A and 11B.

[0075] The base station 14 then determines whether a
channel quality associated with the mobile terminal 16 is
poor based on the transfer functions (step 706). The channel
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quality for the mobile terminal 16 may be determined to be
poor when, for example, a predetermined percentage of the
sub-carriers in the sub-channels assigned to the mobile
terminal 16 are experiencing significant interference. If the
channel quality is poor, the base station 14 places the mobile
terminal 16 in the SIMO group, which may alternatively be
referred to a 1x2 diversity group (step 708). If the channel
quality is not poor, the base station 14 places the mobile
terminal 16 in the CAOS group (step 710). Note that all of
the mobile terminals 16 may initially be placed either the
RUS group or the CAOS group for virtual MIMO operation,
and the base station 14 may thereafter periodically perform
steps 700-710 to move the mobile terminals 16 to other
groups if needed or desired.

[0076] At this point, the base station 14 performs sched-
uling based on the grouping of the mobile terminals 16. For
example, if a round-robin scheme similar to that in FIG. 11A
is desired, the base station 14 may select a first mobile
terminal 16 for a user pair based on round-robin scheduling.
If the first mobile terminal 16 is in the SIMO group, then the
base station 14 does not select a second mobile terminal 16
and the first mobile terminal 16 is scheduled to transmit in
an upcoming TTI with 1x2 diversity. If the first mobile
terminal 16 is in the RUS group, the base station 14
randomly selects the second mobile terminal 16 for the user
pair, and the user pair is scheduled to transmit in an
upcoming TTI. Note that for RUS, the base station 14 does
not need to determine orthogonality, thereby reducing com-
putational complexity. If the first mobile terminal 16 is in the
CAOS group, the base station 14 selects the second mobile
terminal 16 based on orthogonality, as described above with
respect to steps 500-506 of FIG. 11A.

[0077] The present invention provides substantial oppor-
tunity for variation without departing from the spirit and
scope of the present invention. For example, while the
discussion above focuses on OFDM, the present invention is
equally applicable to other modulation schemes such as, but
not limited to, SC-FDMA, which is sometimes referred to as
DFT-spread OFDM, as will be apparent to one having
ordinary skill in the art. As another example, while the
scheduling embodiments described above focus on a virtual
MIMO environment formed by two mobile terminals 16
each having a single transmit path and a single antenna, the
present invention is not limited thereto. As will be apparent
to one of ordinary skill in the art, the present invention may
be adapted to provide scheduling in a virtual MIMO envi-
ronment wherein more than two mobile terminals 16 are
grouped to provide virtual MIMO operation. In addition, the
present invention may be adapted to provide scheduling in
a virtual MIMO environment wherein two or more mobile
terminals 16 are grouped to provide virtual MIMO operation
and at least one of the mobile terminals 16 has more than one
transmit path and antenna.

[0078] Those skilled in the art will recognize improve-
ments and modifications to the preferred embodiments of the
present invention. All such improvements and modifications
are considered within the scope of the concepts disclosed
herein and the claims that follow.

What is claimed is:

1. A method for scheduling cooperative uplink transmis-
sions comprising:

Petitioner Samsung Ex-1009, 0023



US 2007/0171808 A1

a) determining channel transfer functions for a plurality of
sub-carriers for each of a plurality of mobile terminals
served by a base station;

b) identifying a select group of mobile terminals from the
plurality of mobile terminals based on orthogonality of
the channel transfer functions; and

c) assigning at least one sub-channel comprising ones of
the plurality of sub-carriers to the select group of
mobile terminals to be simultaneously used by each
mobile terminal in the select group of mobile terminals.

2. The method of claim 1 further comprising determining
the orthogonality of the channel transfer functions for ones
of the plurality of mobile terminals in each of a plurality of
potential groups including the select group.

3. The method of claim 2 wherein determining the
orthogonality of the channel transfer functions comprises
determining an average orthogonality value (D) for each of
the plurality of potential groups based on the equation:

where D, is an orthogonality value for a sub-carrier n of the
plurality of sub-carriers indicative of the orthogonality of the
channel transfer functions for the ones of the plurality of
mobile terminals in the potential group for the sub-carrier n,
and N is a number of the plurality of sub-carriers over at
least one sub-channel associated with the ones of the plu-
rality of mobile terminals in the potential group.

4. The method of claim 2 wherein identifying the select
group of mobile terminals comprises:

selecting a first mobile terminal from the plurality of
mobile terminals based on round-robin scheduling; and

selecting one of the plurality of potential groups including
the first mobile terminal as the select group based on
the orthogonality of the channel transfer functions for
the ones of the plurality of mobile terminals in each of
the plurality of potential groups.

5. The method of claim 2 wherein identifying the select
group of mobile terminals comprises selecting one of the
plurality of potential groups based on proportional fairness
scheduling.

6. The method of claim 5 wherein selecting one of the
plurality of potential groups based on proportional fairness
scheduling comprises:

determining proportional fairness values for the plurality
of potential groups, each of the proportional fairness
values being a sum of ratios of transmission rates and
average throughputs for mobile terminals in an asso-
ciated one of the plurality of potential groups; and

selecting one of the plurality of potential groups as the
group of mobile terminals based on the proportional
fairness values for the plurality of potential groups.
7. The method of claim 2 wherein identifying the select
group of mobile terminals comprises:

for each one of the plurality of mobile terminals, identi-
fying at least one group including the one of the
plurality of mobile terminals from the plurality of
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potential groups based on the orthogonality of the
channel transfer functions for the ones of the plurality
of mobile terminals in each of the plurality of potential
groups including the one of the plurality of mobile
terminals; and

selecting the select group from the at least one group for
each of the plurality of mobile terminals based on
proportional fairness scheduling.

8. The method of claim 7 wherein selecting the select
group from the at least one group for each of the plurality of
mobile terminals based on proportional fairness scheduling
comprises:

determining proportional fairness values for the at least
one group for each of the plurality of mobile terminals,
each of the proportional fairness values being a sum of
ratios of transmission rates and average throughputs for
mobile terminals in an associated one of the at least one
group for each of the plurality of mobile terminals; and

selecting one of the at least one group for each of the
plurality of mobile terminals as the select group based
on the proportional fairness values for the at least one
group for each of the plurality of mobile terminals.

9. The method of claim 1 wherein assigning the at least
one sub-channel comprises assigning the at least one sub-
channel via downlink transmission.

10. The method of claim 1 wherein assigning the at least
one sub-channel further comprises assigning the at least one
sub-channel to the select group of mobile terminals to be
simultaneously used by each mobile terminal in the select
group of mobile terminals during a common uplink transmit
time interval.

11. The method of claim 10 wherein the steps of deter-
mining, identifying, and assigning are repeated for a plural-
ity of uplink transmit time intervals.

12. The method of claim 1 further comprising instructing
one of the plurality of mobile terminals to artificially rotate
a phase of sub-carrier waveforms transmitted by the one of
the plurality of mobile terminals in order to improve the
orthogonality of the channel transfer functions for the one of
the plurality of mobile terminals with at least one other of
the plurality of mobile terminals.

13. The method of claim 1 wherein cooperative uplink
transmissions are Orthogonal Frequency Division Multi-
plexing (OFDM) transmissions.

14. The method of claim 1 wherein the cooperative uplink
transmissions are Single-Carrier Frequency Division Mul-
tiple Access (SC-FDMA) transmissions.

15. A method for scheduling cooperative uplink transmis-
sions comprising:

grouping a plurality of mobile terminals into either a first
group or a second group; and

scheduling ones of the plurality of mobile terminals in the
first group for virtual multiple input multiple output
(MIMO) operation and ones of the plurality of mobile
terminals in the second group for 1xN diversity opera-
tion, wherein N is greater than 1.
16. The method of claim 15 wherein scheduling com-
prises:

a) selecting a first mobile terminal from the plurality of
mobile terminals based on round-robin scheduling;

b) if the first mobile terminal is in the first group
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1) selecting at least one additional mobile terminal from
the plurality of mobile terminals, the first mobile
terminal and the at least one additional mobile ter-
minal forming a group of mobile terminals to pro-
vide a cooperative uplink transmission; and

ii) assigning at least one sub-channel comprising a
plurality of sub-carriers to the group of mobile
terminals to be simultaneously used by each mobile
terminal in the group of mobile terminals; and

c¢) if the first mobile terminal is in the second group,
assigning at least one sub-channel comprising a plu-
rality of sub-carriers to the first mobile terminal to be
used by the first mobile terminal for 1xN diversity
operation.

17. The method of claim 16 wherein selecting the at least
one additional mobile terminal from the plurality of mobile
terminals comprises randomly selecting the at least one
additional mobile terminal from the plurality of mobile
terminals.

18. The method of claim 16 wherein selecting the at least
one additional mobile terminal from the plurality of mobile
terminals comprises:

determining channel transfer functions for a plurality of
sub-carriers for each of the plurality of mobile termi-
nals; and

identifying the at least one additional mobile terminal
based on orthogonality of the channel transfer functions
for the first mobile terminal and the channel transfer
functions for the at least one additional mobile termi-
nal.
19. A method for scheduling cooperative uplink transmis-
sions comprising:

a) identifying a group of mobile terminals to provide a
cooperative uplink transmission by randomly selecting
at least one of the group of mobile terminals; and
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b) assigning at least one sub-channel comprising a plu-
rality of sub-carriers to the group of mobile terminals to
be simultaneously used by each mobile terminal in the
group of mobile terminals.

20. The method of claim 19 wherein identifying the group
of mobile terminals comprises:

selecting a first mobile terminal based on round-robin
scheduling; and

randomly selecting at least one additional mobile termi-
nal, such that the first mobile terminal and the at least
one additional mobile terminal form the group of
mobile terminals.
21. The method of claim 19 wherein identifying the group
of mobile terminals comprises:

randomly grouping a plurality of mobile terminals into a
plurality of potential groups; and

selecting one of the plurality of potential groups as the
group of mobile terminals based on proportional fair-
ness scheduling.
22. The method of claim 21 wherein selecting one of the
plurality of potential groups of mobile terminals as the group
of mobile terminals comprises:

determining proportional fairness values for the potential
groups, each of the proportional fairness values being
a sum of ratios of transmission rates and average
throughputs for mobile terminals in an associated one
of the potential groups; and

selecting one of the plurality of potential groups as the
group of mobile terminals based on the proportional
fairness values for the potential groups.
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