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number Ny represents the number of the sub—channels
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Each of the non—assigned sub—channels sequentially | ~S72
selects one of the users according to a scheduling
rule, wherein the user is assigned at most one
of the non—assigned sub—channels in the step.
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RESOURCE ALLOCATION METHOD FOR
MULTI-USERS MULTIPLE INPUT MULTIPLE
OUTPUT ORTHOGONAL FREQUENCY
DIVISION MULTIPLEXING SYSTEM AND
APPARAUS THEREOF

BACKGROUND OF THE INVENTION

[0001] 1.Field of Invention

[0002] Thepresent invention generally relates to a resource
allocation method and an apparatus thereof, and more par-
ticularly to a resource allocation for a multi-users multiple
input multiple output orthogonal frequency division multi-
plexing (hereinafter, referred as MU-MIMO-OFDM) system,
and an apparatus thereof.

[0003] 2. Description of Prior Art

[0004] Although there were many researches of power and
bandwidth allocation method in OFDM systems, these
researches usually discussed how to assign power to each
sub-channel on the constraint of fixed total power. Recently,
the multiple input multiple output (hereinafter, referred as
MIMO) system is a main technology researched widely. By
using the MIMO system, the transmission rate thereof is
enhanced. Because the MIMO system divides its power to
each of its antennae, the covering range thereof is smaller that
of the single input single output (hereinafter, referred as
SISO) system.

[0005] In the environment of multi-users, a scheduling
algorithm is applied to enhance the signal strength of the
antenna which has smallest signal strength, so as to achieve
soft coverage enhancement without adding any transmit
power to the hardware thereof.

[0006] MIMO-OFDM system has become a mainstream
technology which enhances the capacity of the wireless com-
munication system, such as IEEE 8§02.16m WiMax, 3GPP
LTE, and so on. Differing from the OFDM system, the sub-
channel of the MIMO-OFDM system has a plurality of eigen-
mode links, and the smallest eigenmode link tends to be
affected by the path loss and channel fading. Due to the path
loss and channel fading, the signal to noise ratio (hereinafter,
referred as SNR) or the capacity of the smallest eigenmode
link may not meet the requirements, and therefore link outage
may occur. Accordingly, the phenomenon makes each sub-
channel of the MIMO system not achieve multiplexing.
[0007] In the practical use, because users pay different
charges for the internet services provider and transmit differ-
ent sizes of the transmission data, the communication system
must provide a flexible transmission rate for each user. How-
ever, there are few researches of resource allocation method
for the MU-MIMO-OFDM system when taking the coverage
issue in consideration.

SUMMARY OF THE INVENTION

[0008] Accordingly, the present invention is direct to the
resource allocation methods for MU-MIMO-OFDM system
and the apparatuses thereof.

[0009] According to one of the exemplary examples, the
present invention provides a resource allocation method for a
MU-MIMO-OFDM system. The MU-MIMO-OFDM system
has a plurality of users and sub-channels, and the method
comprises the following steps: (a) a plurality of preset
assigned sub-channel numbers are assigned to the users
according a plurality of capacity ratio constraints; (b) each
user sequentially selects one of the sub-channels according to
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a scheduling rule; (c) determining one of the users who has a
right of selecting the non-assigned sub-channels according to
a plurality of assigned capacities and the capacity ratio con-
straints of the users, and then the user who has the right of
selecting the non-assigned sub-channels selects one of the
non-assigned sub-channels according to the scheduling rule,
and if the number of the sub-channels assigned to the user is
equal to the preset assigned sub-channel number thereof, the
user exits the competition of determining the right of select-
ing the non-assigned sub-channels in the step; (d) determin-
ing if the number of the sub-channels assigned to all of the
users is equal to the summation of the preset assigned sub-
channel numbers of all of the users; (¢) determining one of the
users who has the right of selecting the non-assigned sub-
channels according to the assigned capacities and capacity
ratio constraints of the users, and then the user who has the
right of selecting the non-assigned sub-channels selects one
ofthe non-assigned sub-channels according to the scheduling
rule, the step is repeated until all of the sub-channels are
assigned to the users.

[0010] According to one of the exemplary examples, the
present invention provides a resource allocation apparatus for
a MU-MIMO-OFDM system. The MU-MIMO-OFDM sys-
tem has a plurality of users and sub-channels, and the
resource allocation apparatus comprises a sub-channel
resource allocation apparatus. Wherein the sub-channel
resource allocation apparatus first assigns a plurality of preset
assigned sub-channel numbers to the users according a plu-
rality of capacity ratio constraints. Next, the sub-channel
resource allocation apparatus assigns one of the sub-channels
to each user sequentially according to a scheduling rule. Next,
the sub-channel resource allocation apparatus assigns the
non-assigned sub-channels to one of the users who has a right
of selecting the non-assigned sub-channels according to the
scheduling rule until the number of the sub-channels assigned
to all of the users meets the summation of the preset assigned
sub-channel numbers of all of the users. Next, the sub-chan-
nel resource allocation apparatus assigns each the non-as-
signed sub-channels to one of the users who has a right of
selecting the non-assigned sub-channels according to the
scheduling rule until all non-assigned sub-channels assigned.

[0011] According to one of the exemplary examples, the
present invention provides a resource allocation method for a
MU-MIMO-OFDM system. The MU-MIMO-OFDM system
has a plurality of users and sub-channels, and the method
comprises the following steps: (a) a plurality of preset
assigned sub-channel numbers are assigned to the users
according a plurality of capacity ratio constraints; (b) each of
the first through x-th sub-channels sequentially selects one of
the users according to a scheduling rule, if the number of the
sub-channels assigned to the user is equal to the preset
assigned sub-channel number thereof, the user exits the com-
petition to be assigned one of the sub-channels in the step,
wherein x is the summation of the preset assigned sub-chan-
nel numbers; (¢) each of the non-assigned sub-channels
sequentially selects one of the users according to a scheduling
rule, wherein the user is assigned at most one of the non-
assigned sub-channels in the step.

[0012] According to one of the exemplary examples, the
presentinvention provides a resource allocation apparatus for
a MU-MIMO-OFDM system. The MU-MIMO-OFDM sys-
tem has a plurality of users and sub-channels, and the
resource allocation apparatus comprises a sub-channel
resource allocation apparatus. Wherein the sub-channel
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resource allocation apparatus first assigns a plurality of preset
assigned sub-channel numbers to the users according a plu-
rality of capacity ratio constraints. Next, the sub-channel
resource allocation apparatus sequentially assigns each of the
first through x-th sub-channels to one of the users according
to a scheduling rule, wherein x is the summation of the preset
assigned sub-channel numbers. Next, the sub-channel
resource allocation apparatus sequentially assigns each of the
non-assigned sub-channels to one of the users according to a
scheduling rule, wherein the user is assigned at most one of
the non-assigned sub-channels.

[0013] According to one of the exemplary examples, the
present invention provides a resource allocation method for a
MU-MIMO-OFDM system. The MU-MIMO-OFDM system
has a plurality of users and sub-channels, and the method
comprises the following steps: (a) each of the sub-channels
sequentially selects one ofthe users according to a scheduling
rule.

[0014] According to one of the exemplary examples, the
present invention provides a resource allocation apparatus for
a MU-MIMO-OFDM system. The MU-MIMO-OFDM sys-
tem has a plurality of users and sub-channels, and the
resource allocation apparatus comprises a sub-channel
resource allocation apparatus. The sub-channel resource allo-
cation apparatus is adapted for sequentially assigning each of
the sub-channels to one ofthe users according to a scheduling
rule.

[0015] Accordingly, compared to the conventional
resource allocation methods and apparatuses, the resource
allocation methods and apparatuses provided by the exem-
plary examples have the lower complexity. Further, the
resource allocation methods and apparatuses provided by the
exemplary examples can be applied to the MU-MIMO-
OFDM system, which the sizes of data transmissions of dif-
ferent users may be different. When the method adapts the
Max-Min scheduling rule, the coverage ranges of the MU-
MIMO-OFDM system are enhanced. When the method
adapts the Max Sum-Rate scheduling rule, the capacities of
the MU-MIMO-OFDM system are enhanced.

[0016] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0018] FIG. 1 is the flow chart of the resource allocation
method for the MU-MIMO-OFDM system according to one
exemplary example of the present invention.

[0019] FIG. 2A is the flow chart of step S10 according to
one exemplary example of the present invention.

[0020] FIG. 2B is the flow chart of step S10 according to
another one exemplary example of the present invention.
[0021] FIG. 2C is the flow chart of step S10 according to
another one exemplary example of the present invention.
[0022] FIG. 3A is the flow chart of step S10 according to
another one exemplary example of the present invention.
[0023] FIG. 3B is the flow chart of step S10 according to
another one exemplary example of the present invention.
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[0024] FIG. 3C is the flow chart of step S10 according to
another one exemplary example of the present invention.
[0025] FIG. 4A is the flow chart of step S10 according to
another one exemplary example of the present invention
when the capacity ratios of the users are the same.

[0026] FIG. 4B is the flow chart of step S10 according to
another one exemplary example of the present invention
when the capacity ratios of the users are the same.

[0027] FIG. 4C is the flow chart of step S10 according to
another one exemplary example of the present invention
when the capacity ratios of the users are the same.

[0028] FIG. 5 is a schematic diagram showing a
MU-MIMO-OFDM system 100.

[0029] FIG. 61is a block diagram showing the application of
the apparatus for resource allocation in the base station trans-
mitter 600.

DESCRIPTION OF THE EMBODIMENTS

[0030] Reference will now be made in detail to the present
preferred embodiment of the invention, examples of which
are illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

[0031] Each of the following exemplary examples is direct
to the resource allocation method and apparatus for the MU-
MIMO-OFDM system. The resource allocation method and
apparatus assign the sub-channels to each of the users accord-
ing to a capacity ratio constraint. Further the resource alloca-
tion method and apparatus considers the coverage issue while
assigning the sub-channels to each of the users according to
the capacity ratio constraint. In other word, the exemplary
example designs a scheduling algorithm of sub-channels allo-
cation while considering power allocation. Therefore, link
quality of each sub-channel assigned to the user is maxi-
mized, and the ratio of the transmission data sizes of all users
is met.

[0032] For the constraint of fixed power, the problem to
maximize the system capacity is modeled as the following
equations:

2 Pend
i A S £

k=1 n=1

subject to

=

K
012

k=1 n
C2: Pk,n =0
C3: I, =1{0, 1} forallk, n

Pin < Prax

for all &, n

K
C4: Z In=1 foralln
k=1

CyuC G i Cr=n1impt v i1k

wherein the number of the sub-channels is N, the number of
the antennae is M,, the number of the users is K, P, , is the
power of the n-th sub-channel of the k-th user, I, is the
indicator represented if the n-th sub-channel is occupied by
the k-th user, g, is the channel fading factor (i.e. large-scale
slowly-varying behavior of the local average channel gain) of
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the k-th user, A, ,, , is i-th eigenmode of the n-th sub-channel
assigned to the k-th user, and the noise power is 0. Where k
is an integer from 1 to K, n is an integer from 1 to N, and 1 is
an integer from 1 to M,.

[0033] The constraint C1 means the total power is less than
orequal to the fixed power P, ... The constraint C2 means the
power of n-th sub-channel of the k-th user is positive. The
constraint C3 defines the value of the indicator I, ,,, in which
1 means the n-th sub-channel is occupied by the k-th user, and
0 means the n-th sub-channel is not occupied by the k-th user.
The constraint C4 means the n-th channel is only assigned to
one of the K users, that is, the n-th channel is not occupied by
more than one user. The constraint C5 is the capacity ratio
constraint, in which the capacity of the k-th user is C, repre-
sented as

=Y S )

n=.

[0034] As stated above, the n-th sub-channel of the k-th
user has many eigenmode. It is noted that the weakest eigen-
mode link of the MIMO channel represents as A, ,. The
weakest eigenmode link A, , ; determines the covering range
of the n-th sub-channel of the k-th user of the MIMO system.
In other word, the channel gain of the eigenmode link &, , , is
weakest, and therefore an error is easily occurred, and further
an outage is occurred due to the low SNR. The more power is
assigned to the stronger eigenmode link, and the smaller
covering range is covered (i.e. which easily causes outage in
the weakest eigenmode link). Hence, the power assigned to
the MIMO eigenmodes of each sub-channel of the k-th user is
determined according to the power P, ..

[0035] Referring to FIG. 1, FIG. 1 is the flow chart of the
resource allocation method for the MU-MIMO-OFDM sys-
tem according to one exemplary example of the present
invention. In the step S10, the N sub-channels are allocated to
the K users. Wherein, each of the sub-channels is only
assigned to one of the K users. Then, in step S12, the power of
each sub-channel is allocated. The power P, , of the n-th
sub-channel of the k-th user is the total assigned power of the
k-th user divided by the number of the assigned sub-channel
of the k-th user. In the exemplary example, the sub-channel
allocation is first executed, and then the power allocation is
executed, so as to reduce the complexity of the method.

[0036] Referring to FIG. 2A, FIG. 2A is the flow chart of
step S10 according to one exemplary example of the present
invention. In this exemplary example, the step S10 is imple-
mented by the point of the user oriented sub-channel alloca-
tion algorithm with Max-Min scheduling rule. However the
exemplary example provided by FIG. 2A is not used to limit
the scope of the invention.

[0037] Instep S20, a preset assigned sub-channel number
N, is assigned to the k-th user according the capacity ratio
constraint, wherein the preset assigned sub-channel number
N, represents the number of the sub-channels to be assigned
1o the k-th user. It is noted that N, may be determined by
equation (1) but not used to limit the scope of the present
invention. The equation (1) is defined as
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N 19

Ny = = .
2 T
k=1

Where |x] represents the maximum integer less or equal to x.
In step 820, the set, N={1,2, ..., N}, represents the set of the
members of the sub- channels “and the set, K={1,2,...,K}
represents the set of the members of the users. At the begin-
ning, the capacity of k-th user R, is initially set to be O (i.e.
R,=0), and the set of the members of the sub-channels
assigned to the k-th user N, is initially set to be null (i.e.
N,=¢). After all of the preset assigned sub-channel numbers
N, are assigned to the users, a preset residual sub-channel
number N' is calculated by equation (2) but not used to limit
the scope of the present invention, and then the counter num-
bers k and 1 are initially set to be 1. The equation (2) is
expressed as

N'=N-%,_, %N, @).

[0038] Next, in step S21, judge if the count number k is
larger than the number of the total users K. If the count
number k is larger than the number of the total users K, step
S23 will be executed. Otherwise, step S22 will be executed. In
steps S21 and S22, each user sequentially selects one of the
sub-channels having the maximal weakest eigenmode of the
MIMO system, and then the capacity of k-th user Ry, the sets
N and N; are updated.

[0039] Instep S22, all of the weakest eigenmode links of
the k-th user Az, , (n=1 to N) are sorted in descending order,

and then find a number m satlsfylng M1 Zhg;, for allj, in
which j belongs to the set N removing the number m (i.e. je
N-{m}). The capacity of k-thuser Ry and the sets N and Ny are
updated with the number m. The m-th sub-channel having the
maximal weakest eigenmode of the MIMO system is
assigned to the k-th user. Thus the capacity ofk-th user R; is
equal to Gz (i.e. R7=Cy), the number m is added in the set of the
members of the sub-channels assigned to the k-th user N, (e.

N= Nk{m}) and the number m is removed from the set of the
members of the sub-channels N (ie. N-{m}). Wherein the
capacity assigned to the k-th user is expressed as

gk km k m,i
lo .
T Mo

In step S22, finally the counter numbers k and n are increased
by 1 (ie. k=k+1 and n=n+1). After step S22 is executed, the
resource allocation method provided by this exemplary
example goes back to execute step S21. Thus each user
sequentially selects one of the sub-channels having the maxi-
mal weakest eigenmode of the MIMO system.

[0040] Itis noted that, the best sub-channel of the k-th user
may be chose by the previous user, and thus the k-th user may
not select the best sub-channel. However in the general case,
the total number of the sub-channels N is extremely higher
than the total mumber of the users K, and thus the above
condition occurs with a very low probability.

[0041] Further, the sequence of the K users may be deter-
mined according to the priorities, and the priorities may be
different and determined according to the costs which the
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users pay. In addition, the priorities may be determined
according to the types of data transmission of the users, and
the types of data transmission of the users may include real-
time video data transmission, real-time audio data transmis-
sion, general file data transmission, and so on. Therefore, the
user with the highest priority may first have the right to select
the sub-channel.

[0042] As stated above, in step S22, all of the weakest
eigenmode links of the k-th user Az, , (=1 to N) are sorted in
descending order first. This sub-step may reduce the compu-
tation complexity. Without sorting all of the weakest eigen-
mode links of thek-th user A7, , (n=I to N), the method may
compare all of the weakest eigenmode links of the k-th user A
n1 (0=1 to N) while assigning the k-th user one sub-channel.
[0043] In steps S23 through S26, determine the right of
selecting the non-assigned sub-channels to the one of the
users according to each of the assigned capacities and capac-
ity ratio constraints of the users, and then assign one of the
non-assigned sub-channels having the maximal weakest
eigenmode of the MIMO system to the user having the right
of selecting the non-assigned sub-channels. Supposing the
user having the right of selecting the non-assigned sub-chan-
nels is k'-th user, after assigning one of the non-assigned
sub-channels to the k'-th user, the capacity of k'-th user R, the
sets N'and N, are updated. If the number of the sub-channels
assigned to the k'-th user is equal to preset assigned sub-
channel number N, the k'-th user exits the competition of
determining the right of selecting the non-assigned sub-chan-
nels to the one of the users.

[0044] In step S23, compare the counter number n and the
summation of the preset assigned sub-channel numbers (i.e.
N-N'=Z,_,._ *N,). If the counter number 1 is larger than the
summation of the preset assigned sub-channel numbers (i.e.
n>N-N"), step S27 is executed. If the counter numbr n is less
than or equal to the summation of the preset assigned sub-
channel numbers (i.e. n=N-N'), step S24 is executed.
[0045] 1In step S24, first find a number k' satisfying the
condition that the capacity of k'-th user over the capacity ratio
constraint of k'-th user is smaller than those of the other users
(ie. Rpmp=Rm, forall jeK-{k'}). Therefore, the user hav-
ing the right of selecting the non-assigned sub-channels to the
one of the users is determined to be k'-th user. Next, the k'-th
user selects one of the non-assigned sub-channels having the
maximal weakest eigemnode of the MIMO system. That is
ﬁndmg anumber p satlsfylng hpp 1 =Ry sy Torallj', in which
it belongs to the set N removing the number p (i.e. 'eN- {p})
The p-th sub-channel having the maximal weakest eigen-
mode of the MIMO system is assigned to the k'-th user. Thus
the capacity of k'-th user R, is equal to the previous R, plus
Cp (i-e. Ry=R;+Cy), the number p is added in the set of the
members of the sub-channels assigned to the k'-th user N,
(ie.N~N, {p}), and the number p is removed from the set of
the members of the sub-channels N (i.e. N-{p}). In step S24,
finally the counter number n is increased by 1 (i.e. n=n+1).
After step S24 is executed, the resource allocation method
provided by this exemplary example goes to execute steps
S25 and S26.

[0046] In step S25, determine whether the number of the
sub-channels assigned to the k'-th user is equal to preset
assigned sub-channel number N,.. If the number of the sub-
channels assigned to the k'-th user is equal to preset assigned
sub-channel number N, (ie. IN.I=N,), step S26 will be
executed; otherwise the method provided in the exemplary
example will go back to step S23.
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[0047] In step S26, remove the number k' from the set K
(i.e. K-{k'}), and thus the k'-th user exits the competition of
determining the right of selecting the non-assigned sub-chan-
nels to the one of the users.

[0048] Itis noted that determining the right of selecting the
non-assigned sub-channels to the one of the users is user
oriented. That is adjusting the capacity ratio in the point of the
user, and then the user having the right selects one of the
non-assigned sub-channels.

[0049] After each of the numbers of the sub-channels
assigned to the each of the users is equal to the preset assigned
sub-channel number, step S27 is executed. In steps S27
through S29, assign the residual sub-channels to the K users.
In step S27 initialize the set of the members of the users K, in
which K={1, . .., K}. Then in step $28, determine whether
the counter number n is larger than N. If the counter number
n is larger than N, the sub-channel allocation will be com-
pleted. Otherwise, step S29 will be executed.

[0050] In step S29, first find a number k satistying the
condition that the capacity of k-th user over the capacity ratio
constraint of k-th user is smaller than those of the other users
(i.e. Re=m,=Ry/n; forall jeK~{k}). Therefore, the user hav-
ing the right of selecting the non-assigned sub-channels to the
one of the users is determined to be k-th user. Next, the k-th
user selects one of the non-assigned sub-channels having the
maximal weakest eigenmode of the MIMO system. That is
finding a number M satlsfymg MemiZMs, L all j, in which j
belongs to the set N removing the number th (ie.jeN- {m})

The m-th sub-channel having the maximal weakest eigen-
mode of the MIMO system is assigned to the R-th user. Thus
the capacity of k-th user R, is equa] to the previous R, plus C
t (le. R=R+C,), the number i is added in the set of the
members of the sub-channels ass1gned to the k-thuser N (e

N,=N,U{ih}), and the number i is removed from the set of
the members of the sub-channels N (i.e. N-{rh}). In step S29,

finally the counter number n is increased by 1 (i.e. n=n+1).

[0051] After step 329 is executed, the method provided by
this exemplary example goes back to step S28. After all of the
residual sub-channels are assigned to the K users, the sub-
channel allocation of the method provided by this exemplary
example ends. Itis noted that in the allocation process of FIG.
2A, the method determining the right of selecting one of the
sub-channels to the user, and only the user having the right
can select one of the sub-channels.

[0052] Referring to FIG. 2B, FIG. 2B is the flow chart of
step S10 according to another one exemplary example of the
present invention. Differing from FIG. 2A, the step S10 is
implemented by the point of the user oriented sub-channel
allocation algorithm with Max Sum-Rate scheduling rule.
However the exemplary example provided by FIG. 2B is not
used to limit the scope of the invention. Steps S30, S31, S33,
and S36 through S38 are same as steps S20, S21, 523, and S26
through S28 respectively, and the details thereof are not
described again herein. As stated above the differences
between FIGS. 2A and 2B are scheduling rules. FIG. 2A
adapts Max-Min scheduling rule, but FIG. 2B adapts Max
Sum-Rate scheduling rule.

[0053] Insteps S31 and S32, each user sequentially selects
one of the sub-channels having the maximal capacity of the
MIMO system, and then the capacity of k-th user Ry, the sets
N and N— are updated.

[0054] Instep 832, find anumber m satlsfylng Gy =Gy, for
allj, in which j belongs to the set N removing the number m
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(ie. jeN-{m}). Wherein the capacity of the m-th sub-channel
assigned to the k-th user C, , is expressed as

g( 8t xmkmt]
lo .
M;c?

The capacity of Kk-th user Ry and the sets N and Ny are
updated with the number m. The m-th sub-channel having the
capacity of the MIMO system is assigned to the k-th user.
Thus the capacity of kk-th user Ry is equal to Cz,,,, (i.e. Re=C
%m) the number m is added in the set of the members of the
sub-channels assigned to the k-th user Ny(i.e. Ne=NzU{m}),
and the number m is removed from the set of the members of
the sub-channels N (i.e. N-{m}). In step $32, finally the
counter numbers K and n are increased by 1 (i.e. k=k+1 and n=
n+1). After step S32 is executed, the resource allocation
method provided by this exemplary example goes back to
execute step S31. Thus each user sequentially selects one of
the sub-channels having the maximal capacity of the MIMO
system.

[0055] Itis noted that, the sub-channel having the maximal
capacity of the k-th user may be chose by the previous user,
and thus the k-th user may not select the sub-channel having
the maximal capacity. However in the general case, the total
number of the sub-channels N is extremely higher than the
total number of the users K, and thus the above condition
occurs with a very low probability.

[0056] Further, the sequence of the K users may be deter-
mined according to the priorities, and the priorities may be
different and determined according to the costs which the
users pay. In addition, the priorities may be determined
according to the types of data transmission of the users, and
the types of data transmission of the users may include real-
time video data transmission, real-time audio data transmis-
sion, general file data transmission, and so on. Therefore, the
user with the highest priority may first have the right to select
the sub-channel.

[0057] In steps S33 through S36, determine the right of
selecting the non-assigned sub-channels to the one of the
users according to the assigned capacities and the capacity
ratio constraints of the users, and then assign one of the
non-assigned sub-channels having the maximal capacity of
the MIMO system to the user having the right of selecting the
non-assigned sub-channels. Supposing the user having the
right of selecting the non-assigned sub-channels is k'-th user,

after assigning one of the non-assigned sub-channels to the
k'-th user, the capacity of k'-th user R, the sets N and N, are
updated. If the number of the sub-channels assigned to the
k'-th user is equal to preset assigned sub-channel number N,
the K'-th user exits the competition of determining the right of
selecting the non-assigned sub-channels to the one of the
users.

[0058] In step S34, first find a number k' satisfying the
condition that the capacity of k'-th user over the capacity ratio
constraint ratio of k'-th user is smaller than those of the other
users (i.e. R,/m, =R m forall jeK-{k'}). Therefore, the user
having the right of selecting the non-assigned sub-channels to
the one of the users is determined to be k'-th user. Next, the
k'-th user selects one of the non-assigned sub-channels hav-
ing the maximal capacity of the MIMO system. That is find-

ing a number m'satisfying C,. ,,>C; ; for all 7, in which j'

belongs to the set N removing the number m' (ie.j'eN-{m'}).

Mar. 11, 2010

The m'-th sub-channel having the maximal capacity of the
MIMO system is assigned to the k'-th user. Thus the capacity
of k'-th user R;, is equal to the previous Ry, plus C;. . (ie.
R, =R, +C,. ), the umber m' is added in the set of the mem-
bers of the sub-channels a551gnedto thek-thuserN,. (i.e. N,=
N,U{'}), and the number m' is removed from the set of the
members of the sub-channels N (ie. N-{m'}). In step 834,
finally the counter number n is increased by 1 (i.e. i=n+1).
[0059] In step S39, first find a number k satistying the
condition that the capacity of k-th user over the capacity ratio
constraint of k-th user is smaller than those of the other users
(i.e. Ry, =Ry/m; forall jeK-{k}). Therefore, the user having
the right of selecting the non-assigned sub-channels to the
one of the users is determined to be k-th user. Next, the k-th
user selects one of the non-assigned sub-channels having the
maximal capacity of the MIMO system. That is finding a
number satlsfylng Cimzcy; for all j, in which j belongs to
the set N removing the number 1 (i.e. jeN-{fh1}). The h-th
sub-channel having the maximal capacity of the MIMO sys-
tem is assigned to the k-th user. Thus the capacity of k-th user
R, is equal to the previous R, plus C,, (i.e. R=R+C, ), the
number 1 is added in the set of the members of the sub-
channels assigned to the k-thuser N, (i.e. N=N,U{}), and
the number h is removed from the set of the members of the
sub-channels N (i.e. N-{ri1}). In step 39, finally the counter
number n is increased by 1 (i.e. n=n+1).

[0060] According to the above two exemplary examples,
the sub-channels are assigned in the point of user-orientation.
Referring to FIG. 2C, FIG. 2C is the flow chart of step S10
according to another one exemplary example of the present
invention. It is noted that the scheduling rules are not limited
in the FIGS. 2A and 2B, and FIG. 2C is a general flow chart
of step S10 summarized by FIGS. 2A and 2B.

[0061] Instep S40, a plurality of preset assigned sub-chan-
nel numbers are assigned to the K users according the capac-
ity ratio constraint, wherein the preset assigned sub-channel
number N, represents the number of the sub-channels to be
assigned to the k-th user (i.e. k=1 to K).

[0062] Next, in step S41. each user sequentially selects one
of the sub-channels according to a scheduling rule, wherein
the scheduling rule may be Max-Min scheduling rule or Max
Sum-Rate scheduling rule, and the kind of the scheduling rule
is not used to limit the scope of the present invention.
[0063] In step S42, determine one of the users who has a
right of selecting the non-assigned sub-channels according to
the assigned capacities and the capacity ratio constraints of
the users, and then the user who has the right of selecting the
non-assigned sub-channels selects one of the non-assigned
sub-channels according to the scheduling rule.

[0064] In step S43, if the number of the sub-channels
assigned to the k-th user is equal to preset assigned sub-
channel number N,, the k-th user exits the competition of
determining the right of selecting the non-assigned sub-chan-
nels to the one of the users, and the next step S44 will be
executed. Otherwise, go back to step S42.

[0065] In step S44, determine if the number of the sub-
channels assigned to the all of the users is equal to the sum-
mation of their preset assigned sub-channel numbers. If the
number of the sub-channels assigned to the all of the users is
equal to the summation of their preset assigned sub-channel
numbers, the step S45 will be executed. Otherwise, go back to
step S42.

[0066] Instep S45, determine the user who has the right of
selecting the non-assigned sub-channels according to each of
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the assigned capacities and capacity ratio constraints of the
users, and then the user who has the right of selecting the
non-assigned sub-channels selects one of the non-assigned
sub-channels according to the scheduling rule. Step S45 is
repeated until all of the sub-channels are assigned to the users.
[0067] In FIGS. 2A through 2C, the sub-channels are
assigned in the point of user-orientation. Since the sub-chan-
nels are assigned in the point of user-orientation, the methods
determine the user who has the right of selecting the non-
assigned sub-channels according the results of the assigned
sub-channels ofthe users. Further, in the case, N>K, eachuser
has the relatively high selecting order to select the sub-chan-
nel, and it is adaptive for allocating the resource to the users
when the data sizes of the required data transmissions of the
users are different. However, the conditions of the N sub-
channels seen by each user are fixed. Except the selection of
the sub-channel first to be assigned is the statistical selection
of the N independent identical distributions, the other selec-
tions depends on each other, and therefore the scheduling gain
may be reduced.
[0068] Referring to FIG. 3A, FIG. 3A is the flow chart of
step S10 according to another one exemplary example of the
present invention. In this exemplary example, the step S10 is
implemented by the point of the sub-channel oriented sub-
channel allocation algorithm with Max-Min scheduling rule.
However the exemplary example provided by FIG. 3A is not
used to limit the scope of the invention.
[0069] 1In step S50, a preset assigned sub-channel number
N, is assigned to the k-th user according the capacity ratio
constraint, wherein the preset assigned sub-channel number
N, represents the number of the sub-channels to be assigned
to the k-th user. It is noted that N, may be determined by
equation (1) but not used to limit the scope of the present
invention. In step S50, the set, N={1,2,...,N}, represents the
set of the members of the sub-channels, and the set, K={1,2,
, K} represents the set of the members of the users. At the
beginning, the capacity of k-th user R, is initially set to be 0
(i.e. R,=0), and the set of the members of the sub-channels
ass1gned to the k-th user N, is initially set to be null (i.e.
N =¢). After all of the preset assigned sub-channel numbers
Nk are assigned to the users, a preset residual sub-channel
number N'is calculated by equation (2) but not used to limit
the scope of the present invention, and then the counter num-
ber 1 is initially set to be 1.
[0070] Next, in step S51, judge if the count number 1 is
larger than the summation of the preset assigned sub-channel
numbers (i.e. n=N-N"). If the count number k is larger than
the summation of the preset assigned sub-channel numbers,
step S55 will be executed. Otherwise, step S52 will be
executed.
[0071] 1In steps S51 through S54, each sub-channel is
sequentially assigned to one of the users, in which the user has
the maximal weakest eigenmode of the MIMO system when
using the sub-channel, and then the capacity of k'-th user R,
the sets N and N are updated. If the number of the sub-
channels ass1gned to the k'-th user is equal to preset assigned
sub-channel number N,., the k'-th user exits the competition,
and the non-assigned sub-channels will not be assigned to the
k'-th user in the loop of steps S51 through S54.
[0072] Instep S52, find a number k' satisfying b, | ZA, - |
for all j, in which j belongs to the set K removing the number
K (i.e. jeK-{k'}). The capacity of k'-th user R,. and the sets N
and N, are updated with the number 0. The k'-th user has the
maximal weakest eigenmode of the MIMO system when the
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n-th sub-channel is assigned to the k'-th user. Thus the capac-
ity of k'-th user R, is equal to the previous R,, plus C,. (i.e.
R, =R +C,.), the count number n is added in the set of the
members of the sub-channels assigned to the k'-th user N,

(i.e. N,=N,U{n}), and the count number n is removed from
the set of the members of the sub-channels N (i.e. N-{n}).
Wherein the capacity assigned to the k'-th useris expressed as

8 P 2 i
Ck’ = Zlog( M,U'z ]

In step $52, finally the counter number nisincreased by 1 (i.e.
n=n+1). After step S52 is executed, step S53 is executed.
[0073] In step S53, determine whether the number of the
sub-channels assigned to the k'-th user is equal to preset
assigned sub-channel number N,.. If the number of the sub-
channels assigned to the k'-th user is equal to preset assigned
sub-channel number N, (i.e. IN.I=N,), step S54 will be
executed; otherwise the method provided in the exemplary
example will go back to step S52.

[0074] In step S54, remove the number k' from the set 1’4
(ie.K- {k'}), and thus the k'-th user exits the competition. The
non-assigned sub-channels will not be assigned to the k'-th
user in the loop of steps S51 through S54.

[0075] After each of the numbers of the sub-channels
assigned 1o the each of the users is equal to the preset assigned
sub-channel number, step S55 is executed. In steps S55
through S57, assign the residual sub-channels to the K users.
In step 555 mltiahze the set of the members of the users K, in
which K={1, ..., K}. Then in step $56, determine whether
the counter number 1 is larger than N. If the counter number
n is larger than N, the sub-channel allocation will be com-
pleted. Otherwise, step S57 will be executed.

[0076] Instep S57, find a numberk satisfying MaiZh
for all j, in which j belongs to the set K removing the number
K (i.e. jeK-{k}). Then the number k is removed from the set
of the members of the users K (ie. K-{K}). The capacity of
K-th user Ry and the sets N and N are updated with counter
number n. The k-th user has the maximal weakest eigenmode
of the MIMO system when the n-th sub-channel is assigned to
the k-th user. Thus the capacity of k-th user R; is equal to the
previous Ry plus C; (i.e. Re=Re+Cy), the count number 1 is
added in the set of the members of the sub-channels ass1gned
to the k-th user N Ge. =NU{n}), and the count number n is
removed from the set of the members of the sub-channels N
(i.e. N={n}). In step S57, finally the counter number 1 is
increased by 1 (i.e. n=n+1). After step S57 is executed, go
back to step S56.

[0077] Intheloop of steps S56 and S57, it is noted that each
user at most get one of the residual sub-channels which are
non-assigned in the loop of steps S51 through S54. Therefore,
the capacity ratio constraints may be maintained. Differing
from FIG. 2A, each sub-channel is assigned to the user that
has the maximal weakest eigenmode link. Therefore, the
method provided by FIG. 3A may not allocate the sub-chan-
nel according to the results of the assigned sub-channels of
the users.

[0078] Referring to FIG. 3B, FIG. 3B is the flow chart of
step $10 according to another one exemplary example of the
present invention. Differing from FIG. 3A, the step S10 is
implemented by the point of the sub-channel oriented sub-
channel allocation algorithm with Max Sum-Rate scheduling
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rule. However the exemplary example provided by FIG. 3B is
not used to limit the scope of the invention. Steps S60, S61,
S63, and S64 through S66 are same as steps S50, S61, S53,
and S54 through S56 respectively, and the details thereof are
not described again herein. As stated above the differences
between FIGS. 3A and 3B are scheduling rules. FIG. 3A
adapts Max-Min scheduling rule, but FIG. 3B adapts Max
Sum-Rate scheduling rule.

[0079] Instep 862, finda numberk' satisfying C;.z=C, ; for
all j, in which j belongs to the set K removing the number k'
(ie. j€K-{k'}). The capacity of k'-th user R, and the sets N
and N, are updated with the number n. The k'-th user has the
maximal capacity of the MIMO system when the n-th sub-
channel is assigned to the k'-th user. Thus the capacity ofk'-th
user R, is equal to the previous R, plus Cpo, ;. ™Rt Coz),

the count number n is added in the set of the members of the
sub-channels assigned to the k'-th user N, (ie. N.=N_{n})
and the count number 1 is removed from the set of the mem-
bers of the sub-channels N (i.e. N-{n}). Wherein the capacity
assigned to the k'-th user is expressed as

& Pr we i
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Instep S62, finally the counter numbern is increased by 1 (i.e.
n=n+1). After step S62 is executed, step S63 is executed.

[0080] In step S67, find a number k satlsfymg Cepzgg, 7 for
allj, in which j belongs to the set K removing the number k'
(ie.jeK- {k}). Then the number k is removed from the set of
the members of the users K (i.e. K—{K}). The capacity of k-th
user R, and the sets N and Nyare updated with counter number
n. The k-th user has the maximal capacity of the MIMO
system when the n-th sub-channel is assigned to the k-th user.
Thus the capacity of k-th user Ry is equal to the previous Ry
plus C;; (i.e. Ri=Rp+Cy), the count number n is added in the
set of the members of the sub-channels assigned to the k-th
user Ng (i.e. N=N;U{n}), and the count number n is removed
from the set of the members of the sub-channels N (i.e. N-{
n}). In step S67, finally the counter number n is increased by
1 (i.e.n=n+1). Afterstep S67 is executed, go back to step S66.

[0081] According to the above two exemplary examples,
the sub-channels are assigned in the point of sub-channel-
orientation. Referring to FIG. 3C, FIG. 3C is the flow chart of
step S10 according to another one exemplary example of the
present invention. It is noted that the scheduling rules are not
limited in the FIGS. 3A and 3B, and FIG. 3C is a general flow
chart of step S10 summarized by FIGS. 3A and 3B. In step
S70, a plurality of preset assigned sub-channel numbers are
assigned to the K users according the capacity ratio con-
straints, wherein the preset assigned sub-channel number N,
represents the number of the sub-channels to be assigned to
the k-th user (i.e. k=1 to K).

[0082] Instep S71, the first through (N-N')-th sub-channels
sequentially select one of the users according to a scheduling
rule, wherein (N-N') is the summation of the preset assigned
sub-channel numbers. If the number of the sub-channels
assigned to the user is equal to the preset assigned sub-chan-
nel number thereof, the user exits the competition to be
assigned one of the sub-channels in step S71.

[0083] In step S72, each of the non-assigned sub-channels
sequentially selects one ofthe users according to ascheduling
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rule, wherein the user is assigned at most one of the non-
assigned sub-channels in step S72.

[0084] Differing from FIGS. 2A through 2C, the methods
provided by FIGS. 3A through 3C are sub-channel oriented.
Therefore, each sub-channel is sequentially assigned to its
corresponding user, and the selection of each sub-channel to
the users is the statistical selection of K independent identical
distributions. Hence it is adaptive for the resource allocation
of equal data sizes of the required data transmission of the
users. However the methods provided by FIGS. 3A through
3C may not assign the sub-channels to the users according the
assigned capacities of the users. Although each selection of
the sub-channel is an independent identical distribution with
statistical properties, the selecting order may reduced by 1
when the number of the sub-channels assigned to the user is
equal to its preset assigned sub-channels number.

[0085] It is noted that when the sizes of the data transmis-
sion of the users are the same (i.e. the capacity ratios are the
same), the methods provided by FIGS. 3A through 3C are
reduced as FIGS. 4A through 4C respectively.

[0086] Referring to FIG. 4A, FIG. 4A is the flow chart of
step S10 according to another one exemplary example of the
present invention when the capacity ratios of the users are the
same. In step S80, the set of the members of the users K is
initialized as K={1, . .., K}, and the counter number 1 is set
to be 1. In step S81, determine if the count number n is equal
to N. If the count number n is equal to N, the sub-channels
allocation ends. Otherwise, go to step S82.

[0087] Instep S82, find a number k sat1sfy1ng MaiZha
for alli, in which i belongs to the set K removing the number
K (i.c. ieK-{K}). The K-th user has the maximal weakest
eigenmode of the MIMO system when the n-th sub-channel is
assigned to the k-th user. Thus the n-th sub-channel is
assigned to the k-th user, and the count number is increased by
1.

[0088] In the loop of steps S81 and S82, each of the sub-
channels selects one of the users having the maximal weakest
eigenmode when the sub-channel is assigned to the users. Itis
noted that the selecting order of each user selected by the
sub-channel is K. Differing from the point of the user-orien-
tation method, the method is more adaptive when the data
sizes of data transmissions of the users are the same.

[0089] Referring to FIG. 4B, FIG. 4B is the flow chart of
step S10 according to another one exemplary example of the
present invention when the capacity ratios of the users are the
same. Steps S90 and S91 are same as steps S80 and S§1 and
not described herein again. The differences of FIGS. 4A and
4B are the scheduling rules. FIG. 4A adapts Max-Min sched-
uling rule, while FIG. 4C adapts Max Sum-Rate scheduling
rule.

[0090] Referring to FIG. 4C, FIG. 4C is the flow chart of
step S10 according to another one exemplary example of the
present invention when the capacity ratios of the users are the
same. FIG. 4C is a general flow chart of step S10 summarized
by FIGS. 4A and 4B. In step S99, each of the sub-channels
sequentially selects one of the users according to a scheduling
rule.

[0091] Theimplementations ofstep S10has been described
as stated above. Now please refer to FIG. 1 again. After the
sub-channels allocation has been completed, now in step S12,
the power for each transmission link is calculated and deter-
mined.
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[0092] Since the sub-channels allocation has been com-
pleted (i.e. I, is solved), for the constraint of fixed power, the
problem to maximize the system capacity is modeled as the
following equations:
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wherein the set Nk is determined in step S10. Now by the
optimization of Lagrangian multiplier, the Largragian func-
tion of the above problem is expressed as
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[0093] whereinp,, 8, 2=6,=K), and ¢, (1=k=K; neN,)
are Largrangian multipliers. According to the optimization
rule, the optimal solution should be satisfying the condition of
Kurush-Kuhn-Tucker (KKT), that is satisfying the following
equations:

oL 3
=0
0P,
H5 Gn =0 4
K (5
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k=1 nel,
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[0094] As described above, since step S10 has assigned the
sub-channels to the users, the MU-MIMO-OFDM system is
operated at high gain’s condition after scheduling procedure.
Therefore, in the condition, log(1+x) is approached to log(x).
Under this assumption and by the condition of KKT of equa-
tions (3), (4), and (6), the relation equations are obtained as
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From equation (7), for the first user (i.e. k=1), the values of
power of any twos of its assigned sub-channels are the same.
That is, supposing the n-th and m-th sub-channel are assigned
to the first user (i.e. n, meNl), and their power are equal to
each other (i.e. P, , =P, ) Similarly, from equation (8), for
the k-th user (i.e. k=2 through K), the values of power of any
twos of its assigned sub-channels are the same. That is, sup-
posing the n-th and m-th sub-channel are assigned to the k-th
user (i.e. n,meN,), and their power are equal to each other (i.c.
P, =P:,.). Therefore, for each user, the values of power of
their assigned sub-channel are the same, and the power of the
k-th user is expressed as

P= \Nk\Pk  for nszk7

wherein, N, is the number of the sub-channels assigned to
the k-th user. Accordingly, the solutions of the optimization
problem are reduced to solve the K allocations of user power
{P,},_* instead of solving the N allocations of the sub-
channel power Py ..

[0095] Now considering the capacity ratio constraints in
the above results, a relative equation is derived as
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and then the power of the k-th user is derived as
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in which E, is expressed as
BT J1
The power limitation of the MU-MIMO-OFDM system is
5 5P=P, (10).
From equations (9) and (10), the power of the k-th user P, can
be solved (by Newton’s root-finding method which is not

used to limit the scope of the present invention). When [N, I:|
N,l: ... :INl=m, M . . . M, equation (9) is reduced as
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Next, substitute equation (11) into equation (10) and derived
the relative equation as
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and then obtain the values of power of the first user and the
k-thuser (k=2, 3, . . ., K) as equations (12) and (13). Equa-
tions (12) and (13) are expressed as
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and equations (12) and (13) are simple linear solutions.
[0096] Tt is intuitive the above problem may be solve by
exhaustive search to get the ideal solution. However there are
K" possible allocations of the sub-channels and values of
power, and its complexity is O(K™). The methods provided by
the exemplary examples first allocate the sub-channels to the
users, and then allocate the power to each user, and the values
of power of the sub-channels of the same user are the same.
Therefore, the complexities of the user-oriented scheduling
algorithm of the methods provided by FIG. 2A~2C are O(KN
log,N), and the complexities of the sub-channel-oriented
scheduling algorithm of the methods provided by FIG.
3A-~3C are O(KN).

[0097] Referring to FIG. 5, FIG. 5 is a schematic diagram
showing a MU-MIMO-OFDM system 100. The MU-MIMO-
OFDM has a base station 101 with multiple antennae, and a
plurality of users 102 with multiple antennae. In this scheme,
the base station 101 must assign the sub-channels and the
values of power to each user 102, therefore a resource allo-
cation apparatus is installed in the base station 101. The
resource allocation apparatus executes the method provided
in FIG. 1 to assign the sub-channels and the values of power
to each user 102. Wherein, step S10 of FIG. 1 may be imple-
mented by the exemplary examples provided by FIG. 2A
through FIG. 4C for different conditions and different
requirements.

[0098] Referringto FIG. 6, FIG. 6 is a block diagram show-
ing the application of the resource allocation apparatus in the
base station transmitter 600. The resource allocation appara-
tus is an adaptive resource allocation algorithm execution
device 601 which executes the method provided in FIG. 1to
assign the sub-channels and the values of power to each user.
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The adaptive resource allocation algorithm execution device
601 may comprise a power resource allocation apparatus and
a sub-channel resource allocation apparatus, but this imple-
mentation of the resource allocation apparatus is not used to
limit the scope of the present invention. The sub-channel
resource allocation apparatus is used to execute step S10 of
FIG.1, and the power resource allocation apparatus is used to
execute step S12 of FIG. 1. Wherein, step S10 of FIG. 1 may
be implemented by the exemplary examples provided by FIG.
2A through FIG. 4C for different conditions and different
requirements. As stated above, when executing the method
provided in FIG. 1, some information is required, such as
channel information, feedback information and rate require-
ment of each user. The channel or feedback information may
comprise the weakest eigenmode gains or the estimated
capacity values of all users across all sub-channels for differ-
ent conditions and different requirements. The rate require-
ment of each user may be the predetermined required propor-
tional capacity among each user.

[0099] It is noted that the required channel or feedback
information may be determined according to the scheduling
rule. When the scheduling rule is Max-Min scheduling rule,
the required channel or feedback information must have the
weakest eigenmode gains of all users across all sub-channels.
When the scheduling rule is Max Sum-Rate rule, the required
channel or feedback information must have the estimated
capacity values of all users across all sub-channels.

[0100] After the adaptive resource allocation algorithm
execution device 601 determines the allocation of the sub-
channels of the users and the power of the users. The adaptive
resource allocation algorithm execution 601 outputs the allo-
cation information having the sub-channel allocation infor-
mation and power allocation information to the sub-channel
allocation device 602 and power allocation device 603 in the
base station transmitter 600.

[0101] The sub-channel allocation device 602 receives the
data Data_1~Data_K to be transmitted to the first user
through the K-th user respectively, and assigns the data
Data_1 ~Data_K on the corresponding sub-channels accord-
ing to the sub-channel allocation information. The power
allocation device 603 assigns the power of each sub-channel
according to power allocation information, and the spatial
multiplexing device 604 next assigns the data Data_
1~Data_K to be transmitted via which one of the antennae.
Before the data Data_1~Data_K is transmitted by the anten-
nae, the data Data_1~Data_K are modulated by the OFDM
modulators 605.

[0102] The user such as a k-th mobile user may have a
sub-channel selector to receive the sub-channel allocation
information of the k-th user. The sub-channel selector indi-
cates the extraction device 612 to extract the data which are
received via the antennae and demodulated by the OFDM
demodulator 620 according to sub-channel allocation infor-
mation of the k-th user. Therefore the data received via the
antennae can be extracted precisely. Though the application
of the resource allocation apparatus in the base station trans-
mitter 600 is described above, it is not used to limit the
application of the resource allocation apparatus.

[0103] Accordingly, compared to the conventional
resource allocation methods and apparatuses, the resource
allocation methods and apparatuses provided by the above
exemplary examples have the lower complexity. Further, the
resource allocation methods and apparatuses provided by the
above exemplary examples can be applied to the MU-MIMO-
OFDM system, which the sizes of data transmissions of dif-
ferent users may be different. When the method adapts the
Max-Min scheduling rule, the coverage ranges of the MU-
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MIMO-OFDM system are enhanced. When the method
adapts the Max Sum-Rate scheduling rule, the capacities of
the MU-MIMO-OFDM system are enhanced.

[0104] 1t will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing descrip-
tions, it is intended that the present invention covers modifi-
cations and variations of this invention if they fall within the
scope of the following claims and their equivalents.

What is claimed is:

1. A resource allocation method for a MU-MIMO-OFDM
systen1, the MU-MIMO-OFDM system has a plurality of
users and sub-channels, and the method comprises:

a plurality of preset assigned sub-channel numbers are
assigned to the users according a plurality of capacity
ratio constraints;

each user sequentially selects one of the sub-channels
according to a scheduling rule;

determining one of the users who has a right of selecting
the non-assigned sub-channels according to a plurality
of assigned capacities and the capacity ratio constraints
of the users, and then the user who has the right of
selecting the non-assigned sub-channels selects one of
the non-assigned sub-channels according to the sched-
uling rule, if the number of the sub-channels assigned to
the user is equal to the preset assigned sub-channel num-
ber thereof, the user exits the competition of determining
the right of selecting the non-assigned sub-channels in
the step;

determining if the number of the sub-channels assigned to
the all of the users is equal to the summation of the preset
assigned sub-channel numbers of all of the users; and

determining one of the users who has the right of selecting
the non-assigned sub-channels according to the
assigned capacities and capacity ratio constraints of the
users, and then the user who has the right of selecting the
non-assigned sub-channels selects one of the non-as-
signed sub-channels according to the scheduling rule,
the step is repeated until all of the sub-channels are
assigned to the users.

2. The resource allocation method as ¢laim 1, further com-

prising:

allocating power to each of the users according to a limit
power of the MU-MIMO-OFDM system, and the values
of power of the sub-channels assigned to the user are the
same.

3. The resource allocation method as claim 1, wherein the
scheduling rule is Max-Min rule, the user selects one of the
sub-channels having a maximal weakest eigenmode, and the
user who has the right of selecting the non-assigned sub-
channels selects one of the non-assigned sub-channels having
the maximal weakest eigenmode.

4. The resource allocation method as claim 1, wherein the
scheduling rule is Max Sum-Rate rule, the user selects one of
the sub-channels having a maximal capacity, and the user
who has the right of selecting the non-assigned sub-channels
selects one of the non-assigned sub-channels having the
maximal capacity.

5. The resource allocation method as claim 1, wherein
“determining one of the users who has the right of selecting
the non-assigned sub-channels according to the assigned
capacities and capacity ratio constraints of the users” is find-
ing the user whose assigned capacity over the capacity ratio
constraint thereof is minimal.
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6. A resource allocation apparatus for a MU-MIMO-
OFDM system, the MU-MIMO-OFDM system has a plural-
ity of users and sub-channels, and the resource allocation
apparatus comprises:

a sub-channel resource allocation apparatus;

wherein the sub-channel resource allocation apparatus first
assigns a plurality of preset assigned sub-channel num-
bers to the users according a plurality of capacity ratio
constraints; next, the sub-channel resource allocation
apparatus assigns one of the sub-channels to each user
sequentially according to a scheduling rule; next, the
sub-channel resource allocation apparatus assigns each
ofthe non-assigned sub-channels to one of the users who
has a right of selecting the non-assigned sub-channels
according to the scheduling rule until the number of the
sub-channels assigned to all of the users meets the sum-
mation of the preset assigned sub-channel numbers ofall
of the users; and next, the sub-channel resource alloca-
tion apparatus assigns each of the non-assigned sub-
channels to one of the users who has a right of selecting
the non-assigned sub-channels according to the sched-
uling rule until all non-assigned sub-channels assigned.

7. The resource allocation apparatus as claim 6, wherein
the users who has a right of selecting the non-assigned sub-
channels is determined according to a plurality of assigned
capacities and the capacity ratio constraints of the users.

8. The resource allocation apparatus as claim 6, wherein
the sub-channel resource allocation apparatus assigns the
non-assigned sub-channels to the user whose number of the
assigned sub-channels is not equal to the preset assigned
sub-channel number until the number of the sub-channels
assigned to all of the users meets the summation of the preset
assigned sub-channel numbers of all of the users.

9. The resource allocation apparatus as claim 6 further
comprises:

apower resource allocation apparatus, for allocating power
to each of the users according to a limit power of the
MU-MIMO-OFDM system, and the values of power of
the sub-channels assigned to the user are the same.

10. The resource allocation apparatus as claim 6, wherein
the scheduling rule is Max-Min rule, the user is assigned one
of the sub-channels having a maximal weakest eigenmode,
and the user who has the right of selecting the non-assigned
sub-channels is assigned to one of the non-assigned sub-
channels having the maximal weakest eigenmode.

11. The resource allocation apparatus as claim 6, wherein
the scheduling rule is Max Sum-Rate rule, the user is assigned
one of the sub-channels having a maximal capacity, and the
user who has the right of selecting the non-assigned sub-
channels is assigned one of the non-assigned sub-channels
having the maximal capacity.

12. The resource allocation apparatus as claim 7, wherein
the user who has the right of selecting the non-assigned sub-
channels is the user whose assigned capacity over the capac-
ity ratio constraint thereof is minimal among all of the users.

13. A resource allocation method fora MU-MIMO-OFDM
system, the MU-MIMO-OFDM system has a plurality of
users and sub-channels, and the method comprises:

a plurality of preset assigned sub-channel numbers are
assigned to the users according a plurality of capacity
ratio constraints;

each of the first through x-th sub-channels sequentially
selects one of the users according to a scheduling rule, if
the number of the sub-channels assigned to the user is
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equal to the preset assigned sub-channel number
thereof, the user exits the competition to be assigned one
of the sub-channels in the step, wherein x is the summa-
tion of the preset assigned sub-channel numbers; and

each of the non-assigned sub-channels sequentially selects
one of the users according to a scheduling rule, wherein
the user is assigned at most one of the non-assigned
sub-channels in the step.

14. The resource allocation method as claim 13, further
comprising:

allocating power to each of the users according to a limit

power of the MU-MIMO-OFDM systeni, and the values
of power of the sub-channels assigned to the user are the
same.

15. The resource allocation method as claim 13, wherein
the scheduling rule is Max-Min rule, the sub-channel selects
one of the users who has a maximal weakest eigenmode when
the first through x-th sub-channels sequentially select one of
the users according to the scheduling rule, and the non-as-
signed sub-channel selects one of the users who has a maxi-
mal weakest eigenmode when each of the non-assigned sub-
channels sequentially selects one of the users according to the
scheduling rule.

16. The resource allocation method as claim 13, wherein
the scheduling rule is Max Sum-Rate rule, the sub-channel
selects one of the users who has a maximal capacity when the
first through x-th sub-channels sequentially select one of the
users according to the scheduling rule, and the non-assigned
sub-channel selects one of the users who has a maximal
capacity when each of the non-assigned sub-channels
sequentially selects one of the users according to the sched-
uling rule.

17. A resource allocation apparatus for a MU-MIMO-
OFDM system, the MU-MIMO-OFDM system has a plural-
ity of users and sub-channels, and the resource allocation
apparatus comprises:

a sub-channel resource allocation apparatus;

wherein the sub-channel resource allocation apparatus first

assigns a plurality of preset assigned sub-channel num-
bers to the users according a plurality of capacity ratio
constraints; next, the sub-channel resource allocation
apparatus sequentially assigns each of the first through
x-th sub-channels to one of the users according to a
scheduling rule, wherein x is the summation of the preset
assigned sub-channel numbers; and next, the sub-chan-
nel resource allocation apparatus sequentially assigns
each of the non-assigned sub-channels to one of the
users according to a scheduling rule, wherein the user is
assigned at most one of the non-assigned sub-channels.

18. The resource allocation apparatus as claim 17, wherein
each of the first through x-th sub-channels is sequentially
assigned to the one of user whose preset assigned sub-channel
number is not equal to the number of the sub-channels
assigned to the user.

19. The resource allocation apparatus as claim 17 further
comprises:

apower resource allocation apparatus, for allocating power

to each of the users according to a limit power of the
MU-MIMO-OFDM system, and wherein the values of
power of the sub-channels assigned to the user are the
same.

20. The resource allocation apparatus as claim 17, wherein
the scheduling rule is Max-Min rule, the sub-channel is
assigned to one of the users who has a maximal weakest
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eigenmode when each of the first through x-th sub-channelsis
sequentially assigned to one of the users according to the
scheduling rule, and the non-assigned sub-channel is
assigned to one of the users who has a maximal weakest
eigenmode when each of the non-assigned sub-channels is
sequentially assigned to one of the users according to the
scheduling rule.

21. The resource allocation apparatus as claim 17, wherein
the scheduling rule is Max Sum-Rate rule, the sub-channel is
assigned to one of the users who has a maximal capacity when
each of the first through x-th sub-channels is sequentially
assigned to one of the users according to the scheduling rule,
and the non-assigned sub-channel is assigned to one of the
users who has a maximal capacity when each of the non-
assigned sub-channels is sequentially assigned to one of the
users according to the scheduling rule.

22. A resource allocation method fora MU-MIMO-OFDM
system, the MU-MIMO-OFDM system has a plurality of
users and sub-channels, and the method comprises:

each of the sub-channels sequentially selects one of the
users according to a scheduling rule.

23. The resource allocation method as claim 22, further

comprising;

allocating power to each of the users according to a limit
power of the MU-MIMO-OFDM system, and the values
of power of the sub-channels assigned to the user are the
same.

24. The resource allocation method as claim 22, wherein
the scheduling rule is Max-Min rule, the sub-channel selects
one of the users who has a maximal weakest eigenmode when
each of the sub-channels sequentially selects one of the users
according to a scheduling rule.

25. The resource allocation method as claim 22, wherein
the scheduling rule is Max Sum-Rate rule, the sub-channel
selects one of the users who has a maximal capacity when
each of the sub-channels sequentially selects one of the users
according to a scheduling rule.

26. A resource allocation apparatus for a MU-MIMO-
OFDM system, the MU-MIMO-OFDM system has a plural-
ity of users and sub-channels, and the resource allocation
apparatus comprises:

a sub-channel resource allocation apparatus, for sequen-
tially assigning each of the sub-channels to one of the
users according to a scheduling rule.

27. The resource allocation apparatus as claim 26 further

comprises:

apower resource allocation apparatus, for allocating power
to each of the users according to a limit power of the
MU-MIMO-OFDM system, and the values of power of
the sub-channels assigned to the user are the same.

28. The resource allocation apparatus as claim 26, wherein
the scheduling rule is Max-Min rule, each of the sub-channels
is sequentially assigned to one of the users who has a maximal
weakest eigenmode when each of the sub-channels is sequen-
tially assigned to one of the users according to a scheduling
rule.

29. The resource allocation apparatus as claim 26, wherein
the scheduling rule is Max Sum-Rate rule, each of the sub-
channels is sequentially assigned to one of the users who has
a maximal capacity when each of the sub-channels is sequen-
tially assigned to one of the users according to a scheduling
rule.



