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(57) ABSTRACT

The present invention is direct to the resource allocation
method for MU-MIMO-OFDM system and the apparatus
thereof. The MU-MIMO-OFDM system has a plurality of
users and a plurality of sub-channels. The sub-channels are
assigned to the users according to the capacity ratio con-
straints and a scheduling rule, and then the power of the user
is determined according to the limit power of the MU-MIMO-
OFDM system. Wherein the values of power of the sub-
channels assigned to the user are the same, the scheduling rule
may be Max-Min or Max Sum-Rate rule, and the allocation of
the sub-channels may be user-oriented or sub-channel ori-
ented.
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1
RESOURCE ALLOCATION METHOD FOR
MULTI-USERS MULTIPLE INPUT MULTIPLE
OUTPUT ORTHOGONAL FREQUENCY
DIVISION MULTIPLEXING SYSTEM AND
APPARAUS THEREOF

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention generally relates to a resource allo-
cation method and an apparatus thereof, and more particu-
larly to a resource allocation for a multi-users multiple input
multiple output orthogonal frequency division multiplexing
(hereinafter, referred as MU-MIMO-OFDM) system, and an
apparatus thereof.

2. Description of Prior Art

Although there were many researches of power and band-
width 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.

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 hard-
ware thereof.

MIMO-OFDM system has become a mainstream technol-
ogy which enhances the capacity of the wireless communi-
cation system, such as IEEE 802.16m WiMax, 3GPP LTE,
and so on. Differing from the OFDM system, the sub-channel
of the MIMO-OFDM system has a plurality of eigenmode
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-chan-
nel of the MIMO system not achieve multiplexing.

Inthe practical use, because users pay different charges for
the internet services provider and transmit different sizes of
the transmission data, the communication system must pro-
vide a flexible transmission rate for each user. However, 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

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

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 com-
prises 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 sequen-
tially selects one of the sub-channels according to a schedul-
ing rule; (c) determining one of the users who has a right of
selecting the non-assigned sub-channels according to a plu-
rality of assigned capacities and the capacity ratio constraints
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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, 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 selecting the non-
assigned sub-channels in the step; (d) determining if the num-
ber 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; (e) 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-assigned
sub-channels according to the scheduling rule, the step is
repeated until all of the sub-channels are assigned to the users.

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 system has
a plurality of users and sub-channels, and the resource allo-
cation apparatus comprises a sub-channel resource allocation
apparatus. Wherein the sub-channel resource allocation appa-
ratus first assigns a plurality of preset assigned sub-channel
numbers to the users according a plurality of capacity ratio
constraints. Next, the sub-channel resource allocation appa-
ratus assigns one of the sub-channels to each user sequen-
tially 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-channel resource
allocation apparatus assigns each the non-assigned sub-chan-
nels 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.

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 com-
prises 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; (c) 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.

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 system has
a plurality of users and sub-channels, and the resource allo-
cation apparatus comprises a sub-channel resource allocation
apparatus. Wherein the sub-channel resource allocation appa-
ratus first assigns a plurality of preset assigned sub-channel
numbers to the users according a plurality of capacity ratio
constraints. Next, the sub-channel resource allocation appa-
ratus 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-chan-
nel numbers. Next, the sub-channel resource allocation appa-
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ratus sequentially assigns each of the non-assigned sub-chan-
nels to one of the users according to a scheduling rule,
wherein the user is assigned at most one of the non-assigned
sub-channels.

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 com-
prises the following steps: (a) each of the sub-channels
sequentially selects one ofthe users according to a scheduling
rule.

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 system has
a plurality of users and sub-channels, and the resource allo-
cation apparatus comprises a sub-channel resource allocation
apparatus. The sub-channel resource allocation apparatus is
adapted for sequentially assigning each of the sub-channels to
one of the users according to a scheduling rule.

Accordingly, compared to the conventional resource allo-
cation methods and apparatuses, the resource allocation
methods and apparatuses provided by the exemplary
examples have the lower complexity. Further, the resource
allocation methods and apparatuses provided by the exem-
plary examples can be applied to the MU-MIMO-OFDM
system, which the sizes of data transmissions of different
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.

It is to be understood 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

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
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.

FIG. 1 is the flow chart of the resource allocation method
for the MU-MIMO-OFDM system according to one exem-
plary example of the present invention.

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

FIG. 2B is the flow chart of step S10 according to another
one exemplary example of the present invention.

FIG. 2C is the flow chart of step S10 according to another
one exemplary example of the present invention.

FIG. 3A is the flow chart of step S10 according to another
one exemplary example of the present invention.

FIG. 3B is the flow chart of step S10 according to another
one exemplary example of the present invention.

FIG. 3C is the flow chart of step S10 according to another
one exemplary example of the present invention.

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.

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.

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.
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4
FIG. 5 is a schematic diagram showing a MU-MIMO-
OFDM system 100.
FIG. 6 is a block diagram showing the application of the
apparatus for resource allocation in the base station transmit-
ter 600.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred 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.

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
according to a capacity ratio constraint. Further the resource
allocation method and apparatus considers the coverage issue
while assigning the sub-channels to each of the users accord-
ing to the capacity ratio constraint. In other word, the exem-
plary example designs a scheduling algorithm of sub-chan-
nels allocation while considering power allocation.
Therefore, link quality of each sub-channel assigned to the
user is maximized, and the ratio of the transmission data sizes
of all users is met.

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

& Pendini )
M,c?

| K N My
max — Iy ) logll +
Pk,n*’k,n N Z Z IZ::J (

k=1 n=1

subject to

CLP,z0 for all k, n
C3: 1, =10, 1} forallk, n

K
C4: Z In=1 foralln
k=1

C5:C1Con i Cr=q1im2s oee 110k

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
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,.

The constraint C1 means the total power is less than or
equal 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
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u M,
n=1 =

As stated above, the n-th sub-channel of the k-th user has
many eigenmode. It is noted that the weakest eigenmode link
of the MIMO channel represents as A, ,, ;. The weakest eigen-
mode 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 weak-
est eigenmode link). Hence, the power assigned to the MIMO
eigenmodes of each sub-channel of the k-th user is deter-
mined according to the power P, ,

Referring to FIG. 1, FIG. 1 is the flow chart of the resource
allocation method for the MU-MIMO-OFDM system accord-
ing 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.

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 implemented by
the point of the user oriented sub-channel allocation algo-
rithm with Max-Min scheduling rule. However the exemplary
example provided by FIG. 2A is not used to limit the scope of
the invention.

In step S20, a preset assigned sub-channel number N, is
assigned to the k-th user according the capacity ratio con-
straint, 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 equa-
tion (1) but not used to limit the scope of the present invention.
The equation (1) is defined as

mN
—

2

k=1

N =

Where [ x| represents the maximum integer less or equal to x.
Instep S20, 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 0 (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-3,_ AN, 2.
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Next, in step S21, judge if the count numberk 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.

Insteps 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.

In step S22, all of the weakest eigenmode links of the k-th
user Az, ; (0=1 to N) are sorted in descending order, and then
find a number m satisfyino M1 Zhy,, Tor all j, in which j
belongs to the set N removing the number m (i.e. jeN- {m}).
The capacity ofk-th user R; and the sets N andN are updated
with the number m. The m-th sub-channel having the maxi-
mal weakest eigenmode of the MIMO system is assigned to
the k-th user. Thus the capacity of k-th user R is equal to C;
(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 (ie.
N,=N,U{m}), and the number m is removed from the set of
the members of the sub-channels N (i.e. N-{m}). Wherein
the capacity assigned to the k-th user is expressed as

g mmt
ORE

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.

It is 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 number of the users K, and thus the above condition
occurs with a very low probability.

Further, the sequence of the K users may be determined
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 transmission, general file
data transmission, and so on. Therefore, the user with the
highest priority may first have the right to select the sub-
channel.

As stated above, in step S22, all of the weakest eigenmode
links of the k-th userz,, , (=1 to N) are sorted in descending
order first. This sub-step may reduce the computation com-
plexity. Without sorting all of the weakest eigenmode links of
thek-thuser Az, , (n=1 to N), the method may compare all of
the weakest eigenmode links of the k-thuser A¢, , (n=1to N)
while assigning the k-th user one sub-channel.

In steps S23 through S26, determine the right of selecting
the non-assigned sub-channels to the one of the users accord-
ing to each of the assigned capacities and capacity ratio con-
straints 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-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



US 8,165,076 B2

7

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.

In step S23, compare the counter number n and the sum-
mation 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 $27 is executed. If the counter number n is less
than or equal to the summation of the preset assigned sub-
channel numbers (i.e. n=EN-N'), step S24 is executed.

In step 824, first find a number k' satisfying the condition
that the capacity of k'-thuser over the capacity ratio constraint
of K-th user is smaller than those of the other users (i.e.
R,/m, =R,/ for all jeK-{k). Therefore, the user having
the right of selectmg 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
ﬁndlng anumber p satlsfylng Moy Zhy o Torallj' I, in which
i belongs to the set N removing the number p(ie.j'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
Cy (ie. Ry=R4C,), the number p is added in the set of the
members of the sub-channels as51gned to the k'~th user N,
(ie. N,AN,U{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 1 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.

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, (i.e. IN,|=N,.), step S26 will be executed;
otherwise the method provided in the exemplary example will
2o back to step S23.

In step S$26, remove the number k' from the set K (i.c.
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.

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

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
$29, assign the residual sub-channels to the K users. In step
527 initialize the set of the members of the users K, in which
K={1, ..., K}. Then in step S28, determine whether the
counter number 1 is larger than N. If the counter number 1 is
larger than N, the sub-channel allocation will be completed.
Otherwise, step S29 will be executed.

In step S29, first find a number k satisfying the condition
that the capa01ty of k-th user over the capacity ratio constraint
of k-th user is smaller than those of the other users (i.e.
Rym=Ry; for all jeK-{k}). Therefore. the user having the
right of selectmg 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 rh satisfying Ay, ,Zhz.; | for all], in which

M, 1=

20

25

40

45

60

65

8

j belongs to the set N removing the number i (i.e. jeN-{ih}).
The m-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 Cy,
(i.e. R=R;+C;), the number m is added in the set of the
members of the sub-channels assigned to the k-th user N (i.e.
N;=N,U{rn}), 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. i=n+1).

After step S29 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.

Referring to F1G. 2B, FIG. 2B is the flow chart of step S10
according to another one exemplary example of the present
invention. Differing from FIG. 24, the step S10 is imple-
mented by the point of the user oriented sub-channel alloca-
tion 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, S23, 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 schedul-
ing rule.

In steps 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.

In step S32, find a number m satlsfymg Gy, =Gy forallj,
in which j belongs to the set N removing the number m (ie.
jeN-{m}). Wherein the capacity of the m-th sub-channel
assigned to the k-th user Gz, is expressed as

8 PenMomi
T Mo? [

Sy

The capacity of Kk-th user R; and the sets N and N 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 Cr,, (i.e. R=
Cy,,) 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=NgU{m}),
and the number m is removed from the set of the members of
the sub-channels N (i.e. N-{m}). In step S32, finally the
counter numbers k and nare 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.

Itis noted that, the sub-channel having the maximal capac-
ity 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 maxi-
mal capacity. However in the general case, the total number of
the sub-channels N is extremely higher than the total number
ofthe users K. and thus the above condition occurs with a very
low probability.
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Further, the sequence of the K users may be determined
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 transmission, general file
data transmission, and so on. Therefore, the user with the
highest priority may first have the right to select the sub-
channel.

In steps S33 through S36, determine the right of selecting
the non-assigned sub-channels to the one of the users accord-
ing to the assigned capacities and the capacity ratio con-
straints 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'-thuser 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.

In step S34, first find a number k' satisfying the condition
that the capacity of k'-thuser over the capacity ratio constraint
ratio of k'-th user is smaller than those of the other users (i.e.
R,/m, =R, /. for all 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 m' sausfylng Chom~Cpo o Tor all j', in which j' belongs
to the set N removing the number m' (i.e. j'N-{m'}). 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 Cy. .. (i.e. R, =R+

Cprm)s the number m' is added in the set of the members of the
sub channels assigned to the k-th user N, (ie.
N, N U{m'}), and the number m'is removed from the set of
the members of the sub-channels N (i.e. N-{m'}). In step S34,
finally the counter number n is increased by 1 (i.e. ©=n+1).

In step $39, first find a number k satisfying the condition
that the capacr[y of k-th user over the capacity ratio constraint
of k-th user is smaller than those of the other users (i.e.
Ry =Rym; for all jeK-{k}). Therefore, the user having the
right of selectlng 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 sausfylng CraZCysforally, in Wthh ]belongs to
the set N removing the number i (i.e. jeN- -{m}). The r-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
Ry is equal to the previous Ry plus Cy , (1.e. Ri=R;+Cy ), the
number  is added in the set of the members of the sub-
channels assigned to the k-th user N; (i.e. N;=N;U{r}), and
the number m is removed from the set of the members of the
sub-channels N (i.e. N={th}). In step $39, finally the counter
number 1 is increased by 1 (i.e. n=n+1).

According to the above two exemplary examples, the sub-
channels are assigned in the point of user-orientation. Refer-
ring to FIG. 2C, FIG. 2C is the flow chart of step S10 accord-
ing to another one exemplary example of the present
invention. It is noted that the scheduling rules are not limited
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10
in the FIGS. 2A and 2B, and FIG. 2C is a general flow chart
of step S10 summarized by FIGS. 2A and 2B.

In step S40, a plurality of preset assigned sub-channel
numbers are assigned to the K users 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 (i.e. k=1 to K).

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.

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.

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,. thek-thuser exits the competition of determining the right
of selecting the non-assigned sub-channels to the one of the
users, and the next step S44 will be executed. Otherwise, go
back to step S42.

In step S44, determine 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. 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.

In step S45, determine the user who has the right of select-
ing the non-assigned sub-channels according to each of 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.

In FIGS. 2A through 2C, the sub-channels are assigned in
the point of user-orientation. Since the sub-channels are
assigned in the point of user-orientation, the methods deter-
mine the user who has the right of selecting the non-assigned
sub-channels according the results of the assigned sub-chan-
nels of the users. Further, in the case, N>K, each user has the
relatively high selecting order to select the sub-channel, 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 inde-
pendent identical distributions, the other selections depends
on each other, and therefore the scheduling gain may be
reduced.

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 imple-
mented by the point of the sub-channel oriented sub-channel
allocation algorithm with Max-Min scheduling rule. How-
ever the exemplary example provided by FIG. 3A is not used
to limit the scope of the invention.

In step S50, a preset assigned sub-channel number N is
assigned to the k-th user according the capacity ratio con-
straint, 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 equa-
tion (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}
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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 0 (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-
ber 1 is initially set to be 1.

Next, in step S51, judge if the count number n s larger than
the summation of the preset assigned sub-channel numbers
(i.e. n=ZN-N"). If the count number k is larger than the sum-
mation of the preset assigned sub-channel numbers, step S55
will be executed. Otherwise, step S52 will be executed.

In 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
assigned 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.

In step S52, find a number k' satrsfymg Mg =h 5, forall
j, in which j belongs to the set K removing the number k(e
jeK-{k'}). The capacity of K-th user R ., and the sets Nand N,
are updated with the 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 ofk'-th
user R, is equal to the previous R,.plus C.(i.e. R,=R 4C,),
the count number n is added in the set of the members of the
sub-channels assigned to the k'-thuser N (i.e. N, =N, U{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

8 Pk’ Ak’
M,o? ]

Cy = Z log{

Instep S52, finally the counter number n is increased by 1 (i.e.
n=n+1). After step S52 is executed, step S53 is executed.

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. [N, J=N,.), step S54 will be executed;
otherwise the method provided in the exemplary example will
go back to step S52.

In step S54, remove the number k' from the set K (i.e.
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.

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 S55 is executed. In steps S55 through
857, assign the residual sub-channels to the K users. In step
555 initialize the set of the members of the users K, in which
K={1, ..., K}. Then in step $56, determine whether the
counter number nis larger than N. If the counter number 1 is
larger than N, the sub-channel allocation will be completed.
Otherwise, step S57 will be executed.

In step S57, find a number k satisfying 7, m1=h 5 Torall
J, in which j belongs to the set K removing the number K (.e.
jeK~{K}). Then the number K is removed from the set of the
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members of theusers K (i.e. K—{E}). The capacity ofk-th user
Rz and the sets N and N; are updated with counter number .
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. Ri=Re+C;), the count number n is
added in the set of the members of the sub-channels assigned
to the kK-th user N, , x=NzU{n}), and the count number niis
removed from the set of the members of the sub-channels N
(i.e. N={n}). In step S57, finally the counter number T is
increased by 1 (i.e. n=n+1). After step S57 is executed, go
back to step S56.

In the loop 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-channel
according to the results of the assigned sub-channels of the
users.

Referring to FIG. 3B, FIG. 3B is the flow chart of step S10
according to another one exemplary example of the present
invention. Differing from FIG. 3A, the step S10 is imple-
mented by the point of the sub-channel oriented sub-channel
allocation algorithm with Max Sum-Rate scheduling 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.

In step 862, find a number k' sausfymg Cpz=2C 5 forallj,
in which j belongs to the set K removing the number k' (ie.
jeK~{k'}). The capacity of k'-thuser R, .and the sets Nand 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 of k'-th user R.is
equal to the previous R;.plus Cp. ;. zx7RACpiz), the count
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{n}), and
the count number n is removed from the set of the members of
the sub-channels N (ie. N-{n}). Wherein the capacity
assigned to the k'-th user is expressed as

My

Cyp= Z]Og(l +

8w Pu ndie i ]
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In step S62, finally the counter number nisincreased by 1 (i.e.
n=n+1). After step S62 is executed, step $63 is executed.

In step S67, find anumberk satrsfymg Cz;2G; ; forallj, in
which j belongs to the set K removing the number kK (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
R, and the sets N and Ny are updated with counter number 1.
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 R; is equal to the previous Ry plus
Cy; (i.e. Re=Re+Cy5), 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=NU {n}), and the count number 1 is removed from
the set of the members of the sub-channels N (i.e. N-{n}). In
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step S67, finally the counter number n is increased by 1 (i.e.
n=n+1). After step S67 is executed, go back to step S66.

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 constraints, 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).

In step 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.

In step S72, each of the non-assigned sub-channels sequen-
tially 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 step S72.

Differing from FIGS. 2A through 2C, the methods pro-
vided 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.

Itis noted that when the sizes of the data transmission 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.

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.
Instep S80, the set of the members of the users K is initialized
as K={1, ..., K}, and the counter number nis set to be 1. In
step S81, determine ifthe count number 1 is equal to N. If the
count number n is equal to N, the sub-channels allocation
ends. Otherwise, go to step S82.

In step S82, find a number k satisfying Az; , Z), 5, foralli,
in which i belongs to the set K removing the number K (e
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.

In the loop of steps S81 and S82, each of the sub-channels
selects one of the users having the maximal weakest eigen-
mode when the sub-channel is assigned to the users. It is
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.

Referring to F1G. 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.
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Steps S90 and S91 are same as steps S80 and S81 and not
described herein again. The differences of FIGS. 4A and 4B
are the scheduling rules. FIG. 4A adapts Max-Min scheduling
rule, while FIG. 4C adapts Max Sum-Rate scheduling rule.

Referring to FI1G. 4C, FIG. 4C 1s 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.

The implementations of step S10 has 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.

Since the sub-channels allocation has been completed (i.e.
I, ,,is solved), for the constraint of fixed power, the problem to
maximize the system capacity is modeled as the following
equations:

& Pinlini '
M,o?

K
subject to  Cl: Z Z Pin < Prgx

k=l pefiy
C2 Py 20 for all k,n
C3: Ny disjoint for all k
K
C4: Nectl, ..., N}
k=1

C5:Ci: Gyt i C =m0k,

wherein the set N, is determined in step $10. Now by the
optimization of Lagrangian multiplier, the Largragian func-
tion of the above problem is expressed as
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wherein p,, 6, (2=6,=K), and ¢, (1=k=K; neN,) are Lar-
grangian 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:
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[ K Q)]
ﬂlZZP}:,n_Pmax =0
k=1 nely
{k,npk,n =0 (6)

As described above, since step S10 has assigned the sub-
channels to the users, the MU-MIMO-OFDM system is oper-
ated 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

L M1 & @
- —Nal=0

ar, MUTPLIN ; ]

forne N

aL M (1 m ]

LTI

Py Pen\N 7

fork=2,3 KandneN,

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 s, supposing the n-th and m-th sub-channel are assigned
to the first user (i.¢. n,meN, ), 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, supposing 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.e. 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=IR Py, for nel,

wherein, INk\ 1s 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,.

Now considering the capacity ratio constraints in the above
results, a relative equation is derived as

gkpklkm]
Mi|NJo?

glpl/llnx] Z Z g(1+
M, Nlla" =
p

T
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19, i
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fork=2,3,...K,

in which E, is expressed as

E=IL, d\“kaF 1Mt7\k;. i
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The power limitation of the MU-MIMO-OFDM system is
5 5P, (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, |:
IN,I: ... :INgJ=n, Mt . . . M, equation (9) is reduced as

11

L
Mer\

|Nk|gl[E
IN1g

P fork=2,3,...K.

Next, substitute equation (11) into equation (10) and derived
the relative equation as

TR
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and then obtain the values of power of the first user and the
k-th user (k=2, 3, . . ., K) as equations (12) and (13). Equa-
tions (12) and (13) are expressed as

12)

MIN |
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and equations (12) and (13) are simple linear solutions.

Itis 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 exem-
plary 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).

Referring to FIG. 5, FIG. 5is 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 allocation appa-
ratus is installed in the base station 101. The resource alloca-
tion 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 implemented by the
exemplary examples provided by FIG. 2A through FIG. 4C
for different conditions and different requirements.

Referring to F1G. 6, FIG. 6 is a block diagram showing the
application of the resource allocation apparatus in the base
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station transmitter 600. The resource allocation apparatus is
an adaptive resource allocation algorithm execution device
601 which executes the method provided in FIG. 1 to assign
the sub-channels and the values of power to each user. 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
beimplemented 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.

It is noted that the required channel or feedback informa-
tion 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.

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 allocation
information having the sub-channel allocation information
and power allocation information to the sub-channel alloca-
tion device 602 and power allocation device 603 in the base
station transmitter 600.

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 according 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 trans-
mitted via which one of the antennae. Before the data
Data_1~Data_K is transmitted by the antennae, the data
Data_1~Data_K are modulated by the OFDM modulators
605.

The user such as ak-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 indicates the extrac-
tion device 612 to extract the data which are received via the
antennae and demodulated by the OFDM demodulator 620
according to sub-channel allocation information 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 transmitter 600 is
described above, it is not used to limit the application of the
resource allocation apparatus.

Accordingly, compared to the conventional resource allo-
cation 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
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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.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing descriptions,
it is intended that the present invention covers modifications
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
system, the MU-MIMO-OFDM system has a plurality of
users and sub-channels, and the method comprising:

(a) assigning, by a device, a plurality of preset assigned
sub-channel numbers to the users according to a plural-
ity of capacity ratio constraints, wherein the capacity
ratio constraints are computed according to a number of
the users, whether the n-th sub-channel is occupied by a
k-th user, and all eigenmodes of the n-th sub-channel
when the n-th sub-channel is assigned to the k-th user;

(b) each user sequentially selecting one ofthe sub-channels
according to a scheduling rule;

(¢) determining one of the users who has a right of selecting
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 scheduling rule,
if a number of the sub-channels assigned to the user is
equal to the preset assigned sub-channel number
thereof, the user exits a competition of determining the
right of selecting the non-assigned sub-channels in the
step (¢);

(d) determining ifa number of the sub-channels assigned to
the all of the users is equal to a summation of the preset
assigned sub-channel numbers of all of the users;

(e) determining one of the users who has the right of select-
ing 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;
and

() repeating the step (e) until all of the sub-channels are
assigned to the users.

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

prising:

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

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 comprising;

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, wherein the capacity ratio constraints are
computed according to a number of the users, whether
an n-th sub-channel is occupied by a k-th user, and all
eigenmodes of the n-th sub-channel when the n-th sub-
channel is assigned to the k-th user; next, the sub-chan-
nel resource allocation apparatus assigns one of the sub-
channels to each user sequentially according to a
scheduling rule; next, the sub-channel resource alloca-
tion apparatus assigns each of non-assigned sub-chan-
nels to one of the users who has a right of selecting the
non-assigned sub-channels according to the scheduling
rule until a number of the sub-channels assigned to all of
the users meets a summation of the preset assigned sub-
channel numbers of all of the users; and next, the sub-
channel resource allocation 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 scheduling rule until all the non-as-
signed sub-channels are 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 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.

9. 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.

10. The resource allocation apparatus as claim 6 further
comprising:

apower resource allocation apparatus, for allocating power

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

11. 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.

12. 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
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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.

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 comprising:

(a) assigning, by a device, a plurality of preset assigned

sub-channel numbers assigned to the users according to
a plurality of capacity ratio constraints, wherein the
capacity ratio constraints are computed according to a
number of the users, whether an n-th sub-channel is
occupied by a k-th user, and all eigenmodes of the n-th
sub-channel when the n-th sub-channel is assigned to the
k-th user;

(b) the first through x-th sub-channels sequentially and
respectively selecting one of the users according to a
scheduling rule, if a number of the sub-channels
assigned to the user is equal to the preset assigned sub-
channel number thereof, the user exits a competition to
be assigned one of the sub-channels in the step (b),
wherein x is a summation of the preset assigned sub-
channel numbers; and

(c) each of non-assigned sub-channels sequentially select-
ing one of the users according to a scheduling rule,
wherein each of the users is assigned at most one of the
non-assigned sub-channels in the step (c).

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 system, and 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 comprising:

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, wherein the capacity ratio constraints are
computed according to a number of the users, whether
an n-th sub-channel is occupied by a k-th user, and all
eigenmodes of the n-th sub-channel when the n-th sub-
channel is assigned to the k-th user; next, the sub-chan-
nel 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 a
summation of the preset assigned sub-channel numbers;
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and next, the sub-channel resource allocation apparatus
assigns sequentially and respectively non-assigned sub-
channels, which are not the first through x-th sub-chan-
nels, to the users according to a scheduling rule, wherein
each of the users 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
comprising:

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 values of
power of the sub-channels assigned to the same 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
eigenmode 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 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 comprising:

assigning, by a device, a plurality of preset assigned sub-

channel numbers to the plurality of users according a
plurality of capacity ratio constraints, wherein the
capacity ratio constraints are computed according to a
number of the users, whether an n-th sub-channel is
occupied by a k-th user, and all eigenmodes of the n-th
sub-channel when the n-th sub-channel is assigned to the
k-th user; next, the sub-channel resource allocation
apparatus sequentially assigns each of the first through
x-th sub-channels to one of the plurality of users accord-
ing to a scheduling rule, wherein x is a summation of the
preset assigned sub-channel numbers; and next, the sub-
channel resource allocation apparatus assigns sequen-
tially and respectively non-assigned sub-channels,
which are not the first through x-th sub-channels, to the
plurality of users according to a scheduling rule, wherein
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each of the plurality of users is assigned at most one of
the non-assigned sub-channels; and

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

23. 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.

24. 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.

25. 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 comprising:

a sub-channel resource allocation apparatus, for assigning
aplurality of preset assigned sub-channel numbers to the
plurality of users according a plurality of capacity ratio
constraints, wherein the capacity ratio constraints are
computed according to a number of the users, whether
an n-th sub-channel is occupied by a k-th user, and all
eigenmodes of the n-th sub-channel when the n-th sub-
channel is assigned to the k-th user; next, the sub-chan-
nel resource allocation apparatus sequentially assigns
each of the first through x-th sub-channels to one of the
plurality ofusers according to a scheduling rule, wherein
X is a summation of the preset assigned sub-channel
numbers; and next, the sub-channel resource allocation
apparatus assigns sequentially and respectively non-as-
signed sub-channels, which are not the first through x-th
sub-channels, to the plurality of users according to a
scheduling rule, wherein each of the plurality of users is
assigned at most one of the non-assigned sub-channels;
and

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

26. The resource allocation apparatus as claim 25, 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.

27. The resource allocation apparatus as claim 25, wherein
the scheduling rule is Max Sum-Rate rule, each of the sub-
channels is sequentially assigned to one of the users who has
amaximal capacity when each of the sub-channels is sequen-
tially assigned to one of the users according to a scheduling
rule.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,165,076 B2 Page 1of1
APPLICATION NO. : 12/208319

DATED : April 24, 2012

INVENTORC(S) : Wang et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the title page of the patent grant, item (54) and in the specification, col. 1, line 1, Title of the
Invention

“RESOURCE ALLOCATION METHOD FOR MULTI-USERS MULTIPLE INPUT MULTIPLE
OUTPUT ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING SYSTEM AND
APPARAUS THEREOQOF should be corrected to --RESOURCE ALLOCATION METHOD FOR
MULTI-USERS MULTIPLE INPUT MULTIPLE OUTPUT ORTHOGONAL FREQUENCY
DIVISION MULTIPLEXING SYSTEM AND APPARATUS THEREOF--,

On the title page of the patent grant, the item (73) Assignee’s Name, should read

Industrial Technology Research Institute, Hsinchu (TW)
National Chiao Tung University, Hsinchu (TW)

Signed and Sealed this
Eleventh Day of June, 2013

Teresa Stanek Rea
Acting Director of the United States Patent and Trademark Office



