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Description

METHOD FOR MODE ADAPTATION IN MIMO SYSTEM

Technical Field

The present invention relates to a feedback method for performing a feedback by
using a codebook in Multi-Input Multi-Output (MIMO) system, and more particularly
to a method for reducing an amount of uplink feedback information.

Background Art

Closed-loop MIMO (CL-MIMO) systems, which are adaptively operated according
to a channel condition of a user, among all MIMO systems based on a multi-antenna
can greatly improve a performance or throughput of an overall system.

The closed-loop MIMO systems can be classified into a codebook based precoding
system for reporting a precoding matrix index (PMI) and an analog feedback based
precoding system for reporting a channel. The codebook based precoding system and
the analog feedback based precoding system may have the following advantages and
disadvantages.

The codebook based precoding system requires a small amount of feedback in-
formation, has a small number of channel quality indicator or information (CQI)
mismatches, and reduces a flashlight effect according to codeword restriction. At this
time, the CQI may be measured in either a midamble or common pilots on the basis of
complete comprehension of both a precoder and an interferer.

The codebook based precoding system has the following disadvantages. In more
detail, the codebook based precoding system has a large number of quantization errors
and a low beamforming gain. In order to implement the above-mentioned codebook
based precoding system, an appropriate codebook design is needed.

The analog feedback based precoding system reduces the number of quantization
errors and acquires a high beamforming gain. On the other hand, the analog feedback
based precoding system requires an excessive amount of either feedback information
or feedback errors, has a large number of CQI mismatches, and generates the flashlight
effect. Specifically, if the analog feedback based precoding is used for a multi-user
MIMO system, the CQI can be measured in only dedicated pilots. Also, provided that
the analog feedback based precoding system does not recognize the interfering
precoder, the mobile station is unable to measure the CQI. In order to implement the
analog feedback based precoding system, a sounding channel is needed.

Therefore, the codebook based precoding system has the above-mentioned ad-
vantages, such that it has been widely used for a 3GPP LTE system, a WiMAX system,
and a 2GPP2 Ultra Mobile Broadband (UMB) system.
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The MIMO systems are classified into a single user MIMO (SU-MIMO) system and
a multi-user MIMO (MU-MIMO) system according to methods for allocating the
spatial resources.

FIGS. 1 and 2 illustrate block diagrams illustrating transmission structures when data
is transferred at two or more spatial multiplexing rates.

FIG. 1 shows a case in which a vertical encoding (or a single codeword (SCW)) are
used. FIG. 2 shows another case in which horizontal encoding (or a multi-codeword
(MCW)) are used.

The SU-MIMO system allocates all of the spatial resources to only one mobile
station (MS). When the SU-MIMO system is operated under a closed-loop MIMO
scheme, each mobile station (MS) selects a preferred rank (i.e., a spatial multiplexing
rate), and reports the preferred rank, a precoding matrix index (PMI) and a channel
quality information (CQI) which are suitable for the selected rank. A base station (BS)
allocates only one mobile station (MS) to a resource (i.e., time and frequency) using
such feedback information. In this case, the spatial resources are all used by the mobile
station (MS). Here, the SCW or MCW may be used as the transmission structure.

The MU-MIMO system is used to allocate spatial resources to a few mobile stations.
When the MU-MIMO system is operated under the CL-MIMO scheme, each mobile
station (MS) transmits the CQI and the PMI according to MU-MIMO conditions. In
this case, the MU-MIMO conditions are a precoding matrix set, MU-MIMO types
(PU2RC, ZF-BF, ...), and the like. The base station (BS) selects mobile stations (MSs)
satisfying a specific condition using the received information, and allocates the
selected mobile stations to a resource (i.e., time and frequency). Here, the transmission
structure is set to the MCW.

Generally, if the number of users is small, the SU-MIMO system has a good
throughput superior to that of the MU-MIMO system. If the number of users is large,
the MU-MIMO system has a good throughput superior to that of the SU-MIMO
system. When several users are paired with each other in the MU-MIMO system, if or-
thogonal pairs of users are found, the throughput of the MU-MIMO system becomes
better. The larger the number of users, the higher the probability of generating the or-
thogonal pairs.

FIG. 3 is a graph showing a comparison of throughput between the SU-MIMO
system and the MU-MIMO system.

In FIG. 3, if about 5 or more people are in a cell, the MU-MIMO system has a good
throughput superior to that of the SU-MIMO system. This specific point is called an
SU-MU switching point. This switching point may occur at different positions
according to a channel status, a user status and the like.

In more detail, a throughput of an optimum system must follow envelopes of the SU-
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MIMO throughput and the MU-MIMO throughput. For this operation, the mobile
station (MS) must carry out not only a feedback operation suitable for the SU-MIMO
system but also another feedback operation suitable for the MU-MIMO system. As a

result, an amount of feedback overhead unavoidably increases.
Generally, a codebook structure is pre-decided. Specifically, in case of the MU-

MIMO mode, if the number of users is not very large, a codebook size must be small
such that a pairing gain arises. Therefore, the codebook size for the MU-MIMO mode
has generally been designed to be smaller than that of the SU-MIMO mode, such that a

beamforming gain decreases.
Disclosure of Invention

Technical Problem

Accordingly, the present invention is directed to a feedback method for performing a
feedback by using a codebook in MIMO system that substantially obviates one or more
problems due to limitations and disadvantages of the related art.

Technical Solution

An object of the present invention is to provide a feedback method for maximizing a
system throughput simultaneously while effectively reducing an amount of feedback
information.

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

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, there is provided a mode
adaptation method for performing mode switching between a single-user MIMO
(SU-MIMO) mode and a multi-user MIMO (MU-MIMO) mode includes reporting, by
a base station, a MIMO feedback mode to a mobile station; receiving a feedback in-
formation determined on the basis of the MIMO feedback mode from the mobile
station; and determining a MIMO feedback mode based on the feedback information.
The MIMO feedback mode indicates whether it is single-user MIMO or multi-user
MIMO and includes a number of mobile stations (MSs) transferred at one time.

The MIMO feedback mode may be one of a single-user MIMO (SU-MIMO) mode, a
multi user MIMO (MU-MIMO) mode 2 supporting two mobile stations, a MU-MIMO
mode 3 supporting three mobile stations and a MU-MIMO mode 4 supporting four

mobile stations.
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The feedback information may include at least one of CQI, PMI, and Rank.
In another aspect of the present invention, there is provided a mode adaptation

method for performing mode switching between a single-user MIMO (SU-MIMO)
mode and a multi-user MIMO (MU-MIMO) mode, the method including: receiving, by
a mobile station, a MIMO feedback mode from a base station; transmitting a feedback
information determined on the basis of the MIMO feedback mode to the base station;
and receiving a MIMO feedback mode determined based on the feedback information
from the base station. The MIMO feedback mode indicates whether it is single-user
MIMO or multi-user MIMO and includes a number of mobile stations (MSs)
transferred at one time.

The MIMO feedback mode may be one of a single-user MIMO (SU-MIMO) mode, a
multi user MIMO (MU-MIMO) mode 2 supporting two mobile stations, a MU-MIMO
mode 3 supporting three mobile stations and a MU-MIMO mode 4 supporting four
mobile stations.

The feedback information may include at least one of CQI, PMI, and Rank.

It is to be understood that both the foregoing general description and the following
detailed description of the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as claimed.

Advantageous Effects

The present invention provides a method for reducing an amount of uplink feedback
information using a mode adaptation method of the MIMO system. This method can be
applied to a base station, a mobile station and the like of the IEEE 802.16m system. So,
the present invention can maximize a system throughput simultaneously while ef-
fectively reducing an amount of feedback information.

Brief Description of Drawings

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

FIGS. 1 and 2 illustrate block diagrams illustrating transmission structures when data
is transferred at two or more spatial multiplexing rates;

FIG. 3 is a graph showing a comparison of throughput between an SU-MIMO and an
MU-MIMO;

FIG. 4 is a flow chart illustrating a method for reducing an amount of feedback in-
formation using a mode adaptation method according to one embodiment of the
present invention;

FIG. 5 shows a method for transferring information of a preferred mode, instead of a
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CQI and PMI of a current mode, over a feedback channel at intervals of a specific
period;

FIG. 6 shows a method for periodically transferring information of a preferred mode
over an additional feedback channel;

FIG. 7 shows an exemplary case for transferring rank information instead of
preferred mode information;

FIG. 8 shows a method for requesting a feedback of a specific mode by a base station
(BS) and performing the feedback of the requested mode by a mobile station (MS); and

FIG. 9 is a graph illustrating a throughput of a mode adaptation method according to

the present invention.

Mode for the Invention

Reference will now be made in detail to the preferred embodiments of the present
invention, examples of which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to
the same or like parts. The following embodiments of the present invention may be
modified into various formats, and the scope of the present invention is not limited to
only the following embodiments and can also be applied to other examples.

FIG. 4 is a flow chart illustrating a method for reducing an amount of feedback in-
formation using a mode adaptation method according to the present invention.

In FIG. 4, [ is the number of mobile stations (MSs) transferred at one time under a
specific mode (1), and M is the number of mobile stations (MSs) transferred at one time
under another mode (M).

The mode may be indicated from the base station (BS). The mode may be set to the
mode M which is transferred through a downlink control channel such as an IEEE
802.16e's MAP or a submap.

vimay be calculated by the mobile station, and may be a capacity or throughput as a
metric of the /-th mode. In this case, it is assumed that [* y,and M * vy, are called
throughput metrics. C,; is a metric calculated by the base station on the basis of a
feedback of the mobile station. For example, C; may be a sum average capacity (SAC)
or a sum average throughput (SAT), etc.

is a threshold value for a feedback. If a specific condition

[y,

M-y,

>

is provided, the mobile station reporting the /-th mode s feedback. may be a value
indicated by the base station, a predetermined value, or another value arbitrarily
decided by each mobile station.

In FIG. 4, the mobile station determines whether a ratio of a throughput metric of a
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current mode (M) to a throughput metric of another mode (1) to which a MIMO mode
will be switched is higher than a threshold value at step 410. In this case, if the above
ratio is higher than the threshold value, the mobile station reports information of the
mode (1) to which the MIMO modewill be switched, to the base station.

Next, the base station having received feedback information calculates the sum
average throughput metric of the mode (1) using feedback information at step 420, and
determines whether the calculated sum average throughput metric is higher than a
mode switching threshold value at step 430. FIG. 4 exemplarily shows a sum average
throughput metric of a current mode (M) as the mode switching threshold value.

If the sum average threshold metric of the mode (1) is higher than the mode switching
threshold value at step 430, the MIMO mode is changed to the mode (1), and the
changed MIMO mode, i.e., the mode (1) is notified to the mobile station at step 440. At
this time, if the threshold value is changed, information of the changed threshold value
is also notified to the mobile station.

In the meantime, if the sum average throughput metric of the mode (1) is equal to or
less than the mode switching threshold value, only information of the threshold value,
may be notified to the mobile station at step 450.

Each mobile station may report mode information, a mode index, a CQI and/or a
PMI and the like to the base station in various ways.

FIG. 5 shows a method for transferring information of a preferred mode, instead of a
CQI and PMI of a current mode, through a feedback channel at intervals of a specific
period through a feedback channel.

Particularly, if an amount of information of the preferred mode is larger than a
capacity of a feedback channel, this preferred mode information may be divisionally
transferred several times through the feedback channel. For some examples, the
following cases will be described in detail.

Provided that mode indication information is transferred at intervals of four periods,
the mobile station transmits feedback information (CQI and/or PMI) of the mode M in-
dicating a current mode at the time indexes 0, 1 and 2 the feedback channel. If another
mode (mode 1) does not satisfy

/-

M ‘},7///,\'/ o

at the time index 3 of the feedback channel, the mode M is fed back as a preferred
mode by the mobile station, and feedback information (CQI and/or PMI) of the mode
M being the current mode is then transferred from the mobile station to the base
station. If the mode 1 satisfies

[y,
M-y,

>
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at the time index 7 of the feedback channel indicating a mode feedback period,
feedback information (CQI and/or PMI) of the mode 1 is transferred to the base station
at the time index 8 of the feedback channel. Thereafter, feedback information (CQI
and/or PMI) of the mode M indicating the current mode is transferred to the base
station. If the current mode M is changed to the mode 1 at the time index 10 of the
feedback channel, the mobile station transmits feedback information (CQI and/or PMI)
of the mode 1 to the base station.

FIG. 6 shows a method for periodically transferring information of a preferred mode
through an additional feedback channel.

Referring to FIG. 6, MS reports the CQI and/or PMI of the current mode (mode M)
via feedback channel 1, and MS reports feedback information of another mode via
feedback channel 2. For example, if another mode (mode 1) does not satisfy

[y,

M-y,

>

at a time index O of the feedback channel 2 (denoted by feedback channel (2) time
index 0 in FIG. 6) so that the current mode is considered to be an optimum mode, the
mobile station reports the mode M as a preferred mode to the base station. If the mode
1 satisfies

/-
M ’];1\,1 m

at a time index 1 of the feedback channel 2 (denoted by feedback channel (2) time
index 1), the mobile station reports that the mode 1 is preferred, and then reports the
CQI and/or PMI of the mode 1 at a time index 2 of the feedback channel 2 (denoted by
feedback channel (2) time index 2). In this case, the mobile station may report a
preferred mode instead of reporting the CQI and/or PMI of the mode 1 at the time index
2 of the feedback channel 2, and may also transmit the CQI and/or PMI of the mode 1
through another channel.

If another mode satisfies

[y

M-y,

>

according to an event trigger scheme, the following two methods may be used.

According to a first method, a mobile station requests an additional feedback channel
from a base station, and transmits the CQI and/or PMI of the mode 1 through a
feedback channel allocated by the base station. According to a second method, if a
mobile station has data to be transferred to an uplink, it attaches the CQI and/or PMI of
the mode (1) to the channel of the data, and transmits the attached result to the uplink.

FIG. 7 shows an exemplary case for transferring rank information instead of
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preferred mode information.

If a current mode is set to the SU-MIMO mode, the mobile station may transmit rank
information instead of the CQI and/or PMI of the mode M (SU-MIMO).

If the SU-MIMO rank adaptation period (i.e., a period for selecting a preferred rank
by the mobile station) is set to 4, the mobile station transfers its own preferred rank at
intervals of four time indexes of feedback channel (1). At this time, if the preferred
rank is changed to another rank e.g., rank 2 in Fig. 7, the mobile station transmits the
CQI and/or PMI suitable for the changed rank via additional feedback channel, e.g.,
feedback channel (2). Meanwhile, the CQI and/or PMI suitable for the changed rank
may be transmitted via the feedback channel (1) through which the information of the
changed rank is transmitted at a period when the information of the changed rank is
transmitted without allocating an additional feedback channel for the CQI and/or PMI.

In this case, the base station may allocate an additional feedback channel for the rank
information.

FIG. 8 shows a method for requesting a feedback of a specific mode by a base station
(BS) and performing the feedback of the requested mode by a mobile station (MS).

Referring to FIG. 8, the base station may request a feedback of the mode (1) from the
mobile station. In other words, under the condition that the current mode is the mode
(M) and some mobile stations perform a feedback of information of the mode (1), if the
base station requires more information of the mode (1), it may ask the mobile station to
feed back the information of the mode (1). In this case, a feedback may be performed
as follows. In more detail, the mobile station reports information of a corresponding
mode only once or a predetermined number of times requested by the base station, and
then reports information of a current mode. Specifically, if an amount of information
of the requested mode is larger than a capacity of a current feedback channel, this
requested mode information may be divisionally transferred several times through the
feedback channel. In the meantime, if the base station asks the mobile station to
perform a feedback of information of another mode using the event trigger scheme, the
following methods may be used. According to a first method, the base station allocates
a new feedback channel, and transmits the CQI and/or PMI of the requested mode
through this newly-allocated feedback channel (i.e., an additional feedback channel).
According to a second method, if the mobile station has data to be transferred to an
uplink, it attaches the CQI and/or PMI of the requested mode to a channel of the data,
and transmits the attached result to the uplink.

As described above, if a user is located at a cell edge (hereinafter referred to as a cell-
edge user), the user may be operated using the SU-MIMO scheme or another MIMO
scheme (e.g., a collaborative MIMO scheme) regardless of a mode of the cell. In this

case, the feedback may also be adjusted to the corresponding scheme. Specifically, in
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case of using a fractional frequency reuse (FFR) method, the FFR method allocates a
specific frequency band to a cell edge, reports only the specific frequency band (the
corresponding FFR band) according to the SU-MIMO scheme or the collaborative
MIMO scheme, and may also report the remaining bands using a mode applied to a
current cell in the same manner as in the above-mentioned description.

In the meantime, some codebook elements are extracted from the SU-MIMO
codebook set on the condition that a codebook is limited, such that the MU-MIMO
codebook may be constructed.

In association with the MU-MIMO codebook, it is assumed that the number of
transmission (Tx) antennas is set to N..

At this time, the mode may include the SU-MIMO mode, an MU-MIMO mode
having a rank 2, an MU-MIMO mode having a rank 3, ..., an MU-MIMO mode having
arank N, etc. A precoding matrix set of each mode can be represented by the
following equation 1.

[Equation 1]

SU-MIMO

rankl : Sy = {{viii}, {Viga}, {Vikia}}

rank2 : So = {{va11, Va2 ), { Voo, Vazo ), {Vakes Vaxoo} )

rank Nt : Sy = {{VNt,l,l, ey VNt,l,Nt,}, {VNt,z,l, ey VNt,z,Nt}---, {VNt,K,l, ceey VNt,KNt,Nt}}
MU-MIMO with rank2 : M, = {{P2,1,1, P2,1,2}a {P2,2,1, P2,2,2}---a {Pz,Kz',h Pz,Kz',z}}

MU-MIMO with rankNt : My, = {{Pxt.1.15 «+->PNCING }» {PN2.15 +oes PNC2NE}eees L PNUK D5 oo P
nexnend }

In Equation 1, K# is a codebook size of the SU-MIMO rank #, and K#'is a codebook
size of the MU-MIMO rank #. K# and K#' may be different from each other as
necessary.

In this case, the base station may inform the mobile station of the K# and K#' values
and constituent entities. If the base station informs the mobile station of only the K#
and K#' values, it may use a specific codebook set predetermined for the K# or
K#'value.

A codebook of the feedback MU-MIMO can be constructed as follows according to
the following two MU-MIMO transmission methods.

The MU-MIMO codebook performing a feedback using the following two methods
according to MU-MIMO transmission methods, may be configured.

According to a first method, if a codebook being reporting is different from a
codebook transferred from the base station, the MU-MIMO codebook for a feedback

toward an uplink may include codebook elements of a rank 1. The base station may use
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and combine feedback information, such that it may configure another-format
precoder. In this case, the rank 1 codebook elements may be a subset of the SU-MIMO
rank (1) codebook.

According to a second method, if a feedback codebook is equal to another codebook
transferred from the base station, the MU-MIMO codebook for a feedback toward the
uplink can be operated as follows. In the MU-MIMO of the rank 2 (denoted by "MU-
MIMO with rank 2"), a codebook includes codebook elements of the rank 2. In the
MU-MIMO of the rank 3 (denoted by "MU-MIMO with rank 3"), a codebook includes
codebook elements of the rank 3.

In this case, a precoding matrix set for each mode can be represented by the
following equation 2.

[Equation 2]

SU-MIMO

rankl : Sy = {{vii}, {viza} oo {Vikia}}

rank? : Sz = {{Vz,l,l, V2,1,2}, {V2,2,1, V2,2,2}---a {V2,K2,1’ V2,K2,2}}

rank Nt : Sxe = {{Vnuis oo VLN {VNEZD> coes VNN cos LVNEKLD ooes VNGRNENE) )
MU-MIMO with rank?2 : Mz = {{Vz,kI,I, Vo, k1,2}7 {Vz,kz,l, V2,k2,2}---}

MU-MIMO with rankNt : MNt = {{ Vxik1.15 -oe» YNKIN}s £ VNGK2.15 oees VNEK2NG f ooe

In other words, the MU-MIMO codebook may extract some constituent elements
from the SU-MIMO codebook of the same rank.

The base station changes the number of codebook elements constructing the MU-
MIMO and their constituent entities to others, and may inform the mobile station of
both the changed number of codebook elements and the changed constituent entities.
For example, in case of a codebook entry, the base station may extract the codebook
entry on the basis of SU-MIMO feedback information received from the mobile
station, and may broadcast the constructed codebook set to the mobile station. In this
case, K# may be predetermined for each rank, or may be indicated to the mobile
station. The constructed codebook includes some parts of preferred codebook indexes
of each mobile station. So, although the MU-MIMO system uses a small-sized
codebook set, it can acquire a higher beamforming gain.

Specific constituent elements of the SU-MIMO codebook may not be used due to a
request from another cell or other reasons. For example, if another cell mobile station
reports that a specific codebook element (e.g., vix,) influences greatly due to in-
terference, this constituent element may not be used. In addition, if a * v,y is
contained in a codebook of a higher rank, this codebook element may not be also used.

The MU-MIMO operations based on the above-mentioned codebook are as follows.
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[95]

[96]

[97]

[98]

[99]

[100]

First, if the rank of the MU-MIMO codebook is equal to a transmission rank, i.e., if
the MU-MIMO codebook of the rank 2 is configured in the form of

Nt x 2

matrix, the mobile station calculates the CQI using a reception algorithm for each
codebook element, and feeds back its own preferred precoding matrix index (PMI), a
stream index, a CQI, etc. The base station performs pairing of mobile stations, and
applies a corresponding codebook to the paired mobile stations.

Next, if the codebook rank of the MU-MIMO for a feedback toward an uplink is set
to 1, i.e., if the MU-MIMO codebook is configured in the form of an

Nt x 1

matrix, the mobile station calculates the CQI on the assumption of a single rank
transmission (rank1 transmission) for each codebook element, and reports a precoding
matrix/vector index, and the CQI. Otherwise, provided that orthogonal or almost-
orthogonal codebook elements of individual codebook elements are paired with each
other, the mobile station calculates the CQI using a reception algorithm implemented
by the MU-MIMO mode. The precoding matrix/vector index and the CQI are reported
from the mobile station.

The base station performs pairing of mobile stations using such feedback in-
formation, modifies the CQI as necessary, and then selects an MCS level. The base
station modifies a precoding matrix according to a selected MU-MIMO algorithm
(e.g., ZF-BF, PU2RC, or SDMA), and transmits the modified precoding matrix to each
mobile station.

FIG. 9 is a graph illustrating a throughput of a mode adaptation method (SU-MIMO
or MU-MIMO) according to the present invention.

As can be seen from FIG. 9, it can be readily recognized that a throughput graph of
the mode adaptation method according to one embodiment of the present invention
closely follows envelopes indicating optimum throughputs of the SU-MIMO and the
MU-MIMO.

Although the present invention has been disclosed by referring to the above-
mentioned embodiments, it should be noted that the aforementioned embodiments
have been disclosed for only illustrative purposes, and those skilled in the art will ap-
preciate that various modifications, additions and substitutions are possible, without
departing from the scope and spirit of the invention as disclosed in the accompanying
claims. Thus, it is intended that the present invention covers the modifications and
variations of this invention provided they come within the scope of the appended

claims and their equivalents.
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Industrial Applicability
[101] The present invention relates to a mode adaptation method for a Multi-Input Multi-
Output (MIMO) system, and more particularly to a method for reducing an amount of

uplink feedback information.
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Claims

A mode adaptation method for performing mode switching between a single-user
MIMO (SU-MIMO) mode and a multi-user MIMO (MU-MIMO) mode, the
method comprising:

reporting, by a base station, a MIMO feedback mode to a mobile station;
receiving a feedback information determined on the basis of the MIMO feedback
mode from the mobile station; and determining a MIMO feedback mode based
on the feedback information,

wherein the MIMO feedback mode indicates whether it is single-user MIMO or
multi-user MIMO and includes a number of mobile stations (MSs) transferred at
one time.

The mode adaptation method according to claim 1,

wherein the MIMO feedback mode is one of a single-user MIMO (SU-MIMO)
mode, a multi user MIMO (MU-MIMO) mode 2 supporting two mobile stations,
a MU-MIMO mode 3 supporting three mobile stations and a MU-MIMO mode 4
supporting four mobile stations.

The mode adaptation method according to claim 2,

wherein the feedback information includes at least one of CQI, PMI, and Rank.
A mode adaptation method for performing mode switching between a single-user
MIMO (SU-MIMO) mode and a multi-user MIMO (MU-MIMO) mode, the
method comprising:

receiving, by a mobile station, a MIMO feedback mode from a base station;
transmitting a feedback information determined on the basis of the MIMO
feedback mode to the base station; and

receiving a MIMO feedback mode determined based on the feedback in-
formation from the base station;

wherein the MIMO feedback mode indicates whether it is single-user MIMO or
multi-user MIMO and includes a number of mobile stations (MSs) transferred at
one time.

The mode adaptation method according to claim 4,

wherein the MIMO feedback mode is one of a single-user MIMO (SU-MIMO)
mode, a multi user MIMO (MU-MIMO) mode 2 supporting two mobile stations,
a MU-MIMO mode 3 supporting three mobile stations and a MU-MIMO mode 4
supporting four mobile stations.

The mode adaptation method according to claim 5,

wherein the feedback information includes at least one of CQI, PMI, and Rank.
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