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[DESCRIPTION]

[Invention Titlel
METHOD FOR RETRANSMITTING IN THE MULTI-CARRIERS SYSTEM
[Technical Fieldl
The present invention relates to a multi-carrier
system, and more particularly to a retransmission method

for use in the multi-carrier system.

[Background Artl]

A mobile communication system allows each base
station or Node-B located in a single cell or sector to
communicating with a plurality of user terminals (e.g.,
user equipments) over a wireless channel environment.

In the case of a multi-carrier system or other
systems similar to the multi-carrier system, the: base
station receives packet traffic from a wired Internet
network in the multi-carrier system or other similar
systems, and transmits the received packet traffic to
each terminal using a predetermined communication scheme.

In this case, the base station determines a
downlink scheduling, so that it determines a variety of
information according to the downlink scheduling, for

example, a user terminal which will receive data from the
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base station, a frequency area to be used for data
transmission to the terminal, and timing information
indicating a transmission time of the data to be
transmitted to the terminal.

The base station receives packet traffic from the
user terminal according to a predetermined communication
scheme, and demodulates the received packet traffic, so
that it transmits the réceived packet traffic to the
wired Internet network.

The base station determines an uplink scheduling,
so that it determines a variety of information according
to the uplink scheduling, for example, a user terminal
which will transmit uplink data, a frequency band to be
used for the wuplink data transmission, and timing
information indicating a transmission time of the uplink
data. Generally, a user terminal having a superior or
good channel status is scheduled to transmit/receive data
using more frequency resources during a longer time.

FIG. 1 is a conceptual diagram illustrating a time-
frequency resource block for use in a multi-carrier
system.

Communication resources for use in a multi-carrier
system or other similar systems can be largely divided

into a time area and a frequency area.
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The communication resources can be defined by
resource Dblocks. Each resource block includes N sub-
carriers and/or M sub-frames, and is configured in units
of a predetermined time. In this case, N may be set to
“1”, and M may also be set to “1”.

A single square of FIG. 1 indicates a single
resource block. A single resource block uses several sub-
carriers as a single axis, and uses a unit of a
predetermined time as another axis.

A base station in a downlink selects a user
terminal according to a predetermined scheduling rule,
and allocates one or more resource blocks to the selected
user terminal. The base station transmits data to the
selected wuser terminal wusing the allocated resource
blocks.

According to uplink transmission, the base station
selects the wuser terminal, and allocates one or more
resource blocks to the selected user terminal accérding
to a predetermined scheduling rule.

The user terminal receives scheduling information,
indicating that a predetermined resource block has been
allocated to the wuser terminal itself, from the base
station, and transmits uplink data using the allocated

resource.
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Although data has been transmitted acco:ding to the
scheduling rule, the data may be unexpectedly damaged or
lost during the transmission process. In this case, there
are proposed a variety method for controlling the faulty
Oor erroneous operation, for example, an automatic repeat
request (ARQ) scheme and a hybrid ARQ (HARQ) scheme, etc.
The confirmation of the faulty or erroneous operation
according to the above-mentioned two schemes is operated
in frame units. Data transmitted during the frame unit is
hereinafter referred to as a frame.

The ARQ scheme waits for transmission of the ACK
signal after transmitting a single frame. If a reception
end correctly receives data of the frame, it transmits
the ACK signal. However, if an unexpected error occurs in
the frame, the reception end transmits a negative—-ACK
(NACK) signal, and deletes the received erroneous frame
from its own buffer.

If the transmission end receives the ACK signal, it
transmits the next frame. Otherwise, if the transmission
end receives the NACK signal, it retransmits the frame.

The HARQ scheme allows the reception end to
transmit the NACK signal to the transmission end on the
condition that the received frame cannot be demodulated.

However, differently from the ARQ scheme, the HARQ scheme
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does not delete the pre-received frame from the buffer,
and stores the pre-received frame in the buffer for a
predetermined period of time. Therefore, if the above-
mentioned frame is re-—-transmitted, in the HARQ scheme the
reception end combines the pre-received frame with a re-
transmitted frame, thereby 1t could increase the success
rate of data reception.

In recent time, many users prefer the HARQ scheme
to the basic ARQ scheme.

There are a variety of types of the HARQ scheme.
For example, the HARQ scheme can be classified into a
synchronous HARQ scheme and an asynchronous HARQ scheme.

The synchronous HARQ scheme 1is designed to perform
the next retransmission of data at a timing point
determined by a system if initial transmission of data
fails. For example, if it is assumed that the
retransmission timing point is set to a fourth time unit
after the initial transmission failure occurs, there is
no need to additionally indicate the fourth time unit
because the retransmission timing between the base
station and the user terminal is predetermined.

In other words, if the transmission end of data
receives the NACK signal, it re-transmits the frame every

fourth time unit until receiving the ACK signal.
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In the meantime, the asynchronous HARQ scheme is
performed by the newly-scheduled retransmission timing
and the additional retransmission scheduling information
transmission. In other words, a timing point at which the
previously-failed frame is re-transmitted is variable
with a variety of factors such as a channel status.

The HARQ scheme can be classified into a channel-
adaptive HARQ scheme and a channel-non-adaptive scheme
according to information indicating whether a channel
status 1is reflected in allocation of resources used for
retransmission.

The channel-non-adaptive HARQ scheme enables
resource blocks used for retransmission, and a MCS
(Modulation and Coding Scheme) level defining frame
modulation and coding methods to be operated according to
a specific scheme predetermined by initial transmission.

The channel-adaptive HARQ scheme allows the above-
mentioned resource blocks and the MCS 1level to be
variable with channel status information. |

For example, according to the channel-non-adaptive
HARQ scheme, a transmission end transmits data using
eight resource blocks during the initial transmission,

and then re-transmits the data using the same eight
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resource blocks irrespective of a channel status acquired
by retransmission of the data.

On the other hand, according to the channel-
adaptive HARQ scheme, although data is dinitially
transmitted using 8 resource blocks, the data may also be
re~transmitted wusing eight or less resource blocks or
eight or more resource blocks according to the next
channel status as necessary.

According to the above-mentioned classification,
the HARQ schemes may have four HARQ combinations.
According to unique <characteristics of the above-
mentioned schemes, the most preferred HARQ combinations
of the HARQ schemes are an asynchronous channel-adaptive
HARQ scheme, and a synchronous channel-non-adaptive
scheme.

Generally, the asynchronous channel-adaptive HARQ
scheme adaptively changes a retransmission timing point
and the amount of used resources to others according to a
channel status, so that it can maximize the
retransmission efficiency. However, the above-mentioned
asynchronous channel-adaptive HARQ scheme has a
disadvantage in that it unavoidably increases an amount
of overhead, so that it is not generally considered for

an uplink.
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In the meantime, the asynchronous channel-non-
adaptive HARQ scheme has an advantage in that there is
almost no overhead because the retransmission timing and
the resource allocation for retransmission are
predetermined in a system. However, if the asynchronous
channel-non-adaptive HARQ scheme is used wunder an
excessively-changing channel status, retransmission
efficiency is excessively decreased.

Thefefore, if a wuser terminal 1is capable of
maintaining the channel status in a relatively constant
mode or is incapable of predicting the channel status, it
has difficulty in reflecting the channel status, so that
the synchronous channel-non-adaptive HARQ scheme
irrelevant to the change of the channel status may have
an advantage over the asynchronous channel-non-adaptive

HARQ scheme.

[Disclosurel

[Technical Problem]

The asynchronous channel-adaptive HARQ scheme
adaptively changes the retransmission timing, the amount
of used resources, and the MCS level to othérs according
to the channel status, so that retransmission efficiency

can be maximized whereas the overhead increases.
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Specifically, if the user terminal is located at a
cell edge or has a poor channel situation, it must
retransmit data to successfully receive the data. However,
the overhead problem becomes more serious ' under the
above-mentioned situation. Also, the user terminal must
always receive at least one control signal associated
with a retransmission packet after performing data
retransmission, and must always open the received control
signal, resulting in greater inconvenience of use.

Accordingly, the present invention is directed to a
transmission method for use in a multi-carrier system that
substantially obviates one or more problems due to
limitations and disadvantages of the related art.

An object of the present invention is to provide a
method for more smoothly re-transmitting data.

Another object of the present invention is to
provide a method for reducing an amount of overhead
associated with a control channel required for data
retransmission.

Another object of the present invention is to
provide a method for reducing an amount of retransmission
overhead in a system based on an asynchronous

retransmission scheme.
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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.

[Technical Solution]

The asynchronous channel-adaptive retransmission
scheme has a disadvantage in that it reguires a large
amount of overhead for retransmission. However, the
asynchronous channel-adaptive retransmission scheme is
able to convert the data transmission resource Dblock
and/or the MCS level into data of the better transmission
format according to a variation in channel status or
variation in system data’s load, so that it can properly
cope with the above-mentioned variation in channel status
or system data’s load.

Therefore, considering the advantages of the
asynchronous channel-adaptive retransmission scheme, to

achieve these objects and other advantages and in

10
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accordance with the purpose of the invention, as embodied
and broadly described herein, a retransmission method in an
asynchronous retransmission scheme based multi-carrier
system comprising: transmitting data and scheduling
information including synchronous duration information for
operating a synchronous retransmission scheme, and
retransmitting the data according to the synchronous
retransmission scheme on receiving a retransmission request
associated with the transmitted data, wherein the
synchronous retransmission scheme is able to retransmit the
data at periodic timing points without transmitting
retransmission scheduling information.

A transmission format based on the synchronous
retransmission scheme may be predetermined in the system.
And if the data retransmission 1s required, tHe data may be
retransmitted according to the transmission format
predetermined in the system.

If the data retransmission is required, the data may
be retransmitted according to a ‘transmission format
information included in the transmitted scheduling
information.

The scheduling information may include a user
equipment identifier (UE ID), resource block {RB)

allocation information, paylocad size information, and MCS

11
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(Modulation and Coding Scheme) information.

The synchronous duration information may be
indicative of information corresponding to the number of
retransmission times, a retransmission interval may be
predetermined, so that a total synchronous duration can be
recognized on the basis of the transmitted synchronous
duration information and the predetermined retransmission
interval.

In another aspect of the present invention, there is
provided a retransmission method in an asynchronous
retransmission scheme based multi-carrier system
comprising: transmitting data and scheduling information
including synchronous duration information for operating a
synchronous retransmission scheme, which is able to
retransmit the data without transmitting retransmission
scheduling information, receiving a retransmission request
signal of the data, and retransmitting the data using a
resource block at a timing based on the synchronous
retransmission scheme.

The synchronous duration information may be
indicative of information corresponding to the number of
retransmission times (nl), a retransmission interval may be
predetermined, so that a total synchronous duration can be

recognized on the basis of the transmitted synchronous

12
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duration information and the predetermined retransmission
interval.

If the data is successfully received by
retransmission actions of less than the retransmission
times (nl), the method may further comprise rescheduling a
reserved resource Dblock at the remaining retransmission
timing points.

And the step of rescheduling may be operated for at
least one of a new user and new data of the same user.

If the data is unsuccessfully received although data
retransmission is operated by the retransmission times (nl),
the method may further comprise transmitting scheduling
information based on one of the asynchronous retransmission
scheme and the synchronous retransmission scheme.

If the scheduling information is based the
synchronous retransmission scheme, the scheduling
information may include synchronous duration information
for operating the synchronous retransmission scheme.

If a value of the synchronous duration information
is set to “0”, it may be indicated that the synchronous
retransmission scheme is not operated.

If a value of the synchronous duration information
is set to n2 (where n2 = 1), the method may further

comprise performing retransmission actions by n2 times to

13



10

15

20

WO 2008/041822 PCT/KR2007/004829

the maximum according to the synchronous retransmission
scheme.

The synchronous duration information may be
indicative of information corresponding to the number of
retransmission times and a maximum number of the
retransmission times for the data may be set in the system.

In yet another aspect of the present invention,
there is provided a retransmission method in an
asynchronous retransmission scheme based multi-carrier
system comprising: receiving data and scheduling
information including synchronous duration information for
operating a synchronous retransmission scheme, transmitting
a retransmission request' of the data, and receiving
retransmitted data according to the synchronous
retransmission scheme, wherein the synchronous
retransmission scheme is able to receive the retransmitted
the data at periodic timing points without receiving

retransmission scheduling information.

A transmission format based on the synchronous
retransmission scheme may be predetermined in a system.

The synchronous duration information may be
indicative of information corresponding fo the number of

retransmission times, a retransmission interval may be

14
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predetermined, so that a total synchronous duration can be
recognized on the basis of the received synchronous
duration information and the predetermined retransmission
interval.

The following embodiments will be applied to the
exemplary case in which data of downlink transmission is
retransmitted in a communication system. However, the
technical scope of the present invention is not limited to
the above-mentioned downlink retransmission, and can also
be applied to a variety of cases according to
characteristics of the communication system.

It 1is to be wunderstood 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]

If the asynchronous retransmission scheme is
generally wused in the uplink or downlink, the present
invention can greatly reduce the amount of overhead of a
control channel. Therefore, data communication between the
base station and the user terminal can be more effectively

operated.

18
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[Description of Drawings]

The accompanying drawings, which are included to
provide a further understanding of the invention,
illustrate embodiments of the invention and together with

5 the description serve to explain the principle of the
invention.

In the drawings:

FIG. 1 is a conceptual diagram illustrating a time-
frequency resource block;

10 FIG. 2 1is a conceptual diagram illustrating a
retransmission method for use in a multi-carrier -system
according to an embodiment of the present invention;

FIG. 3 1is a conceptual diagram illustrating a
retransmission method for use in a multi-carrier system

16 according to an embodiment of the present invention;

FIG. 4 1is a conceptual diagram illustrating a
retransmission method for use in a multi-carrier system
according to another embodiment of the present invention;

FIG. 5 1s a conceptual diagram illustrating a

20 retransmission method for use in a multi-carrier system
according to yet another embodiment of the present
invention; and

FIG. 6 1s a conceptual diagram illustrating a

16
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retransmission method for use in a multi-carrier system
according to yet another embodiment of the present

invention.

[Best Model

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.

Prior to describing the present invention, it should
be noted that most terms disclosed in the present invention
correspond to general terms well known in the art, but some
terms have been selected by the applicant as necessary and
will hereinafter be disclosed in the following description
of the present invention. Therefore, it is preferable that
the terms defined by the applicant be understood on the
basis of their meanings in the present invention.

It should be noted that the following embodiments
will apply the scope or effect of the present invention to
downlink transmission. For the convenience of description
and better understanding of the present invention, it is

assumed that a retransmission scheme for above~mentioned

downlink transmission is set to an asynchronous channel-

17
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adaptive HARQ scheme.

FIG. 2 1s a conceptual diagram illustrating the
retransmission method for use in a multi-carrier system
according to an embodiment of the present invention. The
downlink transmission according to the present invention
is designed to combine the asynchronous retransmission
method and the synchronous retransmission method.

Referring to FIG. 2, if there are a plurality of
data units to be downlink-transmitted to several
terminals, a base station selects a specific terminal
(also called a user equipment (UE)) which will receive
downlink transmission data for every transmission unit.
In this case the base station can select the UE according
to predetermined priority metric information.

The terminals report information of a downlink
channel quality indicator (CQI) to the base station in an
uplink direction.

The base station recognizes a channels status of
each terminal using the CQI information received from the
terminals, and selects terminals which will receilve
downlink data within each frequency band for each
transmission unit.

The base station transmits downlink data to the

selected terminal wvia the selected frequency band.

18
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According to the downlink transmission of data, the base
station transmits not only the data but also a control
signal associated with scheduling information to the
corresponding terminal via a frequency band of a
predetermined control channel of the corresponding
terminal.

If the base station transmits data to the terminal,
it transmits transmission timing information and resource
information of the data transmission, so that it enables
the terminal receiving the transmission data.

In the case of an initial transmission or a
retransmission based on an asynchronous retransmission
scheme, the terminal is wunable to recognize a data
transmission time at which the base station transmits
data to the terminal, so that the base station transmits
not only the data Dbut also scheduling information
required for receiving the aforementioned data to the
terminal.

In this case, the scheduling information includes a
user equipment identifier (UE ib), RB allocation
information, and transmission data information (i.e.,
payload). If reguired, the scheduling information may
further include IR version information associated with

the number of retransmission times, HARQ process index

19
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information indicating which one of HARQ processes 1is
used, and a new data indicator capablg of distinguishing
between initial transmission data and retransmission data.

This embodiment includes specific information in
the scheduling information. This specific information
indicates which one of the asynchronous retransmission
scheme and the synchronous retransmission scheme will be
used. The following description will disclose a specific
case in which data is transmitted from the base station
to the user terminal.

The scheduling information may further include
specific information indicating which one of the
synchronous retransmission scheme and the asynchronous
retransmission scheme will be used.

In other words, if the base station decides to
perform <the asynchronous retransmission of data, it
transmits information indicating the decision result to
the user terminal, and transmits not only the scheduling
informatiqn but also the data to the user terminal during
the next retransmission, S0 that the asynchronous
retransmission of data is implemented.

If the base station decides to perform the
synchronous retransmission of data, it transmits

information indicating the decision result to the user

20
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terminal, and retransmits the data using the synchronous
retransmission scheme capable of transmitting only the
data without including the scheduling information.

An example of the above-mentioned specific
information, indicating which one of the synchronous
retransmission scheme and the asynchronous retransmission
scheme will be wused, may be set to retransmission
duration information.

In other words, in order to distinguish between the
synchronous retransmission scheme and the asynchronous
retransmission scheme, information of the synchronous
duration (SD) may be changed to another. Namely, a
synchronous duration (SD) field may be added to a field'
of a control message associated with the scheduling. For
the convenience of description, the above-mentioned
synchronous duration field is referred to as an SD field.

If the synchronous retransmission 1is operated by
the SD field, a specific synchronous retransmission
interval for the next retransmission after a previous
transmission duration must be predetermined by the system.
If this field is set to “0”, not only the data to be
retransmitted by the retransmission scheduling but also
the scheduling information are ¢transmitted according to

the asynchronous retransmission method.
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If the 8D field wvalue 1s set to another. value
higher than the value of N0, the synchronous
retransmission of data is operated without transmitting
additional scheduling information, for a synchronous
duration determined according to the SD field setup value.

An exemplary setup value of the SD field may be the
number of retransmission times. In more detail, 1in the
case of using the asynchronous retransmission method, if
a synchronous retransmission interval is predetermined to
define the retransmission timing, and information
indicating the number of synchronous retransmission times
of data transmitted via the SD field is transmitted, the
SD can be defined.

Referring to FIG. 2, the base station transmits
scheduling information including the SD field of “0” and
data to the user terminal, as denoted by TTI=0.

Upon receiving the scheduling information and the
data from the base station, the user terminal transmits
the NACK signal capable of requesting data retransmission
to the base station. Since the SD field value is set to
“o” in the scheduling information, the next
retransmission is operated according to the asynchronous
retransmission method. The base station retransmits the

scheduling information and the data, as denoted by TTI=3.
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The user terminal receiving the above-mentioned
retransmission data transmits the ACK signal to the base
station, so that the above-mentioned data transmission is
completed and the base station transmits new data to the
user terminal.

In this case, the base station sets the SD field
value to “2” to perform the synchronous retransmission,
as denoted by TTI=8. The user terminal receiving both the
scheduling information and the data can recognize that
the next two retransmission actions will be synchronously
operated by referring to the above-mentioned scheduling
information.

Provided that the synchronous retransmission
interval is preset to “4 TTIs”, the above-mentioned user
terminal can recognize that the retransmission action
could be operated at timing points TTI=12 and TTI=16.

In other words, if the user terminal retransmits
the NACK signal to request data retransmission, the Dbase
station performs the data retransmission at the
aforementioned predetermined timing points. In this case,
since the user terminal has previously recognized the
retransmission timing information and the <transmission
resources although there is no scheduling information

associated with the retransmission, the base station need
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not transmit the scheduling information. Namely, the
synchronous retransmission of data is operated, as
denoted by TTI=12.

If the user terminal transmits the NACK signal to
the base station in order to request more retransmission
of the above-mentioned retransmission data, data other
than the scheduling information is retransmitted at the
above-mentioned predetermined timing points, as denoted
by TTI=16.

It can be considered that the retransmission from
the timing point TTI=0 to the timing point TTI=7 has been
operated according to the asynchronous retransmission
scheme. It can be considered that the retransmission from
the timing point TTI=8 to the timing point TTI=16 has
been operated according to the synchronous retransmission
scheme. By the SD information transmission, the -both
retransmission schemes can be flexibly used together.

FIG. 3 is a conceptual diagram illustrating a
retransmission method for use in a multi-carrier system
according to an embodiment of the present invention.

A detailed description of the asynchronous
retransmission duration operated according to the
asynchronous retransmission scheme shown in FIG. 2 will

be disclosed with reference to FIG. 3.
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Referring to FIG. 3, the base station selects a
user terminal which will transmit data in a downlink
direction, and transmits the data to the selected user
terminal, as denoted by 7TTI=0. In this case, the base
station can also transmit the downlink scheduling
information simultaneously while transmitting the above-
mentioned data.

The scheduling information includes the above-
mentioned SD field. If the SD field value indicates the
number of retransmission times, information corresponding
to the value of 0 1s inserted in the above-mentioned
scheduling information. Namely, information, indicating
that the asynchronous retransmission scheme will be used,
is transmitted to the user terminal via the SD field.

The above-mentioned scheduling information includes
UE ID information, RB allocation information, and payload
information, etc., as previously stated above.

If required, the scheduling information may further
include IR version information associated with the number
of retransmission times, HARQ process index information,
and a new data indicator capable of distinguishing
between initial transmission data and retransmission data.

If the user terminal receives the scheduling

information and the data, it may transmit the ACK or NACK
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signal to the base station according to the transmission
success or transmission failure of reception (Rx) data.

If the base station receives the ACK signal, it
does not perform the retransmission, and allocates
transmission resources to either new data of the UE or a
new UE, so that it transmits the new data.

If the base station receives the NACK signal, it
retransmits the data, having been transmitted to the user
terminal, to the user terminal, as denoted by TTI=5. In
this case, since the base station sets the SD field value
to the wvalue of “0”, the next retransmission i1is also
operated by the asynchronous channel-adaptive HARQ scheme.
In more detail, a timing point at which data will be
retransmitted, the size of a resource block to be used,
and the location of the resource block are not fixed, so
that the base station retransmits not only the data but
also the scheduling information associated with the
retransmission to the user terminal, as denoted by TTI=5.

After receiving the above-mentioned retransmission
data, the wuser terminal transmits the ACK/NACK signal
according to status information of the received data. As
shown in FIG. 3, if the user terminal retransmits the
NACK signal to the Dbase station, the base station

performs the retransmission by the NACK signal, and at

26



10

15

20

WO 2008/041822 PCT/KR2007/004829

the same time transmits the scheduling information
including the retransmission timing and the transmission
resource block, as denoted by TTI=11l. Regarding the
above-mentioned retransmission, the user terminal
transmits the ACK signal to the base station, so that
transmission of the above-mentioned data is completed.

FIG. 4 1is a conceptual diagram illustrating a
retransmission method for use in a multi-carrier system
according to another embodiment of the present invention.

A detailed description of synchronous
retransmission duration operated according to the
synchronous retransmission scheme shown in FIG. 2 will be
disclosed with reference to FIG. 4.

Referring to FIG. 4, SD information, indicating
which one of the synchronous retransmission scheme and
the asynchronous retransmission scheme will be used, is
transmitted to the user terminal along with the
scheduling information. For example, a synchronous
duration (SD) field may be added to a field of a
scheduling-associated control message which will Dbe
transmitted every retransmission timing point.

If the SD field wvalue is set to another value
higher than the value of “ o, the synchronous

retransmission of data is operated without transmitting
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additional retransmission scheduling information, for a
synchronous retransmission duration predetermined
corresponding to the SD field wvalue.

For example, if the SD field value 1is set to "“27”
and the base station transmits the scheduling information
to the user terminal, the synchronous retransmission of
data is operated during a synchronous retransmission
duration predetermined corresponding to the SD field
value. If the user terminal transmits the NACK signal
associated with the data transmission to the base station,
the base station receiving the NACK signal performs
retransmission of the data at a predetermined timing
according to a predetermined transmission scheme.
Therefore, in the case of the above-mentioned data
transmission, the scheduling information is not
transmitted to the user terminal, and only the data is
transmitted to the user terminal.

A method for allowing the base station to perform
the synchronous retransmission of data other than the
scheduling information on the condition that information
corresponding to a specific wvalue is higher than “0” is
inserted in the SD field will hereinafter be described.

In order to perform the synchronous retransmission,

retransmission timing information and a retransmission
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method, etc., should be notified to a corresponding user
terminal as described above.

The base station can retransmit data using the
retransmission scheme decided by the system, or can
retransmit data using the initial transmission scheme.

An exemplary method for allowing the user terminal
to recognize the timing information for retransmission
will hereinafter be described.

A synchronous retransmission interval (i.e.,
retransmission period) for performing the synchronous
retransmission 1s predetermined in the system, and
information indicating the number of retransmission times
is transmitted via the SD field.

If the retransmission interval associated with the
retransmission timing is predetermined in the system, The
UE receives the SD field information and performs the
data retransmission at every retransmission timing placed
after the previous transmission as much as the number of
retransmission times according to the SD field
information.

That is, in this case, the number of the above-
mentioned data transmissions is equal to the number of
retransmission times based on the SD field information.

Therefore, the user terminal can recognize the
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retransmission timing information on the basis of the
predetermined retransmission interval, and can also
recognize how long the synchronous retransmission would
last on the basis of the number of retransmission times.

A variety of methods for allowing the user terminal
to pre-recognize the RB location and size information and
the coding and modulation scheme information when data
retransmission is operated during the synchronous
retransmission duration will hereinafter be described in
detail.

First of all, a method for pre-establishing the
above-mentioned information in the system may be used as
necessary. In more detail, 1if data retransmission 1is
operated during the above-mentioned synchronous
retransmission duration (i.e., SD), the system may
predetermine which one of modulation and coding schemes
will be used.

If the base station transmits specific information
capable of commanding data retransmission associated with
the SD to the user terminal, the data retransmission is
performed by the above-mentioned scheme determined by the
system during the next data retransmission operated by

the next retransmission request of the user terminal.
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Next, a method for performing the data
retransmission using resource blocks, which are located
at the same locations as those of resources blocks (RBs)
used for initial transmission and have the same
quantities as those of the RBs, will hereinafter be
described. In more detail, there is no difference between
transmission resources used for the initial transmission
and other transmission resources to be used for the
retransmission of data, because the above-mentioned
transmission resources are Dbased on the same RB
information and the same Tx scheme information.

Referring to FIG. 4, the base station selects a
user terminal which will transmit data in a downlink
direction, and transmits the data to the selected user
terminal, as denoted by TTI=0. In this case, the base
station can also transmit the downlink scheduling
information simultaneously while transmitting the above-
mentioned data.

The scheduling information may include the above-
mentioned SD field. In this case, it i1s assumed that the

SD field wvalue indicates the number of synchronous

. retransmission times, and the synchronous retransmission

interval i1s set to four transmission time intervals (i.e.,

4 TTIs). According to the embodiment of FIG. 4,

31



10

16

20

WO 2008/041822 PCT/KR2007/004829

information corresponding to the value of “2” is inserted
in the above-mentioned scheduling information. Namely,
information, indicating that the synchronous
retransmission scheme will be used, is transmitted to the
user terminal via the SD field.

According to the transmitted SD field information,
the synchronous retransmission is operated for a
predetermined time equal or less than two times the
above-mentioned established SD wvalue. In brief, the
synchronous retransmission is operated a maximum of two
times. As a result, if the next retransmission 1is
requested, the base station may retransmit corresponding
data at the timing point as denoted by TTI=4 after the 4
TTIs have elapsed, and may also retransmit the
corresponding data at the timing point as denoted by
TTI=8 equal to “2 X (4 TTI)”. in the case of the above-
mentioned retransmission, the base station may not
transmit the scheduling information to the user terminal.

If the 8D field wvalue is set to another wvalue
higher than the wvalue of “0” on the condition that the
base station transmits the scheduling-associated control
signal, the HARQ action is operated by the synchronous

HARQ scheme during the established synchronous duration,
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resulting in reduction of overhead in the control signal
for the retransmission.

According to the method proposed by the present
invention, if the base station decides to retransmit data
according to the synchronous channel-non-adaptive HARQ
scheme while the asynchronous channel-adaptive HARQ
scheme is executed, the SD field value'of the scheduling
information is set to an integer number higher than “07.

As can be seen from FIG. 4, if the SD field wvalue
is set to “2” while the base station is driven by the
asynchronous channel~adaptive HARQ scheme at ordinary
times, this SD field wvalue of “2” 1is transmitted to a
corresponding user terminal so that the user terminal can
recognize that the next two retransmission times can be
operated by the synchronous retransmission scheme.

During the synchronous retransmission duration, the
user terminal can recognize that data would be
transmitted from the base station to the user terminal
itself although there is no scheduling information. As a
result, the Dbase station can reduce the amount of
retransmission overhead as necessary.

In the case where data is retransmitted according
to the synchronous retransmission scheme, the RB- size,

location, and quantity may be the same as those of the

33



10

16

20

WO 2008/041822 PCT/KR2007/004829

previously-transmitted RBs. Otherwise, according to the
rule decided by the system between the base station and
the user terminal, the size and location of the
previously-transmitted RBs may be different from those of
retransmission RBs.

In the case where the synchronous retransmission is
operated by transmission of SD field information and the
base station performs the synchronous retransmission of
data a predetermined number of times defined in the SD
field and then receives the ACK signal, the base station
re-performs the scheduling of new data. The above-
mentioned new data scheduling may be set to the
scheduling for transmitting the new data to the user
terminal, or may also be set to the other scheduling for
transmitting data to other user terminals. In this case,
the base station may inform the user terminal of which
one of the synchronous retransmission scheme and the
asynchronous retransmission scheme will be applied to the
data retransmission.

FIG. 5 is a conceptual diagram illustrating a
retransmission method for use in a multi-carrier system
according to yet another embodiment of the present

invention.
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FIG. 5 discloses a retransmission method, which is
executed when data transmission is successfully

transmitted before the predetermined SD. In the same

manner  as in the above-mentioned embodiments, the
embodiment of FIG. 5 assumes that the synchronous
retransmission interval for the synchronous
retransmission 1s set to four TTIs (i.e., 4 TTIs).

The base station transmits scheduling information
or data at the timing TTI=0. The scheduling information
includes the SD field as described above, and sets the SD
field wvalue, so that it determines which one of the
synchronous retransmission scheme and the asynchronous
retransmission scheme will be used by referring to the SD
field value.

If the synchronous retransmission 1is determined,
the base station may inform the user terminal of‘ how long
the synchronous retransmission would last. As shown in
FIG. 4, the base station sets the SD field value to ™27
when transmitting the scheduling information, and then
transmits data to the user terminal.

Upon receiving the data and the scheduling
information from the base station, the user terminal can

recognize that the next two retransmission actions will
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be synchronously operated on the basis of the above-
mentioned scheduling information.

If required, the user terminal transmits the NACK
signal to the base station, and the base station receives
the NACK signal from the user terminal at TTI=3. Upon
receiving the NACK signal, the Dbase station performs
retransmission of the data. In this case, the SD field
value in the previous transmission denoted by TTI=0 has
been set to “2” instead of “0”, so that the above-
mentioned retransmission is synchronously operated.

In other words, it is considered that the data
retransmission is reserved at the timing points TTI=4 and
TTI=8 according to the predetermined synchronous
retransmission interval (i.e., 4 TTIs). The base station
performs first retransmission at the above-mentioned
known timing TTI=4. If the user terminal receives the
data by the above-mentioned retransmission, it transmits
the ACK/NACK signal associated with the retransmission
data to the base station.

In this case, the user terminal transmits the ACK
signal to the base station, 1.e., data reception 1is
successfully operated before the number of retransmission
times reaches the number of synchronous retransmission

times decided by the SD field value. Therefore, there is
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no need for the Dbase station to use a corresponding
resource block for the above-mentioned retransmission at
the above-mentioned known timing TTI=8.

Therefore, if required, the base station may newly
schedule the remaining transmission resources, to use the
scheduled resources for either new data associated with
the above-mentioned terminél or data to be transmitted to
the new terminal.

FIG. 6 1s a conceptual diagram illustrating a
retransmission method for use in a multi-carrier system
according to yét another embodiment of the present
invention.

FIG. 6 shows a retransmission method for a specific
case in which a data transmission failure occurs although
data has been retransmitted during the predetermined SD
so that the wuser terminal transmits again the data
retransmission request to the base station. Similar to
the previously-stated embodiments, the embodiment of FIG.
6 assumes that the synchronous retransmission interval is
set to four TTIs (i.e., 4 TTIs).

When the base station transmits data along with the
scheduling information, the SD field value of the control
message associated with the scheduling information is set

to “2”, and is then transmitted at the timing TTI=0.
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The next two retransmission actions are
synchronously operated at the timing points TTI=4 and
TTI=8.

In this case, if a data reception failure occurs,
the base station receives the NACK signal from the user
terminal. The base station retransmits the data and the
scheduling information to the user terminal. In this case,
it should be noted that the number of previous
retransmission times and the number of retransmission
times associated with the above-mentioned retransmission
must not exceed a maximum retransmission number
indicating the maximum number of retransmission times.
The retransmission operated after the retransmission may
be synchronously or asynchronously operated according to
the SD field value.

The base station informs the user terminal of the
asynchronous retransmission scheme or synchronous
retransmission scheme to be applied to the data. If the
synchronous retransmission scheme is determined, the base
station informs the wuser terminal of how long the
synchronous retransmission of data would last, so that
the synchronous retransmission scheme and the
asynchronous retransmission scheme may be properly

combined with each other as necessary.
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If the base station adds the SD field to the
scheduling information to inform the user terminal of the
above-mentioned information, there may be wused the
following mapping table in which the SD field setup value
and the actual SD information are defined, as shown in

the following Table 1.

[Table 1]
Synchronous duration field Synchronous duration
00 0
01 1
10 2
11 4

The above-mentioned Table 1 shows the mapping
relationship between a synchronous duration field
composed of 2 bits and the actual SD (i.e., the number of
synchronous non-adaptive retransmission times).

If the SD field wvalue of “00” is transmitted, the
base station indicates that the SD value is set to “0” so
that the next retransmission will be asynchronously
operated.

If the SD field value of “01” is transmitted, this

means that the SD value is set to “1” so that the next
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one retransmission will be synchronously operated without
transmitting additional retransmission scheduling
information.

If the SD field valﬁe of “10” is transmitted, this
means that the next +two retransmissions will Dbe
synchronously retransmitted in the same manner as in the
above-mentioned case of the SD field value “01”. If the
SD field wvalue of “11” is transmitted, this means that
the next four retransmissions will be synchronously
retransmitted in the same manner as in the above-
mentioned case of the SD field value «01”.

The above-mentioned mapping relationship between
the field values and the number of actual retransmission
times has been disclosed for only illustrative purposes.
The bits contained in the SD field may be set to 2 bits
or at least 3 bits. If bits of more than the 3 bits are
used, information associated with many more
retransmission times can be transmitted whereas the
overhead unavoidably increases. Althéugh the number of
retransmission times has been set to 0, 1, 2, and 4 in
the above-mentioned embodiments, the scope of the present
invention is not limited to the above-mentioned
embodiments, and the number of the retransmission times

can also be set to other numbers.
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If the system basically uses the asynchronous
retransmission scheme as a retransmission scheme for the
system, the overhead associated with scheduling
information in the control message may encounter a
serious problem in the asynchronous retransmission scheme.
Under this condition, if there is little or no difference
in quality although data retransmission has been non-
adaptively operated without wusing the above-mentioned
control information, the asynchronous retransmission
scheme may be changed to the synchronous retransmission
scheme having less overhead, resulting ‘in reduction of
the overhead.

If the channel status is excessively changed to
another status while the synchronous retransmission
scheme is mainly used, the scheduling-based
retransmission method can be more effectively used.

In this case, the base station according to the
present invention can retransmit data using the best
retransmission method suitable for the channel situation.
Also, the present invention may not adhere to any one of
the retransmission methods, and can thus properly cope
with a communication situation such as a channel status.

The SD field can be added to each scheduling

information and/or control message of all the user
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terminals contained in the system, so that the above-
mentioned asynchronous retransmission scheme may also be
combined with the synchronous retransmission scheme.
However, if the 8D field is added to each scheduling
information and/or control message of all the user
terminals and is then transmitted, overhead may occur in
the control signal. According to a variety of terminal
situations, if some terminals use the above-mentioned SD
field, they may acquire a gain according to terminal
situations, and other terminals may acquire unexpected
overhead. Therefore, the present invention can Dbe
properly applied to such terminals according to the
terminal types. Two representative methods capable of
edﬁcing the overhead will hereinafter be described.

A first method does not directly transmit the SD
field information over a control channel, and transmits
the SD field information using an upper-layer signaling
process. In this «case, information capable of being
notified to the user terminal via the SD field is pre-
defined in each user terminal. Namely, the SD information
is established for each terminal in the upper layer, the
established information can be flexibly applied for the
individual user terminals, and may reduce overhead caused

by transmission of the control signal.
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A second method allows the SD field to Dbe
transmitted to only a specific terminal over a control
channel. In this case, some terminals may have the SD
field in the control channel, and other terminals may
have the SD field in the control channel.

The most important signal for activating the HARQ
scheme is the ACK/NACK signal. It 1is preferable that no
error occurs in the ACK/NACK signal however, sometimes an
unexpected error may occur in the ACK/NACK signal. In
more detail, provided that the user terminal transmits
the ACK signal to the base station upon receiving data
from the base station, and the base station mistakes the
ACK signal for the NACK signal due to a bad channel
condition, the base station performs data retransmission.
In this case, the system is less affected by the above-
mentioned faulty operation.

However, 1f the base station mistakes the NACK
signal for the ACK signal, the user terminal waits for
retransmission data however, the base station performs
new scheduling and transmits data according to the new
scheduling result, so that pre-transmitted data may have
a reception error. Therefore, the ACK/NACK signal should
be designed to reduce the error rate of the signal.

Specifically, the error rate for mistaking the NACK

43



10

15

20

WO 2008/041822 PCT/KR2007/004829

signal for the ACK signal should be low.

The present invention can reduce the overhead, so
that it can be easily applied to a downlink of the 3GPP
LTE (Long Term Evolution), and can also be applied to an
uplink of the 3GPP LTE. Some terms disclosed in the
present invention may be replaced with others as
necessary. For example, the base station may also be
called a Node-B, and the user terminal may also be called
a mobile station or a user equipment (UE), etc.

It should be noted that most terminology disclosed
in the present invention is defined in consideration of
functions of the present invention, and can be differently
determined according to intention of those skilled in the
art or usual practices. Therefore, it is preferable that
the above-mentioned terminology be uﬁderstood on the basis
of all contents disclosed in the present invention.

It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or
scope of the dinvention. Thus, it is intended that the
present invention cover 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]

As apparent from the above description, if the
asynchronous retransmission scheme 1s generally used in the
uplink or downlink, the present invention can greatly
reduce the amount of overhead of a gquestionable control
channel. Therefore, data communication between the base
station and the user terminal can be more effectively
operated. The present invention reduces an amount of
overhead associated with a control channel required for
data retransmission. The present invention reduces an
amount of retransmission overhead in a system based on an
asynchronous retransmission scheme.

Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that wvarious
modifications, additions and substitutions are possible,
without departing from the scope and spirit of the

invention as disclosed in the accompanying claims.
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[craIMs]

[claim 1] A retransmission method in an asynchronous

retransmission scheme based multi-carrier systemnm
comprising:
5 transmitting data and scheduling information

including synchronous duration information for operating a
synchronous retransmission scheme; and
retransmitting the data according to the synchronous
retransmission scheme on receiving a retransmission request
10 associated with the transmitted data,
wherein the synchronous retransmission scheme is
able to retransmit the data at periodic timing points

without transmitting retransmission scheduling information.

[claim 2] The method according to claim 1, wherein:

15 a transmission format based on the synchronous

retransmission scheme is predetermined in the system.

[Cilaim 3] The method according to claim 2, wherein:

if the data retransmission is required, the data is
retransmitted according to  the transmission format

20 predetermined in the system.
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[Claim 4] The method according to claim 1, wherein:

if the data retransmission is required, the data is
retransmitted according to a transmission format

information included in the transmitted scheduling

5 information.

[Claim 5] The method according to claim 1, wherein:

the scheduling information includes a user equipment

identifier (UB ID), resource block (RB) allocation
information, payload . size information, and MCS
10 (Modulation and Coding Scheme) information.

[Claim 6] The method according to claim 1, wherein:
the synchronous duration information is indicative
of information corresponding to the number of
retransmission times, a retransmission interval is
15 predetermined, so that a total synchronous duration can be
recognized on the basis of the transmittéd synchronous
duration information and the predetermined retransmission

interval.

[Claim 7] A retransmission method in an asynchronous
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retransmission scheme based multi-carrier system
comprising:
transmitting data and scheduling information

including synchronous duration information for operating a
synchronous retransmission scheme, which 1s able to
retransmit the data without transmitting retransmission
scheduling information;

recelving a retransmission request signal of the
data; and

retransmitting the data using a resource block at a

timing based on the synchronous retransmission scheme.

[Claim 8] The method according to claim 7, wherein:

the synchronous duration information is indicative
of information corresponding to the number of
retransmission times (nl), a retransmission interval is
predetermined, so that a total synchronous duration can be
recognized on the basis of the transmitted synchronous
duration information and the predetermined retransmission

interval.

[Claim 9] The method according to claim 8, further
comprising:

if the data is successfully recelved by
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retransmission actions of less than the retransmission
times (nl), rescheduling a reserved resource block at the

remaining retransmission timing points.

[ciaim 10] The method according to claim 9, wherein:

the step of rescheduling is operated for at least

one of a new user and new data of the same user.

[ciaim 11] The method according to claim 8, further
comprising:

if the data is unsuccessfully received although data
retransmission is operated by the retransmission times (nl),
transmitting scheduling information based on one of the
asynchronous retransmission scheme and the synchronous

retransmission scheme.

[claim 12] The method according to claim 11, wherein:

if the scheduling information is based the
synchronous retransmission scheme, the scheduling
information includes synchronous duration information for

operating the synchronous retransmission scheme.

[claim 13)] The method according to claim 12, wherein:
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if a value of the synchronous duration informatiocn
is set to ™07, it is indicated that the synchronous

retransmission scheme 1s not operated.

[Claim 14) The method according to claim 12, further
comprising:

if a value of the synchronous duration information
is set to n2 (where n2 2> 1), performing retransmission
actions by n2 times to the maximum according to the

synchronous retransmission scheme.

[Claim 15] The method according to any one of claims 7

and 12~14, wherein:

the synchronous duration information is indicative of
information corresponding to the number of retransmission
times and a maximum number of the retransmission times for

the data is set in the system.

[cClaim 16] A retransmission method in an asynchronous
retransmission scheme based multi-carrier system
comprising:

receiving data and scheduling information including

synchronous duration information for operating a
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synchronous retransmission scheme;

transmitting a retransmission request of the data;
and

receiving retransmitted data according to the
synchronous retransmission scheme,

wherein the synchronous retransmission scheme is
able to receive the retransmitted the data at periodic
timing points without receiving retransmission scheduling

information.

[claim 17] The method according to claim 16, wherein:

a transmission format based on the synchronous

retransmission scheme is predetermined in a system.

[Claim 18] The method according to claim 16, wherein:
the synchronous duration information is indicative
of information corresponding to the number of
retransmission times, a retransmission interval is
predetermined, so that a total synchronous duration can be
recognized on the basis of the received synchronous
duration information and the predetermined retransmission

interval.
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