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[DESCRIPTION]

[Invention Title]

A METHOD FOR RECEIVING ACK/NACK SIGNAL IN MOBILE

COMMUNICATION SYSTEM

5 [Technical Field)

The present disclosure relates to a mobile
communication system, and more particularly, to
transmission and reception of an ACK/NACK signal to
acknowledge the receipt of data in a mobile communication

10 system, especially, to a method for transmitting
information of resources to be used for transmission and

reception of ACK/NACK signals.

[Background Art]

In a multi-carrier communication system, a base

15 station controls data to be transmitted to each terminal
through downlink and also controls data that each tefminal
transmits to the base station through uplink. The base
station transmits control information to each terminal in
order to control downlink/uplink data transmission. This

20 control information is transmitted to the terminal through

part of downlink resources.
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The control of uplink/downlink data transmission at
the base station can be referred to as scheduling and
control of 1limited wireless resources for multiple
terminals or services can be referred to as wireless
resource scheduling. Wireless resource scheduling can be
performed through actual unit resources used for data
transmission. In this case, unit resources for scheduling
at the base station and physical unit resources used for
actual data transmission can be considered identical.

FIG. 1 illustrates an example of use of wireless
resources in a multi-carrier system.

It can be seen from FIG. 1 that wireless resources of
uplink and downlink, i.e., time-frequency resources, are
used for data transmission. It can also be seen that
downlink wireless resources are used mnot only for
transmission of data but also for transmission of control
information for <controlling the downlink/uplink data
transmission described above.

The terminal can receive downlink data by receiving
control information transmitted from the base station
through downlink wireless resources and obtaining
information of wireless resources or the like of the data
transmitted to the terminal through downlink wireless

resources. The terminal can transmit wuplink data by
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receiving control information transmitted from the base
station through downlink wireless resources and obtaining
information of wireless resources or the like of the data
to be transmitted from the terminal to the base station
through uplink wireless resources. Although not illustrated
in FIG. 1, each terminal can also transmit control
information through uplink wireless resources to notify the
base station of its channel state, data receiving state,
terminal state, etc.

Each receiving side of data can transmit an ACK/NACK
signal for the data to notify the transmitting side whether
or not the receiving side has normally received the data
having been transmitted from a base station to a terminal
through downlink or transmitted from a terminal to a base
station through uplink.

More specifically, to increase the reliability of
data communication, the receiving side transmits a positive
acknowledgement (ACK) when the data has been received
normally and transmits a negative acknowledgement (NACK)
when the data has not been received normally;

The ACK/NACK signal occupies physical frequency and
time resources since it is transmitted through downlink or
uplink. When the terminal has transmitted an ACK/NACK

signal through uplink in response to data transmitted from
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the base station through downlink, the base station needs
to know the position of a resource through which the
terminal has transmitted the ACK/NACK signal for the data.
On the other hand, when the base station has transmitted an
ACK/NACK signal, the terminal needs to know the position of
a resource through which the ACK/NACK signal has been

transmitted.

[Disclosurel

[Technical Problem]

An object of the present disclosure devised in view
of the above circumstances in the background art lies in
providing a method for transmitting an ACK/NACK signal tQ
acknowledge the receipt of data in a mobile communication
system.

Another object of the present disclosure devised to
solve the problem 1lies in providing a method for
determining information of resources to be used for
ACK/NACK transmission.

A further object of the present disélosure devised to
solve the problem lies in providing a method for providing
information of resources to Dbe used for ACK/NACK

transmission in a mobile communication system.
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[Technical Solution]

The object of the present invention can be achieved
by providing a method for receiving an ACK/NACK signal in a
mobile communication system, the method including receiving
reference signal information and a resource block index
corresponding to a resource block allocated for
transmission of data; identifying ACK/NACK resource
information through the reference signal information and
the resource block index; and receiving an ACK/NACK signal
for the data using the ACK/NACK resource information.

The resource block index may be a lowest one among
resource block indexes for the data.

The reference signal information may be a cyclic
shift value for a specific sequence. Here, the specific
sequence and a sequence cyclically shifted by the cyclic

shift value may be orthogonal to each other or have good

cross-correlation characteristics.

The reference signal may be allocated (or selected)
from a reference signal set including a plurality of
reference signals.

The number of resource blocks allocated to the data
may be équal to or larger than a rank value applied to the
mobile communication system.

In another aspect of the present invention, provided
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herein is a method for receiving an ACK/NACK signal in a
mobile communication system, the method including
identifying an ACK/NACK resource index of transmission data
mapped to a resource block index allocated for transmission
of a control channel of the transmission; and receiving an
ACK/NACK signal for data associated with the control
channel using a resource block corresponding to the
ACK/NACK resource index, wherein at least one ACK/NACK
resource index is repeatedly mapped (or double-mapped) to a
plurality of resource block indexes.

The ACK/NACK resource index may be repeatedly mapped
to the plurality of resource block indexes in units of
specific ACK/NACK resource index sets.

The ACK/NACK resource index in the specific ACK/NACK
resource index set may be repeatedly mapped to the
plurality of resource block indexes using a different
mapping rule.

The ACK/NACK resource index in the specific ACK/NACK
resource index set may be repeatedly mapped so as to avoid
collision of ACK/NACK resources used in actual transmission.

The resource block index may be a lowest one among
resource block indexes of resource blocks allocated to the
control information.

In another aspect of the present invention, provided
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herein is a method for receiving an ACK/NACK signal in a
mobile communication system, the method including
identifying an ACK/NACK resource index of transmission data
mapped to a resource block index allocated to control
information of the transmission data; and receiving an
ACK/NACK signal for the transmission data wusing the
ACK/NACK signal resource index, wherein the same ACK/NACK
resource index is repeatedly mapped to at 1least one
resource block index.

Preferably, a plurality of resource block indexes are
mapped to the at least one ACK/NACK index using a different
mapping rule for each of the plurality of resource block

indexes.

[advantageous Effects]

According to the method for transmitting ACK/NACK
signals in a mobile communication system described in the
present disclosure, it is possible to efficiently obtain
information of resources of the ACK/NACK signals. It is
also possible to more efficiently wuse resources for
transmission of ACK/NACK signals.

According to the method, it is also possible to
easily allocate resources for transmission of ACK/NACK

signals in a mobile communication system. The amount of
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control information can also be reduced since separate
information of resources for transmission and reception of
ACK/NACK signals is not transmitted.

It is also possible to easily extend resources for
transmission of ACK/NACK signals in a communication system
that employs a MIMO technique. In addition, it is possible
to increase the reliability of data communication through

ACK/NACK signals.

[Description of Drawingsl

FIG. 1 illustrates an example of use of wireless
resources in a multi-carrier system.

FIG. 2 illustrates a method for determining ACK/NACK
indexes according to an embodiment of the invention.

FIG. 3 illustrates a method for determining ACK/NACK
indexes according to another embodiment of the invention.

FIG. 4 illustrates a method for determining ACK/NACK
indexes according to another embodiment of the invention.

FIG. 5 illustrates a method for determining ACK/NACK
indexes according to another embodiment of the invention.

FIG. 6 illustrates a method for determining ACK/NACK
indexes using the ordinal information of a virtual unit
resource according to this embodiment of the invention.

FIG. 7 illustrates resources when a MIMO technique is
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used.

FIG. 8 illustrates a general procedure in which each
codeword is transmitted to a transmit antenna of a MIMO
system in a multi-carrier system to which the MIMO scheme
is applied.

FIG. 9 illustrates an example where data
corresponding to a codeword is connected to a transmit
antenna port in a multi-carrier system to which a MIMO
technique is.applied.

FIG. 10 illustrates another example where data
corresponding to a codeword is connected to a transmit
antenna port in a multi-carrier system to which a MIMO
technique is applied.

FIG. 11 illustrates a method in which an offset index
is additionally used according to another embodiment of the
invention.

FIG. 12 illustrates a method in which an offset index
is additionally used according to another embodiment of the
invention.

FIG. 13 illustrates an example where this embodiment
of the invention is undesirably applied.

FIG. 14 illustrates a method of additionally using an
offset index according to anothér embodiment of the

invention.
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FIG. 15 illustrates a method of additionally using an
offset index according to another embodiment of the
invention.

FIG. 16 illustrates an exémple method for determining
an ACK/NACK index according to another embodiment of the
invention.

FIG. 17 illustrates an example method for determining
an ACK/NACK index according to another embodiment of the

invention.

[Mode for 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.

To allow multiple terminals to transmit/receive data
using common resources, a base station can determine
wireless resources to be used by each terminal and inform
the user of the determined wireless resources through
scheduling. Here, the base station can control resources
for reception/transmission of data through logical
resources which are referred to as virtual unit resources.
The wvirtual unit resources, which are 1logical resources,
are in one-to-one correspondence with physical resources

according to a specific rule.
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The embodiments of the invention described below are
characterized in that the base station does not perform
wireless resource scheduling using actual unit resources
used for data transmission and, instead, performs
scheduling indirectly using virtual unit resources. In this
case, a specific relation is established between virtual
unit resources and actual physical unit resources used for
scheduling at the base station, and, if the base station
schedules wireless resources based on the virtual unit
resources, then transmission data is mapped to actual
physical unit resources based on the scheduling so that the
transmission data is transmitted to the receiving side
through the mapped actual physical unit resources.

As described above, since ACK/NACK signals are
transmitted through specific resources in uplink/downlink
as described above, the receiving side can transmit an
ACK/NACK signal only when it knows resources through which
the ACK/NACK signal is transmitted. The transmitting side
can also associate an ACK/NACK signal with data transmitted
in uplink/downlink only when it knows resources through
which the ACK/NACK signal is transmitted.

For example, to receive an ACK/NACK signal for
transmission data (or transmitted data), the transmitting

side infers information of a resource(s) for receiving the
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ACK/NACK signal for the transmission data using information
of wvirtual unit resources allocated to the transmission
data or virtual wunit resources allocated to control
information of the transmission data. The transmitting side
can receive the ACK/NACK signal for the transmission data
using the information of resources for receiving the
ACK/NACK signal.

The receiving side transmits an ACK/NACK signal for
received data according to a similar method. Specifically,
the receiving side can infer information of resources for
transmitting an ACK/NACK signal for transmission data using
information of virtual unit resources allocated to the
transmission data or virtual unit resources allocated to
control information of the transmission data and can
transmit the ACK/NACK signal for the transmission data
using the information of resources for transmitting the
ACK/NACK signal.

In addition, a set of virtual unit resources can be
allocated to transmission data or control information of
the transmission data. In this case, the transmitting side
can determine information of resources for transmitting the
ACK/NACK signal through a virtual unit resource included in
the virtual unit resource set and can receive the ACK/NACK

signal using the determined information.
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In the following description, it is assumed that
ACK/NACK signals are transmitted through specific unit
resources of uplink/downlink, and resource numbers are
allocated to unit resources, through which the ACK/NACK
signals are transmitted, and the allocated resource numbers
are used for the unit resources. Resource numbers allocated
to wunit resources through which ACK/NACK signals are
transmitted in uplink/downlink are referred to as ACK/NACK
indexes. In this case, the receiving side, which is the
base station or terminal, can transmit an ACK/NACK signal
for received data wusing an ACK/NACK index and the
transmitting side, which is the terminal or base station,
can determine which data corresponds to the ACK/NACK signal
received from the receiving side.

FIRST EMBODIMENT

One example of the virtual unit resource is a Virtual
Resource Block (VRB). The VRB is a virtual unit resource
for data transmission. The VRB includes multiple Resource
Elements (REs). If it is assumed that an actual physical
unit resource is a Physical Résource Block (PRB), the
number of REs included in one VRB is equal to the number of
REs included in one PRB. In actual data transmission, one
VRB can be mapped to one PRB or can be mapped to a partial

region of multiple PRBs. The term “VRB” will naturally be
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used interchangeably with the term “PRB” when one VRB is
mapped to one PRB in the following description.

Scheduling of downlink data transmission from the
base station to a specific terminal or wuplink data
transmission from a specific terminal to the base station
is performed through one or more VRBs in one subframe. When
the base station transmits downlink data to a specific
terminal, the base station informs the terminal of a
downlink VRB through which the base station will transmit
the data. In addition, to allow a specific terminal to
transmit uplink data, the base station informs the specific
terminal of an uplink VRB through which the terminal can
transmit the data.

This embodiment provides a method in which, for
example, VRB information 1is wused for obtaining or
transmitting information of a correct resource position
through which the receiving side is to transmit an ACK/NACK
signal for received data in a multi-carrier system.

FIG. 2 illustrates a method for determining ACK/NACK
indexes according to an embodiment of the invention.

A resource number allocated to a VRB or a VRB
position will now be referred to as a VRB index. According
to this embodiment, when the transmitting side transmits

data by allocating it to one or more VRBs, a relation is
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established between a VRB index and an ACK/NACK index({(es)
to allow the receiving side to obtain information of
resources for transmitting/receiving an ACK/NACK signal for
the transmitted data.

Specifically, FIG. 2 shows an example in which
ACK/NACK indexes are allocated respectively to VRB indexes.
The receiving side determines an ACK/NACK index using a VRB
index of a VRB allocated for data transmission/reception.
Using the determined ACK/NACK index, the receiving side can
obtain information of an ACK/NACK resource for transmitting
an ACK/NACK signal for received data.

As shown in FIG. 2, data of one terminal can be
allocated to multiple VRBs through which the data can be
transmitted. Transmission of one ACK/NACK signal is needed
for single data. Therefore, when the transmitting side
transmits data by allocating it multiple VRBs, the
receiving side can select one of the respective VRB indexes
of the multiple VRBs to which the data has been allocated
and can transmit an ACK/NACK signal using a resource
corresponding td an ACK/NACK index corresponding to the
selected VRB index. For example, when the transmitting side
transmits data by allocating it to multiple VRBs, the
receiving side can transmit an ACK/NACK signal for the

transmitted data using an ACK/NACK index corresponding to
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the smallest of the multiple VRBs.

SECOND EMBODIMENT

Another example of the virtual unit resource is a
Control Channel Element (CCE).

When a plurality of control channel information are
transmitted using n OFDM symbols in a subframe serving as a
transmission time interval, each CCE is transmitted by
mapping to resource elements ih the physical domain. A CCE
is an entity constructed to transmit a plurality of control
information of one terminal and the amount of control
information transmittable through a CCE can be defined by a
predefined coding rate and modulation method. A plurality
of control information can be transmittéd through one or
more CCEs in order to provide a coding rate for achieving a
specific reception quality to a terminal when a modulation
method has been defined.

When the base station transmits data through downlink
or receives data from a terminal, the base station can
transmit control information to the terminal through one or
more CCEs in order to notify the terminal of additional
information of data/information or a resource position to
which the data/information has been allocated. Each CCE is
mapped to a resource in the downlink time-frequency domain.

The CCE can be considered a minimum resource unit of



10

15

20

WO 2008/115004 PCT/KR2008/001547

17

control information for data transmission in each of
downlink and uplink.

Using this control information, the terminal can
determine, when receiving data from the base station, VRB
resources used for receiving the data and can determine,
when transmitting data to the base station, VRB resources
in uplink which can be used to transmit the data.

The CCE is a logical resource conceptually similar to
the VRB. Therefore, even though single control information
is transmitted through a set of consecutive CCEs, it can be
transmitted through discontinuous resources in actual
physical resources. The relation between these
logical/physical resources can be predefined in the system.

Different CCEs can be defined for control information
for downlink data and control information for uplink data.
That is, an independent CCE can be determined for each of
uplink and downlink since the size of control information
for downlink can be different from the size of control
information for uplink.

In the case where data is transmitted through
downlink, the base station transmits control information to
a terminal, which will receive the data, through a CCE or a
set of CCEs to notify the terminal of information of a VRB

or a set of VRBs, through which the data is transmitted,
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and other additional control information. After receiving
this control information, the terminal receives the data
and transmits an ACK or NACK to the base station through
uplink to acknowledge the receipt oﬁ the data.

In the case where data is transmitted through uplink,
the base station transﬁits control information through a
CCE or a set of CCEs to notify the terminal of information
of uplink VRBs available to the terminal. After receiving
this control information, the terminal transmits data using
the uplink VRB information. After receiving the data, the
base station transmits an ACK or NACK through downlink to
notify the terminal whether or not the base station has
received the data.

This embodiment provides a method in which, for
example, CCE information is used for obtaining or
transmitting information of a correct resource position
through which the receiving side is to transmit an ACK/NACK
signal for received data in a multi-carrier system.

FIG. 3 illustrates a method for determining ACK/NACK
indexes according to another embodiment of the invention.

A resource number allocated to a CCE or a CCE

position will now be referred to as a CCE index. According

‘to this embodiment, when the transmitting side transmits

control information of transmission data by allocating the
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control information to one or more CCEs, a relation is
established between a CCE index and an ACK/NACK index to
allow the receiving side to obtain information of resources
for an ACK/NACK signal for the transmitted data.

Specifically, FIG. 3 shows an example in which
ACK/NACK indexes are allocated respectively to CCE indexes.
The receiving side can obtain an ACK/NACK index using a CCE
index of a CCE allocated for control information
transmission/reception. Using the obtained ACK/NACK index,
the receiving side can obtain information of an ACK/NACK
resource for transmitting an ACK/NACK signal for received
data corresponding to the control information.

As shown in FIG. 3, control information of one
terminal or data can be transmitted by allocating the
controlling information to multiple CCEs. Generally,
control information is transmitted to terminals at various
locations and a mixture of a plurality of control
information allocated to a set of CCEs is transmitted
through downlink. However, when single control information
is transmitted through a set of CCEs, one CCE index is
selected from multiple CCE indexes occupied by the controi
information and an ACK/NACK signal is transmitted using an
ACK/NACK index corresponding to the selected CCE index. For

example, an ACK/NACK signal can be transmitted and received
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using an ACK/NACK index corresponding to the smallest of
the CCE indexes occupied by the control information.

In the embodiment of FIG. 3, the base station can
transmit ACK/NACK signals without collision of ACK/NACK
resources since ACK/NACK indexes 1, 4, 5, 8, 9, and 12 are
used for downlink data and ACK/NACK indexes 3 and 11 are
used for uplink data.

FIG. 4 illustrates a method for determining ACK/NACK
indexes according to another embodiment of the invention.

The amount (or number) of ACK/NACK resources that
should be secured does not necessarily correspond to the
number of CCE indexes since ACK/NACK signals of uplink and
downlink are transmitted separately. For example, if
ACK/NACK resources are allocated in advance for ACK/NACK
indexes in one-to-one correspondence with CCE indexes, not
all allocated ACK/NACK resources will be used and will be
wasted in most situations.

Thus, repeated use of ACK/NACK indexes corresponding
to CCE indexes will enable more efficient operation of
ACK/NACK resources. That is, one ACK/NACK index may be
repeatedly allocated (or double-allocated) to a plurality
of CCE indexes. Here, it is preferable that the ACK/NACK
index (i.e., ACK/NACK resource) not be used as an ACK/NACK

resource for other control information.
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As shown in FIG. 4, ACK/NACK indexes 1, 2, 3, and 4
mapped to CCE indexes 1, 2, 3, and 4 may be repeatedly used
for CCE indexes 9, 10, 11, and 12. In the embodiment of FIG.
4, the base station can transmit ACK/NACK signals without
collision of ACK/NACK resources even though ACK/NACK
indexes are repeatedly used since ACK/NACK indexes 1, 4, 5,
8, 2, and 3 are used for downlink data and ACK/NACK indexes
3 and 11 are used for uplink data.

Reference will now be made in more detail to an
example of the method for repeatedly allocating ACK/NACK
indexes (i.e., ACK/NACK resources).

FIG. 5 illustrates a method for determining ACK/NACK
indexes according to another embodiment of the invention.

In this embodiment, ACK/NACK indexes mapped to
information of a plurality of virtual unit resources
included in a virtual unit resource set, which includes a
largest number of virtual unit resources, are used as
ACK/NACK indexes that are repeatedly mapped. Here, it is
preferable that different mapping rules be applied when the
same ACK/NACK indexes are mapped to virtual unit resource
sets.

ACK/NACK indexes mapped to control information
included in the largest CCE set can be referred to as an

ACK/NACK Index Group (ANIG). When ACK/NACK indexes are
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repeatedly mapped to CCE indexes, they may be mapped on an
ANIG basis (or in units of ANIGs). Here, it is preferable
that ACK/NACK indexes in an ANIG be repeatedly mapped in a
different correspondence when ACK/NACK indexes in an ANIG
are repeatedly mapped to CCEs. That is, when ACK/NACK
indexes are mapped to CCE indexes on a largest CCE set
basis (or in units of the largest CCE set), ACK/NACK
indexes in an ANIG mapped to a set of CCE indexes can be
remapped to a different set of CCE indexes in a different
mapping order.

If ACK/NACK indexes mapped to a set of CCE indexes
are remapped to a different set of CCE indexes in a
different mapping order in this manner, it is possible to
more efficiently allocate ACK/NACK resources using CCE
indexes when one or more control information are
transmitted through CCEs.

As shown in FIG. 5, when it is assumed that the
largest CCE set is a CCE set including four CCE indexes 1,
2, 3, and 4, ACK/NACK indexes (1, 2, 3, 4) are mapped to
CCE indexes (1, 2, 3, 4) and CCE indexes (9, 10, 11, 12).
However, ACK/NACK indexes (2, 1, 4, 3), which are ordered
differently from (1, 2, 3, 4), are mapped to CCE indexes (9,
10, 11, 12).

While 12 ACK/NACK resources are necessary when
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different ACK/NACK indexes are allocated to all CCEs,
ACK/NACK signals can be transmitted in each link using only
8 ACK/NACK resources if ACK/NACK indexes (1, 2, 3, 4) are
repeatedly mapped to CCE indexes according to the method
shown in FIG. 5.

In addition, information of resources for receiving
uplink ACK/NACK signals and information of resources for
receiving downlink | ACK/NACK signals can be mapped
separately from each other. The setting of ACK/NACK indexes
illustrated in FIG. 5 can be considered a setting for
either uplink or downlink. That is, an uplink ACK/NACK
index and a downlink ACK/NACK index can be separately set
for the same CCE as shown in FIG. 5.

Although a large number of CCEs can be actually
transmitted in a multi-carrier system, the number of a
plurality of control information that can be transmitted is
not necessarily equal to the number of CCEs since the
overall throughput of the system is not significantly
reduced even if the number of a plurality of control
information that can be transmitted at once is limited in
the system. Accordingly, the number of ACK/NACK resources
that are allocated may be different from the number of CCEs
that can be transmitted in the multi-carrier system and may

be equal to the number of a plurality of control



10

15

20

WO 2008/115004 PCT/KR2008/001547

24

information that are transmitted at once.

THIRD EMBODIMENT

Reference will now be made to a method in which the
ordinal information of a virtual unit resource of
transmission data or control information of the
transmission data in a single subframe is used as ACK/NACK
resource information according to another embodiment of the
invention.

In an example of this method, the ordinal number of a
VRB, containing data of a corresponding terminal, in VRBs
in a subframe is associated with an ACK/NACK index.
Accordingly, the terminal can obtain an ACK/NACK index by
determining the ordinal number of data (or control
information) among a plurality of transmitted data using a
VRB through which the data is transmitted.

In another example of the method, the ordinal number
of control information among CCEs in a subframe may be
associated with an ACK/NACK index. That ié, when control
information for uplink/downlink data transmission/reception
is transmitted to a terminal, the terminal can obtain an
ACK/NACK index by determining the ordinal number of the
control information transmitted to the terminal among all
uplink/downlink control information.

To efficiently implement this embodiment, it is
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preferable that the base station and the terminal share the
number of a plurality of control information that the base
station can transmit in a subframe and the plurality of
control information be arranged in order of decreasing or
increasing amount (or number) of CCE resources occupied by
the control information.

FIG. 6 illustrates a method for determining ACK/NACK
indexes using the ordinal information of a virtual unit
resource according to this embodiment of the invention.

A description will now be given of a method in which
the ordinal information of a wvirtual wunit resource of
transmission data or control information of the
transmission data in a single subframe is used as ACK/NACK
resource information according to this embodiment of the
invention.

In an example of this method, the ordinal number of a
VRB, containing data of a corresponding terminal, in VRBs
in a subframe is associated with an ACK/NACK index.
Accordingly, the terminal can obtain an ACK/NACK index by
determining the ordinal number of data (or control
information) among a plurality of transmitted data using a
VRB through which the data is transmitted.

In another example of the method, the ordinal number

of control information among CCEs in a subframe may be
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associated with an ACK/NACK index. That is, when control
information for uplink/downlink data transmission/reception
is transmitted to a terminal, the terminal can obtain an
ACK/NACK index by determining the ordinal number of the
control information transmitted to the terminal among all
uplink/downlink control information.

To efficiently implement this embodiment, it is
preferable that the base station and the terminal share the
number of a plurality of control information that the base
station can transmit in a subframe and the plurality of
control information be arranged in order of decreasing or
increasing amount (or number) of CCE resources occupied by
the control information.

FIG. 6 shows an example of the allocation of ACK/NACK
indexes to CCEs and the association between the ACK/NACK
indexes and the allocated CCEs when 12 CCEs are present in
déwnlink while the number of control information
transmitted in a time interval occupying 4 CCEs is 1, the
number of control information occupying 2 CCEs is 3, and
the number of control information occupying one CCE is 1.
In this example, the plurality of control information are
arranged in order of decreasing amount of CCE resources
occupied by the control information.

In the embodiment of FIG. 6, a first terminal
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receives control information having a size of two CCEs
corresponding to CCE indexes 9 and 10. The first terminal
already knows that a plurality of control information has
been transmitted in order of decreasiﬁg size of control
information and that the plurality of control information
includes one control information of a size of four CCEs and
three control information of a size of two CCEs.
Accordingly, the first terminal can determine that the
received control information is the fourth of the total of
5 control information transmitted. As a result, the first
terminal can determine that transmission of an ACK/NACK
signal for data controlled by the received control
information uses an ACK/NACK resource corresponding to a
fourth ACK/NACK index.

FOURTH EMBODIMENT

Reference will now be made to a method in which
ACK/NACK resource - information is transmitted by
incorporation into transmission data or control information
of the transmission data.

In this method, when a base station transmits control
information for transmission and reception of data to a
terminal, information indicating an ACK/NACK index used by
the data is included in the data or the control information.

For example, Npy bits may be added to control information
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to indicate an ACK/NACK index of the corresponding
data/information. Using this method, the base station can
directly' control ACK/NACK resources used by all data.
Accordingly, the base station can flexibly change the
amount of resources to be used for ACK/NACK transmission
according to circumstances.

FIG. 7 illustrates resources when a MIMO technique is
used.

When the MIMO technique is applied, it is possible to
transmit data using diversity in the spatial domain in the
same frequency and time resources. That is, the same time-
frequency resources are shared by different data. Generally,
a system which uses the MIMO technique uses a spatial
multiplexing technique which is referred to as precoding.

When data is transmitted in a MIMO system, a data
information block is converted into a decoded codeword.
Therefore, one codeword can be considered one data
information block. This codeword corresponds to a virtual
antenna layer, and the antenna layer is associated with an
actual transmit antenna port through preqoding.

FIG. 8 illustrates a general procedure in which each
codeword is transmitted to a transmit antenna of a MIMO
system in a multi-carrier system to which the MIMO scheme

is applied.
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As shown in FIG. 8, each codeword 80 generally
corresponds to a specific layer 82 through a codeword-layer
mapping module 81 in a MIMO multi-carrier system. The
number of codewords N¢ may not be equal to the number of
layers N;. How each codeword is mapped to a layer depends
on which precoding matrix is used for precoding. The number
of layers can be referred to as a rank.

Although ranks may not be equal in a total frequency
band, generally, all frequency regions of data transmitted
to a specific terminal in downlink have the same rank value
and all frequency regions of data transmitted by the
terminal in uplink also wuse the same rank value. 1In
downlink, the rank value used in a total frequency band may
significantly vary since the base station transmits data to
multiple terminals in downlink.

A precoding module 83 for performing precoding can be
represented by a Nr x N;, precoding matrix which is
represented by Ny column vectors having a 1length of Ni.
Consequently, a layer to which each codeword is mapped can
be determined according to one or more precoding column
vectors which the codeword uses.

FIG. 9 illustrates an example where data
corresponding to a codeword is connected to a transmit

antenna port in a multi-carrier system to which a MIMO
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technique is applied. FIG. 10 illustrates another example
where data corresponding to a codeword is connected to a
transmit antenna port in a multi-carrier system to which a
MIMO technique is applied.

When the MIMO technique is applied to the multi-
carrier system, it is possible to efficiently increase
spatial resources in proportion to the rank according to
the MIMO technique in frequency and time resources. This
also has an advantage in that the amount of data
transmitted is increased in proportion to the rank. However,
this also increases the amount of corresponding ACK/NACK
resources. That is, ACK/NACK signals, which are increased
in number as the amount of data increases since the data is
transmitted according to the MIMO technique, must be
transmitted in the opposite link. However, increasing the
amount of required ACK/NACK resources may reduce the
efficiency of the multi-carrier system since ACK/NACK
signals are not necessarily transmitted using the MIMO
technique.

In the MIMO-based system, the number of ACK/NACK
indexes which can be mapped through VRBs or CCEs may be
more limited than the number of transmittable data. For
example, it is assumed that VRB indexes and ACK/NACK

indexes are mapped using the method described in the first
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embodiment. Even when the same time-frequency resources are
used in the MIMO system, two or more codewords can be
transmitted if spatial resources are divided and used.
However, since VRB indexes are mapped to ACK/NACK indexes,
the number of expressible ACK/NACK indexes is less than the
number of transmittable data. This may also be true when a
method, where CCE indexes are mapped to ACK/NACK indexes,
is used.

In addition, a plurality of <codewords can be
transmitted in a system which uses the MIMO technique as
described above. Here, the number of codewords transmitted
through the same time-frequency resources may vary
depending on wireless channel environments. Accordingly,
the association of ACK/NACK resources when multiple
codewords are transmitted and when one codeword is
transmitted may become indefinite.

The following embodiments suggest methods in which a
terminal can obtain an ACK/NACK index which is a unique
number of an ACK/NACK resource through which an ACK/NACK
signal is transmitted and received in a system using a MIMO
technique. The methods according to the embodiments will
not necessarily be used in a MIMO system.

FIFTH EMBODIMENT

According to this embodiment, an ACK/NACK index of
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transmission data can be mapped to a combination of
information of a virtual unit resource allocated to the
transmission data or a virtual unit resource allocated to
control information of the transmission data and additional
information. For example, the number of possible ACK/NACK
indexes when a MIMO technique is applied to the multi-
carrier communication system may be less than the number of
transmittable data. By incorporating additional information,
it is possible to increase the limited number of ACK/NACK
indexes that can be mapped through VRBs or CCEs.

The following is a method for determining ACK/NACK
indexes according to this embodiment. In the above
embodiments where no MIMO is considered, an ACK/NACK index
is transmitted by mapping to virtual wunit resource
information, for example a VRB index or a CCE index. This
embodiment described below provides a method in which an
offset index is used as additional information. That is, an
ACK/NACK index can be obtained using a combination of a VRB
index or CCE index and an offset index.

In this case, information of an offset index can be
provided to a terminal when a base station transmits
multiple codewords. The offset index information may also
be provided using information shared by both the base

station and the terminal without transmission of additional
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information. The offset indéx information may also be
predefined in the system. The offset index value may be
negative.

Equations 1 and 2 show exaﬁple methods in which
ACK/NACK indexes are determined by combining VRB indexes

and CCE indexes with offset indexes, respectively.

EQUATION 1
Tack/mack = Ioffset + Ives, Ivrs = 0,1,2,.., Nyrs-z
EQUATION 2
Iack/nack = JToffset + Iccer Icce = 0,1,2,.., Nece-x

“Iyrs” in Equation 1 denotes a VRB index and “Icee” in
Equation 2 denotes a CCE index. Iws and Iccg may have an
integer in the ranges of 0 to Nyze-1l and Neeg-1, respectively.
Here, Nyzs denotes the total number of indices Iy and Nccg
denotes the total number of indices Iccg. Especially, it is
assumed that the VRB index or CCE index is>smallest when a
number of VRBs or CCEs are allocated to single data or
control information. In Equations 1 and 2, Igsrser denotes an
offset index and Iack/nack denotes an ACK/NACK index.

Here, it is assumed that the transmitting and
receiving sides receive information indicating that the

offset index is Icfesee Or already have the information
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according to the rules previously agreed upon therebetween.
Then, Iack/nack can be determined to be the sum of Iws and
Torfset - Alterhatively, Iack/mack Can be determined to be the
sum of Iceg and Iggsser. FIGS. 11 and 12 illustrate a method
in which an offset index is additionally used according to
an embodiment of the invention.

Examples of FIGs. 11 and 12 are described below
together since this embodiment is similarly applied to the
examples of FIGs. 11 and 12 with the only difference being
that the two examples relate to wuplink and downlink
transmission, respectively. 1In FIGs. 11 and 12, the
horizontal axis represents a Resource Block (RB) index and
the vertical axis represents a codeword index.

In FIGs. 11 and 12, R values are Iyms of Tceg, Wwhich
are in one-to-one correspondence with VRB indexes in this
embodiment. In FIGs. 9 and 11, a value of 0 is Igffser and
Iack/vack Can be represented by the sum of R and 0 according
to Equations 1 and 2.

As can be seen from these figures, in the case of a
first terminal (UE1l), Iack/nack is O since an offset index
Toffset 18 0 and Iygs Or Igcg is 0. In the case of UE2, TIack/nack
is 1 since Tgefset 18 0 and Iygs OY Igeg is 1. In the case of
UE3, Iack/nack 1S 2 since Igerser 18 1 and Ivge OY Iag is 1.

In the case of remaining UEs 4 to 11, Iack/nack Can be
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inferred from Igsfser and Tyrg OY Icce Since ITggegser and Iygs OY
Iccg are known.

When a base station transmits an ACK/NACK signal by
allocating an ACK/NACK index thereto using this method, it
is preferable that ACK/NACK indexes not be repeatedly
allocated to data transmitted from each terminal.

It is also preferable that the number of virtual unit
resources allocated to transmission data be equal to or
larger than the rank value according to a MIMO
communication scheme applied to the communication system.
This is because the number of ACK/NACK resources or indexes
that can be allocated to a plurality of simultaneously
transmitted data can be easily increased to the number of
VRBs or CCEs allocated to transmission data.

For example, when the number of VRBs or CCEs
allocated to transmission data is 4, using one of the four
ACK/NACK indexes is sufficient and therefore the remaining
three can be used for a plurality of data that are
transmitted at the same time. That is, when the number of
VRBs or CCEs is 4, it is possible to easily determine
ACK/NACK indexes for up to four simultaneously transmitted
data without overlapping of the ACK/NACK indexes.

FIG. 13 illustrates an example where this embodiment

of the invention is undesirably applied.
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It is preferable that, when a base station performs
scheduling, Iorsser OF data be transmitted to prevent
ACK/NACK indexes from being repeatedly allocated in the
same link (uplink or downlink) in the same frame as
described above.

As shown in FIG. 13, when Igsfser 18 determined and an
ACK/NACK index is determined according to Igssser, the same
ACK/NACK index may be allocated to different terminals
(UEs) so that collisions may occur during ACK/NACK
transmissions.

As can be seen from FIG. 13, in the case of a third
terminal (UE3), Iack/mack 1S 5 since Iggfser 18 0 and Iygs OY
Iccg is 5. In the case of UE7, Iack/nack 18 5 since Ioffger is 1
and Iygg Or Iccg is 4. That is, UE3 and UE7 will transmit
ACK/NACK signals through the same ACK/NACK resources since
UE3 and UE7 read the same ACK/NACK index. Accordingly,
ACK/NACK signals of UE3 and UE7 will collide.

More specifically, in this method, information of an
offset index can be transmitted to a terminal instead of
the offset ipdex being directly transmitted to the terminal.
That is, the association is established between each offset
index value and information such as control information,
channel information, system information, and terminal

information for use when data is transmitted from a
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terminal to provide offset index information to the
terminal so that the terminal can infer an offset index
value from the association. Reference will now be made to a
method for determining an offset index value so that it can
be inferred in the embodiment in which an offset index is
used as additional information.

First, in an embodiment of the offset index
determination method, an offset index can be determined to
be a value corresponding to a pilot signal. Here, the pilot
signal is an un-modulated spread spectrum signal which
facilitates the terminal to obtain synchronization or base
station information. This may be a Reference Signal (RS)
according to the communication system to which it is
applied.

In this case, when data is transmitted in uplink,
information of Igssser May be provided to the terminal
instead of Iossser being directly provided to the terminal.
Specifically, an association is' established between an
Tosrser value and a pilot signal that the terminal will use
when transmitting data. The base station notifies the
terminal of a pilot signal for use when data is transmitted
in wuplink to allow the terminal to obtain an Ioffset
corresponding to the pilot signal.

In a multi-carrier communication system, a set of
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pilot signals is constructed so that it is possible to
select and use a pilot signal from the pilot signal set.
Information of the pilot signal set can be transmitted
separately. However, a set of pilot signals between the
transmitting and receiving sides, pilot signals included in
the pilot signal set, a pilot signal selected from the
pilot signal set, a hopping rule applied when the pilot
signal is selected, or the like can be previously defined
for use in the system. That is, when the receiving side
receives a pilot signal, the receiving side can determine a
pilot signal set and a hopping rule using the pilot signal.

For example, the pilot signal can be constructed as a
sequence. Here, it is assumed that a pilot signal to be
transmitted together with data is used twice for each data.
When a hopping rule wherein pilot signal sequence #1 in a
pilot signal éet is used at time t=0 and pilot signal
sequence #2 is used at time t=1 is applied, pilot signal
sequence #1 can be reused at time t=3 for next data
transmission. In the following description, a set of pilot
signals that are included in a hopping range according to
the hopping rule applied to a terminal or data in this
manner separately from the pilot signal set will be
referred to as a pilot signal subset. Thus, the pilot

signal set can include a plurality of pilot signal subsets.
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Here, association (or correspondence) is established
between an offset index value and every sedquence that can
be used as the pilot signai, and the offset index can be
determined from the association. That is, when an index
assigned to each pilot signal is Izs, the offset index can
be determined using Izs such that Icffgset = Igrs-

If one or more pilot signals are used when data is
transmitted and the one or more pilot signals are variable
in a pilot signal set as described above, the offset index
value can be determined through the pilot signal set
information or the pilot signal subset information.
Specifically, the same offset index value may be assigned
to the pilot signal subsets. For example, when an index
assigned to a pilot signal subset that the terminal uses
for data transmission is Irg, the offset index can be
determined such that Icoffser = Irs-

In another method, allocated resource block
information other than Iyzs can also be used to determine

the offset index.

EQUATION 3

I ., =1, modN , .

offset
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In Equation 3, Iosrser denotes an offset index, Igs
denotes a pilot signal or a pilot signal subset index, and
Nprp denotes the number of resource blocks or unit resources
that the base station has allocated to the terminal for
transmitting and receiving data. According to Equation 3,
the pilot signal subset index modulo the number of resource
blocks allocated to the terminal for data transmission is
determined to be the offset index value. The final ACK/NACK
index can be determined or inferred using this determined
offset index value, for example by applying'it to Equation
1 or 2.

In order to achieve spatial multiplexing of multiple
terminals accérding to an MU-MIMO scheme, it is preferable
that each terminal use different pilot signals. To allow
each terminal to use a different pilot signal, the base
station notifies the terminal of such pilot signal
information. For example, thé terminal can obtain Igfrser and
ACK/NACK index information using information of a wused
pilot signal that can be obtained from information of the
number of resource blocks Nape through which data is
transmitted and pilot signal subset information Irs that
are transmitted together with the data as described above.

In addition, different pilot signals can be

constructed as different sequences. For example, when a
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pilot signal sequence is constructed as a combination of a
basic sequence of a CAZAC sequence and a cyclic shift of
the basic sequence, the value of offset index Iofeser Can be
determined taking into consideration a pattern of change
with time of the cyclic shift or the cyclic shift value.

FIG. 14 illustrates a method of additionally using an
offset index according to another embodiment of the
invention.

As shown in FIG. 14, a total of 12 VRBs are present
on the horizontal axis and a total of 7 pilot signal
subsets available to terminals are present on the vertical
axis in this embodiment. Here, it is assumed that multiple
pilot signals are used for each data of a terminal (UE) and
these pilot signals constitute a pilot signal subset, and
an index is allocated to each pilot signal subset.

Here, a third terminal (UE3) is allocated a total of
4 unit resources (i.e., resource blocks) corresponding to
VRB indexes 4 to 9. Likewise, UEs 4, 2, and 5 are each
allocated the same VRB resources as those of UE3. That is,
Tvgse 1is 6 and Npx is 4. Each terminal is allocated a
different pilot signal subset. Each terminal can determine
an ACK/NACK index using a VRB index and a pilot signal
subset index.

The following is an example where an ACK/NACK index
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is determined using Equations 1 and 3. In the case of UE3,

an offset index value determined using Equation 3 is O
(=0%4) and thus an ACK/NACK index determined using Equation
1 is 6. According to the same method, in the case of UE4,

the offset index value is determined to be 2 so that the
ACK/NACK index is 8. In the case of UE2, the offset index
value is determined to be 1 so that the ACK/NACK index is 7.
In the case of UE5, the offset index value is determined to
be 2 so that the ACK/NACK index is 8.

In order to prevent collision of ACK/NACK resources,
it is preferable that at least N VRB resources be allocated
to achieve spatial multiplexing of N terminals. In this
embodiment, the pilot signal subset index modulo the number
of resource blocks allocated to terminal data is determined
to be the offset index vaiue. Therefore, it is preferable
that the base station perform scheduling such that the
offset index value obtained for each wuser through the
modulo operation is unique.

In the embodiment illustrated in FIG. 14, the system
can be operated without collision of ACK/NACK resources by
using ACK/NACK indexes 6, 8, and 7 for UE3, UE4, and UEZ2,
respectively. However, even though UE3 and UE5 |wuse
different pilot signal subsets, their offset values

obtained through the modulo operation are equal so that
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their ACK/NACK indexes are identicél. Therefore, if
scheduling is performed in this manner, collision is
expected to occur between ACK/NACK resources of UE3 and UES.

Another embodiment of the invention is that pilot
signals or pilot signal subsets are grouped into one or
more groups and information of the pilot signal groups is
used. For example, pilot signal subsets or pilot signals in
a pilot signal set are divided into Ngsg groups and an index
is allocated to each divided group so that it can be used
to determine an offset index or an ACK/NACK index. The
number of pilot signal groups may be one or more and such
pilot signal group information can be transmitted to a
terminal.

Equations 4 and 5 illustrate examples where an offset

index is determined using pilot signal group information.

EQUATION 4

!y = I s MOA N 4 + I s

EQUATION 5

! yger = L s MOAN 1 + G (L )

Similar to Equation 3, Iofesee and Igs in Equations 4
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and 5 denote an offset index and a pilot signal or a pilot
signal subset index, respectively, and Nape denotes the
number of resource blocks or unit resources that the base
station has allocated to the terminal for transmitting and
receiving data. Ipge denotes an index of the pilot signal
group described above.

In Equation 5, G() is a function for determining a
pilot signal group index. For example, pilot signal group
index information can be determined from a pilot signal or
pilot signal subset index, where G() is a function for
inferring a pilot signal group index from the pilot signal
or pilot signal subset index.

As a specific embodiment, let us assume that a total
of 8 pilot signal subsets are included in a pilot signal
set and are grouped into pilot signal groups, each
including 4 pilot signal subsets. In this case, the piiot
signal subsets are grouped into a total of 2 pilot signal
groups. When the number of ACK/NACK resources is twice the
number of VRBs, an index Iz ©of one of the pilot signal
groups can be determined to be 0 and an index of the other
pilot signal group can be determined to be equal to the
total number of VRBs. In this manner, a larger number of
ACK/NACK resources than the number of VRBs can be

determined in the system.
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FIG. 15 illustrates a method of additionally using an
offset index according to another embodiment of the
invention.

As shown in FIG. 15, similar to the embodiment of FIG.
14, a total of 12 VRBs are present on the horizontal axis
and a total of 7 pilot signal subsets available ¢to
terminals are present on the vertical axis in this
embodiment. Here, it is assumed that multiple pilot signals
are used for each data of a terminal (UE) and these pilot
signals constitute a pilot signal subset, and an index is
allocated to each pilot signal subset.

In the case of FIG. 15, it is also assumed that a
total of 7 pilot signal subsets are grouped into two pilot
signal groups, and the first pilot signal group (RS Group
1) includes four pilot signal subsets of pilot signal
subset indexes 0 to 3 and the second pilot signal group (RS
Group 2) includes three pilot signal subsets of pilot
signal subset indexes 4 to 6. In this case, 0 and 12, which
is the total number of VRBs, can be allocated to the first
pilot signal group and the second pilot signal group,
respectively. That is, as shown in FIG. 15, the pilot
signal group index of the first pilot signal group is
determined to be 0, aﬁd the pilot signal group index of the

second pilot signal group is determined to be 12.
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Here, a third terminal (UE3) is allocated a total of
3 unit resources (i.e., resource blocks) corresponding to
VRB indexes 6 to 8. Likewise, UEs 4, 2, and 5 are each
allocated the same VRB resources as those of UE3. That is,
Iws 1is 6 and Nax 1is 3. Each terminal is allocated a
different pilot signal subset. Each terminal can determine
an ACK/NACK index using a VRB index, a pilot signal subset
index, and the pilot signal group index described above.

The following is an example where an ACK/NACK index
is determined using Equations 1 and 4. In the case of UE3,
an offset index value determined using Equation 4 is 0
(=0%4+0) and thus an ACK/NACK index determined wusing
Equation 1 is 6. According to the same method, in the case
of UE2, the offset index value is determined to be 1 so
that the ACK/NACK index is 7. In the case of UE4, the
offset index value is determined to be 2 so that the
ACK/NACK index is 8. In the case of UE5, the offset index
value is determined to be 12 (=6%3+12) so that the ACK/NACK
index is 18. In order to allow the base station to receive
a plurality of codewords transmitted from one or more
terminals in uplink that are multiplexed in the same time-

frequency region, it should be possible for the base

station to obtain channel information of a plurality of

antennas or terminals. Pilot signals can be used to notify
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the base station of channel information of the antennas or
terminals. It 1is ©preferable that pilot signals Dbe
orthogonal to each other or that pilot signals have good
cross-correlation characteristics. Therefore, when a
terminal transmits data in uplink using a MIMO technique,
the terminal informs the base station of a pilot signal to
be used before transmitting the data.

Accordingly, this embodiment suggests a method of
using a relation that is established between pilot signals,
which multiple terminals wuse in the frequency domain
through which data is transmitted, and offset indexes that
affect the determination of ACK/NACK indexes. Since the
pilot signal value is different for each terminal br
antenna as described above, it will be effective to use the
pilot signal value for the offset index value. For example,
when a number is assigned to a pilot signal allocated to
each terminal or antenna, its value can be determined to be
Toteset -

In another embodiment of the offset index
determination method, the offset index can be determined to
be a value corresponding to information of a codeword
corresponding to data transmitted through multiple antennas
using the same time-frequency resources.

When data is transmitted according to an SU-MIMO



10

15

20

WO 2008/115004 PCT/KR2008/001547

48

scheme, information of a precoding matrix used for the data
transmission is provided. Accordingly, the terminal can
infer a codeword index of each data codeword through the
used precoding matrix information and the codeword index
can be used as an offset index. In this case, the base
station can determine an Igfsser value from the codeword
index without separately transmitting Ioffser to the terminal.

In downlink MU-MIMO, the terminal can at least
determine a column vector in the precoding matrix that has
been used for data transmission. That is, when a precoding
matrix used by both the base station and the terminal has
been predetermined, it is possible to determine the ordinal
number of the column vector in the precoding matrix.
Accordingly, it is possible to infer a codeword index of
each data codeword and to use the codeword index as the
offset index. Similar to the case of SU-MIMO, in this case,
the base station can determine an Igsrser value from the
codeword index without separately transmitting Iofeser to the
terminal.

In this embodiment, in the case where an ACK/NACK
index is determined using a codeword in a system which
transmits data using a MIMO technique, the base station
transmits a signal corresponding to the ordinal number of a

codeword as control information when the base station
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allocates data to the terminal, thereby allowing the
terminal to obtain a codeword index of each data.

If a precoding matrix used in the MIMO scheme is
known to both the base station and the terminal and a
relation is fixedly established between codewords and
layers, the order of codewords corresponding respectively
to a plurality of data can be determined to be the same as
the order of codeword column vectors. That is, in the case
where a codeword is precoded according to the MIMO
technique and is transmitted through an actual physical
transmit antenna, the codeword index may indicate the
ordinal number of a column vector of data symbols before
the codeword is mapped to a layer.

If the terminal does not know a precoding matrix used
in the base station and instead knows a precoding column
vector which is a part of the precoding métrix, the base
station notifies the terminal of the ordinal number of the
precoding column vector in the precoding matrix or of the
codeword index of corresponding data, thereby allowing the
terminal to transmit an ACK/NACK signal for the
corresponding data.

In addition, if it is possible to determine the
ordinal number of the precoding column vector applied to

the data in the precoding matrix, it 1is possible to
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determine the ordinal number of a layer corresponding to
the data. Then, it is possible to determine the ordinal
number of a codeword corresponding to the data based on the
predetermined relation between codewords and layers,
thereby obtaining the codeword index.

Reference will now be made to a method in which an
ACK/NACK index is determined using a combination of a VRB
index and a codeword index according to another embodiment
of the invention.

In the following, it is assumed that a relation is
fixed between codewords and layers in a multi-carrier MIMO
system. Equation 6 illustrates an example of the ACK/NACK
index determination method which can be applied under this

assumption.

EQUATION 6

I ickinack =2 L cogewora B ypg

In Equation 6, Inck/vack 1S an ACK/NACK index which is a
unigue number indicating a physical resource throﬁgh which
each available ACK/NACK signal may be transmitted or
received, JTcogewora 15 a codeword index which is a number

allocated to each codeword for transmitting data, and Iys
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is a number corresponding to a VRB that is selected
according to a specific rule from a set of VRBs through
which data corresponding to a codeword is transmitted when
it is assumed that VRB indexs are nﬁmbers allocated to all
VRBs through which data is transmittable. For example, Iurs
may be the smallest VRB index among VRB indexes
corresponding to VRBs occupied by data corresponding to a
codeword, i.e., among VRB indexes corresponding to VRBs
through which the data corresponding to the codeword can be
transmitted. In addition, o and P are constants.

More specifically, in this embodiment, the number of
resources allocated for ACK/NACK transmission 1is Ncodeword
times the VRB index and up to Ncodewora codewords can be
transmitted in the same time-frequency region. When -the
number of VRB indexes Iygs i8S Nyrs, the ACK/NACK index can be

determined using the following Equation 7 or 8.

EQUATION 7
IACK/NACK = NVRB ’ ICodeword + ]VRB ,

/COdGWOfd = 0v112r"'1 /VCDdGWO/d-1v

/y,qg = 0,1,2,"', /Vyng“1

EQUATION 8

IACKINACK = ICodeword‘ + Ncadeword ) IVRB ’ /600'9"0/0' = Or 1 r27 T /V(,‘odemord“ ’
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,/VHB = 0,1,2,"', /VL/HH—Jl

In Equations 6 to 8, Iywe 1is not necessarily in one-
to-one correspondence with VRB indexes.

In addition, when data of one codeword transmitted
using MIMO is transmitted in units of sets of at least M
VRBs, Iygs may be in one-to-one correspondence with the set
of VRBs. That is, if data is allocated to VRBs in units of
sets of two VRB; in a MIMO system in which up to two
codewords can be‘transmitted, one Iyzygy number 1is allocated
to each set of two VRBs and an ACK/NACK index of an
ACK/NACK resource for use by data of each codeword can be
determined using Icodewora Which is a number indicating the
codeword.

Reference will now be made to a method in which an
ACK/NACK index is determined using a combination of a CCE
index and a codeword index according to another embodiment
of the invention.

In the following, it is assumed that a relation is
fixed between codewords and layers in a multi-carrier MIMO
system. Equation 9 illustrates an example of the ACK/NACK
index determination method which can be applied under this

assumption.
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EQUATION 9

L ycxivack =X L cogowora T Bk

In Equation 9, TIack/wacks Icodewora, and Iccg are an
ACK/NACK index, a codeword index, and a CCE index,
respectively. Particularly, Icce may correspond to a CCE
included in a set of one or more CCEs occupied by control
information indicating a physical resource position of
transmission data. When control information is transmitted
through a plurality of CCEs, Iccg may be a number
corresponding to an index of a CCE that is selected from
the plurality of CCEs according to a specific rule. For
example, Icg may be the smallest CCE index among CCE
indexes corresponding to one or more CCEs occupied by
single control information. Similar to Equation 6, o and B
in Equation 9 may constants.

Similar to the case where VRB indexes are used, in
this embodiment, the number of resources allocated for
ACK/NACK transmission 1S Ncogewora times the CCEwindex and up
to Noogewora codewords can be transmitted in the same time-
frequency region. When the number of CCE indexes Icce is Ncce,
the ACK/NACK index can be determined using the following

Equation 10 or 11.
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EQUATION 10
[ACK/NACK :Ncc 'Icodeword+1cc5 . lcodewora = 0,1,2,°,
NCodewora"L lece = 0,1,2,-+, Neee1
EQUATION 11
IACK/NACK :]Codeword+Ncodeword'ICCE ) codeword = 0,1,2,-,

Neocewora1 /bCE =0,1,2,, N1

A description of Egquations 10 and 11 is omitted here
since it is similar to the description of Equations 6 to 8.

In another embodiment of the invention, the
additional information described above can be changed
according to at least one of a virtual unit resource
allocated to the transmission data and a virtual unit
resource allocated to control information of the
transmission data.

For example, én. ACK/NACK index can be obtained by
analyzing the Icsset Value, which is one example of the
additional information, differently according to a VRB
index of a VRB through which data was transmitted. This can

be represented by Equation 12 as follows.

EQUATION 12
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ek inack = O(]ojjfset)+IVRB, I = 0,1,2,-, Mpg1

In Equation 12, 0() can be considered a function for
analyzing the Iiffser value differently according to a VRB
index of a VRB through which data was transmitted. The
function 0() can be predetermined by both the base station
and the terminal.

For example, the smallest of an array of VRB indexes
of all VRBs occupied by data transmitted according to
codewords is subtracted from each of the VRB indexes. Each
VRB index included in the array of subtracted VRB indexes
is referred to as a VRB differential index. In addition, it
is assumed that a codeword index is used as an Igsfser value.
Here, an input of the function 0() may be a value
indicating the ordinal number of the VRB differential index
in the array and an output of the function 0() may be a
value indicated by the input among the values of the VRB
differential index in the array. Here, similar to the above
embodiments, Iwzs represents the smallest of the VRB indexes
of VRBs through which codewords were transmitted.

Even when multiple codewords are transmitted through
the same frequency-time region using the MIMO scheme, the

amount of ACK/NACK resources required for this will not be
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increased compared to when no MIMO scheme is applied if the
number of VRBs through which MIMO-multiplexed codewords are
transmitted is limited so that it is always larger than a
rank value applied to MIMO multiplexing.

Here, the Igssser value can naturally be determined
using a variety of methods including not only the method of
using a codeword index described above but also the method
of using a pilot signal described above with reference to
Equations 3 to 5.

An embodiment in which offset index wvalues are
changed according to VRB indexes will now be described with
reference to FIGs. 16 and 17.

FIG. 16 illustrates an example of the ACK/NACK index
determination method according to another embodiment of the
invention.

In the example of FIG. 16, it is assumed that one
codeword is transmitted to each different terminal and each
codeword is transmitted through VRB indexes 2, 4, 5, and 7
and the offset index is identical to the codeword index.
Here, the Iwe value of every terminal is 2.

It is also assumed that 0() is a function that
outputs a value corresponding to a VRB differential index
as described above. First, the smallest VRB indéx 2 is

subtracted from the VRB indexes 2, 4, 5, and 7 to calculate



10

15

20

WO 2008/115004 PCT/KR2008/001547

57

VRB differential indexes. The calculated VRB differential
indexes are 0, 2, 3, and 5. Thus, O{(Ipffeer) is 0 1if the
offset index value is 0, 2 if the offset index value is 1,
3 if the offset index value is 2, and 5 if the offset index
value is 3. |

With reference to Equation 12, the ACK/NACK index of
UE1l is determined to be 7 (=5+2), the ACK/NACK index of UE2
is determined to be 5 (=3+2), the ACK/NACK index of UE3 is
determined to be 4 (=2+2), and the ACK/NACK index of UE4 is
determined to be 2 (=0+2).

FIG. 17 illustrates an example of the ACK/NACK index
determination method according to another embodiment of the
invention.

In the example of FIG. 17, it is assumed that two
codewords are transmitted to different terminals, and data
is transmitted to UEl through VRB indexes 2, 5, and 7 and
data is transmitted to UE2 through VRB indexes 3 and 8. It
is also assumed that the offset index is identical to the
codeword index. Here, the Iy value of UEl is 2 and the Iygs
value of UE2 is 3.

It is also assumed that O0() 1is a function that
outputs a value corresponding to a VRB differential index
as described above. First, the smallest VRB index 2 is

subtracted from the VRB indexes 2, 5, and 7 of UEl to
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calculate VRB differential indexes. The calculated VRB_
differential indexes are 0, 3, and 5. Likewise, the
smallest VRB index 3 is subtracted from the VRB indexes 3
and 8 of UE2 to calculate VRB differential indexes. The
calculated VRB differential indexes are 0 and 5.

With reference to Equation 12, in the case of UE1l, an
ACK/NACK index corresponding to data corresponding to the
codeword index 0 is determined to be 2 (=0+42) and an
ACK/NACK index corresponding to data corresponding to the
codeword index 1 is determined to be 5 (=3+2). In the case
of UE2, an ACK/NACK index- corresponding to data
cbrresponding to the codeword index 0 is determined to be 3
(=0+3) and an ACK/NACK index corresponding to data
corresponding to the codeword index 1 is determined to be 8
(=5+3) .

The above embodiments of the present disclosure have
been described focusing on the data communication
relationship between a terminal (UE) and a base station.
The base station is a terminal node in a network which
performs communication directly with the terminal. Specific
operations which have been described as being performed by
the base station may also be performed by upper nodes as
needed. That ig, it will be apparent to those skilled in

the art that the base station or any other network node may
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perform various operations for communication with terminals
in a network including a number of network nodes. The term

“base station” may be replaced with another term such as

“fixed station”, "“Node B”, “eNode B (eNB)”, or “aCCEss
point”. The term “terminal” may also be replaced with
another term such as “user equipment (UE)”, “mobile station
(MS)”, “mobile station (MS)”, or “mobile subscriber station
(MSSs) " .

Those skilled in the art will appreciate that the
present invention may be embodied in other specific forms
than those set forth herein without departing from the
spirit and essential characteristics of the present
invention. The above description is therefore to be
construed in all aspects as illustrative and not
restrictive. The scope of the invention should be
determined by reasonable interpretation of the appended
claims and all changes coming within the equivalency range
of the invention are intended to be embraced in the scope

of the invention.

[Industrial Applicability]
The present invention can be applied to mobile
communication systems, cellular mobile communication

systems, cellular multi-carrier systems, etc.
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"[craIms]

[Claim 1] A method for receiving an ACK/NACK signal in

mobile communication system, the method comprising:
receiving reference signal information and a
5 resource block index which corresponds with a resource
block allocated for data transmission;
identifying ACK/NACK resource information through
the reference signal information and the resource block
index; and
10 receiving an ACK/NACK signal of the data using the

ACK/NACK resource information.

[Claim 2] The method according to claim 1, wherein the

resource block index is a lowest one among resource block
indexes for resource blocks allocated to the data

15 transmission.

[Claim 3] The method according to claim 1, wherein the

reference signal information is a cyclic shift value for

a specific sequence.

[claim 4] The method according to claim 3, wherein the
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specific sequence 1is orthogonal or good for cross-
correlation characteristic with a sequence cyclic-shifted

by the cyclic shift value.

[claim 5] The method according to claim 1, wherein the

reference signal is allocated from a reference signal set

including a plurality of reference signal.

[claim 6] The method according to claim 1, wherein a

number of the resource block allocated for the data
transmission is equal or larger than a rank value applied

to the mobile communication system.

[claim 7] A method for receiving an ACK/NACK signal in

mobile communication system, tﬁe method comprising:
identifying an ACK/NACK resource index mapped to a
resource block index which corresponds with a resource
plock allocated for control channel transmission; and
receiving an ACK/NACK signal for data associated
with the control channel using a ACK/NACK resource block
which corresponds with the ACK/NACK resource index,
wherein at least one of the ACK/NACK resource index

is double-mapped to a plurality of resource block index.
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[Claim 8] The method according to claim 7, wherein the

ACK/NACK resource index is double-mapped to the plurality
of resource block index by a specific ACK/NACK resource

index group.

[Claim 9] The method according to claim 8, wherein the

ACK/NACK resource index in the specific ACK/NACK resource
index group is double-mapped with a different mapping

order.

[claim 10] The method according to claim 7, wherein

the ACK/NACK resource index 1is double-mapped to the

plurality of resource block index to avoid a collision of

the ACK/NACK resource block.

[Claim 11} The method according to claim 7, wherein
the resource block index is a lowest one among resource
block indexes for resource blocks allocated to the

control channel transmission.
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