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METHOD FOR TRANSMITTING CONTROL
INFORMATION IN WIRELESS
COMMUNICATION SYSTEM AND
APPARATUS THEREFOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

[This] More than one reissue application has been filed
for this patent, including application [is] Ser. No. 14/284,456
filed Oct. 3, 2016 as a reissue application of U.S. Pat. No.
9.106,398 B2, issued Aug. 11, 2015 from U.S. application
Ser. No. 14/065,774, filed on Oct. 29, 2013, as well as
application Ser. No. 14/445,800, filed Feb. 28, 2017 as a
reissue continuation application of reissue application Ser.
No. 14/284,456, the underlving patent application 14/065,
774 being a continuation of U.S. application Ser. No.
13/163,607, filed Jun. 17, 2011, now U.S. Pat. No. 8,599,
727, which, pursuant to 35 U.S.C. §119, claims the benefit
of earlier filing date and right of prionty to Korean Patent
Application No. 10-2011-0027553, filed on Mar. 28, 2011
and also claims the benefit of U.S. Provisional Application
Nos. 61/414,377, filed on Nov. 16, 2010, 61/413,934, filed
on Nov. 15, 2010, 61/412,792, filed on Nov. 12, 2010,
61/409,960, filed on Nov. 4, 2010, 61/407,891, filed on Oct.
28, 2010, 61/406,562, filed on Oct. 25, 2010, 61/406,133,
filed on Oct. 24, 2010, 61/392,486, filed on Oct. 13, 2010,
61/387,011, filed on Sep. 28, 2010, 61/376,996, filed on
Aug. 25, 2010, 61/376,164, filed on Aug. 23, 2010, and
61/375,288, filed on Aug. 20, 2010, the contents of all of
which are incorporated by reference herein in their [entirety]
entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless communication
system. And, more particularly, the present invention relates
to a method for transmitting control information 1n wireless
communication system and apparatus therefor.

2. Discussion of the Related Art

In a mobile communication system, a user equipment may
receive information from a base station via downlink, and
the user equipment may also transmit information via
uplink. The information received or transmitted by the user
equipment includes data and diverse control information.
And, various physical channels may exist depending upon
the type and purpose of the information received or trans-
mitted by the user equipment.

FIG. 1 illustrates physical channels that are used in a 3"
Generation Partnership Project (3GPP) Long Term Evolu-
tion (LTE) system, which 1s an example of a mobile com-
munication system and a general signal transmitting method
using the same.

When a power of a user equipment 1s turned off and then
turned back on, or when a user equipment newly enters (or
accesses) a cell, the user equipment performs an nitial cell
search process, such as synchronizing itself with the base
station 1 step S101. For this, the user equipment may
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2

receive a P-SCH (Primary Synchronization Channel) and an
S-SCH (Secondary Synchronization Channel) from the base
station so as to be 1n synchronization with the base station,
and the user equipment may also acquire information, such
as cell ID. Thereafter, the user equipment may receive a
Physical Broadcast Channel so as to acquire broadcast
information within the cell. Meanwhile, the user equipment
may receive Downlink Reference Signal (DL RS), 1n the
step of mitial cell search, so as to verily the downlink
channel status.

The user equipment that has completed the 1mitial cell
search may receive a Physical Downlink Control Channel
(PDCCH) and a Physical Downlink Shared Channel
(PDSCH) based upon the Physical Downlink Control Chan-
nel (PDCCH) mformation, 1n step S102, so as to acquire
more detailed system information.

Meanwhile, the user equipment that has not yet completed
the 1itial cell search may perform a Random Access Pro-
cedure, such as 1n steps S103 and S106 of a later process, so
as to complete the access to the base station. In order to do
so, the user equipment transmits a characteristic sequence
through a Physical Random Access Channel (PRACH) as a
preamble (S103), and then the user equipment may receive
a response message respective to the random access through
the PDCCH and 1ts respective PDSCH (S104). In case of a
contention based random access, excluding the case of a
handover, the user equipment may perform Contention
Resolution Procedures, such as transmitting an additional
Physical Random Access Channel (PRACH) (8105) and
receiving a Physical Downlink Control Channel (PDCCH)
and a Physical Downlink Shared Channel (PDSCH) corre-
sponding to the PDCCH.

After performing the above-described procedures, the

user equipment may receive a Physical Downlink Control
Channel (PDCCH)/Physical Downlink Shared Channel

(PDSCH) (5107), as a general uplink/downlink signal trans-
mission procedure, and may then perform Physical Uplink
Shared Channel (PUSCH)/Physical Uplink Control Channel
(PUCCH) transmission (S108).

FIG. 2 illustrates a signal processing procedure performed
by the user equipment for transmitting uplink signals.

In order to transmit an uplink signal, a scrambling module
201 of the user equipment may scramble a transmission
signal by using a user equipment specific scrambling signal.
Then, the scrambled signal 1s input to a modulation mapper

202 for modulation to a complex symbol by using a Binary
Phase Shift Keying (BPSK) scheme, a Quadrature Phase

Shift Keying (QPSK) scheme, or a 16 Quadrature Amplitude
Modulation (16 QAM) scheme, based upon a type of the
transmission signal and/or a channel status. The modulated
complex symbol 1s then processed by a conversion precoder
203 and then mput to a resource element mapper 204. The
resource element mapper may map the complex symbol to
a time-frequency resource element, which 1s to be used 1n
the actual transmission. The processed signal may then pass
through an SC-FDMA signal generator 203 for transmission
to the base station via an antenna.

FIG. 3 illustrates a signal processing procedure performed
by the base station for transmitting downlink signals.

In a 3GPP LTE system, a base station may transmit one or
more code words. Accordingly, each of the one or more code
words may be processed as a complex symbol by a scram-
bling module 301 and a modulation mapper 302, just as
described in the uplink of FIG. 2. Subsequently, each of the
complex symbols may be mapped to a plurality of layers by
a layer mapper 303, and each layer may be multiplied by a
predetermined precoding matrix, which 1s selected based
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upon the channel status, by a precoding module 304, thereby
being allocated to each transmission antenna. Each of the
processed transmission signals respective to an antenna 1s
mapped to a time-frequency resource element, which 1s to be
used 1n the actual transmission, by a respective resource
clement mapper 305. Thereafter, each of the transmission
processed signals passes through an Orthogonal Frequency
Division Multiple Access (OFDM) signal generator 306 so
as to be transmitted through each antenna.

In a mobile communication system, when the user equip-
ment transmits a signal via uplink, a Peak-to-Average Ratio
(PAPR) may be more disadvantageous then when the base
station performs transmission via downlink. Therefore, as
described above 1n association to FIG. 2 and FIG. 3, unlike
the OFDMA scheme, which 1s used i downlink signal
transmission, the Single Carrier-Frequency Division Mul-
tiple Access (SC-FDMA) scheme 1s used 1n uplink signal

transmissions.

FIG. 4 illustrates an SC-FDMA scheme for transmitting,
uplink signals and an OFDMA scheme for transmitting
downlink signals in a mobile communication system.

Herein, a user equipment for uplink signal transmission
and a base station for downlink signal transmission are
identical to one another 1n that each of the user equipment
and the base station includes a Serial-to-Parallel Converter
401, a subcarrier mapper 403, an M-point IDFT module 404,
and a Cyclic Prefix (CP) adding module 406.

However, the user equipment for transmitting signals by
using the SC-FDMA scheme additionally includes a Paral-
lel-to-Serial Converter 405 and an N-point IDFT module
402. And, herein, the N-point IDFT module 402 1s config-
ured to cancel a predetermined portion of an IDFT process-
ing influence caused by the M-point IDFT module, so that
the transmission signal can have a single carrier property.
FIG. 5 1illustrates a frequency-domain signal mapping
method for satisfying a single carrier characteristic within
the frequency domain. In FIG. 5, (a) represents a localized
mapping method, and (b) represents a distributed mapping
method. The localized mapping method 1s defined in the
current 3GPP LIE system.

Meanwhile, description will now be made on a clustered
SC-FDMA, which corresponds to a corrected form of the
SC-FDMA. In sequentially performing a subcarrier mapping
process between the DFT process and the IFFT process, the
clustered SC-FDMA divides DFT process output samples
into sub-groups, so that an IFFT sample mput unit can map
cach sub-group to subcarrier regions, which are spaced apart
from one another. And, 1n some cases, clustered SC-FDMA
may include a filtering process and a cyclic extension
pProcess.

At this point, a sub-group may be referred to as a cluster,
and cyclic extension refers to a process of inserting a guard
interval, which 1s longer than a maximum delay spread of a
channel, between consecutive (or contiguous) symbols 1n
order to prevent inter-symbol interference (ISI) while each
subcarrier symbol 1s being transmaitted through a multi-path
channel.

SUMMARY OF THE INVENTION

Accordingly, the present invention 1s directed to a method
for transmitting control mformation 1 a wireless commu-
nication system 1n a wireless communication system and an
apparatus therefor that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.
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Additional advantages, objects, and features of the inven-
tion will be set forth in part 1n the description which follows
and 1n part will become apparent to those having ordinary
skill 1n 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 pomnted out in the
written description and claims hereof as well as the
appended drawings.

To achieve these and other advantages and 1n accordance
with the purpose of the present invention, as embodied and
broadly described, 1n a method for transmitting information
data by using a Reed-Muller (RM) coding scheme 1n a
wireless communication system, a method for transmitting,
information data includes the steps of configuring a number
of resource elements for transmitting the information data,
dividing the information data to first information data and
second information data 1f a bit size O of the information
data 1s equal to or larger than a predetermined number,
applying RM coding on each of the first information data
and the second information data, concatenating the coded
first information data and the coded second information
data, and transmitting the concatenated data by using the
predetermined number of resource eclements, wheremn a
minimum value Q' . for the number of resource elements 1s
defined by a sum of a minimum value Q' ., for the number
of resource elements corresponding to the first information
data and a mimnimum value Q' , for the number of
resource elements corresponding to the second information
data.

In another aspect of the present invention, 1n a transmit-
ting apparatus of a wireless communication system, the
transmitting apparatus includes a processor configured to
calculate a number of resource elements for transmitting
information data, to divide the information data to first
information data and second information data 1f a bit size O
of the information data 1s equal to or larger than a prede-
termined number, to apply RM coding on each of the first
information data and the second information data, and to
concatenate the coded first information data and the coded
second 1nformation data, and a transmission module con-
figured to transmit the concatenated data by using the
predetermined number of resource eclements, wheremn a
minimum value Q' . for the number of resource elements 1s
defined by a sum of a minimum value Q' ., for the number
of resource elements corresponding to the first information
data and a mmmmum value Q' , for the number of
resource elements corresponding to the second information
data.

Herein, the information data may correspond to UCI
(Uplink Control Information), and the Uplink Control Infor-
mation may be transmitted through a Physical Uplink
Shared Channel (PUSCH). Also, the predetermined number
may correspond to 12 bits

Preferably, when the bit size O of the information data
corresponds to an even number, the minimum value Q',;,, |
for the number of resource elements corresponding to the
first information data and the minimum value Q' . ., for the
number of resource elements corresponding to the second
information data may be defined by using Equation 1 shown
below.

O] (Equation 1)
2

? Y, _
Qmin_l - Qmin_Z -
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(Herein, Q_ indicates a bit size per symbol according to
a modulation order.)

Additionally, when the bit size O of the information data
corresponds to an odd number, the minimum value Q' ., ,
for the number of resource elements corresponding to the
first information data and the minimum value Q' ., for the
number of resource elements corresponding to the second
information data may be defined by using Equation 2 shown
below.

O+1 Equation 2
) 5 (Equation 2)
' _ 2
Qmin_l - Q
and
'2 y O-1
' _ 2
Qmin_Z - Q
(Herein, Q, 1indicates a bit size per symbol according to

a modulation order.)

In short, the minimum value Q' . . for the number of
resource elements corresponding to the first information data
and the minimum value Q' ., for the number of resource
elements corresponding to the second information data may
be defined by using Equation 3 shown below.

Q. . = -Qx[%- {Equation 3)
min_1 Q.
and
i o1 |
,. QX(O‘[EU 2x| 3]
Qi 2 = a _ o

(Herein, O indicates the bit size of the information data,
and Q_indicates a bit size per symbol according to a
modulation order.)

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are 1ncor-
porated 1in and constitute a part of this application, illustrate
embodiment(s) of the mvention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 illustrates physical channels that are used in a 3"
Generation Partnership Project (3GPP) Long Term Evolu-
tion (LTE) system, which 1s an example of a mobile com-
munication system and a general signal transmitting method
using the same;

FI1G. 2 1llustrates a signal processing procedure performed
by the user equipment for transmitting uplink signals;

FI1G. 3 1llustrates a signal processing procedure performed
by the base station for transmitting downlink signals;

FI1G. 4 illustrates an SC-FDMA scheme for transmitting,
uplink signals and an OFDMA scheme for transmitting,
downlink signals in a mobile communication system;
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FIG. 5 illustrates a frequency-domain signal mapping
method for satistying a single carrier characteristic within

the frequency domain;

FIG. 6 illustrates a signal processing procedure, wherein
DFT process output samples are mapped to a single carrier,
in a cluster SC-FDMA according to an embodiment of the
present 1nvention;

FIG. 7 and FIG. 8 respectively 1llustrate a signal process-
ing procedure, wherein DFT process output samples are
mapped to a multi-carrier, 1 a cluster SC-FDMA according
to an embodiment of the present invention;

FIG. 9 illustrates a signal processing procedure in a
segment SC-FDMA system according to an embodiment of
the present invention;

FIG. 10 illustrates a signal processing procedure for
transmitting a reference signal (hereinafter referred to as RS)
via uplink;

FIG. 11 1llustrates a subirame structure for transmitting an
RS 1n case of a normal cyclic prefix (CP);

FIG. 12 illustrates a subframe structure for transmitting an
RS 1n case of an extended cyclic prefix (CP);

FIG. 13 illustrates a block view showing a processing
procedure of a transmission channel with respect to an
uplink shared channel;

FIG. 14 illustrates a mapping method of a physical
resource for uplink data and control channels;

FIG. 15 illustrates a flow chart showing a method for
cliciently multiplexing data and control channels within an
uplink shared channel;

FIG. 16 1llustrates a block view showing a method of
generating transmission signals of data and control channels;

FIG. 17 illustrates a codeword to layer mapping method;

FIG. 18 illustrates a method of dividing information data
into groups in order to apply a dual RM coding scheme
according to a second embodiment of the present invention;

FIG. 19 1illustrates another method of dividing informa-
tion data mto groups 1n order to apply a dual RM coding
scheme according to a second embodiment of the present
invention;

FIG. 20 illustrates a coding chain for dual RM coding
according to the second embodiment of the present inven-
tion; and

FIG. 21 1llustrates a block view showing a structure of a
communication apparatus according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Retference will now be made 1n detail to the preferred
embodiments of the present mvention, examples of which
are 1llustrated 1n the accompanying drawings. The detailed
description of the present invention 1s provided to facilitate
the understanding of the configuration, operation, and other
characteristics of the present invention provide a description
of an exemplary embodiment of the present invention. The
following embodiments of the present invention correspond
to an exemplary system having the technical features of the
present mvention applied therein. The description of the
present invention will be made by using an IEEE 802.16
system as the example of the present invention, for simplic-
ity. However, this 1s merely exemplary, and, therefore, the
present mvention may be applied to diverse wireless com-
munication systems included in a 3" Generation Partnership
Project (3GPP) system.

The specific terms used in the following description of the
present invention are provided to facilitate the understanding




US RE48.,064 E

7

of the present invention. And, therefore, without deviating
from the technical scope and spirit of the present invention,
the usage of such specific terms may also be varied to
different forms.

FIG. 6 illustrates a signal processing procedure, wherein
DFT process output samples are mapped to a single carrier,
in a cluster SC-FDMA according to an embodiment of the
present nvention. Also, FIG. 7 and FIG. 8 respectively
illustrate a signal processing procedure, wherein DFT pro-
cess output samples are mapped to a multi-carrier, 1 a
cluster SC-FDMA according to an embodiment of the pres-
ent 1nvention.

Herein, FIG. 6 corresponds to an example wherein cluster
SC-FDMA 1s applied in an intra-carrier. And, FIG. 7 and
FIG. 8 correspond to an example wherein cluster SC-FDMA
1s applied in an inter-carrier. Also, FIG. 7 represents a case
where a signal 1s generated (or created) through a single
IFFT block, when subcarrier spacing between neighboring
component carriers 1s aligned, while contiguous component
carriers are allocated in a frequency domain. And, FIG. 8
represents a case where a signal 1s generated through mul-
tiple IFFT blocks, since component carriers are not adjacent
to one another, while component carriers are non-contigu-
ously allocated 1n the frequency domain.

Segmented SC-FDMA refers to simply performing DFT
spreading of the conventional SC-FDMA and extending a
frequency subcarrier mapping configuration of the IFFT 1n
accordance with a relation between the DFT and the IFFT
having a one-to-one correspondence, when a number of
IFFTs equal to a random number of DFTs 1s being applied.
Herein, the segmented SC-FDMA may also be referred to as
NxSC-FDMA or NxDFT-s-OFDMA. In the description of
the present invention, this will be collectively referred to as
segmented SC-FDMA.

FIG. 9 illustrates a signal processing procedure mn a
segmented SC-FDMA system according to an embodiment
of the present invention. As shown 1 FIG. 9, the segmented
SC-FDMA process refers to a process of grouping the entire
time domain modulation symbols to N number of groups
(wherein N 1s an integer greater than 1) and performing a
DFT process in group units, 1n order to alleviate the single
carrier property condition (or specification).

FIG. 10 1illustrates a signal processing procedure for
transmitting a reference signal (hereinafter referred to as RS)
via uplink. As shown in FI1G. 10, data generate a signal from
the time domain and processed with frequency mapping
through a DFT precoder, so as to be transmitted through the
IFFT. Conversely, an RS bypasses the DFT precoder and 1s
directly generated in the frequency domain (511) and 1is
transmitted after being sequentially processed with localized
mapping (S12) and IFFT (S13) processes and then processed
with a cyclic prefix (CP) adding process (S14).

FI1G. 11 illustrates a subirame structure for transmitting an
RS 1n case of a normal cyclic prefix (CP). And, FIG. 12
illustrates a subirame structure for transmitting an RS 1n
case of an extended cyclic prefix (CP). Reterring to FIG. 11,
the RS is transmitted through 4” and 11”7 OFDM symbols.
And, referring to FIG. 12, the RS is transmitted through 3¢
and 9” OFDM symbols.

Meanwhile, a processing structure of an uplink shared
channel as a transmission channel will now be described as
tollows. FI1G. 13 1llustrates a block view showing a process-
ing procedure of a transmission channel with respect to an
uplink shared channel. As shown 1n FIG. 13, data informa-
tion that 1s multiplexed with control mmformation adds a
TB-specific CRC (Cyclic Redundancy Check) to a Transport
Block (herematfter referred to as “TB”), which 1s to be
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transmitted via uplink (130). Then, depending upon a TB
s1ze, the processed transport block 1s divided into a plurality
of Code blocks (heremaiter referred to as “CB”s), and
CB-specific CRC 1s added to the plurality of CBs (131).
Thereatter, channel coding 1s performed on the resulting
value (132). Subsequently, the channel-coded data are pro-
cessed with rate matching (133), and, then, a combination of
the CBs 1s performed once again (134). Afterwards, the
combined CBs are multiplexed with a CQI/PMI (Channel
Quality Information/Precoding Matrix Index) (135).

Meanwhile, a channel coding process separate from that
of the data 1s performed on the CQI/PMI (136). Then, the
channel-coded CQI/PMI 1s multiplexed with the data (135).

Furthermore, a channel coding process separate from that
of the data 1s also performed on an RI (Rank Indication) 137.

In case of an Acknowledgment/Negative Acknowledg-
ment (ACK/NACK), a channel coding process separate
from the channel coding processes of the data, the CQI/PMI,
and the RI 1s performed (138). The multiplexed data and the
CQI/PMI, the separately channel-coded RI, and the ACK/
NACK are processed with channel 111terleavmg,, thereby
generating an output signal (139).

Meanwhile, a detailed description will be made on physi-
cal resource elements (hereinafter referred to as “RE”s) for
data and control information, 1 an LTE uplink system.

FIG. 14 illustrates a mapping method of a physical
resource for uplink data and control channels.

As shown in FIG. 14, the CQI/PMI and the data are
mapped on an RE 1n a time-first method. The coded ACK/
NACK are punctured and inserted in the surroundings of a
demodulation reference signal (DM RS), and the RI 1s
mapped to an RE positioned next to the RE having the
ACK/NACK inserted therein. Resources for the RI and the
ACK/NACK may occupy a maximum of 4 SC-FDMA
symbols. In case data and control information are simulta-
neously transmitted to an uplink shared channel, the map-
ping order may correspond to an order of the RI, a concat-
enation of the CQI/PMI and the data, and the ACK/NACK.
More specifically, the RI 1s first mapped, and then the
concatenation of the CQI/PMI and the data are mapped to
the remaining REs, excluding the RE having the RI mapped
thereto, by using the time-first method. The ACK/NACK 1s
mapped by puncturing the concatenation of the CQI/PMI
and the data, which are already mapped to the respective
REs.

As described above, by multiplexing the data and uplink
control information (UCI), such as the CQI/PMI and so on,
the single carrier property may be satisfied. Therefore, an
uplink transmission maintaining a low Cubic Metric (CM)
may be achieved.

In an enhanced system of the conventional system (e.g.,
LTE Rel-10), with respect to each user equipment, among
the two transmission methods of the SC-FDMA and the
cluster DFTs OFDMA within each carrier component, at
least one transmission method may be applied for uplink
transmission. And, the applied transmission method may be
applied along with an Uplink-MIMO (UL-MIMO) transmis-
S1011.

FIG. 15 illustrates a flow chart showing a method for
cihiciently multiplexing data and control channels within an
uplink shared channel.

As shown 1n FIG. 15, the user equipment recognizes a
rank of data respective to a Physical Uplink Shared Channel
(PUSCH) (S150). Then, the user equipment configures a
rank of an uplink control channel (herein, a control channel
refers to Uplink Control Information (UCI), such as CQI,

ACK/NACK, RI, and so on) to be 1dentical to the rank of the
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data (S151). Also, the user equipment multiplexes data and
control information (S152). Subsequently, after mapping the
data and the CQI by using a time-first method, channel

interleaving may be performed so as to map the RI to a
designated RE and to map the ACK/NACK by puncturing

the REs surrounding the DM-RS (5133).

Thereafter, the data and the control channel may be
modulated to QPSK, 16QAM, 64QAM, and so on 1n accor-
dance with an MCS table (S154). At this point, the modu-
lation step may be moved (or shifted) to another position.
(For example, the modulation block may be moved (or
shifted) to a position prior to the multiplexing step of the
data and the control channel.) Furthermore, channel inter-
leaving may either be performed 1n code word units or be
performed 1n layer units.

FIG. 16 illustrates a block view showing a method of
generating transmaission signals of data and control channels.

Assuming that there are two code words, channel coding
1s performed on each code word (160), and rate matching 1s
performed based upon a given MCS level and resource size
(161). Thereafter, coded bits may be scrambled by using a
cell-specific method, a UE-specific method or a codeword-
specific method (162).

Subsequently, a codeword to layer mapping 1s performed
(163). During this process, operations of a layer shift or
permutation may be included.

FIG. 17 illustrates a codeword to layer mapping method.
The codeword to layer mapping may be performed by using
the rule shown 1n FIG. 17. The precoding position shown in
FIG. 17 may be diflerent from the precoding position shown
in FIG. 13.

Control mformation, such as CQI, RI, and ACK/NACK,
1s channel coded based upon a given specification (165). At
this point, the CQI, the RI, and the ACK/NACK may be
coded by using the same channel code for all codewords or
may be coded by using different channel codes for each
codeword.

Thereafter, a number of coded bits may be varied by a
bit-size controller (166). The bit-size controller may form a
single body with the channel coding block (165). A signal
outputted from the bit-size controller 1s scrambled (167). At
this point, scrambling may be performed to be cell-specific,
layer-specific, codeword-specific, or UE-specific.

The bit-size controller may perform the following opera-
tions.

(1) The controller recognizes a rank of data respective to
PUSCH (n_rank_pusch).

(2) A rank of the control channel (n_rank_control) is
configured to be identical as the rank of the data (i.e.,
n_rank_control=n_rank_pusch), and a number of bits
respective to the control channel 1s multiplied by the control
channel rank, thereby extending the number of bits.

One of the methods of performing the above-described
operation 1s to simply duplicate and repeat the control
channel. At this point, the control channel may either
correspond to an information level prior to being processed
with channel coding or correspond to a coded bit level after
being processed with channel coding. More specifically, for
example, 1n case of a control channel [a0, al, a2, a3] having
n_bit_crtl=4, and when n_rank pusch=2, a number of
extended bits (n_ext_crtl) may become 8 bits [a0, al, a2, a3,
a0, al, a2, a3].

In case the bit-size controller and the channel coding unait
are configured as a single body, the coded bits may be
generated by adoptmg channel coding and rate matching,
which are defined in the conventional system (e.g., LTE

Rel-8).
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Additionally, 1n order to further provide randomization
for each layer, a bit level interleaving process may be
performed 1n the bit-size controller. Alternatively, as an
equivalent of the above, an interleaving process may also be
performed at a modulation symbol level.

A CQI/PMI channel and data respective to 2 codewords
may be multiplexed by a data/control multiplexer (164).
Then, by having the ACK/NACK information be mapped to
REs surrounding the uplink DM-RS, 1n each slot within a
subirame, the channel interleaver maps the CQI/PMI 1n
accordance with a time-first mapping method (168).

Then, modulation 1s performed for each layer (169), and
DFT precoding (170), MIMO precoding (171), RE mapping
(172), and so on, are sequentially performed. Thereatter, an
SC-FDMA signal 1s generated and transmitted through an
antenna port (173).

The function blocks are not limited to the positions shown
in FIG. 16. And, 1n some cases, the corresponding positioned
may be changed. For example, the scrambling blocks 162
and 167 may be positioned after the channel interleaving
block. Also, the codeword to layer mapping block 163 may
be positioned after the channel interleaving block 168 or
after the modulation mapper block 169.

The present invention proposes a channel coding method
of a UCI and a corresponding resource allocation and
transmission method of the same respective to a case where
the UCI, such as CQI, ACK/NACK, and RI, 1s being
transmitted over the PUSCH. Although the description of
the present mvention 1s essentially based upon a transmis-
sion within an SU-MIMO environment, the present mven-
tion may also be applied to a single antenna transmission,
which may correspond to a particular case of SU-MIMO.

In case the UCI and data currently corresponding to the
SU-MIMO are transmitted over the PUSCH, transmission
may be performed by using the following methods. Here-
inafter, the position of the UCI within the PUSCH will now
be described.

The CQI 1s concatenated to the data and 1s mapped to
remaining REs, excluding the RE having the RI mapped
thereto, by using the time-first mapping method and by using
the same modulation order and constellation as the data. In
case of the SU-MIMO, the CQI 1s transmitted by being
dispersed to one codeword, and, among the two codewords,
the codeword to which the CQI 1s transmitted Corresponds to
the codeword having a higher MCS level. And, 1in case the
MCS levels of the two codewords are the same, the CQI 1s
transmitted to codeword 0. Also, the ACK/NACK 1S POSI-
tioned by puncturing a concatenation of the CQI and data,
which are already mapped to symbols located at each side of
a reference signal. And, since the reference signal 1s posi-
tioned in 3™ and 107 symbols, the mapping process is
performed by starting from the lowermost subcarrier of 274,
47 97 and 117 symbols and proceeding upwards. At this
point, the ACK/NACK symbol 1s mapped by an order the
274 117, 9™ 4™ symbols. The RI is mapped to a symbol
positioned next to the ACK/NACK and 1s mapped earlier
than any other information (data, CQI, ACK/NACK) being
transmitted to the PUSCH. More specifically, mapping of
the RI 1s performed by starting from the lowermost subcar-
rier of 1%, 57, 8" and 127 symbols and proceeding
upwards. At this point, the RI symbol 1s mapped by an order
of the 1%, 127, 8" 5" symbols. Most particularly, in case the
information bit size 1s equal to 1 bit or 2 bits, the ACK/
NACK and the RI are mapped by using only four corners of
the constellation and by using the QPSK method. And, n
case the information bit size 1s equal to or larger than 3 bits,
the ACK/NACK and the RI may be mapped by using all
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constellations of the modulation order 1dentical to that of the
data. Furthermore, the ACK/NACK and the RI uses the
same resources corresponding to the same position within
cach layer so as to transmit the same information.

Hereinafter, a method for calculating a number of
resource elements for the UCI within the PUSCH will now
be described. First of all, the number of resource elements
for the CQI and the ACK/NACK (or RI), which are being
transmitted within the PUSCH, may be respectively calcu-
lated by using Equation 1 and Equation 2 shown below.

|Equation 1]

- PUSCH—initial 1 3
( (O + L) ] M.Sﬂ '
NPUSCH-initial ﬁPUSCH 0
Q = symb offset N[PUSCH NJPUSCH _ XRi
= IT1n C(I) : . 5C S}’Pﬂb Q
5, K@ §
=0
\ /
|Equation 2]
T O . M PUSCHinitial(1) _NPUiCH—iniria!( 1) T )
5C SVIN
N[PUSCH—initial(2) \fPUSCH—initial(2)  aPUSCH
; . 5C svmb offset A M PUSCH
Q" = min| i e\
1 PUSCH—initial(2) . NJPUSCH—nitial(2)

Z Kg’ ) 'Msc (2). Nsymb +

=0

c(2)—1

(2) WNAPUSCH—initial(l) w\PUSCH—-mmmal(l)
Z Kr Mm: Nsymb
Y =0 y

Herein, the number of resource elements for the CQI and
the ACK/NACK (or RI) may also be expressed as a number
of coded modulation symbols.

Hereinaiter, a channel coding method for a UCI being
transmitted within the PUSCH will now be described. First
of all, 1n case of the CQI, when a payload size 1s equal to or
below 11 bits, an RM (Reed-Muller) coding process using
Table 1 shown below 1s applied to an 1nput sequence (i.e.,
information data) o,, 0, 0,, . . . , 0,_,; SO as to generate an
output sequence of 32 bits. Also, 1n case a payload size of the
CQI exceeds 11 bits, after adding an 8-bit CRC, a Tail biting
convolutional coding (TBCC) method may be applied.

Meanwhile, a channel coding method for an ACK/NACK
and an RI being transmitted within the PUSCH will now be
described. If the information data size of the ACK/NACK
and the RI 1s equal to 1 bit, 1.e., 1f the mput sequence 1s
[0,7"], a channel coding process is performed in accor-

dance with the modulation order as shown in Table 2 below.
Also, 11 the information data size of the ACK/NACK and the
RI is equal to 2 bits, i.e., if the input sequence is [0, "
0,”“’], a channel coding process is performed in accordance
with the modulation order as shown 1n Table 3 below. Most

particularly, referring to Table 3, 0,”“" corresponds to the

ACK/NACK or RI data for codeword 0, and o,““’ corre-
sponds to the ACK/NACK or RI data for codeword 1, and
0,”“" corresponds to (0,”“"+0,““)mod 2. More specifi-
cally, in Table 2 and Table 3, x represents a value of 1, and
y represents a repetition of a previous value.

Alternatively, when the information data size of the

ACK/NACK and the RI 1s within a range of 3 bits to 11 bits,
the RM (Reed-Muller) coding method using Table 1 shown
below may be applied, thereby generating an output
sequence of 32 bits.
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TABLE 1
1,0 1,1 ,2 1,3 L4 1,5 1L,61,7 1,8 1,9 1,10
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
TABLE 2
Q,, Encoded HARQ-ACK/RI
2 00 y]
4 00° 'y X ]
6 0,7y X X X X]
TABLE 3
Q.. Encoded HARQ-ACK/RI
5 0,V 0,V 0, U o U o U UCH
4 fDDUCI 07T x x 0,5 0,97 x x 0,9 0,V x x ]
6 07 0,77 xx x % 0,9 0,V x x x X 0,7 0,V x x %
X]

Most particularly, in case of performing the RM (Reed-

Muller) coding process using Table 1, output data b,, b,, b,
by, ..., by, 1s expressed as shown 1n Equation 3 below, and

B=32.

T

|Equation 3]
b; =

H

(0, -M; ) mod 2¢

|l
—

Finally, the UCI coded to B bits, 1.e., the ACK/NACK or
RI data may perform rate matching in accordance with
Equation 4 shown below, 1 order to be mapped to Q'
number of resource elements, which 1s calculated according
to Equation 1 and Equation 2.

Qf:bf 1 od B:iZO:I:A:meQI_l [Equatiﬂn 4]

The related art channel coding method 1s realized under
the assumption that a single carrier environment 1s given.
However, 1n case a multiple carrier method 1s applied, as 1n
the LTE-A system, since 1t 1s generally known that the UCI
corresponding to each component carrier, 1.e., the ACK/
NACK or RI data are combined by a component carrier
order, the UCI size may also increase in proportion to a
number ol aggregated component carriers. Most particu-
larly, in case of the RI, the convention single carrier may
have a maximum information data size of 3 bits. However,
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in an environment wherein 5 component carriers can be
aggregated, the maximum information data size may be

equal to 15 bits. Therefore, since a maximum of 11 bits of
information data can be coded by using the currently real-
1zed RM coding scheme, a new scheme (or method) capable
of decoding the UCI 1n a multiple carrier environment 1s
required. Hereinatter, a coding method and a rate matching,
method for each UCI size will now be specifically proposed.

First Embodiment

When the Information Data Size 1s Less than or
Equal to 11 Bits

In a single carrier environment and a multiple carrier
environment, since RM coding 1s used, when the RI or
ACK/NACK having the size of 3 bits or more, the coded
output data has a bit size of 32 bits. However, in case the
channel status 1s excellent, and when the number of resource
clements 1s calculated by using Equation 1 and Equation 2,
only an extremely small number of resource elements may
be allocated based upon the bit size of the information data.
In this case, during the rate matching step, which 1s per-
tformed by using Equation 4, the coded codewords may be
excessively punctured due to the RM coding, thereby caus-
ing the performance to be degraded.

More specifically, 1n order to perform robust transmission
regardless of the channel status, since the RI or ACK/NACK
transmits codewords, which are coded by the RI or ACK/
NACK by using the RM coding scheme, by using only the
constellation points of corner points, instead of using all of
the constellations so as perform modulation, it 1s generally
known that only 2 bits are mapped to a single resource
element. Theretore, in order to transmit all of the codewords
coded to 32 bits, a total of 16 resource elements are required.
And, at this point, if the calculated number of resource
clements 1s smaller than 16, puncturing may be performed
on the codewords as the rate matching process. However,
when performing the puncturing process, a receiving end
may determine the process as an error. Therefore, even 11 the
codeword has a value of 16, which corresponds to the
maximum value for the minimum distance between codes of
the RM code, when puncturing a portion of the data corre-
sponding 4 symbols, the performance cannot be ensured.
Also, since the puncturing process 1s sequentially performed
in 2-bit units starting from the very last bit of the codeword,
in order to maintain the performance of the puncturing
process, the degrading of the performance may be increased.
Heremafiter, as a first embodiment of the present invention,
the present invention proposes a method for preventing such
degrading of the performance caused by the above-described
puncturing process.

1) When the ACK/NACK or RI has an information data
s1Ze corresponding to a specific number of bits, 1.e., when the
ACK/NACK or RI corresponds to information data having
a size equal to or larger than 3 baits, the first embodiment of
the present invention proposes a method of configuring a
mimmum value as the number of resource elements being
allocated to the ACK/NACK or RI. For example, when the
information data size of the ACK/NACK or Rl 1s equal to or
greater than 3 bits, the number of resource elements allo-
cated for transmitting the information data of the ACK/
NACK or R1I 1s configured to be equal to a minimum number
of 16 bits. Herein, it 1s preferable that the minimum value of
the number of resource elements, which 1s allocated to the
ACK/NACK or RI, 1s equal to or greater than half the

number of bits corresponding to the information data size.
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More specifically, the number of REs being allocated to the
ACK/NACK and the RI, 1.e., the number of coded modu-

lation symbols may be calculated by using Equation 6 and
Equation 7 shown below.

Q' = max(Q,,;, , min(Q},,,,, 4-M{ ")) [Equation 5]
1 PUSCH—initial(1) wtPUSCH—initial(1) :
0-MP initial( )'Nsymb _ |Equation 6]
PUSCH—initial(2) ~tPUSCH—initial(2) oPUSCH
Q , B . MSE‘ AR Nsymb ' JB offset
femp (C(l)—l \
Z Kﬁ,” _MSPﬂUSCH—mfﬁa.{(z) _N;ii CH-initial(2) |
=0
c(2)—1
Z Kﬂ? _MiUSCH—EnEriaef(l) 'N;ﬁ CH—initial(1)
=0 /
A mimmimum value Q' . for the number of resource

clements being allocated to the ACK/NACK or RI may be
decided according to Equation 7 shown below.

|Equation 7]

min

[QSmO

Herein, O represents a bit size of the information data of
the ACK/NACK or RI, and Q,, corresponds to a bit size per

symbol according to the modulation order. In case of the
QPSK, Q 1s equal to 2, in case of the 16QAM, Q, 1s equal

to 4, and, 1n case of the 64QAM, Q _ 1s equal to 6.

Meanwhile, 1n case of the ACK/NACK and the RI, the
standard of a coding rate for the RM coding process 1s Y.
Accordingly, the minimum value Q' . for the number of
resource elements being allocated to the ACK/NACK or Rl
may be decided by using Equation 8 to Equation 10 shown
below.

! 3x0O |Equation 8]

Qmin = [
Q.

! 2x0 1 |Equation 9]
|, 3
or

‘, [ 2x0-Q,, /2 ]

K Qm

, 2x0 3 |Equation 10]
QG =| 5,3

! _[QXO_(BQm/4)]
min Qm

Table 4 to Table 7 shown below respectively correspond
to examples of calculating the minimum value Q' . for the
number of resource elements being allocated to the ACK/
NACK or RI by using Equation 7 to Equation 10 presented
above.
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TABLE 4
Info. REs REs REs
bit size for QPSK for 16 QAM for 64 QAM
3 3 2 1
4 4 2 2
5 5 3 2
6 6 3 2
7 7 4 3
8 8 4 3
9 9 5 3
10 10 5 4
11 11 6 4
TABLE 5
Info. REs REs REs
bit size for QPSK for 16 QAM for 64 QAM
3 3 1 1
4 4 2 1
5 5 2 2
6 6 3 2
7 7 3 2
8 8 4 3
9 9 4 3
10 10 5 3
11 11 5 4
TABLE 6
Info. REs REs REs
bit size for QPSK for 16 QAM or 64 QAM
3 5 3 2
4 6 3 2
5 8 4 3
6 9 5 3
7 11 6 4
8 12 6 4
9 14 7 5
10 15 8 5
11 17 9 6
TABLE 7
Info. REs REs REs
bit size for QPSK for 16 QAM for 64 QAM
3 2 2 1
4 3 2 1
5 3 2 1
6 6 3 2
7 6 3 2
8 6 3 2
9 6 3 2
10 6 3 2
11 9 5 3

2) Also, 1n the first embodiment of the present invention,
alter the ACK/NACK or RI codes the RM coding, when the
ACK/NACK or RI 1s punctured by the rate matching pro-
cess, 1t may be considered to perform puncturing by a
predetermined and specific order. More specifically, when
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the ACK/NACK or RI 1s allocated to a given number of 60

resource elements, the allocation order may be decided by
grouping the ACK/NACK or RI in 1-bit or 2-bit units or 1n
units of a specific number of bits, so that the ACK/NACK or
RI can be allocated to the resource elements by the decided
order. For example, 1f the output data having the ACK/
NACK or RI coded correspond to ¢, ¢;, A, c5,, the output
data are realigned through a permutation function (1), 1=0,
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1, A, 31, which corresponds to a predetermined rule, so that
an optimal performance can be demonstrated when perform-
ing the puncturing process. Then, 1n accordance with the
permuted order, the resource elements may be sequentially
allocated, or the puncturing process may be sequentially
performed, by the index order or by an inverse 1ndex order.
More specifically, when 8 coded output data are allocated to
the resource elements, the located data becomes c_ 4, €1y,
A, ¢ 7, nstead of ¢, ¢, A, ¢,

3) Furthermore, according to the first embodiment of the
present invention, difterent 5, offset values may be
used depending upon the information data size respective to
the ACK/NACK and the RI. When puncturing the coded
output data, 1.e., the codeword by using the RM coding

scheme, the influence of the puncturing process may vary
depending upon the bit size of the information data. There-
fore, depending upon the level of influence aflecting the
minimum distance of the codeword caused by the punctur-
ing process, the .., - value may be configured dif-
terently. For example, when puncturing the codeword, a
comparatively large B, ., " value is set up for the
fastest bit size of the information data to have 1ts minimum
distance value be equal to O.

Although the above-described processes 1) to 3) describe
the process of setting up the minimum value of the number
of resource elements being allocated to the UCI, 1n order to
achieve the same object, a minimum bit size value of the
coded output data after processing rate matching may also
be set up. More specifically, the minimum value Q' . shown
in Equation 5 may be configured in the number of resource
clements as the minimum bit size value of the output data,

as shown in Equation 11 below.

Q' ..=20 [Equation 11]

Second Embodiment

When the Information Data Size 1s Equal to or
Greater than 12 Bits

In case the information data size of the ACK/NACK and
the RI 1s equal to or greater than 12 bits, the PUSCH groups
the information data to the same bit size or to a different bit
s1ze, which corresponds to at least two or more data sets.
And, channel coding may be performed on each of the
divided information data groups by using a (32,0) RM
coding scheme, which 1s used 1n each PUSCH.

More specifically, when multiplexing the UCI, such as the
RI or ACK/NACK, and the data in a multiple carrier
environment, the information data bits of the UCI are
divided 1nto at least two or more group, and each group may
be coded as a single codeword. In this case, since a (32,0)
RM coding scheme using Table 1 may be applied, when a
range of the bit size of the information data 1s between 3 bits
and 11 bats, 1f the bit size of the information data included
in each group 1s between 6 bits and 10 bits, then the (32,0)
RM coding scheme, 1.¢., a dual RM coding scheme may be
applied for each group. Hereinafter, a method for dividing
the information data into group will first be described, and
then a method for calculating the number of resource
clements for allocating the coded information data and a
method for performing rate matching, 1.e., a coding chain,
when applying the dual (32,0) RM coding scheme, will be
described afterwards. Therealter, a method for calculating a
minimum number of resource elements that can be allocated
for each codeword when applying the dual (32,0) RM
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coding scheme according to the first embodiment of the
present invention will be described.

1) Information Data Grouping Method when Performing
Dual RM Coding

First of all, a method of dividing information data having

the size of 12 bits or more nto groups in order to apply the
dual (32,0) RM coding scheme will be described with

reference to FIG. 18 and FIG. 19.

(1) FIG. 18 1llustrates a method of dividing information
data 1into groups 1n order to apply a dual (32,0) RM coding
scheme according to a second embodiment of the present
invention.

Referring to FIG. 18, the whole (or entire) mformation
data may be sequentially allocated as the input data of each
encoder used for the dual (32,0) RM coding scheme. For
example, when the 12-bit information data d,, d,, d,, A, d,,
1s coded by two RM encoders, the information data being
iputted to a first RM encoder may correspond to 6 bits d,,
d,, d., A, d,,, which correspond to even-numbered infor-
mation data bits. And, the information data being mputted to
a second (32,0) RM encoder may correspond to 6 bits d,, d;,
d;, A, d,,;, which correspond to odd-numbered information
data bats.

More specifically, 1n case the given information data
corresponds to 04, 04, 0,, A, 05, among the input data of
the RM encoder by, by, by, A, by g, 1t by, by, by, A, by,
bro/a1s Promters Droatans A, bp.y are respectively mputted to
the first RM encoder and the second RM encoder, when 1 1s
an even number then b, ,=o0.. And, when 1 1s an odd number
then b y/5104-1)270;-

(2) FIG. 19 1illustrates another method of dividing infor-
mation data into groups in order to apply a dual (32,0) RM
coding scheme according to a second embodiment of the
present mvention.

Referring to FI1G. 19, a first half of the whole information
data may be allocated as the information data being inputted
to the first RM encoder, and a second halt of the whole
information data may be allocated as the imnformation data
being mputted to the second RM encoder. For example,
when the 12-bit information data d,,, d,, d,, A, d,, 1s coded
by two RM encoders, 6 bits d,, d,, d,, A, d; of the
information data may be inputted to the first RM encoder,
and 6 bits d,, d-, dg, A, d,, of the information data may be
inputted to the second RM encoder.

Meanwhile, collectively referring to FIG. 18 and FIG. 19,
when the bit size O of the whole miformation data corre-
sponds to an odd number, (O+1)/2 bits may be allocated as
the information data being mputted to the first RM encoder,
and (O-1)/2 bits may be allocated as the information data
being inputted to the second RM encoder. Alternatively,
(O-1)/2 bits may be allocated as the information data being
inputted to the first RM encoder, and (O+1)/2 bits may be
allocated as the information data being inputted to the
second RM encoder.

(3) Among the component carriers, information data cor-
responding to primary component carriers (primary CCs)
may be configured as one group, and information data
corresponding to other component carriers (CCs) may be
configured as another group. Herein, the primary component
carrier may correspond to a component carrier having a most
significant index or a least significant index, or may corre-
spond to a predetermined index. Alternatively, a component
carrier having a most favorable channel status or having a
least favorable channel status may also be configured as the
primary component carrier. Furthermore, a component car-
rier having a largest bit size or a smallest bit size of the
information data may be configured as the primary compo-
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nent carrier. And, in the aspects of coding rates and modu-
lation orders, the primary component carrier may be con-
figured by using the same method.

2) Coding Chain when Applying the Dual RM Coding
Scheme

(1) Hereinaiter, a method for calculating a number of
resource elements for allocating coded information data,
when applying the dual RM coding scheme, will now be
defined. When calculating the number of resource elements,
the present imvention proposes a method of calculating the
number ol resource elements by using Equation 1 and
Equation 2, based upon the bit size of the whole information
data, instead of the bit size of the information data being
divided into a plurality of groups. More specifically, when
the ACK/NACK and the RI are coded by using the dual RM
coding scheme, the number of resource elements being
allocated to each RM codeword i1s allocated by equally the
number of resource elements, which i1s calculated from the
given bit size O of the whole information data.

Accordingly, when the number of resource elements Q'
calculated from the given bit size O of the whole information
data corresponds to an even number, Q2 number of
resource elements may be allocated to each codeword, each
codeword being generated 1n accordance with the dual RM
coding scheme.

Also, when the number of resource elements Q' calculated
from the given bit size O of the whole information data
corresponds to an odd number, (Q'+1)/2 number of resource
elements may be allocated to a 1% codeword, which is
generated 1n accordance with the dual RM coding scheme,
and (Q'-1)/2 number of resource elements may be allocated
to a 2”? codeword, which is also generated in accordance
with the dual RM coding scheme. Alternatively, (Q'-1)/2
number of resource elements may be allocated to a 1%
codeword, and (Q'+1)/2 number of resource elements may
be allocated to a codeword.

(2) However, 1n the rate matching step using Equation 4,
rate matching, 1.e., puncturing may be individually per-
formed on each codeword, each codeword being generated
in accordance with the dual RM coding scheme, while
matching the number and modulation order of the resource
elements, wherein the resource elements are allocated to
cach codeword as described 1n 2).

(3) FIG. 20 illustrates a coding chain for dual RM coding
according to the second embodiment of the present inven-
tion.

Referring to FIG. 20, the coding chain for the dual RM
coding according to the present invention may be recapitu-
lated as a method of performing the dual RM coding
scheme, which 1s proposed 1n the present invention, wherein
a single resource element calculation 1s combined with
individual rate matching processes.

More specifically, in case the information data size of the
ACK/NACK and the RI 1s equal to or greater than 12 bits,
the dual (32,0) RM coding scheme of the present invention
may be applied, and, as described 1n 1), the whole informa-
tion data may be grouped and divided into first (1°%) infor-
mation data and second (27¢) information data.

Subsequently, as described 1n (1) of 2), when calculating
the number of resource elements that are to be allocated, the
corresponding number of resource elements may be calcu-
lated based upon the bit size of the whole information data,
instead of the bit size of the information data being divided
into a plurality of groups. Then, the calculated number of
resource elements 1s distributed to each RM encoder. After-
wards, rate matching may be performed on the codewords
outputted from each encoder, 1n accordance with the given
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resource size. Thereafter, the processed data may be con-
catenated. Furthermore, although an interleaver may be
applied to the concatenated data, the interleaver may be
omitted 1n some cases.

3) Method for Deciding the Minimum Number of >
Resource Elements when Applying the Dual RM Coding
Scheme

Meanwhile, as described 1n the first embodiment of the
present invention, 1n the dual RM coding scheme, a mini-
mum value 1s also required to be configured in the number
of resource elements being allocated to the UCI, 1.e., the

ACK/NACK or RI. Therefore, in the dual RM coding

scheme according to the present mvention, the minimum
value for the number of resource elements being allocated to

the ACK/NACK and the RI may be configured by adding the

mimmum number of resource elements corresponding to
cach of the grouped information data baits.

More specifically, if the equations for calculating the
mimmum number of resource elements respective to O bits 20
of the information data, 1.e., Equation 5 to Equation 7 are
referred to as 1(O) for simplicity, the equation for calculating,
the mimmimum number of resource elements that are to be
allocated to each codeword, during the dual RM coding

process, may correspond to 1{(0O/2). And, the minimum 25
number of resource elements that are allocated to the whole
(or entire) ACK/NACK and RI may correspond to 1{(O/2)+
1(0/2). As a simple example, the minimum number of
resource elements that are allocated to the 12-bit sized
information data corresponds to 1(6)+1(6), instead of 1(12). 30

Meanwhile, 1n case the size of the information data
corresponds to an odd number, the size of each information
data group that 1s used for calculating the minimum number
of resource elements may be allocated with (O+1)/2 bits for
the first codeword and may be allocated with (O-1)/2 bits 35
for the second codeword. Alternatively, the minimum num-
ber of resource elements may be allocated with (O-1)/2 bits
for the first codeword and may be allocated with (O+1)/2
bits for the second codeword. In this case, the minimum
number of resource elements being allocated to the whole 40
ACK/NACK and RI corresponds to 1((O+1)/2)+1((0-1)/2)
For example, the minimum number of resource elements
being calculated for the 13-bit information data corresponds
to 1(7)+1(6), instead of 1(13)

Therefore, Equation 7 may be changed to Equation 12 and 45
Equation 13 shown below.

10

15

I y s [%-‘ ] |Equation 12]
Q:nin =2X S0
Q,
O . .
=2 X Q_] (wherein O 1s an even number)
O+17 T O-17 |Equation 13]
2 X 2 X 55
N Qm Qm
O+1 O-1 _ _
= O +[ O ] (wherein O 1s an odd number)

60

A combination of Equation 12 and Equation 13 may be
expressed as Equation 14 shown below.

, _[zxrom

2x(O-=]0/2]D [Equation 14]
min — Q +[ ]

Q.

20

-continued
i 0O
_[zxrom ) 2x| 5|
- Q.. Qo

If the whole information data are divided into N number
of groups so that the RM coding scheme can be individually
applied, and if the si1ze of the information data being inputted
during each RM coding process 1s referred to as O,, the
minimum number of resource elements being allocated to

the ACK/NACK and the RI corresponds to

N-1

Z £(0;).

i

Meanwhile, among the modulation orders of the trans-
mission block, wherein the PUSCH transmission 1s per-
formed, Q,_ may correspond to a lower modulation order.
More specifically, when the modulation order of the first
transmission block (TB) 1s QPSK, and when the modulation
order of the second TB 1s 16QAM, Q, 1s equal to 2, which
corresponds to a QPSK value respective to the lower modu-
lation order among the modulation orders of two transmis-
s1on blocks. Alternatively, Q_ may correspond to an average
value of the modulation order values of the transmission
block, wherein the PUSCH transmission 1s performed. More

specifically, when the modulation order of the first trans-
mission block (TB) 1s QPSK, and when the modulation

order of the second TB 1s 16QAM, Q. 1s equal to 3, which
corresponds to the average value of the modulation orders of
the two transmission blocks. Furthermore, among the modu-
lation orders of the transmission block, wherein the PUSCH
transmission 1s performed, Q_ may correspond to a higher

modulation order. More specifically, when the modulation
order of the first transmission block (TB) 1s QPSK, and

when the modulation order of the second TB 1s 16QAM, Q,
1s equal to 4, which corresponds to a 16QQAM value respec-
tive to the higher modulation order among the modulation
orders of two transmission blocks.

Third Embodiment

Method of Mapping Coded Information Data to the
Resource Elements

When mapping the coded UCI to the PUSCH according

to the first embodiment and the second embodiment of the
present mvention, each of the coded codewords may be
mapped to one resource element or to a specific number of
resource elements by a virtual carrier order.

When performing sequential mapping, the coded code-
word 1s mapped from a least significant (or lowest) index of
the virtual subcarrier in an increasing direction of the index.
For example, when performing dual RM coding, the first
codeword may be mapped starting from an odd-numbered
virtual subcarrier of the least significant index to each
odd-numbered virtual subcarrier. And, the second codeword
may be mapped starting from an even-numbered virtual
subcarrier of the least significant index to each even-num-
bered virtual subcarrier.

Additionally, a mapping method may also be performed 1n
a time-based order. For example, when the allocated
resource elements correspond to the 274, 4% 9% and 11
symbols, respectively, the first codeword may be mapped to
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the 27¢ and 9” symbols, and the second codeword may be
mapped to the 4” and 117 symbols. Alternatively, the first
codeword may be mapped to resource elements correspond-
ing to two symbols, and the second codeword may be
mapped to resource elements corresponding to the remain-
ing symbols.

FIG. 21 illustrates a block view showing a structure of a
communication apparatus according to an embodiment of
the present invention.

Referring to FIG. 21, a communication apparatus 2100
includes a processor 2110, a memory 2120, an RF module
2130, a display module 2140, and a user interface module
2150.

The communication apparatus 2100 1s an exemplary
illustration provided to simplity the description of the pres-
ent invention. Also, the communication apparatus 2100 may
turther include necessary modules. Also, in the communi-
cation apparatus 2100 some of the modules may be divided
into more segmented modules. Referring to FIG. 21, an
example of the processor 2110 1s configured to perform
operations according to the embodiment of the present
invention. More specifically, for the detailed operations of
the processor 2110, reference may be made to the descrip-
tion of the present invention shown i FIG. 1 to FIG. 20.

The memory 2120 1s connected to the processor 2110 and
stores operating systems, applications, program codes, data,
and so on. The RF module 2130 1s connected to the
processor 2110 and performs a function of converting base-
band signals to radio (or wireless) signals or converting
radio signals to baseband signals. In order to do so, the RF
module 2130 performs analog conversion, amplification,
filtering, and frequency uplink conversion or nverse pro-
cesses of the same. The display module 2140 1s connected to
the processor 2110 and displays diverse information. The
display module 2140 will not be limited only to the example
given herein. In other words, generally known elements,
such as Liquid Crystal Display (LCD), Light Emitting Diode
(LED), Organic Light Emitting Diode (OLED) may also be
used as the display module 2140. The user interface module
2150 1s connected to the processor 2110, and the user
interface module 2150 may be configured of a combination
of generally known user interfaces, such as keypads, touch-
screens, and so on.

The above-described embodiments of the present inven-
tion correspond to predetermined combinations of elements
and features and characteristics of the present invention.
Moreover, unless mentioned otherwise, the characteristics of
the present invention may be considered as optional features
of the present mvention. Herein, each element or character-
istic of the present mmvention may also be operated or
performed without being combined with other elements or
characteristics of the present invention. Alternatively, the
embodiment of the present invention may be realized by
combining some of the elements and/or characteristics of the
present invention. Additionally, the order of operations
described according to the embodiment of the present inven-
tion may be varied. Furthermore, part of the configuration or
characteristics of any one specific embodiment of the pres-
ent mvention may also be included 1n (or shared by) another
embodiment of the present invention, or part of the configu-
ration or characteristics of any one embodiment of the
present mvention may replace the respective configuration
or characteristics of another embodiment of the present
invention. Furthermore, 1t 1s apparent that claims that do not
have any explicit citations within the scope of the claims of
the present invention may either be combined to configure
another embodiment of the present invention, or new claims
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may be added during the amendment of the present mven-
tion after the filing for the patent application of the present
invention.

In the description of the present invention, the embodi-
ments of the present invention have been described by
mainly focusing on the data transmission and reception
relation between the base station and the terminal (or user
equipment). Occasionally, in the description of the present
invention, particular operations of the present invention that
are described as being performed by the base station may
also be performed by an upper node of the base station. More
specifically, 1n a network consisting of multiple network
nodes including the base station, 1t 1s apparent that diverse
operations that are performed in order to communicate with
the terminal may be performed by the base station or b
network nodes other than the base station. Herein, the term
‘Base Station (BS)” may be replaced by other terms, such as
fixed station, Node B, eNode B (eNB), Access Point (AP),
and so on.

The above-described embodiments of the present mnven-
tion may be implemented by using a variety of methods. For
example, the embodiments of the present invention may be
implemented 1n the form of hardware, firmware, or software,
or 1n a combination of hardware, firmware, and/or software.

In case of implementing the embodiments of the present
invention in the form of hardware, the method according to
the embodiments of the present mmvention may be imple-
mented by using at least one of Application Specific Inte-
grated Circuits (ASICs), Digital Signal Processors (DSPs),
Digital Signal Processing Devices (DSPDs), Programmable
Logic Devices (PLDs), Field Programmable Gate Arrays
(FPGAs), processors, controllers, micro controllers, micro
processors, and so on.

In case of implementing the embodiments of the present
invention 1n the form of firmware or software, the method
according to the embodiments of the present invention may
be implemented in the form of a module, procedure, or
function performing the above-described functions or opera-
tions. A soltware code may be stored in a memory unit and
driven by a processor. Herein, the memory unit may be
located 1nside or outside of the processor, and the memory
unit may transmit and receive data to and from the processor
by using a wide range of methods that have already been
disclosed.

As described above, the method for transmitting control
information 1n wireless communication system and appara-
tus therefore according to the present invention are advan-
tageous 1n that, 1mn a wireless communication system, a
transmitting end may eflectively encode the control infor-
mation according to the present invention. Also, the method
for transmitting control information in wireless communi-
cation system and apparatus therefore according to the
present invention may be applied to wireless communication
systems. Most particularly, the present mnvention may be
applied to wireless mobile communication apparatuses that
are used for cellular systems.

The present invention may be realized 1n another concrete
configuration (or formation) without deviating from the
scope and spirit of the essential characteristics of the present
invention. Therefore, 1n all aspect, the detailed description of
present mvention 1s intended to be understood and inter-
preted as an exemplary embodiment of the present invention
without limitation. The scope of the present invention shall
be decided based upon a reasonable interpretation of the
appended claims of the present invention and shall come
within the scope of the appended claims and their equiva-
lents.
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Therelore, it will be apparent to those skilled in the art that
vartous modifications and variations can be made in the
present invention without departing from the spirit or scope
of the mventions. Thus, 1t 1s intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What 1s claimed 1s:

1. A method for transmitting uplink control information
(UCI) at a user equipment 1n a wireless communication
system, the method comprising:

dividing the UCI mto a first sub-UCI and a second

sub-UCI, a bit size (O) of the UCI equal to or larger
than a predetermined number;

encoding each of the first sub-UCI and the second sub-

UCI by using a Reed-Muller (RM) coding scheme;
concatenating the encoded first sub-UCI and [the
encoded] second sub-UCI; and
transmitting the concatenated first sub-UCI and second
sub-UCI to a base station using modulation symbols,

wherein a number of the modulation symbols 1s deter-
mined based on O,

wherein a minimum number (Q' . ) of the modulation
symbols 1s defined by a sum of a minimum number of
the modulation symbols corresponding to the first sub-
UCI (Q' . ) and a minimum number of the modula-
tion symbols corresponding to the second sub-UCI
(Q'rin_2)s

wheremn Q' . , and Q' . , are defined by using the

following Equations:

2x[=]

2x(0-[3])] (3]
ik |

and = Q.

min 2 T

! —
Qmin_l -

where (O 1indicates a bit size per modulation symbol.

2. The method of claim 1, wherein the concatenated first
sub-UCI and second sub-UCI transmitted via a Physical
Uplink Shared Channel (PUSCH).

3. The method of claiam 1, wherein the predetermined
number corresponds to 12 bits.

4. A user equipment (UE) of a wireless communication
system, the UE comprising:
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a processor configured to:
divide uplink control mformation (UCI) mnto a first

sub-UCI and a second sub-UCIJ, to];
encode each of the first sub-UCI and the second sub-
UCI by using a Reed-Muller (RM) coding scheme,
[and to concatenate the encoded first sub-UCI and
the second sub-UCI,] wherein a bit size (O) of the
UCI is equal to or larger than a predetermined
number; and
concatenate the encoded first sub-UCI and the second
sub-UCI: and
a transmitter configured to transmit the concatenated first
sub-UCI and second sub-UCI using modulation sym-
bols to a base station,
wherein a number of the modulation symbols 1s deter-
mined based on O,
wherein a mimmimum number (Q' . ) of the modulation
symbols 1s defined by a sum of a minimum number of
the modulation symbols corresponding to the first sub-
UCI (Q'_. ;) and a minimum number of the modula-
tion symbols corresponding to the second sub-UCI
(Q'me_Z)ﬂ
wheremn Q' . and Q' .~ ., are defined by using the
following Equations:

x| 2] x[0-[2N] [H«[O1
Q:ﬂin_lz_ zlmz] and Q,;, 2 = (Qm[Z]] _ ZLQ]

where Q_ indicates a bit size per modulation symbol.
5. The UE of claim 4, wherein the concatenated first

sub-UCI and second sub-UCI transmitted via a Physical
Uplink Shared Channel (PUSCH).

6. The UE of claim 4, wherein the predetermined number
corresponds to 12 bits.

7. The method of claim 1, wherein the UCI comprises a
rank indicator (RI) or an acknowledgement/negative-ac-
knowledgement (ACK/NACK).

8. The user eguipment of claim 4, whervein the UCI
comprises a rank indicator (RI) or an acknowledgement/

negative-acknowledgement (ACK/NACK).
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