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Description
BACKGROUND OF THE INVENTION

Field of the invention

[0001] The presentinvention relates to wireless communications, and more particularly, to an encoding method and
encoding apparatus for uplink control information in a wireless communication system.

Related Art

[0002] 3d generation partnership project (3GPP) long term evolution (LTE) evolved from a universal mobile telecom-
munications system (UMTS) is introduced as the 3GPP release 8. The 3GPP LTE uses orthogonal frequency division
multiple access (OFDMA) in a downlink, and uses single carrier-frequency division multiple access (SC-FDMA) in an
uplink. The 3GPP LTE employs multiple input multiple output (MIMO) having up to four antennas. In recent years, there
is an ongoing discussion on 3GPP LTE-advanced (LTE-A) evolved from the 3GPP LTE.

[0003] As disclosed in 3GPP TS 36.211 V10.4.0 (2011-12) "Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 10)", a physical channel of the LTE can be classified into a downlink channel,
i.e., a physical downlink shared channel (PDSCH) and a physical downlink control channel (PDCCH), and an uplink
channel, i.e., a physical uplink shared channel (PUSCH) and a physical uplink control channel (PUCCH).

[0004] The uplink channel is used to transmit a variety of uplink control information such as hybrid automatic repeat
request (HARQ) positive-acknowledgement (ACK)/negative-acknowledgement (NACK), channel state information (CSlI),
and scheduling request (SR).

[0005] With the introduction of a scheme of increasing channel capacity such as multiple input multiple output (MIMO)
and carrier aggregation (CA), an amount of uplink control information is also increased. A radio resource for an uplink
channel may be more restrictive than a radio resource for a downlink channel, and a transmission error of the uplink
control information may aggravate service quality.

[0006] There is a need to design a coding and transmission scheme for an uplink channel according to an increasing
amount of the uplink control information.

SUMMARY OF THE INVENTION

[0007] The present invention provides an encoding method and encoding apparatus for uplink control information.
[0008] In an aspect, an encoding method in a wireless communication system includes generating an error detection
code for first uplink control information (UCI), attaching the error detection code to second UCI, encoding the first UCI,
and encoding the second UCI to which the error detection code is attached.

[0009] The error detection code may include a parity bit or a cyclic redundancy check (CRC).

[0010] The first UCI and the second UCI may be encoded based on different Reed-Muller (RM) codes.

[0011] The first UCI may include a rank indicator (RI), and the second UCI may include channel state information (CSl).
[0012] In another aspect, an encoding apparatus in a wireless communication system includes an uplink control
information (UCI) generator configured to generate an error detection code for first UCI and attach the error detection
code to second UCI, a first encoder configured to encode the first UCI, and a second encoder configured to encode the
second UCI to which the error detection code is attached.

[0013] A variety of types and an increased amount of uplink control information can be transmitted, and an error
detection performance can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 shows a downlink radio frame structure in 3" generation partnership project (3GPP) long term evolution (LTE).
FIG. 2 shows a structure of an uplink (UL) subframe in 3GPP LTE.

FIG. 3 shows an example of a structure of a physical uplink control channel (PUCCH) format 3 in a normal cyclic
prefix (CP) case.

FIG. 4 shows uplink control information (UCI) coding according to an embodiment of the present invention.

FIG. 5 shows UCI coding according to another embodiment of the present invention.

FIG. 6 is a block diagram showing an encoding apparatus according to an embodiment of the present invention.
FIG. 7 is a block diagram of a wireless device according to an embodiment of the present invention.
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DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0015] A wireless device may be fixed or mobile, and may be referred to as another terminology, such as a user
equipment (UE), a mobile station (MS), a user terminal (UT), a subscriber station (SS), a mobile terminal (MT), etc. A
base station (BS) is generally a fixed station that communicates with the wireless device and may be referred to as
another terminology, such as an evolved node-B (eNB), a base transceiver system (BTS), an access point, etc.
[0016] Hereinafter, the present invention is applied based on a 3" generation partnership project (3GPP) long term
evolution (LTE) or a 3GPP LTE-Advanced (LTE-A). This is for exemplary purposes only, and thus the present invention
is applicable to various communication systems. In the following description, LTE and/or LTE-A are collectively referred
to as LTE.

[0017] The wireless device may be served by a plurality of serving cells. Each serving cell may be defined with a
downlink (DL) component carrier (CC) or a pair of a DL CC and an uplink (UL) CC.

[0018] The serving cell may be classified into a primary cell and a secondary cell. The primary cell operates at a
primary frequency, and is a cell designated as the primary cell when an initial network entry process is performed or
when a network re-entry process starts or in a handover process. The primary cell is also called a reference cell. The
secondary cell operates at a secondary frequency. The secondary cell may be configured after a radio resource control
(RRC) connection is established, and may be used to provide an additional radio resource. At least one primary cell is
configured always. The secondary cell may be added/modified/released by using higher-layer signaling (e.g., an RRC
message).

[0019] A cell index (Cl) of the primary cell may be fixed. For example, a lowest Cl may be designated as a Cl of the
primary cell. It is assumed hereinafter that the Cl of the primary cell is 0 and a Cl of the secondary cell is allocated
sequentially starting from 1.

[0020] FIG. 1 shows a structure of a DL radio frame in 3GPP LTE. The section 4 of 3GPP TS 36.211V10.4.0 (2011-12)
"Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation (Release 10)" may be in-
corporated herein by reference.

[0021] A radio frame includes 10 subframes indexed with 0 to 9. One subframe includes 2 consecutive slots. A time
required for transmitting one subframe is defined as a transmission time interval (TTI). For example, one subframe may
have a length of 1 millisecond (ms), and one slot may have a length of 0.5 ms.

[0022] One slot may include a plurality of orthogonal frequency division multiplexing (OFDM) symbols in a time domain.
Since the 3GPP LTE uses orthogonal frequency division multiple access (OFDMA) in a downlink (DL), the OFDM symbol
is only for expressing one symbol period in the time domain, and there is no limitation in a multiple access scheme or
terminologies. For example, the OFDM symbol may also be referred to as another terminology such as a single carrier
frequency division multiple access (SC-FDMA) symbol, a symbol period, etc.

[0023] Although it is described that one slot includes 7 OFDM symbols for example, the number of OFDM symbols
included in one slot may vary depending on a length of a cyclic prefix (CP). According to 3GPP TS 36.211 V10.4.0, in
case of a normal CP, one slot includes 7 OFDM symbols, and in case of an extended CP, one slot includes 6 OFDM
symbols.

[0024] A resource block (RB) is a resource allocation unit, and includes a plurality of subcarriers in one slot. For
example, if one slot includes 7 OFDM symbols in a time domain and the RB includes 12 subcarriers in a frequency
domain, one RB can include 712 resource elements (REs).

[0025] A DL subframe is divided into a control region and a data region in the time domain. The control region includes
up to first four OFDM symbols of a first slot in the subframe. However, the number of OFDM symbols included in the
control region may vary. A physical downlink control channel (PDCCH) and other control channels are allocated to the
control region, and a physical downlink shared channel (PDSCH) is allocated to the data region.

[0026] As describedin 3GPP TS 36.211V10.4.0, in 3GPP LTE, a physical channel may be divided into a data channel
and a control channel. The data channel may be a physical downlink shared channel (PDSCH) and a physical uplink
shared channel (PUSCH). The control channel may be a physical downlink control channel (PDCCH), a physical control
format indicator channel (PCFICH), a physical hybrid-ARQ indicator channel (PHICH), and a physical uplink control
channel (PUCCH).

[0027] ThePCFICH transmitted in a first OFDM symbol of the subframe carries a control formatindicator (CFI) regarding
the number of OFDM symboils (i.e., a size of the control region) used for transmission of control channels in the subframe.
A wireless device first receives the CFl on the PCFICH, and thereafter monitors the PDCCH.

[0028] Unlike the PDCCH, the PCFICH does not use blind decoding, and is transmitted by using a fixed PCFICH
resource of the subframe.

[0029] The PHICH carries a positive-acknowledgement (ACK)/negative-acknowledgement (NACK) signal for an uplink
hybrid automatic repeat request (HARQ). The ACK/NACK signal for uplink (UL) data on a PUSCH transmitted by the
wireless device is transmitted on the PHICH.

[0030] A physical broadcast channel (PBCH) is transmitted in first four OFDM symbols in a second slot of a first
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subframe of a radio frame. The PBCH carries system information necessary for communication between the wireless
device and a BS. The system information transmitted through the PBCH is referred to as a master information block
(MIB). In comparison thereto, system information transmitted on the PDCCH is referred to as a system information block
(SIB).

[0031] Control information transmitted through the PDCCH is referred to as downlink control information (DCI). The
DCI may include resource allocation of the PDSCH (this is referred to as a downlink (DL) grant), resource allocation of
a PUSCH (this is referred to as an uplink (UL) grant), a set of transmit power control commands for individual UEs in
any UE group, and/or activation of a voice over Internet protocol (VolP).

[0032] In 3GPP LTE, blind decoding is used to detect a PDCCH. The blind decoding is a scheme in which a desired
identifier is de-masked from a cyclic redundancy check (CRC) of a received PDCCH (referred to as a candidate PDCCH)
to determine whether the PDCCH is its own control channel by performing CRC error checking. A BS determines a
PDCCH format according to DCI to be transmitted to a wireless device, attaches a cyclic redundancy check (CRC) to
control information, and masks a unique identifier (referred to as a radio network temporary identifier (RNTI)) to the CRC
according to an owner or usage of the PDCCH.

[0033] Accordingto 3GPP TS 36.211 V10.4.0, an uplink channel includes a PUSCH, a PUCCH, a sounding reference
signal (SRS), and a physical random access channel (PRACH).

[0034] FIG. 2 shows a structure of a UL subframe in 3GPP LTE.

[0035] A UL subframe can be divided into a control region and a data region. The control region is a region to which
a physical uplink control channel (PUCCH) carrying UL control information is allocated. A data region is a region to which
a physical uplink shared channel (PUSCH) carrying user data is allocated.

[0036] The PUCCH is allocated in an RB pair in a subframe. RBs belonging to the RB pair occupy different subcarriers
in each of a 1st slot and a 2nd slot. m is a location index indicating a logical frequency-domain location of the RB pair
allocated to the PUCCH in the subframe.

[0037] It shows that RBs having the same value m occupy different subcarriers in the two slots.

[0038] The PUSCH is allocated by a UL grant on a PDCCH. Although not shown, a 4th OFDM symbol of each slot of
a normal CP is used in transmission of a demodulation reference signal (DM RS).

[0039] Uplink control information (UCI) includes at least any one of HARQ ACK/NACK, channel state information
(CSl), and scheduling request (SR). Hereinafter, as an index of indicating a state of a DL channel, the CSI may include
at least any one of a channel quality indicator (CQI) and a precoding matrix indicator (PMI).

[0040] PUCCH formats are defined as below in order to represent combinations of UCI and PUCCH and various
PUCCH transmissions.

[Table 1]
PUCCH format UCI to be transmitted
PUCCH format 1 Positive SR
PUCCH format 1a/1b | 1 bit or 2 bits HARQ ACK/NACK
PUCCH format 2 CSl reporting
PUCCH format 2a/2b | CSlreporting and 1 bitor 2 bits HARQ ACK/NACK
PUCCH format 3 HARQ ACK/NACK, SR, CSI

[0041] A PUCCH format 3 carries 48 bits encoded UCI. The PUCCH format 3 may carry HARQ ACK/NACKs for a
plurality of serving cells and CSI for one serving cell.

[0042] FIG. 3 shows an example of a structure of a PUCCH format 3 in a normal CP case.

[0043] One slot includes 7 OFDM symbols. / denotes an OFDM symbol number in the slot, and has a value in the
range of 0 to 6. Two OFDM symbols with /=1, 5 are used as RS OFDM symbols for a reference signal, and the remaining
OFDM symbols are used as data OFDM symbols for a UCI signal.

[0044] A symbol sequence d={d(0), d(1), ..., d(23)} is generated by performing QPSK modulation on a 48-bit encoded
UCI (e.g., encoded ACK/NACK). d(n)(n=0,1,...,23) is a complex-valued modulation symbol. The symbol sequence d can
be regarded as a set of modulation symbols. The number of bits of the UCI or a modulation scheme is for exemplary
purposes only, and thus the present invention is not limited thereto.

[0045] One PUCCH uses one RB, and one subframe includes a first slot and a second slot. A symbol sequence
d={d(0), d(1), ..., d(23)} is divided into two sequences d1={d(0),..., d(11)} and d2={d(12),...,d(23)}, each having a length
of 12. The first sequence d1 is transmitted in the first slot, and the second sequence d2 is transmitted in the second slot.
In FIG. 4, the first sequence d1 is transmitted in the first slot.
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[0046] The symbol sequence is spread with an orthogonal sequence w;. Symbol sequences are mapped to respective
data OFDM symbols. An orthogonal sequence is used to identify a PUCCH (or UE) by spreading the symbol sequence
across the data OFDM symbols.

[0047] Two RS OFDM symbols are transmitted by mapping an RS sequence used for demodulation of UCI.

[0048] Now, UClcodingin 3GPP LTE is described with reference to the section 5 of 3GPP TS 36.212V10.4.0 (2011-12)
"Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding (Release 10)".

[0049] CSI, rank indicator (RI), and HARQ ACK/NACK are coded independently

[0050] First, CSI coding for a PUSCH is described.

[0051] CSI o, 04, ..., 0g.q (Where O is the number of bits of the CSI) is subjected to channel coding to generate a
control information bit sequence qg, Q1,..., AN qcai-1- N denotes the number of layers to which a UL transport block is
mapped, and Qqq, denotes the number of bits for each layer that can be used for the CSI.

[0052] For example, a (32, O) block code (also referred to as a Reed-Muller (RM) code) may be used as channel
coding for the CSI.

[0053] by, by, ..., b3q denote an intermediate sequence for CQI channel coding and can be generated by the following
equation.

[Equation 1]
O-1
b= 2.(0, M,,)mod 2
71=0

[0054] Herein,i=0,1,...,31. Mi,n is a basis sequence for the (32, O) block code, and may be defined as the following table.

[Table 2]
i Mo | Myg | Mj2 | Mg | Mg | Mis | Mg | Mz | Mg | Mg | M4
0 1 1 0 0 0 0 0 0 0 0 1
1 1 1 1 0 0 0 0 0 0 1 1
2 1 0 0 1 0 0 1 0 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1
4 1 1 1 1 0 0 0 1 0 0 1
5 1 1 0 0 1 0 1 1 1 0 1
6 1 0 1 0 1 0 1 0 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1
8 1 1 0 1 1 0 0 1 0 1 1
9 1 0 1 1 1 0 1 0 0 1 1
10 1 0 1 0 0 1 1 1 0 1 1
11 1 1 1 0 0 1 1 0 1 0 1
12 1 0 0 1 0 1 0 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1
14 1 0 0 0 1 1 0 1 0 0 1
15 1 1 0 0 1 1 1 1 0 1 1
16 1 1 1 0 1 1 1 0 0 1 0
17 1 0 0 1 1 1 0 0 1 0 0
18 1 1 0 1 1 1 1 1 0 0 0
19 1 0 0 0 0 1 1 0 0 0 0
20 1 0 1 0 0 0 1 0 0 0 1
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(continued)

i Mio | Mg | Mip | M3 | Mg | Mjs | Mg | M7 | Mg | Mg | M4
21 1 1 0 1 0 0 0 0 0 1 1
22 1 0 0 0 1 0 0 1 1 0 1
23 1 1 1 0 1 0 0 0 1 1 1
24 1 1 1 1 1 0 1 1 1 1 0
25 1 1 0 0 0 1 1 1 0 0 1
26 1 0 1 1 0 1 0 0 1 1 0
27 1 1 1 1 0 1 0 1 1 1 0
28 1 0 1 0 1 1 1 0 1 0 0
29 1 0 1 1 1 1 1 1 1 0 0
30 1 1 1 1 1 1 1 1 1 1 1
31 1 0 0 0 0 0 0 0 0 0 0

[0055] The control information bit sequence qq, q,..., dq.4 iS generated by circularly repeating the intermediate se-
quence by, by, ..., by4 according to the following equation.

[Equation 2]
QI:b {(imod 32)

[0056] Herein, i=0,1, ...,N Qcq-1.

[0057] A data bit sequence fy, fy,..., f5_1 is multiplexed together with the CSI bit sequence into a multiplexed sequence
go, g4, ..., 9y.1- In the multiplexed symbol sequence, the CSI may be first arranged, and thereafter a UL transport block
may be arranged. H denotes the total number of bits allocated to the PUSCH, and is defined as H=G+N Q. Herein,
q; is a modulation symbol on constellation, and H’=H/Q,,. Q,,, denotes the number of bits for each modulation symbol of
a modulation scheme. For example, when quadrature phase shift keying (QPSK) is used as the modulation scheme,
Q=2

[0058] Now, CSI coding for a PUCCH format 2 is described.

[0059] UCI (e.g., CSI) ug, Uy, ..., ua_q (Where A is the number of bits of the UCI) is subjected to channel coding to
generate an encoded bit sequence by, by, ..., bg_¢. B is the number of bits capable of transmitting a corresponding
PUCCH. Since the PUCCH format 2 can transmit 20-bit coded UCI, B=20.

[0060] A (20, A) block code (or also referred to as a Reed-Muller (RM) code) may be used as channel coding for the
PUCCH format 2. This can be expressed as follows.

[Equation 3]
A-1
b= Z (u, " M,,)mod 2
71==0

[0061] Herein,i=0,1,...,B-1. Mi,n is a basis sequence for a (20, A) block code, and may be defined as the following table.

[Table 3]
i | Mg | Miq | Mio | M3 | Mg | Mj5 | Mjg | Miz | Mig | Mg | Mjqo | Mjqq | Mg
0 1 1 0 0 0 0 0 0 0 0 1 1 0
1 1 1 1 0 0 0 0 0 0 1 1 1 0
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(continued)
! Mio | Miq | Mo | M3 | Mg | Mis | Mg | M7 | Mg | Mig | Miqo | Miqq | My,
2 1 0 0 1 0 0 1 0 1 1 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
5 1 1 0 0 1 0 1 1 1 0 1 1 1
6 1 0 1 0 1 0 1 0 1 1 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1 1 1
8 1 1 0 1 1 0 0 1 0 1 1 1 1
9 1 0 1 1 1 0 1 0 0 1 1 1 1
10 1 0 1 0 0 1 1 1 0 1 1 1 1
11 1 1 1 0 0 1 1 0 1 0 1 1 1
12 1 0 0 1 0 1 0 1 1 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1 1 1
14 1 0 0 0 1 1 0 1 0 0 1 0 1
15 1 1 0 0 1 1 1 1 0 1 1 0 1
16 1 1 1 0 1 1 1 0 0 1 0 1 1
17 1 0 0 1 1 1 0 0 1 0 0 1 1
18 1 1 0 1 1 1 1 1 0 0 0 0 0
19 1 0 0 0 0 1 1 0 0 0 0 0 0

[0062] Now, Rl or HARQ ACK/NACK coding is described.

[0063] UCI (e.g., Rl or HARQ ACK/NACK) ug, uy, ..., us.q (where A is the number of bits of the UCI) is subjected to
channel coding to generate an encoded bit sequence qg, qy, ..., 9g.¢- B is the number of bits capable of transmitting a
corresponding PUCCH. Since the PUCCH format 3 can transmit coded UCI of 48 bits, B=48.

[0064] The PUCCH format 3 may transmit up to 48 bits, but channel coding uses a basis sequence for a (32, A) block
code of Table 2. Therefore, according to whether the number A of UCI bits is greater than the number of RM bases (or
also referred to as a basis sequence), coding is achieved as follows. According to Table 2, the number of RM bases is 11.
[0065] If A <= 11, the following is satisfied.

[0066] An intermediary sequence by, by, ..., by for channel coding is generated as follows.

[Equation 4]
A-1

b= 2. (u, - M,,)mod 2

1
7=0

[0067] Herein, i=0,1,...,31, and Mi,n is a basis sequence for the (32, 0) block code of Table 1.
[0068] A controlinformation bit sequence qg, 4y, ..., 0g.4 is generated by circularly repeating the intermediary sequence
bg, by, ..., bzq as follows.

[Equation 5]
Qz‘:b (i mod 32)

[0069] Herein, i=0,1, ...,B-1.
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[0070] If 11 <A <= 21, the following is satisfied.
[0071] Two intermediary sequences b'; and b? are generated as follows.

[Equation 6]
X [4/2] -1 s A-[A2] -1
bi = (”n ‘ A’{i.m) mod 2 2 bz‘ - ZO (” [A2] +n : *fwz‘,n) mod 2
n=0 ' y

[0072] Herein, i=0,1,...,23.
[0073] The control information bit sequence qq, q4, ..., qg_¢ is obtained by concatenating the intermediary sequences.

[Equation 7]

1 1 2

2
Qg"bj » q1+1“‘bj+1 Dq£+2mbj » Qz+4:bj+l

[0074] If A <=1 11, since one RM block code (or one RM encoder) is used, this is called single RM. If A > 11, since
two RM block codes (or two RM encoders) are used, this is called dual RM.

[0075] Now, UCI transmission is described according to an embodiment of the present invention.

[0076] Multiple serving cells may be activated for a wireless device, and CSI/RS for the multiple serving cells may be
transmitted on a PUCCH or a PUSCH.

[0077] A periodic CSI report may be configured, and a CSl report for the multiple serving cells may be triggered in
one UL subframe. This is called a collision of the CSI report. When the collision of the CSI report occurs, only CSI for
one serving cell is reported, and transmission of the remaining CSl is discarded. This is because the conventional
PUCCH format and PUSCH structure do not support the CSI report for the multiple serving cells.

[0078] An increase in the number of serving cells may lead to an increase in the collision of the CSI report, and thus
the number of times of discarding the CSI report is also increased. The CSI may be not sufficiently reported at a time
desired by a BS, and thus it may be difficult for the BS to sufficiently consider a DL channel situation in DL scheduling.
[0079] If the CSI for the multiple serving cells is transmitted in one subframe (or one PUCCH or one PUSCH), the CSI
report may be prevented from being discarded due to the CSI collision.

[0080] However, in order to support the CSI for the multiple serving cells, there is a need to consider a payload of a
corresponding channel and to intensify an error detection. For example, if the number of antenna ports is 8, an RI for
one serving cell consists of 5 bits. If there are 5 serving cells, the total number of bits of the Rl is 25.

[0081] An embodiment below proposes a coding scheme and an error detection method according to an increase in
the number of bits of UCI.

[0082] Although it is assumed hereinafter that the UCI includes an Rl and CSlI, and a 15t UCI is the Rl and a 2nd UCI
is the CSlI, this is for exemplary purposes only. The UCI may include a variety of control information such as a precoding
type indicator (PTI), etc. The Rl may include an RI for one or more serving cells. The CSI may include CSI for one or
more serving cells.

[0083] FIG. 4 shows UCI coding according to an embodiment of the present invention.

[0084] In step S410, a wireless device determines the total number T of 18t UCI (e.g., RI) and 2nd UCI (e.g., CSI). In
step S420, T is compared with a reference value Tr.

[0085] In step S430, if T>Tr, the 15t UCI and the 2nd UCI are coded independently. For example, the 15t UCI may be
coded on the basis of single RM or dual RM described in the above Equations 6 and 7. The 2"d UCI may be coded on
the basis of the (32, 0) block code of Table 2.

[0086] In step S440, if T<=Tr, the 15t UCI and the 2"d UCI are coded as single UCI. For example, the 15t UCI may be
coded on the basis of single RM or dual RM described in the above Equations 6 and 7.

[0087] The coded UCI may be transmitted on a PUCCH or a PUSCH.

[0088] Tr is not particularly limited, and may be 15 for example. Tr may be given by a BS. If the total number of bits
of the UCI to be transmitted is greater than 15, the 1t UCI including an Rl and the 2"d UCI including information other
than the RI are coded independently.

[0089] Ifthe UCI is transmitted through the PUSCH, an additional resource allocation is required to apply independent
coding. One of the remaining OFDM symbols other than an OFDM symbol reserved for a demodulation reference signal
(DM RS), HARQ ACK/NACK, and an SRS may be additionally allocated to the RI. The wireless device may change the
number of subcarriers to which the UCI is to be mapped in a corresponding OFDM symbol by considering the number
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of bits of the CSI and/or the RI.

[0090] FIG. 5 shows UCI coding according to another embodiment of the present invention.

[0091] The total number of bits of UCI may vary depending on the number of bits of an RI. In particular, a reception
error of the RI may cause a deterioration of a DL throughput. Therefore, it is proposed to attach an additional error
detection code to improve an error detection performance of the UCI.

[0092] The error detection code may include a parity bit having one or more bits and/or a cyclic redundancy check
(CRC) having one or more bits.

[0093] Case (A) shows an example of attaching a parity bit to an RI. The Rl having the parity bit and CSl are coded
independently. The Rl and the CSI may be coded with different encoding schemes. On the basis of the aforementioned
(20, A) RM code or (32, A) RM code, single RM or dual RM or triple or more RM may be used as a coding scheme. For
example, when the dual RM is applied on the basis of the (20, A) RM code of Table 3, an RI of up to 26 bits may be
coded. Alternatively, when the triple RM is applied on the basis of the (20, A) RM code of Table 3, an RI of up to 39 bits
may be coded. There is no restriction on the coding scheme, and well-known coding such as tail-biting convolutional
coding (TBCC) may be applied.

[0094] In Case (B), a parity bit is generated on the basis of an RI, but the parity bit is attached to CSI. The RI and the
CSl to which the parity bit is attached are coded independently. The Rl and the CSI may be coded with different encoding
schemes. On the basis of the aforementioned (20, A) RM code or (32, A) RM code, single RM or dual RM may be used
as a coding scheme. Alternatively, when the triple RM is applied on the basis of the (20, A) RM code of Table 3, an RI
of up to 39 bits may be coded. There is no restriction on the coding scheme, and well-known coding such as TBCC may
be applied.

[0095] In Case (C), a CRC is generated on the basis of an Rl and CSI. The CRC is attached to the CSI. The Rl and
the CSI to which the CRC is attached are coded independently. The Rl and the CSI may be coded with different encoding
schemes. On the basis of the aforementioned (20, A) RM code or (32, A) RM code, single RM or dual RM may be used
as a coding scheme. Alternatively, when triple RM is applied on the basis of the (20, A) RM code of Table 3, an RI of
up to 39 bits may be coded. There is no restriction on the coding scheme, and well-known coding such as TBCC may
be applied.

[0096] The coded UCI may be transmitted through one or more UL channels. The independently encoded Rl and CSI
may be transmitted through one UL channel. The UL channel may include aPUCCH (e.g.,aPUCCH format 3) oraPUSCH.
[0097] The error detection code may be attached when the number of bits of the UCI is greater than or equal to a
specific value. For example, if the number of bits of the UCI (or the number of bits of the RI) is greater than Tr, the error
detection code may be attached.

[0098] The embodiment of FIG. 5 may be combined with the embodiment of FIG. 4. If the number of bits of the UCI
to which the error detection code is attached is greater than Tr, the UCI to which the error detection code is attached
and UCI to which the error detection code is not attached may be encoded independently.

[0099] FIG. 6 is ablock diagram showing an encoding apparatus according to an embodiment of the present invention.
The encoding apparatus implements the embodiments of FIG. 4 and FIG. 5.

[0100] An encoding apparatus 600 includes a UCI generator 610, a 15t encoder 620, and a 2"d encoder 630. The UCI
generator 610 generates UCI, and attaches an error detection code thereto. When the UCI includes 18t UCI and 2nd
UCI, an error detection code for the 18t UCI may be attached to the 2"d UCI.

[0101] The 1stencoder 620 encodes the 15t UCI. The 2"d encoder 630 encodes the 2"d UCI. The 18t encoder 620 and
the 2nd encoder 630 may perform single RM or dual RM on the basis of a (20, A) RM code or a (32, A) RM code.
[0102] FIG. 7 is a block diagram of a wireless device according to an embodiment of the present invention.

[0103] A wireless device 700 includes a processor 710, a memory 720, and a radio frequency (RF) unit 730.

[0104] The memory 720 is coupled with the processor 710, and stores instructions executed by the processor 710.
When the encoding schemes of FIG. 4 and FIG. 5 are implemented with software, an instruction for executing the
software may be stored in the memory 720.

[0105] The RF unit 730 is coupled with the processor 710, and transmits and/or receives a radio signal. UCI may be
transmitted on a PUCCH or a PUSCH by the RF unit 730.

[0106] The processor 710 implements the proposed functions, procedure, and/or methods. In the aforementioned
embodiment, an operation of the wireless device 700 may be implemented by the processor 710.

[0107] The processor may include an application-specific integrated circuit (ASIC), a separate chipset, a logic circuit,
and/or a data processing unit. The memory may include a read-only memory (ROM), a random access memory (RAM),
a flash memory, a memory card, a storage medium, and/or other equivalent storage devices. The RF unit may include
a base-band circuit for processing a radio signal. When the embodiment of the present invention is implemented in
software, the aforementioned methods can be implemented with a module (i.e., process, function, etc.) for performing
the aforementioned functions. The module may be stored in the memory and may be performed by the processor. The
memory may be located inside or outside the processor, and may be coupled to the processor by using various well-
known means.
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[0108] Although the aforementioned exemplary system has been described on the basis of a flowchart in which steps
or blocks are listed in sequence, the steps of the present invention are not limited to a certain order. Therefore, a certain
step may be performed in a different step or in a different order or concurrently with respect to that described above.
Further, it will be understood by those ordinary skilled in the art that the steps of the flowcharts are not exclusive. Rather,
another step may be included therein or one or more steps may be deleted within the scope of the present invention.

Claims

1.

10.

1.

12.

13.

An encoding method in a wireless communication system, the method comprising:
generating an error detection code for first uplink control information (UCI);
attaching the error detection code to second UCI;
encoding the first UCI; and
encoding the second UCI to which the error detection code is attached.

The method of claim 1, wherein the error detection code includes a parity bit or a cyclic redundancy check (CRC).

The method of claim 1, wherein the first UCI and the second UCI are encoded based on different Reed-Muller (RM)
codes.

The method of claim 3, wherein the first UCI is encoded based on a (20, A) RM code, and the second UCl is encoded
based on a (32, A) RM code, where A is the number of bits of UCI which is input to an encoder.

The method of claim 3, wherein the first UCI is encoded based on a (32, A) RM code, and the second UCl is encoded
based on a (20, A) RM code.

The method of claim 1, wherein the first UCI includes a rank indicator (RI), and the second UCI includes channel
state information (CSI).

The method of claim 1, wherein the encoded first UCI and the encoded second UCI are transmitted through one
uplink channel.

The method of claim 7, wherein the uplink channel includes a physical uplink shared channel (PUSCH) or a physical
uplink control channel (PUCCH).

An encoding apparatus in a wireless communication system, the apparatus comprising:
an uplink control information (UCI) generator configured to generate an error detection code for first UCI, and
attach the error detection code to second UCI;
a first encoder configured to encode the first UCI; and
a second encoder configured to encode the second UCI to which the error detection code is attached.

The apparatus of claim 9, wherein the error detection code includes a parity bit or a cyclic redundancy check (CRC).

The apparatus of claim 9, wherein the first UCI and the second UCI are encoded based on different Reed-Muller
(RM) codes.

The apparatus of claim 9, wherein the first UCI includes a rank indicator (RI), and the second UCI includes channel
state information (CSI).

The apparatus of claim 9, wherein the encoded first UCI and the encoded second UCI are transmitted through one
uplink channel.

10
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