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METHOD AND APPARATUS OF TRANSMITTING UPLINK SIGNAL

Technical Field
The present invention relates to a wireless

5 communication system, and more particularly to an apparatus 
and method for transmitting control information.

Background
Wireless communication systems are widely used to

10 provide various kinds of communication services such as 
voice or data services. Generally, a wireless communication 
system is a multiple access system that can communicate with 
multiple users by sharing available system resources 
(bandwidth, transmission (Tx) power, and the like). A

15 variety of multiple access systems can be used, for example,

20

a Code Division Multiple
Division Multiple Access

Access
(FDMA)

Multiple
Division
Frequency

Access (TDMA) system,
Multiple Access (OFDMA)

(CDMA) system, a
system, a Time
an Orthogonal

Frequency
Division
Frequency

system, a Single Carrier
Division Multiple Access (SC-FDMA) system, a

Multi-Carrier Frequency Division Multiple Access (MC-FDMA)
system, and the like.

It is desired to address or ameliorate one or more
disadvantages or limitations associated with the prior art, 

25 or to at least provide a useful alternative.

Summary
In accordance with the present invention, there is 

provided a method for transmitting an uplink signal by a 
30 communication apparatus in a wireless communication system, 

the method comprising:
channel encoding control information; and
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multiplexing the channel encoded control information 
with a plurality of data blocks by performing channel 
interleaving,

wherein the number of channel encoded symbols for the
5 control information is determined using the following 

equation:

Payloadua
a

_______________________' ^RJ-_PUSCH(\)M,M ' A ' NrEJ’USCHWm___________________

Payload Dala(]} ■ A ' NRli_PUSCH(2)mii„i + ^ay^oai^Οαια(2) ' Λ ' RE_PUSCH

n PUSCII
' PoJJse!

where, PoyloadUCI j_s a sj_ze of the control information,

PayloadDalaW a size of a first data block, ^Rh-PUSCH(]^M is the 
10 number of resource elements (REs) for initial PUSCH

transmission of the first data block, is a size of
a second data block, ^/i£-Wi’cw(2W is the number of resource 

elements (REs) for initial PUSCH transmission of the second 
n PUSCH

data block, is an offset value, a is an integer of 1

15 or higher, is an integer of 1 or higher, and is an

integer of 1 or higher, and is a ceiling function.

The present invention further provides a communication 
apparatus for transmitting an uplink signal in a wireless 

20 communication system comprising:
a radio frequency (RF) unit; and
a processor,
wherein the processor is configured to channel-encode

control information, and to perform channel interleaving,
25 such that the channel encoded control information is

multiplexed with a plurality of data blocks,
wherein the number of channel encoded symbols for the
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control information is determined using the following 
equation:

Payloaduci
a

where,

___________ A ' NRE_PUSCH(\)UM ' A ~ NRE_PUSCH{2)MM______________________

PayloadDalaW ·λ2 ■ NliE_pUSCH(2),.+ PayloadDala^2·) ' Λ 1 Nre_pusc.h

Payloaduci

o PUSCH
’ Poffset

is a size of the control information,
5 PayloadDala^ size of a first data block, -?usch (ν>ΜιΜ j_s

number of resource elements (REs) for initial PUSCH 
transmission of the first data block, ^ay^oa(^oata(2'l j_s a sj_ze of 

a second data block, ^8H_PuscH(2')Mlial tbe nuraber of resource

elements (REs) for initial PUSCH transmission of the second 
n PUSCH

10 data block, "nffsel is an offset value, a is an integer of 1
or higher, A is an integer of 1 or higher, and Ά is an 

integer of 1 or higher, and is a ceiling function.

The present invention also provides a method for
15 transmitting an uplink signal by a communication apparatus 

in a wireless communication system, the method comprising: 
channel encoding control information; and 
multiplexing the channel encoded control information 

with one of a plurality of data blocks by performing channel
20 interleaving,

wherein the number of channel encoded symbols for the 
control information is determined by the following equation:

Payload[JCI ■ Nri; l>USCH ' βoffset

a ■ ----------------------- --------------------
Payload Da,a(x}

where, a is an integer of 1 or higher, Payloaduci ps a size of 

25 the control information, PayloadData(x) ps a sj_ze of a data block
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N , ,x, re _ puschω .[s tjie number of resource elements (REs) for
initial Physical Uplink Shared Channel (PUSCH) transmission 

nPUSCH r "I
of the data block x, ^nffsel is an offset value, and I I is a 
ceiling function,

5 wherein the data block x denotes a data block having a
highest Modulation and Coding Scheme (MCS) index for initial 
transmission from among the plurality of data blocks, and 
denotes a 1st data block when the plurality of data blocks 
have a same MCS index for initial transmission.

10 The present information also provides a communication
apparatus for transmitting an uplink signal comprising:

a radio frequency (RF) unit; and
a processor,
wherein the processor is configured to channel-encode

15 control information, and to performs channel interleaving, 
such that the channel encoded control information is 
multiplexed with a plurality of data blocks, and 
wherein the number of channel encoded symbols for the 
control information is determined by the following equation: 

a Payloadua 1-V/ig_/V7SC/7(x)„,„M ' βoffset
20 .

where, a is an integer of 1 or higher, Payl°aducl a s^ze of 

the control information, Payl°aa'οαιαω is a s^ze of a data block 

x, Nre_puschthg number of resource elements (REs) for 
initial Physical Uplink Shared Channel (PUSCH) transmission 

nPUSCH r -i
25 of the data block x, P°ffsel is an offset value, and 1 1 is a 

ceiling function,
wherein the data block x denotes a data block having a 

highest Modulation and Coding Scheme (MCS) index for initial
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transmission from among the plurality of data blocks, and 
denotes a 1st data block when the plurality of data blocks 
have a same MCS index for initial transmission.

Embodiments of the present invention are directed to a 
5 method and apparatus for transmitting an uplink signal that 

substantially obviate one or more problems due to 
limitations and disadvantages of the related art.

Described herein are a method and apparatus for 
effectively transmitting an uplink signal in a wireless 

10 communication system. Described herein are a method and 
apparatus for effectively transmitting control information. 
Described herein are a method and apparatus for effectively 
multiplexing control information and data.

Described herein is a method for transmitting an uplink 
15 signal by a communication apparatus in a wireless 

communication system, the method including channel encoding 
control information; and multiplexing the channel encoded

control information with a plurality of data blocks by
performing channel interleaving, wherein the number of

20 channel encoded symbols for the control information is
determined using an inverse number of the sum of a plurality 
of spectral efficiencies (SEs) for initial transmission of 
the plurality of data blocks.

Described herein is a communication apparatus for 
25 transmitting an uplink signal in a wireless communication 

system including a radio frequency (RF) unit, and a 
processor, wherein the processor channel-encodes control 
information, and performs
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20
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channel interleaving, such that the channel encoded control 
information is multiplexed with a plurality of data blocks, 
and the number of channel encoded symbols for the control 
information is determined using an inverse number of the 
sum of a plurality of spectral efficiencies (SEs) for 
initial transmission of the plurality of data blocks.

The spectral efficiency (SE) for initial transmission 
of each data block is given as the following equation:

Payload,^
λ ' NRE _ PUSCH

where, PayloadOomis a size of a data block, Nri: l>lJSCH...z is 
the number of resource elements (REs) for initial Physical 
Uplink Shared Channel (PUSCH) transmission of the data 
block, and λ is an integer of 1 or higher.

The number of channel encoded symbols for the control
information is determined by the following equation:

PayloadlJCI
a

 1  
Λ ’ + 'b ’______ + ··· + ' SEDalcRN}

n PUSCH 
' Poffsa

where, Payloadua is a size of the control information, 

SEDala(i} is a spectral efficiency for initial transmission of 

an i-th data block, , β'^Η is an offset value, a is an 

integer of 1 or higher, Λ, is a constant, .N is a total 
number of data blocks, and j is a ceiling function.

The number of channel encoded symbols for the control
information is determined by the following equation:

Payloaduc:l
a

Λ ' ^RE PUSCHmilM ' A ' PE PUSCH

PayloadΰαΙα^ Ά2 · NllE j>USCH + PayloadOalc,m -λ^Ν HP _ PUSCH

t n PUSCH 
P offset

where, Payload  lja is a size of the control information,
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PayloadData(i) is a size of a first data block, NRE PUSCHm. is 
the number of resource elements (REs) for initial PUSCH 
transmission of a first data block, PayloadData(2) is a size of 
a second data block, NliE mscHm..,, is the number of resource 
elements (REs) for initial PUSCH transmission of the second 
data block, βο//^Η is an offset value, a is an integer of 1 

or higher, is an integer of 1 or higher, and λ2 is an 
integer of 1 or higher, and [” ~| is a ceiling function.

1010

1515

2020

Nri-_pusch 0, is denoted by NRE_PUSCH(i)iniM

and a size of an i-th data block is denoted by

^K'r , where, is the number of scheduled
/■=0

subcarriers for initial PUSCH transmission of the i-th data 
block, N^hCH<',y'n"lal is the number of SC-FDMA symbols for initial 
PUSCH transmission of the i-th data block, C(1) is the number 
of code blocks of the i-th data block, is a size of r-th
code block of the i-th data block, and r is an integer of 0 
or higher.

N is set to 2 (N=2), a is set to 1 ( a =1), λχ is set to 
1 (λι=1) , and λ2 is set to 1 (λ2 =1) ·

The control information is acknowledgement/negative 
acknowledgement (ACK/NACK) or Rank Indicator (RI).

Described herein is a method for transmitting an
uplink signal by a communication apparatus in a wireless 
communication system, the method including: channel encoding 
control information; and multiplexing the channel encoded 
control information with one of a plurality of data blocks 
by performing channel interleaving, wherein the number of
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channel encoded symbols for the control information is 
determined by the following equation:

a Payload υα ’ re _ pusch (x)IM ' βoffset
PayloadDala(x}

where, a is an integer of 1 or higher, Payloaduci is a size 
5 of the control information, NRE mtwy 7 Z i-s the number of 

resource elements (REs) for initial Physical Uplink Shared 
Channel (PUSCH) transmission of a data block x, is an

offset value, and ΓΊ is a ceiling function. The data block x 

denotes a data block having a highest Modulation and Coding 
10 Scheme (MCS) index for initial transmission from among the 

plurality of data blocks, and denotes a first data block 
when the plurality of data blocks have a same MCS index for 
initial transmission.

Described herein is a communication apparatus for 
15 transmitting an uplink signal including a radio frequency 

(RF) unit; and a processor, wherein the processor channel- 
encodes control information, and performs channel
interleaving, such that the channel encoded control
information is multiplexed with a plurality of data blocks, 

20 and the number of channel encoded symbols for the control 
information is determined by the following equation:

PayloadUCI 'NRE PUSCH(x)iMai ^offset
PayloadData(x}

where, a is an integer of 1 or higher, Payloaduci is a 
size of the control information, NRE PUSCH(x)m„,„As the number of 

25 resource elements (REs) for initial Physical Uplink Shared 
nPUSCH

Channel (PUSCH) transmission of a data block x, is an
offset value, and ΓΊ is a ceiling function, wherein the data
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block x denotes a data block having a highest Modulation and 
Coding Scheme (MCS) index for initial transmission from 
among the plurality of data blocks, and denotes a first data 
block when the plurality of data blocks have a same MCS 
index for initial transmission.

NwyuscHi-s denoted by

a size of the data block x is denoted by , where
r=0

ίο10

1515

2020

"vl'al the number of scheduled subcarriers for initial

PUSCH transmission of the data block x, is the
number of SC-FDMA symbols for initial PUSCH transmission of 
the data block x, C(x) is the number of code blocks of the 
data block x, Kf* is a size of r-th code block of the data 
block x, and r is an integer of 0 or higher.

a is set to 1 (a =1).
The control information may include information related 

to channel quality.
The control information may include at least one of a 

Channel Quality Indicator (CQI) and a Precoding Matrix 
Indicator (PMI).

Exemplary embodiments of the present invention have the 
following effects. The method and apparatus for transmitting 
an uplink signal according to the present invention can 
effectively transmit an uplink signal in a wireless 
communication system. In addition, control information and 
data can be effectively multiplexed.

Description of Drawings
Preferred embodiments of the present invention are 

hereinafter further described, by way of non-limiting
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example only, with reference to the accompanying drawings, 
in which:

FIG. 1 is a block diagram illustrating a Multiple Input 
Multiple Output (MIMQ) transceiver.

5 FIG. 2 exemplarily shows a radio frame structure.
FIG. 3 exemplarily shows a resource grid of a downlink

(DL) slot.
FIG. 4 is a downlink (DL) subframe structure.
FIG. 5 is an uplink (UL) subframe structure.

10 FIG. 6 is a flowchart illustrating a process for
processing UL-SCH data and control information.

FIG. 7 is a conceptual diagram illustrating that 
control information and UL-SCH data are multiplexed on a 
Physical Uplink Shared CHannel (PUSCH).

15 FIGS. 8 and 9 illustrate that Uplink Control
Information (UCI) is multiplexed to one specific codeword 
according to one embodiment of the present invention.
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FIG. 10 exemplarily shows a DCI structure and a User 
Equipment (UE) analysis according to one embodiment of the 
present invention.

FIGS. 11 to 14 exemplarily show that UCI is 
multiplexed to a plurality of codewords according to one
embodiment of the present invention.

FIG. 15 is a block diagram illustrating a Base
Station (BS) and a User Equipment (UE) applicable to
embodiments of the present invention.

[Best Mode]
Reference will now be made in detail to the preferred 

embodiments of the present invention with reference to the 
accompanying drawings. The detailed description, which 
will be given below with reference to the accompanying 
drawings, is intended to explain exemplary embodiments of 
the present invention, rather than to show the only 
embodiments that can be implemented according to the 
invention. The following embodiments of the present 
invention can be applied to a variety of wireless access 
technologies, for example, CDMA, FDMA, TDMA, OFDMA, SC-FDMA, 
MC-FDMA, and the like. CDMA can be implemented by wireless 
communication technologies, such as Universal Terrestrial 
Radio Access (UTRA) or CDMA2000. TDMA can be implemented 
by wireless communication technologies, for example, a 
Global System for Mobile communications (GSM), a General 
Packet Radio Service (GPRS), an Enhanced Data rates for GSM
Evolution (EDGE), etc. OFDMA can be implemented by 
wireless communication technologies, for example, IEEE 
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, E-UTRA 
(Evolved UTRA) , and the like. UTRA is a part of a 
Universal Mobile Telecommunications System (UMTS). 3rd 
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9

Generation Partnership Project (3GPP) Long Term Evolution 
(LTE) is a part of an Evolved UMTS (E-UMTS) that uses an E- 
UTRA . The LTE - Advanced (LTE-A) is an evolved version of 
3GPP LTE.

Although the following embodiments of the present 
invention will hereinafter describe inventive technical 
characteristics on the basis of the 3GPP LTE/LTE-A system, 
it should be noted that the following embodiments will be 
disclosed only for illustrative purposes and the scope and 
spirit of the present invention are not limited thereto. 
Specific terms used for the exemplary embodiments of the 
present invention are provided to aid in understanding of 
the present invention. These specific terms may be 
replaced with other terms within the scope and spirit of 
the present invention.

FIG. 1 is a block diagram illustrating a Multiple 
Input Multiple Output (ΜΙΜΟ) transceiver. In more detail, 
FIG. 1 shows an example of an OFDM or SC-FDMA (also called 
'DFT spread OFDM' or ' DFT-s-OFDM' ) transceiver for 
supporting ΜΙΜΟ. In FIG. 1, if a Discrete Fourier 
Transform. (DFT) block 108 is not present, the transceiver 
shown in FIG. 1 is an OFDM transceiver. If the DFT block 
108 is present, the transceiver shown in FIG. 1 is an SC- 
FDMA transceiver. For convenience of description, 
description of FIG. 1 is based on the operations of a 
transmitter, and the order of operations of a receiver is 
in reverse order to that of the transmitter operations.

Referring to FIG. 1, a codeword-to-layer mapper 104 
maps Nc codewords 102 to NL layers 106. A codeword (CW) is 
equivalent to a transport block (TB) received from a Medium- 
Access Control (MAC) layer. The relationship between the 
transport block (TB) and the codeword (CW) may be changed
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by codeword swapping. In general, the number of ranks for 
use in a communication system is identical to the number of 
layers. ' In the SC-FDMA transmitter, the DFT block 108 
performs DFT conversion precoding for each layer 106. The 

5 precoding block 110 multiplies NL DFT-converted layers by a 
precoding vector/matrix. Through the above-mentioned
process, the precoding block 110 maps NL DFT-converted 
layers to NT Inverse Fast Fourier Transform (IFFT) blocks 
112 and NT antenna ports 114. The antenna port 114 may be 

10 re-mapped to actual physical antennas.
FIG. 2 exemplarily shows a radio frame structure.
Referring to FIG. 2, a radio frame includes 10 

subframes, and one subframe includes two slots in a time 
domain. A time required for transmitting one subframe is 

15 defined as a Transmission Time Interval (TTI). For example, 
one subframe may have a length of 1 ms and one slot may 
have a length of 0.5 ms. One slot may include a plurality 
of Orthogonal Frequency Division Multiplexing (OFDM) 
symbols or a Single Carrier Frequency Division Multiple 

20 Access (SC-FDMA) symbols in a time domain. Since the LTE 
system uses OFDMA in downlink and uses SC-FDMA in uplink, 
the OFDM or SC-FDMA symbol indicates one symbol duration. 
A resource block (RB) is a resource allocation unit and 
includes a plurality of contiguous carriers in one slot. 

25 The structure of the radio frame is only exemplary.
Accordingly, the number of subframes included in the radio 
frame, the number of slots included in the subframe or the 
number of symbols included in the slot may be changed in 
various manners .

30 FIG. 3 exemplarily shows a resource grid of a
downlink slot.

Referring to FIG. 3, a downlink slot includes a 
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plurality of OFDM symbols in a time domain. One downlink 
slot includes 7 (or 6) OFDM symbols and a resource block 
(RB) includes 12 subcarriers in a frequency domain. Each 
element on a resource grid may be defined as a resource 
element (RE) . One RB includes 12 x 7 (or 12 x S) REs. The 
number (NRB) of RBs contained in a downlink slot is 
dependent upon a downlink transmission bandwidth. An 
uplink slot structure is identical to the downlink slot 
structure, but OFDM symbols are replaced with ' SC-FDMA 
symbols in the uplink slot structure differently from the 
downlink slot structure.

FIG. 4 is a downlink subframe structure.
Referring to FIG. 4, a maximum of three (or four) 

OFDM symbols located in the front part of a first slot of 
the subframe may correspond to a control region to which a 
control channel is allocated. The remaining OFDM symbols 
correspond to a data region to which a Physical Downlink 
Shared CHannel (PDSCH) is allocated. A variety of downlink 
control channels may be used in the LTE, for example, a 
Physical Control Format Indicator Channel (PCFICH), a 
Physical Downlink Control Channel (PDCCH), a Physical
hybrid ARQ indicator Channel (PHICH), etc. PCFICH is
transmitted from a first OFDM symbol of the subframe, and 
carries information about the number of OFDM symbols used 
for transmitting a control channel within the subframe. 
PHICH carries a Hybrid Automatic Repeat request 
acknowledgment/negative-acknowledgment (HARQ ACK/NACK) 
signal as a response to an uplink transmission signal.

Control information transmitted over a PDCCH is 
referred to as Downlink Control Information (DCI). DCI
includes resource allocation information for either a UE or 
a UE group and other control information. For example, DCI 
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includes uplink/downlink (UL/DL) scheduling information, an 
uplink transmission (UL Tx) power control command, etc.

PDCCH carries a variety of information, for example, 
transmission format and resource allocation information of 
a downlink chared channel (DL-SCH), transmission format and 
resource allocation information of an uplink shared channel 
(UL-SCH), paging information transmitted over a paging 
channel (PCH), system information transmitted over the DL- 
SCH, resource allocation information of an upper-layer 
control message such as a random access response being 
transmitted over PDSCH, a set of Tx power control commands 
of each UE contained in a UE group, a Tx power control 
command, activation indication information of Voice over IP 
(VoIP) , and the like. A plurality of PDCCHs may be
transmitted within a control region. A user equipment (UE) 
can monitor a plurality of PDCCHs. PDCCH is transmitted as 
an aggregation of one or more contiguous control channel 
elements (CCEs). CCE is a logical allocation unit that is 
used to provide a coding rate based on a radio channel 
state to a PDCCH. CCE may correspond to a plurality of 
resource element groups (REGs). The format of PDCCH and 
the number of PDCCH bits may be determined according to the 
number of CCEs. A base station (BS) decides a PDCCH format 
according to DCI to be sent to the UE, and adds a Cyclic 
Redundancy Check (CRC) to control information. The CRC is 
masked with an identifier (e.g., Radio Network Temporary 
Identifier (RNTI)) according to a PDCCH owner or a purpose 
of the PDCCH. For example, provided that the PDCCH is 
provided for a specific UE, an identifier of the 
corresponding UE (e.g., cell-RNTI (C-RNTI)) may be masked 
with the CRC. If PDCCH is provided for a paging message, a 
paging identifier (e.g., paging-RNTI (P-RNTI)) may be
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masked with a CRC. If. PDCCH is provided for system 
information (e.g., system information block (SIC)), system 
information RNTI (SI-RNTI) may be masked with CRC. If 
PDCCH is provided for a random access response,, random 
access-RNTI (RA-RNTI) may be masked with CRC. Control 
information transmitted over PDCCH is referred to as 
downlink control information (DCI). DCI includes resource 
allocation information for a UE or a UE group and other 
control information. For example,· DCI includes UL/DL 
scheduling information, an uplink Tx power control command, 
etc. .

Table I shows a DCI format 0 for uplink scheduling. 
In Table 1, although the size of the RB allocation field is 
denoted by 7 bits, the scope or spirit of the present 
invention is not limited thereto, the actual size of the RB 
allocation field can be changed according to system 
bandwidth.

[Table 1]
Field Bits Comment
Format 1 Uplink grant or downlink assignment
Hopping flag 1 Frequency hopping on/off
RB assignment ya) Resource block assigned for PUSCH
MCS 5 Modulation scheme, coding scheme, etc.
New Data Indicator 1 Toggled for each new transport block
TPC 2 Power control of PUSCH
Cyclic shift for DMRS 3 Cyclic shift of demodulation reference signal
CQI request 1 To request CQI feedback through PUSCH
RNTI/CRC 16 16 bit RNTI implicitly encoded in CRC
Padding 1 To ensure format 0 matches format 1A in 

size
Total 38 -

* MCS: Modulation and Coding Scheme
* TPC: Transmit (Tx) Power Control
* RNTI: Radio Network Temporary Identifier
* CRC: Cyclic Redundancy Check
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[Table 2]

Table 2 shows information of an MCS index for enabling 
the LTE to transmit uplink (UL) data. 5 bits are used for 
MCS. Three states (IMCS = 29 ~ 31) from among several
states, each of which is capable of being denoted by 5 bits, 

5 are used for uplink (UL) retransmission.

MCS 
Index

( MCS

Modulation 
Order

Q,„

TBS
Index
/tbs

Redundancy
Version

rvidx
0 · 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 . 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29

reserved
1

30 2
31 3
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FIG. 5 is an uplink subframe structure for use in the 
LTE .

Referring to FIG. 5, the UL subframe includes a 
plurality of slots (e.g., 2 slots). Each slot may include 
different numbers of SC-FDMA symbols according to CP length. 
The UL subframe is divided into a data region and a control 
region in a frequency domain. The data region includes 
PUCCH and transmits a data signal such as a voice signal or 
the like. The control region includes PUCCH, and transmits 
Uplink Control Information (UCI). PUCCH includes a pair of 
RBs (hereinafter referred to as an RB pair) located at both 
ends of the data region on a frequency axis, and is hopped 
using a slot as a boundary.

PUCCH may be used to transmit the following control 
information, i.e., Scheduling Request (SR), HARQ ACK/NACK, 
and a Channel Quality Indicator (CQI), and a detailed 
description thereof will hereinafter be described.

- Scheduling Request (SR): Scheduling request (SR) is 
used for requesting UL-SCH resources, and is transmitted 
using an On-Off Keying (OOK) scheme.

- HARQ ACK/NACK: HARQ ACK/NACK is a response signal to 
an uplink (UL) data packet on a PDSCH. The HARQ ACK/NACK 
indicates whether or not a DL data packet has been 
successfully received. ACK/NACK of 1 bit is transmitted as 
a response to a single DL codeword, and ACK/NACK of 2 bits 
is transmitted as a response to two DL codewords.

Channel Quality Indicator (CQI): CQI is feedback 
information for a downlink channel. MIMO-associated 
feedback information includes a Rank Indicator (RI) and a 
Precoding Matrix Indicator (PMI) . 20 bits are used per
subframe. The amount of control information (i.e., UCI), 
that is capable of being transmitted in a subframe by the 
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UE, is dependent upon the number of SC-FDMAs available for 
UCI transmission. SC-FDMAs available in UCI transmission 
indicate the remaining SC-FDMA symbols other than SC-FDMA 
symbols that are used for Reference Signal (RS) 
transmission in a subframe. In the case of a subframe in 
which a Sounding Reference Signal (SRS) is established, the 
last SC-FDMA symbol of the subframe is also excluded. The 
Reference Signal (RS) is used for coherent detection of a 
PUCCH. PUCCH supports 7 formats according to transmission 
information .

Table 3 shows the mapping relationship between PUCCH 
format and UCI for use in LTE.

[Table 3]

PUCCH Formal. Uplink Control Information (UCI)

Format I. Scheduling request (SR) (irnmodrilated waveform)
Format |.a I -bit ,H ARQ ACK/NACK with/without SR
Format l.b 2-bit HARQ ACK/NACK with/wifhout SR
Formal 2 CQI (20 coded bits’)
Formal 2 CQI and I - or 2-b.it HARQ ACK/NACK (20 bits) for extended CP only
Format 2a CQI anti I -biι H ARQ ACK/NACK (20 + I coded bits)
Formal 2b CQI and 2-bit HARQ ACK/NACK (20 + 2 coded bits)

In LTE-Ά, two methods may be used to simultaneously 
transmit UCI and UL-SCH data. A first method simultaneously 
transmits PUCCH and PUSCH. A second method multiplexes UCI 
to a PUSCH in the same manner as in the legacy LTE.

Since the legacy LTE UE is unable to simultaneously 
transmit PUCCH and PUSCH, it multiplexes UCI to a PUSCH 
region when UCI (e.g., CQI/PMI, HARQ-ACK, RI, etc.) 
transmission is needed for a subframe via which PUSCH is 
transmitted. For example, provided that CQI and/or PMI 
(CQI/PMI) transmission is needed for a subframe to which 
PUSCH transmission is allocated, the UE multiplexes UL-SCH 
data and CQI/PMI prior to DFT spreading, and then
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simultaneously transmits control information and data over 
PUSCH.

FIG. 6 is a flowchart illustrating a process for 
processing UL-SCH data and control information.

Referring to FIG. 6, error detection is provided to a 
UL-SCH transport block (TB) through Cyclic Redundancy Check 
(CRC) attachment at step S1.00.

All the transport blocks (TBs) are used to calculate 
CRC parity bits. Transport Block (TB) bits are denoted by

_ Parity bits are denoted by /h,/L,/k, P?,···,/V-i . 
The size of TBs is denoted by A, and the number of parity 
bits is denoted by L.

After performing transport block (TB) CRC attachment, 
code block segmentation and code block CRC attachment are 
performed at step S110. Input bits for code block 
segmentation are denoted by MiAX-A-i ; where B denotes 
the number of bits of a TB (including CRC) . Bits provided 
after code block segmentation are denoted by

l0’ H’ r2’ , where r denotes a code block number (r =
0, 1, ..., C-l) Kr denotes the number of bits of a code block 
(r), and C denotes a total number of code blocks.

The channel coding is performed after performing the 
code block segmentation and code block CRC attachment at 
step S120. Bits after channel coding are denoted by
ΧΧΧΧΧΧ...,/-, _q , where / = 0,1,2 . Dr is the number of bits 

of an i-th coded stream for the code block (r) (i.e., 
£>,. = X,. + 4 ) , r denotes a code block number (r = 0, 1, ..., C-l), 
and Kr denotes the number of bits of a code block (r). C 
denotes a total number of code blocks. Turbo coding may be 
used for such channel coding.
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Rate matching may be performed after the channel 
coding at step S130. Bits provided after rate matching are 
denoted by er0,er],er?,er3,...,e^i: . Er is the number of rate-
matched bits of the r-th code block (where r = 0, 1, ..., Ο­
Ι) , and C is a total number of code blocks.

Code block concatenation is performed after the rate 
matching at step S140. Bits provided after the code block 
concatenation are denoted by /0-./1,/2./g-i . G denotes a 
total number of bits coded for data transmission. If 
control information is multiplexed with UL-SCH transmission, 
bits used for control information transmission are not 
included in 'G'. f:> .ft.· h^···^ fc-\ may correspond to UL-SCH
codewords.

In the case of UL control information, channel quality 
information (CQI and/or PMI) , RI and HARQ-ACK are 
independently channel-coded. UCI channel coding is 
performed on the basis of the number of coded symbols for 
each piece of control information. For example, the number 
of coded symbols may be used for rate matching of the coded 
control information. In a subsequent process, the number 
of coded symbols may correspond to the number of modulation 
symbols or the number of REs.

Channel coding of channel quality information is 

performed using an input bit sequence Οο>°ι>ϋ2>···>ϋο-ι step
S150. The output bit sequence of the channel coding for 

q,.ql.qi,qi....,q/) ,channel quality information is denoted by “ ‘ ~‘v' .
Channel quality information uses different channel coding 
schemes according to the number of bits. In addition, if 
channel quality information is composed of 11 bits or more, 
a CRC bit is attached to the channel quality information.
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Q is a total number of coded bits. In order to set the 
length of a bit sequence to Qcq/ , the coded channel quality 
information may be rate-matched. QCQ1 is denoted by 

Qc oi ~ Q'coi x Qm ' Q'coi the number of coded symbols for a CQI, 
Qnl is a modulation order, and Qni is set to be identical to 
a modulation order of UL-SCH data. '

Channel coding of RI is performed using an input bit 

sequence ‘·°° ■■ or ‘°o 1 at step S16 0. *- 0 J and 0 1 -* denote 
1-bit RI 'and 2-bit RI, respectively.

In the case of the 1-bit RI, repetition coding is used. 
In the case of the 2-bit RI, the (3,2) simplex code is used, 
and the encoded data may be cyclically repeated.

Table 4 exemplarily shows channel coding of the 1-bit 
RI, and Table 5 exemplarily shows channel coding.

[Table 4]
Qm Encoded RI
2 y]
4 [p? y x x]
6 |o"yXX XX]

[Table 5]
Qm Encoded RI
2 Γ R/ RI RI RI ,RI RI-, [o0 o, o2 o0 0] o2 J

4 . / oXx / /xo"' XX]

6 [oq! X X X X O')1 0q! X X X X 0|Λ/ o2?/ X x x x]

In Tables 4 and 5, Qm is a modulation order, o2" is 

denoted by οζ1 = (o^1 + o({l) mod 2 , and 'mod' is a modulo 
operation. ’x' or 'y' is a place holder for maximizing a 
Euclidean distance of a modulation symbol carrying RI
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information when the RI bit is scrambled. Each of 'x' and 
'y' has the value of 0 or 1. The output bit sequence 
q^',q\',qi ,-,qQ is obtained by a combination of coded RI 

block (s) . Qm is a total number of coded bits. In order to 
set the length of coded RI to Qm , the finally-combined 
coded RI block may be a part not the entirety (i.e., rate 
matching) . QKI is denoted by QI;I - Q'KI x Qm , is the number

input bit sequence

of coded symbols for RI, and Qm is a modulation order . Q,„

is established to be identical to a modulation order of UL-
SCH data .

The channel coding of HARQ-ACK is performed using the

f ACK „ACK -]and 1 o i J denote 1-bit HARQ-ACK and 2-bit HARQ-ACK. In 
r ACK ACK ACK '1

addition, ’ 0 1 denotes HARQ-ACK composed of two

or more bits (i.e., u > z ) . ACK is encoded to 1, and 
NACK is encoded to 0. In the case of 1-bit HARQ-ACK, 
repetition coding is used. In the case of 2-bit HARQ-ACK, 
the (3,2) simplex code is used, and encoded data may be 
cyclically repeated.

Table 6 exemplarily shows channel coding of HARQ-ACK.

[Table 6]
Table 7 exemplarily shows channel coding of 2-bit HARQ-ACK.

Qm Encoded
HARQ-ACK

2 lX“ y]

4 K:K y x x]
6 \OoCK y x x x x ]

[Tab1e 7]
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Qm Encoded HARQ-ACK
2 rACK ACK ACK ACK ACK ACK Ί [O0 Λ, 02 OQ O, 02 ]

4 1' /1(.K _ AC..K ACK _ ACK Α(·Κ ACK ί| Oq 0] X X 02 Oq λ X 0] 0-) X XI

6 Γ ACK ACK x. v ACK ACK , x, x. ACK ACK x. v. v .
1 01 XXXX 0, Oq XXXX 0] 0? XXX Xj

In Tables 6 and Ί, Qm is a modulation order. For
example, Qm=2 may correspond to QPSK, Qm=4 may correspond

5

10

15

20

to 16QAM, and Qm= 6 may correspond to 64QAM. °° may

correspond to an ACK/NACK bit for a codeword 0, and
may correspond to an ACK/NACK bit for a codeword 1. of" is

denoted by 0^=(0^ + o^'K) mod 2 , and 'mod' is a modulo 
operation, 'x' or 'y' is a place holder for maximizing a 
Euclidean distance of a modulation symbol carrying HARQ-ACK 
information when the HARQ-ACK bit is scrambled. Each of 
'x' and 'y' has the value of 0 or 1. Qack ps a total 

number of coded bits, the bit sequence ,c/l ,£?2
is obtained through a combination of coded HARQ-ACK 
block (s) . In order to set the length of the bit sequence 
to Qack , the finally-combined HARQ-ACK block may be a part 

not the entirety (i.e., rate matching) . &ACK is denoted by 

Qack ~ Q'ack x Qm > Qack is the number of coded symbols for HARQ- 
ACK, Qm is a modulation order. Qm is established to be 
identical to a modulation order of UL-SCH data.

The inputs of a data and control multiplexing block 
(also called 'data/control multiplexing block') are coded 
UL-SCH bits denoted by ■/’ο’/ιΆΆ’-Ά-ι ancj coded CQI/PMI bits 

denoted by at step S180. The outputs of
the data and control multiplexing block are denoted by
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’7//·-ι _ £,· j_s a column vector of the length Qm

(where / = 0,---,// -1 j , jj> is denoted by H , and H is
denoted by X + £?cu/). H is the total number of coded bits

allocated for UL-SCH data-and CQI/PMI data.
The input of a channel interleaver includes output 

data gQ,gcg2,---,g . of the data and control multiplexing 

block, the encoded rank indicators qm ,qKI ,qKI ,....qK' and coded
' do ’ll ’ll ’

HARQ-ACK data q^ .q'^ ,qAa ,..„qACK at step S190. g, is a column

vector of length Q,„ for CQI/PMI (where /-0,---,// 1 , and as

denoted by 11 H1 ) , and q^'K is a column vector of length

Qm for ACK/NACK (where / = 0,...,0^,-1, and Q'ACK = QACK /Q„, ) . q'*1 is

a column vector of length Qm for RI (where i = -1 , and 
6/?/ - Qri / Qm ) ■

The channel interleaver multiplexes control 
information and UL-SCH data for PUSCH transmission. In more 
detail, the channel interleaver includes a process of 
mapping control information and UL-SCH data to a channel 
interleaver matrix corresponding to PUSCH resources.

After execution of channel interleaving, the bit 
sequence hn, h2 , h,,..., hH +() that is read row by row from the 
channel interleaver matrix is then output. The read bit 

sequence is mapped on a resource grid. 11 ~]l modulation
symbols are transmitted through a subframe. FIG. 7 is a 
conceptual diagram illustrating that control information
and UL-SCH data are multiplexed on a PUSCH. When
transmitting control information in a subframe to which 
PUSCH transmission is allocated, the UE simultaneously
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multiplexes control information (UCI) and UL-SCH data prior 
to DFT spreading. The control information (UCI) includes 
at least one of CQI/PMI, HARQ ACK/NACK and RI. The number 
of REs used for transmission of each of CQI/PMI, ACK/NACK 
and RI is dependent upon Modulation and Coding Scheme (MCS) 

iC'QI U-IARQ-ACK λΚΙand offset values (/_offsel , offsel , onset j assigned for PUSCH 
transmission. The offset values allow different coding 
rates according to control information, and are semi- 
statically established by an upper layer (e.g., RRC) signal. 
UL-SCH data and control information are not mapped 'to the 
same RE. Control information is mapped to be contained in 
two slots of the subframe. A base station (BS) can pre­
recognize control transmission to be transmitted over PUSCH, 
such that it can easily demultiplex control information and 
a data packet.

Referring to FIG. 7, CQI and/or PMI (CQI/PMI) 
resources are located at the beginning part of UL-SCH data 
resources, are sequentially mapped to all SC-FDMA symbols 
on one subcarrier, and are finally mapped in the next 
subcarrier. CQI/PMI is mapped from left to right within 
each subcarrier (i.e., in the direction of increasing SC- 
FDMA symbol index). PUSCH data (UL-SCH data) is rate- 
matched in consideration of the amount of CQI/PMI resources 
(i.e., the number of encoded symbols). The modulation 
order identical to that of UL-SCH data may be used in 
CQI/PMI. If the CQI/PMI information size (payload size) is 
small (e.g., 11 bits or less), the CQI/PMI information may
use the (32, k) block code in a similar manner to PUCCH 
transmission, and the encoded data may be cyclically 
repeated. If CQI/PMI information is small in size, CRC is 
not used. If CQI/PMI information is large in size (e.g.,
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11 bits or higher), 8-bit CRC is added thereto, and channel 
coding and rate matching are performed using a tail-biting 
convolutional code. ACK/NACK is inserted into some 
resources of the SC-FDMA mapped to UL-SCH data through 
puncturing. ACK/NACK is located close to RS, fills the 
corresponding SC-FDMA symbol from bottom to top (i.e., in 
the direction of increasing subcarrier index) within the 
SC-FDMA symbol. In case of a normal CP, the SC-FDMA symbol 
for ACK/NACK is located at SC-FDMA symbols (#2/#4) in each 
slot as can be seen from FIG. 7. Irrespective of whether 
ACK/NACK is actually transmitted in a. subframe, the encoded 
RI is located next to the symbol for ACK/NACK. Each of 
ACK/NACK, RI and CQI/PMI is independently encoded.

J-

In LTE, control information (e.g., QPSK modulated) may 
be scheduled in a manner that the control information can 
be transmitted over PUSCH without UL-SCH data. Control 
information (CQI/PMI, RI and/or ACK/NACK) is multiplexed 
before DFT spreading so as to retain low CM (Cubic Metric) 
single - carrier characteristics. Multiplexing of ACK/NACK, 
RI and CQI/PMI is similar to that of FIG. 7. The SC-FDMA 
symbol for ACK/NACK is located next to RS, and resources 
mapped to the CQI may be punctured. The number of REs for 
ACK/NACK and the number of REs for RI are dependent upon 

ACQ!reference MCS (CQI/PMI MCS) and offset parameters ( ol,sel , 

-orfe z and -nihet ) _ The reference MCS is calculated on the 
basis of CQI payload size and resource allocation. Channel 
coding and rate matching to implement control signaling 
having no UL-SCH data are identical to those of the other 
control signaling having UL-SCH data.

If UCI is transmitted over PUSCH, the UE must 
determine the number Q'ua of encoded symbols for UCI so as
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to perform channel coding (See S150, S160 and S170 of FIG.
6) . The number Q'iJCI of encoded symbols is adapted to 

calculate a total number ( QUCI = Qm ■ Q’UCI ) of encoded bits. In 
case of CQI/PMI and RI, the number of encoded symbols may 
also be used for rate matching of UL-SCH data. Qm is a 
modulation order. In the case of LTE, a modulation order 
of UCI is established to be identical to a modulation order 
of UL-SCH data. Tn a subsequent process, the number ( Q'UCI ) 
of encoded symbols may correspond to the number of 
modulation symbols or the number of REs multiplexed on 
PUSCH. Therefore, according to the present invention, the 
number (Q:a ) of encoded symbols may be replaced with the 
number.of (encoded) modulation symbols or the number of REs.

A method for deciding the number ( Q' ) of encoded 
symbols for UCI in legacy LTE will hereinafter be described 
using CQI/PMI as an example. Equation 1 indicates an 
equation defined in LTE.

[Equation 1]
( - λ

Q' = min (1)
/ /Ί i / \ λ A PUSCH-inilial Kr PUSCH -miiia! n PUSCH(U + L)'MXC ‘Poffief

c-i

Σκ- Qm
r=Q /

In Equation 1, '0' denotes the number of CQI/PMI bits,
and 'L' denotes the number of CRC bits. If '0' is equal to 
or less than 11, L is set to 0. If '0' is higher than 12, 
L is set to 8. Qcqi is denoted by QCOI=Q„,-Q' , and Qm is a 

modulation order. QKI denotes the number of encoded RI bits. 

If RI is not transmitted, QKI is set to 0 ( QKI = 0 ) .
denotes an offset value, and may be adapted to adjust the 
coding rate of CQI/PMI. A,/7' may also be denoted by 
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is a band that is scheduled for 

initial PUSCH transmission of a transport block (TB).
the numt>er of SC-FDMA symbols for each subframe 

for initial PUSCH transmission of the same transport block 
(TB) , and may also be denoted by ^UbCH’'n'^

^sywb denotes the number of SC-FDMA symbols for each slot, 

/VSRS is 0 or 1. In the case where the UE is configured to 
transmit PUSCH and SRS in a subframe for initial 
transmission or in the case where PUSCH resource allocation 
for initial transmission partially or entirely overlaps 
with a cell-specific SRS subframe or band, /VSRS is set to 1.

c-i

Otherwise, /VSRS is set to 0. denotes the number of
r=0

bits of data payload (including CRC) for initial PUSCH 
transmission of the same transport block (TB) . C is a 
total number of code blocks, r is a code block number, and 
Kr is the number of bits of a code block (r) . M i’g^h-^uw! , q , 

and Kr are obtained from initial PDCCH for the same 
transport block (TB) . fn”) is a ceiling function, and 

returns the smallest integer from among at least n values. 
'min(a,b)' returns the smallest one of 'a' and 'b'.

The part (2) for an upper limit is removed from 
Equation 1, but only the part (1) can be represented by the 
following equation 2.

[Equation 2]
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{O+L)
1Q' =

PUSCH-initial
sc

xr PUSCH-initial
1 symb

n PUSCH

Payloaduci
1

________ 1________
Payload  Dala f N l{l; j>usai

nPUKCH
' Pojfia

In Equation. 2, Payloaduct is the sum of the number (0) 
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of UCI bits and the number (L) of CRC bits (i.e., Payload,iu 
= O + L) . In legacy LTE, if UCI is ACK/NACK or RI, the 
number (L) of CRC bits is set to 0. If UCI is CQI/PMI and 
the CQI/PMI is composed of 11 bits or less, L is set to 0 
(i.e., L = 0) . Otherwise, if UCI is CQI/PMI .and the 
CQI/OMI is composed of 12 bits or higher, L is. set to 8 
(i.e., L = 8) . Payload Dala is the number of bits of data 
payload (including CRC) for initial PUSCH transmission 
recognized through either initial PDCCH or a random access 
response grant for the same transport block (TB) .

puXCH is the number of REs allocated to PUSCH for 
initial transmission of the same transport block (TB)
, J · . -fi-T PUSCH-initial u PUSCH-initial ■> oPUSCH(corresponding to ·ΝνηΙ, ) . is an

value for adjusting the coding rate of UCI.

offset

may be

determined on the basis acq1offset
l

> HARQ-ACK
- offset each UCI.

In Equation 2,

I

I

Efficiency (SE) for initial PUSCH transmission of the same 
transport block (TB) . That is, the SE may indicate the 
ratio of the size of resources physically used by specific 
information to information to be transmitted. The unit of
SE is bit/symbol/subcarrier or bit/RE, and corresponds to a 
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bit/second/Hz acting as a general SE unit. The SE can be 
understood as the number of data bits allocated to one 
PUSCH RE so as to perform initial PUSCH transmission of the 
same transport block (TB). Equation 2 reuses SE of UL-SCH 
data so as to calculate the number of coded symbols of UCI, 
and uses an offset value to adjust the coding rate.
In the legacy LTE, when PUCCH is piggybacked, a modulation 
order ( 0,„ ) of UCI is established to be identical to a 

modulation order ( Qm ) of data. Under this condition, 
Equation 2 can be represented by the following equation 3.

[Equation 3]

Payloadll(l 
Ϊ

________ 1________
PayloadDaM / NRE_PUSCr/MII„l

anXH
' Poffie!

Payloadl!C, __________ 1__________
PayloadDala/Qm ■ N

n PUSCH
' PnffriH

In Equation 3, Payloadυηιιι^ηι · NPiiSCHmiM is the ratio of 

the number ( PayloadDa/a ) of bits (including CRC) of data 
payload for initial PUSCH transmission of the same 
transport block (TB) to the number { Qm ■ N llf, mx:H ) of bits 
allocated to a PUSCH for initial transmission of the same 
transport block (TB) . PayloadΆιια/Qm ·NKE ΡΙ_Κ(:ΗιιιιιΙηΙ may approximate 
to a spectral efficiency (SE) of initial transmission of 
the same transport block (TB).

In the present invention, SE is a spectral efficiency 
( SEOalil ) for UL-SCH data (i.e., a transport block (TB) ) in 
so far as the SE is not mentioned specially in a different 

_ Payload Πη,J Nmanner. SE may also denote ' or
PayloadDalii/Qm ■ Nke_PUSCHim according to context.

In the case of HARQ-ACK, L is set to 0 (i.e., L=0) ,
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o PUSCH ■ i- oPUSCH-ACK i ■ o PUSCH oHAKO-Aa1S set to (i.e., βιιβχΙ = β,βχίΓ and the
number of coded symbols is determined in the same manner as
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3 0

in Equation 1 other than the part (2) indicating the upper 
limit. Similarly, in the case of RI, L is set to 0 (i.e., 
L=0), A™ is set to β^, (i.e., β^:" = ), and the 

number of coded symbols is determined in the same manner as 
in Equation 1 other than the part (2) indicating the upper 
limit.

The above-mentioned description may be applied ‘only 
when one codeword (corresponding to a TB) is transmitted 
over a PUSCH, because the legacy LTE does not support a 
single user (SU) - ΜΙΜΟ. However, LTE-A supports SU-MIMO, 
so that several codewords can be transmitted over a PUSCH.
Therefore, a method for multiplexing a plurality of 
codewords and UCI is needed.

A method for effectively multiplexing several pieces 
of data and UCI in a PUSCH will hereinafter be described 
with reference to the annexed drawing. For convenience of 
description, although UL-SCH transmission will be described 
on the basis of a codeword, a transport block (TB) and a 
codeword are equivalent data blocks. Therefore, the 
equivalent data blocks may be commonly known as 'UL-SCH 
data block'. In addition, the codeword may be replaced 
with a corresponding transport block (TB) , or vice versa. 
The relationship between the codeword and the transport 
block (TB) may be changed by codeword swapping. For 
example, a first TB and a second TB may correspond to a 
first codeword and a second codeword, respectively. On 
the other hand, if codeword swapping is applied, the first 
TB may correspond to the second codeword, and the second TB 
may correspond to the first codeword. The HARQ operation 



WO 2011/129611 PCT/KR2011/002634

30

5

10

15

20

25

30

is performed on the basis of a transport block (TB) . The 
following embodiments may be implemented independently or 
collectively.

Embodiment 1A) UCI is multiplexed to one codeword 
through codeword selection

In accordance with the present invention, when two or 
more codewords are transmitted, UCI is multiplexed to a 
layer via which a specific codeword is transmitted so that 
the multiplexed result is transmitted. Preferably, a 
specific codeword may be selected according to information 
of a new data indicator (NDI) capable- of discriminating 
between new transmission (or initial transmission) and 
retransmission. UCI is multiplexed to all or some of a 
layer via which the corresponding codeword is transmitted.

For example, in the case where two codewords are all 
in new transmission (or initial transmission) , UCI may be 
multiplexed to a layer via which a first codeword (or a 
transport block TB) is transmitted. In another example, in 
the case where one of two codewords corresponds to new' 
transmission and the other one corresponds to 
retransmission (i.e., a codeword of new transmission and a 
codeword of retransmission are mixed) , UCI may be 
multiplexed to a layer via which a codeword of new 
transmission is transmitted. Preferably, the size of 
resources (e.g., the number of REs) (corresponding to the 
number of modulation symbols or the number of coded 
symbols) where -the UCI is multiplexed may be decided 
according to the number of REs via which the corresponding 
codeword is transmitted, the modulation scheme/order, the 
number of bits of data payload, and an offset value. 
Preferably, in order for UCI resources to be determined to 
be an MCS (Modulation and Coding Scheme) function of the 
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corresponding codeword, UCI can be multiplexed to all 
layers for transmitting the corresponding codeword.

In the case where the new transmission and the 
retransmission are present, the reason why the UCI is 
multiplexed to the codeword corresponding to the new 
transmission is as follows. In HARQ initial transmission, 
a data transport block size (TBS) of a PUSCH is established 
to satisfy a target Frame Error Rate (FER) (e.g., 10%) . 
Therefore, when data and UCI are multiplexed and 
transmitted, the number of REs for the UCI is defined as a 
function of the number of REs allocated for transmission of 
both a data TBS and a PUSCH, as shown in Equation 2. On 
the other hand, when UCI is multiplexed to a PUSCH 
retransmitted by HARQ, the UCI can be multiplexed using a 
parameter having been used for initial PUSCH transmission. 
In order to reduce resource consumption during transport 
block (TB) retransmission, the BS may allocate a smaller 
amount of PUSCH resources as compared to the initial 
transmission, such that there may arise an unexpected 
problem when the size of UCI resources is decided by a 
parameter corresponding to retransmission. Accordingly, in 
the case where HARQ retransmission occurs, the size of UCI 
resources may be determined using a parameter used for 
initial PUSCH transmission. However, assuming that there 
is a high difference in channel environment between initial 
transmission and retransmission in association with the 
same codeword, transmission quality of UCI may be 
deteriorated when the size of UCI resources is decided 
using the parameter used for initial PUSCH transmission. 
Therefore, the retransmission codeword and the initial 
transmission codeword are simultaneously transmitted, UCI 
is multiplexed to an initial transmission codeword, so that 
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the amount of UCI resources can be adaptively changed even 
when the channel environment is changed.

In another example, if all codewords correspond to 
retransmission, two methods can be used. A first method 
can be implemented by multiplexing a UCI to a first 
codeword (or TB) . A second method can be implemented by 
multiplexing a UCI to a codeword to which the latest UCI 
was multiplexed. In this case, the amount of UCI resources 
can be calculated using either information of a codeword 
related to the latest initial transmission or information
of a codeword that has been retransmitted the smallest
number of times, such that UCI resources can be most
appropriately adapted to channel variation.

Embodiment IB) UCI is multiplexed to one codeword
through codeword selection

In accordance with embodiment IB, in the case where 
one of two codewords corresponds to new transmission, and 
the other one corresponds to retransmission (i.e., a new 
transmission codeword and a retransmission codeword are 
mixed) , UCI may be multiplexed to a layer via which the 
retransmission codeword is transmitted. In the case of 
using a successive interface cancellation (SIC) receiver, a 
retransmission codeword having a high possibility of 
causing rapid termination is first decoded and at the same 
time that UCI is decoded, and interference affecting the 
new transmission codeword can be removed using the decoded 
retransmission codeword. Provided that the base station 
(BS) uses the SIC receiver, if UCI is multiplexed to a 
layer via which the new transmission codeword is 
transmitted (See Embodiment 1A) , latency for enabling the 
BS to read UCI may be unavoidably increased. The method
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decoded codeword on the
condition that the SIC receiver can recognize the firstly
decoded codeword. On the other hand, provided that UCI is
transmitted to a layer via which a new transmission
codeword is transmitted under the condition that new
transmission and retransmission are mixed, information
corresponding to retransmission is first decoded, and
interference is removed from the layer via which the new
transmission codeword is transmitted, thereby improving 
detection performance.

If the UCI is multiplexed to a specific codeword, 

UCI

the
corresponding codeword can be transmitted to a plurality of 
layers, so that UCI can also be multiplexed to a plurality 
of layers .

Equation 4 exemplarily shows a method for calculating 
the number ( Q' ) of coded symbols for UCI under the 
condition that the UCI is multiplexed to one specific 
codeword. ■

____ 1____ r, PUSCH
or j τ ' offset

Data / ^Daia

__  _______ j____________ n PUSCH

Payload^/

PayloadIICI ■ LDala ■ Nf!/:_ pusCH

Payload^

[Equation 4]

0, = PayloadlJCI
~ 1

_ Payloaduci
~ 1

In Equation 4, SEDoltl is a spectral efficiency (SE), and

is given as Payload  Dala / N KEPlJSCH Payloadua PayloadDcm

ks_puschang are defined in Equation 2. is . an
integer of 1 or higher, and denotes the number of layers 
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for the same transport block (TB) (or corresponding 
codeword) . UCI includes CQI/PMI, HARQ ACK/NACK or RI.

Equation 4 is characterized in that a payload size of 
a codeword via which UCI is multiplexed, the number of REs 
via which the corresponding codeword is transmitted, and 
the number ( LDala ) of layers via which the corresponding 
codeword is transmitted are used to decide the number of 
encoded symbols for UCI. In more detail, the number of 
layers for UCI multiplexing is multiplied by the number of 
time-frequency resource elements (REs), such that a total 
number of time-frequency-space REs can be applied to the 
process of calculating UCI resources.

FIG. 8 shows an example in which UCI is multiplexed to 
one specific codeword using the number of encoded symbols 
obtained from Equation 4. The method of FIG. 8 can 
effectively use PUSCH resources by multiplexing UCI using 
only the number of resources requisite for each layer. In 
the example of FIG. 8, it is assumed that UCI is 
multiplexed to a second codeword. Referring to FIG. 8, the 
amounts of UCI resources multiplexed to respective layers 
are different from each other.

Equation 5 exemplarily shows another method for 
calculating the number ( Q ) of encoded symbols for UCI 
when the UCI is multiplexed to one specific codeword.

[Equation 5]
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1

1 , n PUSCH

Q 7-1 ' OffiV'
^Daia

PayloadIJCI
i

________ 1________
Payload Oala)NIIP _ PUSCH ,m-,i

r, PUSCH

PayloadlJCI
Q,

__________ 1__________
Payload Dam/Qm ' Nhi; PUSCH

n PUSCH
■ Pnffsel

Payload,ja ■ NKE n PUSCH
PUSCH,„„M ' Pofftei

PayloadDa,a
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In Equation 5, SEDal a denotes a spectral efficiency (SE) , 
and is given as PayloadΟπΙί,/NRl,^USCHm, or PayloadDalfJQm ·N,tE_PIKCI,w  . 

Qm is a modulation order. Although Equation 5 shows that 
Qm for UCI is identical to Qm for data, it should be noted
that Qm for UCI and Q,„ for data may also be given

independent of each other. Payloaduc:, _ PayloadDala Nw, ΡυΧΗιΜΜ! (

Q„, and XX" shown in Equation 5 are the same as those of

Equation 2. L, /Cl is an integer of 1 or higher, and denotes
the number of layers in which UCI is multiplexed. UCI
includes CQI/PMI, HARQ ACK/NACK or RI.

In the same manner ' as in Equation 4, Equation 5 is 
also characterized in that a payload size of a codeword via 
which UCI is multiplexed, and the number of REs via which 
the corresponding codeword is transmitted are used to 
decide the number of encoded symbols for the UCI. 
Differently from Equation 4, Equation 5 is used to 
calculate the number of resources where UCI is multiplexed 
(i.e., the number of encoded symbols) , and the number of 
layers where UCI is multiplexed is multiplied by the 
calculated number of resources. Therefore, the number of 
UCI resources in all layers where UCI is multiplexed is 
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given as the same number.
FIG. 9 shows another example in which UCI is 

multiplexed to one specific codeword using the number of 
encoded symbols obtained from Equation 5. The method of 
FIG. 9 can multiplex UCI using the same number of resources 
within each layer. The above-mentioned example of FIG. 9 
may be helpful to a base station (BS) that uses the SIC
receiver. In the example of FIG. 9, it is assumed that UCI
is multiplexed to a plurality of layers for a second
codeword. Referring to FIG. 9, the amounts of UCI
resources multiplexed to respective layers are identical to
each other.

Embodiment 1C) UCI is multiplexed to one codeword
through codeword selection

In accordance with the embodiment 1C) , if several 
codewords (e.g., two codewords) (or transport blocks TBs) 
are transmitted, UCI can be multiplexed to a codeword (or a 
transport block TB) selected according to the following 
rules. Preferably, UCI includes channel state information 
(or channel quality control information). For example, UCI 
includes CQI and/or CQI/PMI.

Rule 1.1) CQI is multiplexed to a codeword (or a TB) 
having the highest IMCS· Referring to Table 2, the higher 
the IMCS value, the better the channel state for the 
corresponding codeword (or TB) . Accordingly, CQI is 
multiplexed to a codeword (or a TB) having the highest IMCs 
value, such that reliability of transmitting channel state 
information can be increased.

Rule 1.2) If two codewords (or two TBs) have the same 
IMCS value, CQI is multiplexed to Codeword 0 (i.e., a first 
.codeword) .

FIG. 10 exemplarily shows a DCI structure and a UE
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analysis according to one embodiment of the present 
invention. In more detail, FIG. 10 exemplarily shows that 
DCI carries scheduling information for two transport blocks 
(TBs) .

FIG. 10(a) exemplarily shows some parts of a DCI 
format to be newly added for LTE-A uplink ΜΙΜΟ. Referring 
to FIG. 10(a), a DCI format includes an MCS field and an 
NDI field for a first transport block (CW0), includes an 
MCS field and an NDI field for a second transport block 
(CW0) , a PMI/RI field, a resource allocation field (N_PRB),
and a CQI request field (CQI request).

FIG. 10(b) exemplarily shows that two transport blocks 
(or two codewords) are transmitted and UCI (e.g., channel 
quality control information) is multiplexed to one (or one 
codeword) of two transport blocks. Since each of CW0 and 
CW1 has an MCS of 28 or less and an NDI field is toggled, 
this means that all of two transport blocks correspond to 
initial transmission. Since a CQI request field is set to 
1 (CQI request = 1) , aperiodic CQI is multiplexed along
with data. Although the CQI request field is set to 0 (CQI 
request = 0), if periodic CQI transmission having PUSCH
transmission is planned, the periodic CQI is multiplexed 
along with data. CQI may include a CQI-only format or a 
(CQI + PMI) format. In this case, according to the above- 
mentioned rules, channel state information is multiplexed 
to a codeword (CW0) (or a transport block) having the 
highest IMCS value.

FIG. 10(c) exemplarily shows that two transport blocks 
(or two codewords) are transmitted and UCI (e.g., channel 
quality control information) is multiplexed to one 
transport block (or one codeword) . Since each of CW0 and 
CW1 has an MCS/RV of 28 or less and an NDI field is toggled, 
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this means that all of two codewords (CWO and CW1) 
correspond to initial transmission. Since a CQI request 
field is set to 1 (CQI request = 1) , aperiodic CQI is 
multiplexed along with data. Although the CQI request 
field is set to 0 (CQI request = 0) , if periodic CQI 
transmission having PUSCH transmission is planned, the 
periodic CQI is multiplexed along with data. CQI may 
include a CQI-only format or a (CQI + PMI) format. In this 
case, according to the above-mentioned rules, since two 
transport blocks have the same IMCS value, channel state 
information is multiplexed to a codeword CW1 acting as a 
first transport block.

Equations 6 ' and 7 exemplarily show methods for 
calculating the number ( Q ) of encoded symbols for UCI 
when UCI is multiplexed to one specific codeword according 
to the above-mentioned rules. Except for the above­
mentioned rules, Equations 6 and 7 are identical to 
Equations 4' and 5.

[Equation 6]

PayloadUCj

Pay load

Payloaducl -LDala(x^ ■ Nl{E_PUSCH· βφΐ.

Payload  Oala(x) .

[Equation 7]
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Q' = Lua
Payload,JCI

1
1 n PUSCH

nr· '
^Dala(x)

UCI

Payloaduci __________ 1__________
Payload βαΙα{χ)/Ν RE _ PUSCH (x}iM

n PUSCH
' Poffse!

1

Payload UCI 1
Qm Payload.Data^ /Qm · N/ij;_tl

Payloadi!CI ■ N liE _ niSCH Μμι,„, '
Payload  Dala^

In Equations 6 and 7, S7iOa,o(v) is a spectral efficiency

(SE), and is given as PayloadDall,.x}i/ N lli;j.,lscmAia, . Q„, is a
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modulation order Although Equations 6 and 7 show that Q,„

for UCI is identical to Qm for data , it should be noted
that Qm for UCI and Q,„ for data may also be given
independent of each other . Except for a subscript or
superscript (x ) , Payloadua / Payload /
N (= M nisc .77 (.v)--inilial xj PUSCH (

1 V synth
x)-iniiicil Qm -. n PUSCHand β„ί^ in

Equations 6 and 7 are the same as those of Equation 2 .
The subscript or superscript (x) indicates that the
corresponding parameter is used for a transport block x.
The transport block x is determined by the above-mentioned 
rules 1.1) and 1.2) . is an integer of 1 or higher, 
and denotes the number of layers for use in the transport 
block x. Ρβηιο1χ) is an integer of 1 or higher, and denotes 
the number of layers in which UCI is multiplexed. For 
generalization, each of Lua and LDala^} can be replaced with 

a constant (e.g., a , λ ) indicating an integer of 1 or 
higher. UCI includes CQI/PMI, HARQ ACK/NACK or RI. 
Preferably, UCI may include CQI/PMI. CQI/PMI may represent 
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■ If the number of encoded symbols for UCI is the number 
of encoded symbols for each layer or the rank is set to 1, 
Lua = AOo/n(r) = 1 is established. Equation 1 of 'the legacy LTE 
can be modified into the following Equation 8 according to 
the above-mentioned rules.

[Equation 8]
(

Q' = min

k

(O + L)-M PUSCH (x)-iniiiat
sc

■N PUSCH (x)-iniiial 
sy/iib

c'”-i
ΣΝ"’/·=()

n PUSCH 
' P offset

PUSCH
sc

QK!
Q,

M

In Equation 8, 0 is the number of CQI/PMI bits, and L 
is the number of CRC bits. If 0 is 11 or less, L is set to 
0. If O is 12 or higher, L is set to 8. Qcot is denoted 

by Qcoi ~Qn>'Q ' where Qm is a modulation order. QKl is the 
number of encoded RI bits. If there is no RI transmission, 
Qltl is set to 0 (<2;?/=0) . PyrCtH is an offset value, and may 

be used to adjust the coding rate of CQI/PMI. β'^Η is 

given as //, (i.e., β™? = // ). is a band 
scheduled for initial PUSCH transmission of the transport 
block x, and is represented by the number of subcarriers.

is the number of SC-FDMA symbols for each 
subframe for initial PUSCH transmission of the same 
transport block (i.e., transport block x) , and may also be 
denoted by = (2·(/Vs^b -1)-JVSRS) . λ/ is the number 

of SC-FDMA symbols for each slot, and /VSRS is 0 or 1. In 
the case where the UE is configured to transmit PUSCH and 
SRS in a subframe for initial transmission of the transport
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block x or in the case where PUSCH resource allocation for 
initial transmission of the transport block x partially or 
entirely overlaps with a cell-specific SRS subframe or band, 

?VSRS is set to 1. Otherwise, 7VSRS is set to 0. Σ is
r=0 

the number of bits of data payload (including CRC) for 
initial PUSCH transmission of the same transport block

r. (x')(i.e., a transport block x). C is a total number of code 
blocks for the transport block x, r is a code block number. 
Kr is the number of bits of the code block (r) for use in 
the transport block x. MPuscn-mimi , q , and are obtained 
from initial PDCCH for the same transport block (i.e., a 
transport block x) . The transport block x is determined 
according to the above-mentioned rules 1.1) and 1.2) . Γ77Π 
is a ceiling function, and returns the smallest integer 
from among at least n values. ’min(a,b)' returns the 
smallest one of 'a' and 'b'.

Embodiment ID) UCI is multiplexed to one codeword 
without codeword selection

In accordance with the embodiment ID) , UCI can be 
multiplexed to a predetermined codeword irrespective of new 
transmission (initial transmission) or retransmission. In 
this case, parameters used for calculating UCI resources 
can be partially or entirely updated even in the case of 
retransmission through a UL grant or the like. In the 
legacy LTE, when UCI is multiplexed to retransmission PUSCH, 
the calculation of UCI resources can be performed using 
information of the initial PUSCH transmission. In contrast, 
if the UCI . is multiplexed to a retransmission PUSCH, UCI 
resources can be calculated using information of
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retransmission PUCSH. If parameters used for the UCI 
resource calculation are changed due to a channel variation 
or the like during the retransmission, the embodiment ID) 
of the present invention includes the context indicating 

5 that the changed parameters are partially or entirely 
updated and used during the UCI resource calculation. In 
addition, if the number of layers via which the 
corresponding codeword is transmitted is changed during the 
retransmission, the embodiment ID) of the present invention 

10 may also reflect the changed result to UCI multiplexing.
In accordance with the embodiment ID), in Equation 4, 

maY be changed to Nk/;_PUSCHi^ or NR,_PUSCH_: , etc.

N lii; pusap or NKI. ri/SCH denotes the number of REs of the
latest transmission PUSCH. In accordance with the

15 embodiment ID) , since a codeword to which UCI is 
multiplexed is fixed, the embodiment ID can be easily and 
simply implemented without codeword selection or the like.
In addition, MCS level variation caused by channel 
environment variation can be applied to UCI multiplexing, 

2.0 so that it can prevent UCI decoding performance caused by 
channel variation from being deteriorated.

Embodiment 2A) UCI is multiplexed to all codewords
The embodiment 2A provides a method for calculating 

the amount of UCI resources when UCI is multiplexed to all 
25 layers irrespective of the number of codewords. In more 

detail, the embodiment 2A) provides a method for 
calculating the spectral efficiency (SE) of each codeword 
within a subframe via which UCI is transmitted, and 
calculating the number of encoded symbols for UCI using the 

30 sum of calculated SEs (or an inverse number of the sum of 
calculated SEs) . SE of each codeword may be calculated 
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using parameters for initial PUSCH transmission of the same 
codeword .

Equation 9 exemplarily shows a method for calculating 
the number ( Q' ) of encoded symbols for UCI when UCI is 
multiplexed to all layers.

[Equation 9]

β' =
Payloaduci

mlJCI

______________________ 1______________________
XWoaXa,a(l) ! Payload Dnlam

^Dalam ' Qm(V) ' RE PUSCH(1),Data(2} ' 2m(2) ' N/;/.·_pi/SCH

n PUSCH
■ Pyfin

In Equation 9, Payloadl/Cl and /XX are identical to 
those of Equation 2. UCI includes CQI-/PMI, ACK/NACK or RI 
Qmua is a modulation order for the UCI. Qll)(\y is a 

modulation order of the first transport block, and β,„(2) is 
a modulation order of the second transport block. 
Payload Dwn(1) and Payload Dalam are associated with a first 
transport block and a second transport block, respectively, 
and denote the number of bits of data payload (including 
CRC) for either initial PDCCH transmission for the 
corresponding transport block or initial PUSCH transmission 
recognized through a random access response grant for the 
corresponding transport block. NRE Ρι/Ρ(-Η(]γ. is the number of 
REs for allocated to PUSCH for initial transmission of the 
first transport block (corresponding
tO7V;« Z/2n/o(l) or is an integer of !

or higher. Z./)aZo(l) is the number of layers for the first 

transport block, and LDalai2) is the number of layers for the 
second transport block.
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Although Equation 9 assumes that QmUCi , Q,,,^ and (2,,,(2)

are given independently of each other, QmUU = Q,,,^ = Qni(2) maY 
also be given in the same manner as in LTE. In this case, 
Equation 9 can be simplified as shown in the following 

5 equation 10 .
[Equation 10]

PayloadU(:l n PUSCH
' Ρ,,βχι

Payloadlia
1

/'Λιω(Ι) ' PpEySJSCHWuM ' ^DoM.2f ' RK PtlSCH (2),,,
Payload βΜιΙβ ' Nm;_ pusch + Payloaa'Oaia(2) ‘ Nre jrisch(\\,m

n PUSCH
' Putfsel

In addition, if the number ( Q ) of encoded symbols
10 for UCI may be the number of encoded symbols per layer, or 

if the rank is 2, LOa,a] = Li:olca = 1 is given so that Equation 10 
can be simplified as shown in the following equation 10.

[Equation 11]

Payloaduci
1

____________1  
73qy/tWOQ,a(l)__ PaylocidDalam

NRE JHJSCH RE _ PUSCH (2),,,,

n PUSCH

15

Payloadlici
1

NRE PUSCH0),RE J’USCH (2),,,,,,,,

PayloadDaln([) ■ N[a· _ PUSCH + PayloadDa„,^ ■ N re _pusch(\),m,,,.

n PUSCH
' Poffsu

Meanwhile, Equation 9 can be generalized as shown in 
the following equation 12.

[Equation 12]
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Q' =
PayloadUCI

a
n PUSCH

■ P offset

_____________________________1____________________________

PayloadDalam PayloadDa,a{1)
------------------------------------------------- 1-------------------------------------------------- 

A ' NRE_i>iJsa-i_pusch(2),

PayloadUCI Λ ' Riff PUSCH (1
' ^2 ' NKi: IRIsch (2

a PayloadDatam ·2, + PayloadData^ -2, · NKK pusch ,,

[Equation 13]

n PUSCH
Poffset

Q' =
Payloadua

a

PayloadlJCI
a

________________________________ 1_________________________________ n PUSCH

Λ 'SEDal„(r, + 2, -SEDalna} + ... +2λ, -SEi:taloiN} t!'

5

10

15

20

integer of 1 or higher. 2,. is a constant, and is given as 

1/2,. . SEDola(j} (where i = 1,...,N ) denotes a spectral efficiency 
(SE) for initial PUSCH transmission of the i-th transport 
block, and is given as PayloadDalo(i}/NREJ>lJSCH.

FIG. 11 exemplarily shows that UCI is multiplexed to 
all codewords using the number of encoded symbols obtained 
from Equation 9. The method of FIG. 11 can effectively 
utilize PUSCH resources because only the number of 
resources actually required for UCI multiplexing is used. 
As a result, the amounts of UCI resources multiplexed to 
individual layers are different from each other as shown in 
FIG. 11. In FIG. 11, in the case where a first codeword is 
mapped to one layer and a second codeword is mapped to two 
layers (i.e., rank = 3), the number of codewords and the 
number of layers mapped to each codeword may be determined 
in various ways . .

Equation 14 shows another method for calculating the 
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number ( O' ) of encoded symbols for UCI when the UCI is 
multiplexed to all codewords. The method shown in Equation 
14 calculates an average amount of multiplexed UCI 
resources on the basis of a layer, and multiplies the 
calculated average amount by a total number of layers where 
UCI is multiplexed. The following Equation 14 can also be 
modified in the same manner as in Equations 10 to 13.

[Equation 14]

Ql = J . PayloadlJCI_____________________ 1______________________________________________

~ ^C/' PucrQ.ua Payloadwi) , Pay^d.l)0llim
ΡβαιπΟ) ' Qm(l) ’ +/?/< _M/SC77(1 Dala{2) ' β<»(2) ' NKU JCKCH ,.,

> i'CSCH
'o/fid

In Equation 14, Payloaduci , PayloadDala{V) , PayloadDalnm ,

NKI- _ PUSCH (2)ww ' QmlJC! Qmy Q.cy ' ' Ρθαια(2) ' ^1X1

and XXX are the same as those of the aforementioned
Equations . UCI includes CQI/PMI, ACK/NACK or RI.

FIG. 12 exemplarily shows that UCI is multiplexed .to
all codewords using the number of encoded symbols obtained
from Equation 14 . Referring to FIG. 12, the same amount of
UCI resources is multiplexed to individual layers. In
other words, the same amount of resources used for UCI

layers . The
station
although FIG.

is assigned to
method of FIG.
that uses the
12 exemplarily

each of all the corresponding
12 may be helpful to a base
SIC receiver. In FIG. 12,

shows that a first codeword is
mapped to one layer and a second codeword is mapped to two
layers (i.e., Rank = 3), it should be noted that the number 
of codewords and the number of layers mapped to individual 
codewords may be determined in various ways.

Equations 15 and 16 exemplarily show another method 

PucrQ.ua
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for calculating the number ( Q' ) of encoded symbols for UCI 
when the UCI is multiplexed to all codewords. The 
following Equation 14 may also be modified in the same 
manner as in Equations 10 to 13.

[Equation 15]

0, _ PayloadUCJ LOalllW ■ Nre_i>IJSCHWimm LDcMm -0,,,(2) ■
“ Qmua I Pay^adDUlam PayloadDalam

[Equation 16]

PayloadlJCI
PlJCI ' QmllCI

Ρραια(\) 'Quitd) ' 111: J’USCH (I),

Payload Dala(i)

Ρραια(2) ' Qm(2} ’ _/7M77 (2

Payload IJalnm
n PUSCH
P offset J

In Equations 15 and 16, Payloadlici , Payload Oala(E) ,

PayloadDatam , Njwa-i 01,,,,,,,, < m:. j'uscu pi),< Qmua > &»<i) ' Qmm ' >

PD„la(2) , LIICI and Pff" are the same as those of the 
aforementioned Equations. UCI includes CQI/PMI, ACK/NACK 
or RI.

Embodiment 2B) UCI is multiplexed to all codewords
The embodiment 2B provides another method for 

calculating the amount of UCI resources when UCI is 
multiplexed to all layers irrespective of the number of 
codewords. The embodiment 2B calculates the overall 
spectral efficiency (SE) of all codewords using parameters 
of initial transmission of all the codewords in a subframe 
in which UCI is transmitted, and calculating the number of 
encoded symbols for UCI using the calculated overall SE.

Equations 17 and 18 illustrate values corresponding to 
N RE i’usai,„„,„,ll3oyloadDalf=]/SEOala) shown in Equation 2, and 
illustrate utilization examples of
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i-'Darnm 'Quid') ' ^/(/://V.S'C77( I + %«/u(2) ' Qm(2) ' RE JRJSCH (2),

Payload Dala(i) + Payloadϋαιο(2)

Equations 17 and 18 can be modified in the 

The following

same manner as
in Equations 10 to 13 .

[Equation 17]
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Q' =
Payloadua

■ QmUC!

Lpa/ad) 'Qmm ' ^/?£_/'USCW(I+ ^ΡαΙα(2) ' Q,„(2) ' RE I'l/SCH

Payload Da,„m + Payload Da,am
n RUSCH

' Pnffm

[Equation 18]

Payloadua l-paiay ' Qm(V) ' RE _PUSCH (}):ιιιμ + ^Οαια(2) ' Qnit?.) ' //£ J'UST.7-/ (2),,,,,,.,,

Lpa ' Qmuci PayloadOaaW + PayloadarMm
> RUSCH
'njfia

In Equations 15 and 17, PayloadU(l , Payload Daln^ ,

Payload Dgla^ , N RE_puscH(.y,M r 7RE _/νν.7-/(2)„,„„„ ' QmUC! ' Qm (1) ' Q-m(2.) ' LpaiaO) '

r Γ j nPUSCH
Lpa/at?.) 1 PjCI 3-nd P„Jfxl,i are the same as those of the
aforementioned Equations. UCI includes CQI/PMI, ACK/NACK 
or RI. ·

Embodiment 2C) UCI is multiplexed to all codewords
The embodiment 2C provides another method for 

calculating the amount of UCI resources when UCI is 
multiplexed to all layers irrespective of the number of 
codewords. The embodiment 2C provides a method for 
calculating the number of encoded symbols for UCI for each 
transport block. If different codewords have different 
modulation orders, the embodiment 2C has an advantage in 
that a modulation order for each codeword can be used as a 
modulation order of UCI.

Equations 19 and 20 exemplarily illustrate a method 
( Q') for calculating the number of encoded symbols for UCI. 
The method shown in Equations 19 and 20 can calculate the 
number ( 0^,0^,...,0^ ) of encoded modulation symbols for UCI
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for each transport block, as represented by
If modulation orders for use in

individual transport blocks are different from one another,

5
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15

20

UCI uses a modulation order (QPSK, 16QAM, or 6 4 QAM) of the
multiplexed transport block. The following Equations 19
and 20 can be modified in the same manner as in Equations
10 to 13 .

[Equation 19]

Payload, /c.,
Q,,,(})

^Dala(i) ' Qm(i) ' RE_RUSCH (1),,nPUSCH

' PyjseJ

Payload,^

Payloadua ^Dcilr,(2) Qm(2)
' RE _PUSCH (2),a RUSCH

PayloadDala(2)

[Equation 20]

Q\ ~ ^Dma(\)
Payloadua

Payload Dalom

O' - r~ ^00/(7(2)
Payloaduci
Q ,,,(2)

Q,,,(2) ' Niirj>uSCH (2),..,,,,., r,RUSCH
' Poffsel

PayloadLiale,m

In Equations 19 and 2 0, Payload,/α , Payload  „ίιια(ϊ} ,

NHR _mSCH (2),..,, ' QmlJCJ ' 8,,,(1) Qm(2) ' l'Dula(V) '/

^Daia(2) are the same as those of the

aforementioned Equations. UCI includes CQI/PMI, ACK/NACK
or RI.

Equations 21 and 22 exemplarily illustrate a method
for calculating the number ( Q' ) of encoded symbols for UCI.
The method shown in Equations 21 and 22 can calculate the
number ( Q\, Q'2,...,Q'N ) of encoded modulation symbols for UCI
for each transport block, as represented by

If modulation orders for use in
individual transport blocks are different from one another,
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UCI uses a modulation order (QPSK, 16QAM, or 64QAM) of the
multiplexed transport block. The following Equations 21
and 22 can be modified in the same manner as in Equations
10 to 13 .
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[Equation 21]

Payloadua LoalnU) ' 2m(l) ' PIK PUSCH (I),̂ initial + LDa,„m ■ 2,,,(2) · Piu:i'iKCHmMMI

Payloadua

[Equation 22]

Payload DalaW

LoalatV) ' 2,<1) ’ ^ΙΚ_ΡυΡα-Ι(.\-)ΙΜ + h0Mam ■ Q„i(2) ' N KE _ρυχ„ (2).,,.,ivsch

PayloadLuCl(T) ' QnRl'j

O' = Iill ^/>«0/(1)

O' = /!X2 ^0(7/0(2)

Payloadua
Qm(l)

PayloadlJCI

m(2)

©(I) ' IK_ PUSCH + Qmtiy ^RJi

Payload Dma^}
PUSCH n PUSCH
..  ”■ ' PafKu

Qm(i) ' pi;pusch0)„„,irl, +2m(?.) ' PiK_ piisch

Payload Daia(2}
η PUSCH

■ P,>ffM

Q

In accordance with the method shown in Equations 21 
and 22, UCI modulation symbols are multiplexed to a
first transport block, and Q'2 UCI modulation symbols are 
multiplexed to a second transport block. In Equation 21, 
Q\ or Q2 tT denotes a total number of UCI modulation symbols 
multiplexed to each codeword, and numbers of UCI modulation 
symbols multiplexed to individual layers within one 
codeword may be different from one another. On the other 
hand, as shown in Equation 22, Q't or Q2 denotes an average 
number of UCI modulation symbols multiplexed to individual 
layers, so that the same number of UCI modulation symbols 
is multiplexed to each layer within one codeword.

Embodiment 2D) UCI are multiplexed to all codewords
The embodiment 2D provides a method for calculating 

the amount of UCI resources when UCI is multiplexed to all 
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layers irrespective of the number of codewords. The 
embodiment 2D provides a method for calculating the number 
of encoded symbols for UCI for each transport block. ■ 
Differently from the embodiment 2C, the embodiment 2D can 
calculate the ratio of UCI resources multiplexed to each 
codeword using the number of layers and modulation order of 
the corresponding codeword in a current transmission 
subframe. Equations 23 and 24 exemplarily illustrate a 
method for calculating the number of encoded symbols for 
UCI according to the embodiment 2D. The embodiment 2D 
shown in Equations 23 and 24 can calculate the number 
( Qi,Qi--->Qiv ) of encoded modulation symbols for UCI for each 
transport block, as represented by Q' = Qi + Qi'+ -..+ Q'N ■ Qi or 
Qi UCI modulation symbols are multiplexed to a layer to 
which the corresponding codeword is transmitted. If 
individual transport blocks use different modulation orders, 
UCI may use a modulation order (QPSK, 16QAM, or 64QAM) of 
the multiplexed transport block. The following equations 
23 and 24 can be modified in the same manner as in 
Equations 10 to 13.

[Equation 23]
_ P ayload______ Λ/ο,ιι ’ Quan)______  An,»(i)' Qm(i) ' κι: _ί·υκαι m,+ '5,,,(2) ’ Μ;/.·:_/ν,ν://(2),βΐ'ίικι:

Qiicm-) L/am ' Quam + ^uam ' Quay) Payload Da,am + Payload llm,m "ι/'ί"

qi _ Payloadl/a Liaai'Quaii) Καιαίΐ) ' Qm(i) ' K<i: qasciiin,,+ ^i)«i<,(2) ' Qmy.)' Ku: j-iixai a),,,,,,,,
QlK -1(2) Liaiy ' Quan) + Κκ:κ2) ' Quan) Payloadf)Mti 0 + Payload (2)

[Equation 24]
PayloadlK.j ^Daia(i)' Qmi ' kk_pijsch+ K«m(2) ~ 5,,,,2)' Ka _ρυχα·ΐ(2)„„·,,„, βοκαι

Qjcii\) ’Quanj + Kjc.u?.) ' Quay) I ayload'Οο,η] + Payload
Q\ —

(2)
________Payloadvci_________LDm(\) ■ Q„,m ■ A'+ Kg?.) ' 5,,,(2) · III:_ι·υχα-ι(2),,,,M _ βρυχι

Qicifi)' Quci(i) + Kjci(2) ‘ Quay) Payload+1 ayload'
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In Equations 23 and 24, Payload. liCI , PayloadDalaW ,

PayloadDgl„m < NC·_ηκαι(i),< N Hi; j’lJSCH (2), ' QmlJCl 1 Qm (1) ' QmCA ’ ΡθαΙα(Γ) '

Li:>rM(V) ' r rj n PUSCHLuct and /3<vc, are the same as those of the
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aforementioned Equations 2 and 6. UCI includes CQI/PMI, 
ACK/NACK. or RI. L,/am and Ll/am denote the number of layers 
of a first transport block and the number of layers of a 
second transport block, respectively. CX/tn and Qucki) 

denote a modulation order of UCI multiplexed to a first 
transport block and a modulation order of UCI multiplexed 
to a second transport block, respectively.

FIGS. 13 to 14 exemplarily show that UCI is 
multiplexed to all codewords using the number of encoded 
symbols obtained from Equations 23 and 24. Referring to 
FIG. 13, Q'} UCI Part 1 modulation symbols are multiplexed
to Codeword 1, and Q’2 UCI Part 2 modulation symbols are 
multiplexed to Codeword 2. In accordance with Equation 23, 
Q, or Qi denotes a total number of UCI modulation symbols 
multiplexed to each codeword, so that numbers of UCI 
modulation symbols multiplexed to individual layers within 
one codeword may be different from each other. On the 
other hand, as can be seen from Equation 22, Q't or Q'2 
denotes an average number of UCI modulation symbols 
multiplexed to individual layers within one codeword, so 
that the same number of UCI modulation symbols is 
multiplexed to each layer within one codeword.

In the embodiments 2A to 2D, the scope of a codeword 
where UCI can be multiplexed is not limited according to 
UCI types. However, ACK/NACK is multiplexed to all 
codewords, and CSI information such as CQI/PMI can be 
multiplexed only to a specific codeword as shown in the 
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embodiments 1A to 1C.
The above-mentioned description does not disclose the 

upper limit and/or the lower limit used for calculating the 
number of encoded symbols (See the part (2) of Equation 1), 
for convenience of description and better understanding of 
the present invention. For example, after the number of 
finally determined encoded symbols is calculated through 
Equations 4 to 24, the upper limit and/or the lower limit 
can be restricted in the same manner as in Equation 1.

For convenience of description .and better 
understanding of the present invention, the above-mentioned 
description has disclosed that the number ( Q' ) of encoded 
symbols for UCI is set to a total number of all symbols. 
In this case, QUCI = Q'ur:/(lnlai)-Q,,, is obtained. Qt/Cl is a total 

number of encoded bits for UCI, Q'UCi(toiai) a total number of 

encoded symbols for UCI. Qm is a modulation order. In this 

case, the equation for calculating Q'l/Cl includes parameters
related to the number of layers as shown in the above-
mentioned equations. On the other hand, according to
implementation methods, the number ( Q' ) of encoded symbols
for UCI may be determined on the basis of each layer. In 
this case, Qua - ^'Q'ucKiawffQm is obtained. In this case, L is 
the number of layers where UCI is multiplexed (differently, 
the number of layers mapped to a UCI-related transport 
block) , Qtjci(.laya) is the number of encoded symbols for UCI for 

each layer. Q^cKiayer) is obtained by setting each of all the 
layer-related parameters shown in the above-mentioned 
equations to 1.

FIG. 15 is a block diagram illustrating a Base Station 
(BS) and a User Equipment (UE) applicable to embodiments of 
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the present invention. If a relay is contained in a 
wireless communication system, a base station (BS) 
communicates with a relay in a backhaul link, and a relay 
communicates with a user equipment (UE) in an access link. 
Therefore, the BS or the UE may be replaced with the relay.

Referring to FIG . 15, a wireless communication system
includes a BS 110 and a UE 120. The BS 110 includes a
processor 112, a memory 114 , and an RF unit 116 . The
processor 112 may be configured so as to implement the 
procedures and/or methods of the present invention. The 
memory 114 is connected to the processor 112 and stores 
various pieces of information related to operations of the 
processor 112. The RF unit 116 is connected to the 
processor 112. and transmits and/or receives RF signals. 
The UE 120 includes a processor 122, a memory 124, and an
RF unit 126. The processor 122 may be configured so as to 
implement the procedures and/or methods of the present
invention. The memory 124 is connected to the processor
122 and stores various pieces of information related to
operations of the processor 122. The RF unit 126 is
connected to the processor 122 and transmits and/or
receives RF signals . The BS 110 and/or the UE 120 may have
a single or multiple antennas .

The aforementioned embodiments are achieved by
combination of structural elements and features of the
present invention in a predetermined type. Each of the
structural elements or features should be considered
selectively unless Each of the
structural elements or features may be carried out without
being combined with other structural elements or features.
Also, some structural elements and/or features may be
combined with one another to constitute the embodiments of
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the present invention. The order of operations described 
in the embodiments of the present invention may be changed. 
Some structural elements or features of one embodiment may 
be included in another embodiment, or may be replaced with 
corresponding structural elements or features of another 
embodiment. Moreover, it will be apparent that some claims 
referring to specific claims may be combined with another 
claims referring to the other claims other than the 
specific claims to constitute the embodiment or add new 
claims by means of amendment after the application is filed.

The embodiments of the present invention have been 
described based on the data transmission and reception 
between the base station and the user equipment. A 
specific operation which has been described as being 
performed by the base station may be performed by an upper 
node of the base station as the case may be. In other 
words, it will be apparent that various operations 
performed for communication with the user equipment in the 
network which includes a plurality of network nodes along 
with the base station can be performed by the base station 
or network nodes other than the base station. The base 
station may be replaced with terms such as a fixed station, 
Node B, eNode B (eNB) , and access point. Also, the user 
equipment may be replaced with terms such as mobile station 
(MS) and mobile subscriber station (MSS).

The embodiments according to the present invention 
can be implemented by various means, for example, hardware, 
firmware, software,· or their combination. If the
embodiment according to . the present invention is 
implemented by hardware, the embodiment of the present 
invention can be implemented by one or more application 
specific integrated circuits (ASICs), digital signal 
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processors (DSPs), digital signal processing devices 
(DSPDs), programmable logic devices (PLDs), field 
programmable gate arrays (FPGAs), processors, controllers, 
microcontrollers, microprocessors, etc.

If the embodiment according to the present invention
is implemented by firmware or software, the embodiment of
the present invention may be implemented by a type of a
module, a procedure, or a function, which performs
functions or operations described as above. Software code 
may be stored in a memory unit and then may be driven by a 
processor. The memory unit may be located inside or outside 
the processor to transmit and receive data to and from the 
processor through various means which are well known.

■ It will be apparent to those skilled in the art that 
the present invention can be embodied in other specific 
forms without departing from the spirit and essential 
characteristics of the invention. Thus, the above 
embodiments are to be considered in all respects as 
illustrative and not restrictive. The scope of the 
invention should be determined by reasonable interpretation 
of the appended claims and all change which comes within 
the equivalent scope of the invention are included in the 
scope of the invention.

(Mode for Invention] .
Various embodiments have been described in the best 

mode for carrying out the invention.

[industrial Applicabili tyJ
Exemplary embodiments of the present invention can be 

applied to a wireless communication system such as a UE, a
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relay and a BS.
It will be apparent to those skilled in the art that 

various modifications and variations can be made in the 
present invention without departing from the spirit or scope 

5 of the invention. Thus, it is intended that the present 
invention cover the modifications and variations of this 
invention provided they come within the scope of the 
appended claims and their equivalents.

Throughout this specification and the claims which 
10 follow, unless the context requires otherwise, the word 

"comprise", and variations such as "comprises" and 
"comprising", will be understood to imply the inclusion of a 
stated integer or step or group of integers or steps but not 
the exclusion of any other integer or step or group of 

15 integers or steps.
The reference in this specification to any prior 

publication (or information derived from it) , or to any 
matter which is known, is not, and should not be taken as an 
acknowledgment or admission or any form of suggestion that 

20 that prior publication (or information derived from it) or 
known matter forms part of the common general knowledge in 
the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for transmitting an uplink signal by a 
communication apparatus in a wireless communication system,

5 the method comprising:
channel encoding control information; and 
multiplexing the channel encoded control information

with a plurality of data blocks by performing channel
interleaving,

10 wherein the number of channel encoded symbols for the
control information is determined using the following
equation:

Payloaducl
a

A ' NRI'PUSCH' A ' NRE PUSCHj2\M

PayloadDalaW ■ Λ2 ■ NRE_PUSCHi2)iM + Payload' A ■ ^re_puscho)m

nPUSCH
’ Pojfsei

where, Payloaducl a s^ze of tjie control information,

15 Payload^m is a size of a first data block, ^^-Ioscho·)^ is 
number of resource elements (REs) for initial PUSCH 
transmission of the first data block, Pa^oadoaiam is a size of

Va second data block, 8e_pusch(2\m is the numj3er of resource 
elements (REs) for initial PUSCH transmission of the second 

nPUSCH

20 data block, Pnffsel is an offset value, a is an integer of 1 
or higher, is an integer of 1 or higher, and ^2 is an

integer of 1 or higher, and is a ceiling function.

2. The method according to claim 1, wherein:
j.r ir __ PUSCH(i)-inilia/ atPUSCH(i)-initial
yVRE_PUSCH(i)initial ^>s denoted by 7V_ 1V1 sc '^sytnb

Cl/)-l

and a size of an i-th data block is denoted by f=0 ,
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where,
PUSCH (i)-initial

■K is the number of scheduled subcarriers
for initial PUSCH transmission of the i-th data block,
*rPUSCH(i)-initial

symb is the

transmission of

code blocks of

number of SC-FDMA symbols

the i-th data block,
fW the i-th data block,

code block of the i-th data block, and r
or higher.

for

is

is
is

initial PUSCH

the number of

size of
an integer

r - th
of 0

5 a

3. The method according to claim 1, wherein a=l, ^=1, and

10 X=l.

4. The method according to claim 1, wherein the control 
information is acknowledgement/negative acknowledgement 
(ACK/NACK) or Rank Indicator (RI).

15
5. A communication apparatus for transmitting an uplink 
signal in a wireless communication system comprising:

a radio frequency (RF) unit; and
a processor,

20 wherein the processor is configured to channel-encode
control information, and to perform channel interleaving, 
such that the channel encoded control information is
multiplexed with a plurality of data blocks,
wherein the number of channel encoded symbols for the

25 control information ■ is determined using the following 
equation:

where, Payloaduc, ps a size of the control information,

Payloaduct Λ ' PRE _ PUSCH ' A ' NRE_ PUSCH (2)„„ω pPUSCH

a PayloadDala(l) ■ λ2 ■ Nρ!;_PUSCM+ PayloadDala(2) · Λ, · pusch ff
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PayloadDa,a(v. a size of a first data block, ^8e_pusch(i)ini,ta,

number of resource elements (REs) for initial PUSCH 
transmission of the first data block, PayloadDamm is a size of 

a second data block, N™-puscH(2)Mlal number of resource
5 elements (REs) for initial PUSCH transmission of the second 

n PUSCH

data block, P°#se' is an offset value, a is an integer of 1

or higher, is an integer of 1 or higher, and is an

integer of 1 or higher, and is a ceiling function.

10 6. The communication apparatus according to claim 5, 
wherein:

v _ > x PUSCH(i)-inilial xrPUSCH(i)-initial

Rl·. PUSCH (^initial IS denoted _ PUSCH(i)sc symb ,

Σ^(,)and a size of an i-th data block is denoted by ''=° ,
PUSCH (i)-inilial

where, sc is the number of scheduled subcarriers
15 for initial PUSCH transmission of the i-th data block, 

xr PUSCH(i)-initial

symb is the number of SC-FDMA symbols for initial PUSCH
/-1(/)transmission of the i-th data block, c is the number of

code blocks of the i-th data block, '■ is a size of ^-th
code block of the i-th data block, and r is an integer of 0 

20 or higher.

7. The communication apparatus according to claim 5, wherein 
a=l, Λ=ι, and ^=1.

25 8. The communication apparatus according to claim 5, wherein
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the control information is acknowledgement/negative 
acknowledgement (ACK/NACK) or Rank Indicator (RI).

9. A method for transmitting an uplink signal by a
5 communication apparatus in a wireless communication system, 

the method comprising:
channel encoding control information; and 
multiplexing the channel encoded control information 

with one of a plurality of data blocks by performing channel
10 interleaving,

wherein the number of channel encoded symbols for the 
control information is determined by the following equation:

PayloadUCI · NRISf,USCHMMM ■
Payload Data(x}

where, a is an integer of 1 or higher, Payloaducl a 

15 size of the control information, ^αΡ^οα^οαια(χ) j_s a sj_ze of a 

data block x, ^RE-PUSCHP^i is the number of resource elements 
(REs) for initial Physical Uplink Shared Channel (PUSCH) 

nPUSCH
transmission of the data block x, is an offset value,
and f1 is a ceiling function,

20 wherein the data block x denotes a data block having a
highest Modulation and Coding Scheme (MCS) index for initial 
transmission from among the plurality of data blocks, and 
denotes a 1st data block when the plurality of data blocks 
have a same MCS index for initial transmission.

25
10. The method according to claim 9, wherein:

^RE_n/scH(.x)Mli„i is denoted by
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NRE_PUSCH(x)MlM

block x is

10

_ 1/PUSCH(x)—initial _ irPUSCH(x)-:
— sc ' W symb

where,

initial

is PUSCH (x)-inilial

sc is the
for initial
AzPUSCH(x)-inilial
Yvsymb

transmission

, and

number of
PUSCH transmission

the number of SC-FDMA

of the data block x,

of

a size of the data

scheduled subcarriers
the data block x,

symbols for initial PUSCH
C(.v) is the number of code

blocks of the data block
of the data block x, and

11. The method according

x, K(x) ■'· is a size of r-th code block
r is an integer of 0 or higher.

to claim 9, wherein a=l.

5

12. The method according to claim 9, wherein the control
information includes information related to channel quality.

15 13. The method according to claim 9, wherein the control
information includes at least one of a Channel Quality 
Indicator (CQI) and a Precoding Matrix Indicator (PMI).

14. A communication apparatus for transmitting an uplink 
20 signal comprising:

a radio frequency (RF) unit; and
a processor,
wherein the processor is configured to channel-encode 

control information, and to performs channel interleaving, 
25 such that the channel encoded control information is 

multiplexed with a plurality of data blocks, and
wherein the number of channel encoded symbols for the 

control information is determined by the following equation;
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a Payloaduci ' N j,USCH(P)iMiai ·β,Ρ„
Payload Dala[x)

where, α is an integer of 1 or higher, Payload^, a 

size of the control information, ^a^oa^Daia(x) j_s a size of a 

data block x, re _ pusch j_s ^he number of resource elements 
5 (REs) for initial Physical Uplink Shared Channel (PUSCH) 

nPUSC-H

transmission of the data block x, is an offset value,
and I" 1 is a ceiling function,

wherein the data block x denotes a data block having a 
highest Modulation and Coding Scheme (MCS) index for initial 

10 transmission from among the plurality of data blocks, and 
denotes a 1st data block when the plurality of data blocks 
have a same MCS index for initial transmission.

15. The communication apparatus according to claim 14, 
15 wherein:

Nre_pusch(x)IiMiiI is denoted by
AT _ Tt/fPUSCH(x)-inilial x rPUSCH(x)-inilial

RE_PUSCH(x)!„lllai ~~1V1sc ’■'Vynib

C(”-|Σ^)
and a size of the data block x is denoted by r=0 ,

ιγ PUSCH lx)—initial

where, sc is the number of scheduled subcarriers
for initial PUSCH transmission of the data block x, 
xrPUSCH(x)-initial

20 symb is the number of SC-FDMA symbols for initial PUSCH
transmission of the data block x, > is the number of code 

ΐζ(χ)

blocks of the data block x, r is a size of r-th code block 
of the data block x, and r is an integer of 0 or higher.

25 16. The communication apparatus according to claim 14,
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wherein a=l.

17. The communication apparatus according to claim 14, 
wherein the control information includes information related

5 to channel quality.

18. The communication apparatus according to claim 14, 
wherein the control information includes at least one of a 
Channel Quality Indicator (CQI) and a Precoding Matrix

10 Indicator (PMI).

19. A method for transmitting an uplink signal by a 
communication apparatus in a wireless communication system, 
substantially as hereinbefore described with reference to

15 any one or more of the accompanying drawings and/or 
examples .

20. A communication apparatus for transmitting an uplink 
signal in a wireless communication system, substantially as

20 herein described with reference to any one or more of the 
accompanying drawings and/or examples.
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