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METHOD AND APPARATUS OF TRANSMITTING UPLINK SIGNAL

Technical Field
The present invention relates to a wireless
communication system, and more particularly to an apparatus

and method for transmitting control information.

Background

Wireless communication systems are widely wused to
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 1like). A
variety of multiple access systems can be used, for example,
a Code Division Multiple Access (CDMA) system, a Frequency
Division Multiple Access (FDMA) system, a Time Division
Multiple Access (TDMA) system, an Orthogonal Frequency
Division Multiple Access (OFDMA) system, a Single Carrier
Frequency Division Multiple Access (SC-FDMA) system, a
Multi-Carrier Frequency Division Multiple Access (MC-FDMA)
system, and the like.

It 1is desired to address or ameliorate one or more
disadvantages or limitations associated with the prior art,

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
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 Dblocks by performing channel
interleaving,

wherein the number of channel encoded symbols for the

control information is determined wusing the following

equation:
Payload, ., . AN REE_PUSCH (13501 AN RE_PUSCH (2)3im00 Busc
" Poffer
a Payload Dara(1) AN RE_PUSCH (i T Payload Daa(2) AN RE _ PUSCH (Vi
Payload, . . . .
where, Y uwr  is a size of the control information,
Payload . . . No: pus .
Yy baia 15 a size of a first data block, =~ RE-PUSCHOwa ig the
number of resource elements (REs) for initial PUSCH
Payload,,,,

is a size of

No: i , :
a second data block, RE_PUSCHDmna i the number of resource

elements (REs) for initial PUSCH transmission of the second

ﬂ PUSCH

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

or higher, 2 is an integer of 1 or higher, and A is an

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

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

a radio frequency (RF) unit; and

a processor,

wherein the processor 1is 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
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control information is determined wusing the following

equation:
Payload,,, _ A N puscr ym 42" N ke _pUscH 23y . proscH
offset
@ Payload,,,, ..., 2, N RE_PUSCH (D T Payload ooy A N s _ PUSCH (D
Payload . . . .
where, Y utt is a size of the control information,
Payload . . . N, .
Y baa®M  ig a size of a first data block, = RF-PUSCHWwia ig the
number of resource elements (REs) for initial PUSCH

Pa‘yloadl)ma(Z)

transmission of the first data block, is a size of

‘ N .
a second data block, RE_PUSCH( 2w 5 the number of resource

elements (REs) for initial PUSCH transmission of the second

IBPUSCH

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

or higher, A is an integer of 1 or higher, and 4 is an

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

The present invention also provides a method for
transmitting an uplink signal by a communication apparatus
in a wireless communication system, the method comprising:

channel encoding control information; and

multiplexing the channel ehcoded control information
with one of a plurality of data blocks by performing channel
interleaving, '

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

PUSCH
Payload e, * Nuy_puscro) * Pogre
Payload ,,,,

(04

Payload,,,

where, @ 1is an integer of 1 or higher, is a size of

Payload Data(x)

the control information, is a size of a data block
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N o .
X, RE_PUSCH(Mww  is the number of resource elements (REs) for

initial Physical Uplink Shared Channel (PUSCH) transmission

ﬂ/’USCH |' 'I
offset is an offset value, and is a

of the data block x,
ceiling function,

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 1°° data block when the plurality of data blocks
have a same MCS index for initial transmission.

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
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:

PUSCH
Payloadyc) * Ny: _puscr (s * Pogier

Payload Data(x)

(04

Payload,,,

where, ¢ is an integer of 1 or higher, is a size of

Payload Pata(x)

the control information, is a size of a data block

N mus .
X, RE_PUSCH (mia 1g the number of resource elements (REs) for

initial Physical Uplink Shared Channel (PUSCH) transmission

ﬂPUSCH |’ ‘I
of the data block x, offsel is an offset value, and 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 1°" 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
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
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
signal Dby 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
channel encoded symbols for the control information is
determined using an inverse number of the sum of a plurality
of spectfal efficiencies (SEs) for initial transmission of
the plurality of data blocks.

Described herein 1is a communication apparatus for
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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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:

> .
] ayloadl)a/a

A-N RE _PUSCH it

where, Payload,, is a size of a data block, N, ey~ 18

the number of resource elements (REs) for initial Physical
Uplink Shared Channel (PUSCH) transmission of the data
block, and A is an integer of 1 or higher.

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

Payload,,c, 1 pruscr
v " ] ] offser
a A SE puay ¥ A - SE paiaay T oot Ay - SE oy

where, Payload,., is a size of the control information,

SEjpaey 18 @ spectral efficiency for initial transmission of

an i-th data block, , B/ is an offset value, a is an

integer of 1 or higher, l is a constant, N 1is a total
number of data blocks, and [W is a ceiling function.

The number of channel encoded symbols for -the control

information is determined by the following equation:

. AN
Payload, ., AN e pusci Ay N RE _ PUSCH (2 mion /}I’USCII
. " Foffser
21 Payload 0y 42" Ny puscron,,, Payload .,y A4 N RE_ PUSCH (1mior

where, Payload,, is a size of the control information,
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Payloadpata(y is a size of a first data block, Ny puscuqy,., 1S
the number of resource elements (REs) for initial PUSCH
transmission of a first data block, Payloadpsta(zy 1S a size of

a second data block, Ny pyscnqy,, 1S the number of resource
elements (REs) for initial PUSCH transmission of the second

data block, A" is an offset value, o is an integer of 1

or higher, 4 is an integer of 1 or higher, and 4, is an
integer of 1 or higher, and f1 is a ceiling function.

PUSCH (i)~initial N PUSCH (i)-initial

NMLPWGHWMM is denoted by Nmtpwammw= sC symb /

and a size of an 1i-th data Dblock is denoted by

Ci-
PUSCH (i)-initial

> K, , where, M is the number of scheduled
=0

subcarriers for initial PUSCH transmission of the i-th data

block, N MO ig the number of SC-FDMA symbols for initial

PUSCH transmission of the i-th data block, C‘’ is the number
of code blocks of the i-th data block, K" 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), o is set to 1 ( o =1), A; 1is set to
1 (A=1), and A is set to 1 (A; =1).

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

Described herein 1is 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:

PUSCH
: Payload,c; Ny _puscr (), * Pogser

Payload Data(x)

o

where, o is an integer of 1 or higher, Payloadya is a size

of the control information, Ny e, ts the number of

resource elements (REs) for initial Physical Uplink Shared

ﬂPUSCH .

Channel (PUSCH) transmission of a data block x, [, is an

offset value, and 1 is a ceiling function. 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 first data block
when the plurality of data blocks have a same MCS index for
initial transmission.

Described herein 1s a communication apparatus for
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,
and the number of channel encoded symbols for the control
information is determined by the following equation:

PUSCH
Payload,, - N RE _ PUSCH(X)iniios B offset

Payload Data(x)

o -

where, o is an integer of 1 or higher, Payloadyc is a
size of the control information, N, PUSCH (1), 1S the number of

resource elements (REs) for initial Physical Uplink Shared

ﬂ/’USCH
«

Channel (PUSCH) transmission of a data block x, et i an

offset value, and [1 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.

=ﬂ r,:"(l:ISCH(x)—inilia/ Nl’l/SCH(x)—iniIia/ and

N _puscro,, 18 denoted by Nex puscro,,, N symb

-
a size of the data block x is denoted by zikﬁ ,  where
r=0
PUSCH (x)-initial
is

M SC

PUSCH transmission of the data block x, N_ "™ is the

the number of scheduled subcarriers for initial

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

o 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.

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.

FIG. 6 1is a flowchart illustrating a process for
processing UL-SCH data and control information.

FIG. 7 1is a conceptual diagram illustrating that
control information and UL-SCH data are multiplexed on a
Physical Uplink Shared CHannel (PUSCH).

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 1s a Dblock 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) oxr CDMA2000. TOMA can be implemented
by wireless communication technologies, for éxample, 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 1like. UTRA 1s a part of a

Universal Mobile Telecommunications System (UMTS) . 3rd
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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 willl 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 (MIMO) transceiver. In more detail,
FIG. 1 shows an example of an OFDM or SC-FDMA (also called
‘DFT spread OFDM’ or ‘DFT-s-0OFDM’ ) transceiver for
supporting MIMO. In FIG. 1, 1if 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 1s an SC-
FDMA  transceiver. For convenience of description,
description of FIG. 1 1is 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 Ne codewords 102 to N; layers 106. A codeword (CW) 1is
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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the number of ranks for

use in a communication system is identical to the number of

layers. -~ In the S8C-FDMA transmitter,

performs DFT conversion precoding for each layer 106.

the DFT block 108

The

precoding block 110 multiplies N; DFT-converted layers by a

precoding vector/matrix.

Through the

process, the precoding block 110 maps

layers to Np Inverse Fast Fourier Transform

112 and N; antenna ports 114.

re-mapped to actual physical antennas.

above-mentioned

N;, DFT-converted -

(IFFT) blo

FIG. 2 exemplarily shows a radio frame structure.

Referring

to

FIG. 2,

a radio frame

includes

cks

The antenna port 114 may be

10

subframes, and one subframe includes two slots in a time

domain. A time required for transmitting one subframe 1is

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.

of Orthogonal

Frequency

Division Multiplexing (OF

One slot may include a plurality

DM)

symbols or a Single Carrier Frequency Division Multiple

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 Dblock

(RB)

is a resource allocation unit and

includes a plurality of contiguous carriers in one slot.

The structure

of

the

radio frame 1is

only

exempla

ry.

Accordingly, the number of subfrémes 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.

FIG. 3
downlink slot.

Referring

exemplarily’

to

FIG.

3,

shows a resource

a downlink

slot

grid of

includes

a

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 6) REs. The
number (Npp) o©of RBs contained 1in a downlink slot 1is
dependent wupon a downlink transmission Dbandwidth. An
uplink slot structure 1is identical to the downlink slot
structure, but OFDM symbols are replaced with SC-FDMA
symbols 1in 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 1is

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 1is
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 1like. 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 1is
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 1is
provided for a specific UE, an identifier o©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 1is provided for system
information (e.g., system information block (SIC)), system
information RNTI (SI-RNTI) may be masked with CRC. I1f

PDCCH 1is provided for a random access response, random
access-RNTI (RA-RNTI) may be masked with CRC. Control
information transmitted over PDCCH 1is referred to as
downlink control information (DCI). DCI includes resource
allocation information for a UE or a UE group and other
contrcl information. For example, - DCI includes UL/DL
scheduling information, an uplink Tx power control command,
ecc.

Table 1 shows a DCI format 0 for uplink scheduling.
In Table 1, although the size of the RB allocation field 1is
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

pandwidth.
[Table 1]
Field Bits Comment
Format 1 Uplink grant or downlink assignment
Hopping flag 1 Frequency hopping on/off
RB assignment 7% Resource block assigned for PUSCH

MCS Modulation scheme, coding scheme, etc.

New Data Indicator Toggled for each new transport block

Cyclic shift for DMRS Cyclic shift of demodulation reference signal

5
1
TPC 2 Power control of PUSCH
3
1

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

are used for uplink (UL) retransmission.

[Table 2]
MCS Modulation TBS | Redundancy
Index Order [ndex Version
/ MCS Q,’u / TBS Vigx
o - 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 1
30 reserved 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 koth
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 1is transmitted
using an On-0Off 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 1is 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 1s capable of being transmitted in a subframe by the
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UE, 1is 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 Format. Uplink Control Information (UICT)

Formar 1 Scheduling request (SR) (unmoduolated waveform)

Formar La I-bit HARQ ACK/NACK with/withour SR

Format 1b 2-bit HARQ ACK/NACK with/without SR

Formar 2 CQI 20 coded bits)

Formar 2 CQIand 1- or 2-hit HARQ ACK/NACK (20 bits) for extended CP only
Format 2a CQl and 1-bir HARQ ACK/NACK (20 + 1 coded bits)

Format 2b CQI and 2-bit HARQ ACK/NACK (20 + 2 coded bits)

In LTE-A, 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 1is a flowchart 1illustrating 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 S100.

All the transport blocks (TBs) are used to calculate

CRC parity bits. Transport Block (TB) bits are denoted by

Qo201 T Ao gt Parity bits are denoted by P0PP2Pialia
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 aré
performed at step S110. Input bits for code Dblock

bmb“%’m"“b*', where B denotes

segmentation are denoted by
the number of bits of a TB (including CRC). Bits provided
after code block segmentation are denoted by

Cr0sCr1sCrrsCrasens Colie -
00 Cr 2 Cren k) here v denotes a code block number (r =

0, 1, .., C-1) Kr denotes the number of bits of a code block
(r), and C denotes a total number of code blocks.

The channel coding 1is performed after performing the
codelblock segmentation and code block CRC attachment at
step S120. Bits afﬁer channel coding are denoted by

di),d.al9,d?, .d{), y, where i=01,2. D, is the number of bits

of an 1i-th coded stream for the code Dblock (r) (i.e.,
D, =K,+4), r denotes a code block number (r = 0, 1, .., C-1),
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. BRits provided after rate matching are

denoted by €,,6,,¢,,,¢,,.¢,:_y - L, is the number of rate-

matched bits of the r-th code block (where r = 0, 1, .., C-
1), and C 1s 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 Jor s o S Jom1 G denotes a
total number of bits coded for data transmission. If
control information is multiplexed with UL-SCH transmission,

bits wused for control information transmission are not

included in ‘G’. forho fos Sy St 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. UCT channel coding is
performed.on the basis of the number of coded symbols for
each piece of cdntrol 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 1is

005 01,025+, 00

performed using an input bit sequence at step

$150. The output bit sequence of the channel coding for

channel quality information is denoted by D@93 5001

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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O 1s a total number of coded bits.. In order to set the
length of a bit sequence to Q. . the coded channel quality
information may be rate-matched. Oy 1s denoted by
OQcor =Qcor 0+ Qi is the number of coded symbols for a CQT,
5 @, is a modulation order, and (), is set to be identical to

a modulation order of UL-SCH data.
Channel coding of RI is performed using an input bit

Rl _RI Rl R/]

R RI
sequence 19 1 or [0 o] 4t step s160. [00°) ana 190" "1 genote
1-bit RI and 2-bit RI, respectively.

10 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.

15 [Table 4]
Onm Encoded RI
2 [o," ¥l
4 [os" y xx]
6 [0 yxxxx]
(Table 5]
On ) Encoded RI
2 [O(I)?I O]Rl OZRI 06?/ ()]R/ Oé(’/]
4 . ]06?/ olR/ X X ()ZR/ 06‘)/ X X 0]/?/ 05?/ X X]
6 [ué” 01/” XX XX 0;{” 0(4?/ XX XX O‘R/ OZRI X X X X]

In Tables 4 and 5, Qu, is a modulation order. o, is

20 denoted by of =(f +0o/)mod2 , and ‘'mod’ is a modulo

operation. 'x’ or 'y’ 1is 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 wvalue of 0 or 1. The output bit sequence
Rl R/ Rl Ri : : d b bi : £ ded RI
90 91 592 g, 18 obtaine y a combination of code
block(s). @, is a total number of coded bits. In order to
set the length of coded RI to @, , the finally-combined

coded RI block may be a part not the entirety (i.e., rate
matchiﬁg). 0, 1s denoted by (O, =0,x0, . 0, 1is the number

of coded symbols for RI, and (J, is a modulation order. (),

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

The channel coding of HARQ-ACK is performed using the

ACK ACK  ACK QACK (ACK | ACK ACK
input bit sequence [og ], L log™ o Ogii 4] [og™" ]
[0/CK o ACK)
and -9 I denote 1l-bit HARQ-ACK and 2-bit HARQ-ACK. In
[ ACK JACK | ACK 1 -
addition, “° ! ‘011 denotes HARQ-ACK composed of two
. ) 0K 59 .
or more bits (i.e., > 2, ACK 1is encoded to 1, and
NACK 1is encoded to 0. In the case of 1-bit HARQ-ACK,

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

Table 6 exemplarily shows channel coding of HARQ-ACK.

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

[Table 6]
Cm Encoded
HARQ-ACK
2 [0 ]
[og™" y x ]
6 [od™ yxxxx]

[Table 7]
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Onm Encoded HARQ-ACK
2 ACK _ACK _ACK _ACK _ACK _ACK
[og 0, 03 04 o, 0y 1

- ACK ACK 1CK ACK CK 'K q
4 [0J" 0/ x x 0] 0f" x x 0/ 0" xX]
6 ]’oé‘CK ()IACK X X X X oZACK o(;’CK XXX X oIACK oK x x xx]

In Tables 6 and 7, Q. 1is a modulation order. For

example, Qp,=2 may correspond to QPSK, Qn=4 may correspond

ACK
o

to 16QAM, and Qu=6 may correspond to 64QAM. may

ACK
correspond to an ACK/NACK bit for a codeword 0, and 0

may correspond to an ACK/NACK bit for a codeword 1. o is

denoted by 0] = (0" +0/*)mod2 , and ‘'mod’ is a modulo

operation. ‘'x’ or 'y’ 1is a place holder for maximizing a

Euclidean distance of a modulation symbol carrying HARQ-ACK

information when the HARQ-ACK bit is scrambled. Bach of

‘x’ and ‘y’ has the value of 0 or 1. Qax is a total
ACK ACK ACK ACK
o 92 900

number of coded bits, the bit sequence
is obtained through a combination of coded HARQ-ACK

block(s). In order to set the length of the bit seguence
to Qacx , the finally-combined HARQ-ACK block may be a part
not the entirety (i.e., rate matching). Qax is denoted by
OQuv =@k 0, . Qi 1s the number of coded symbols for HARQ-
ACK, (, 1is a modulation order. (), 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 Jo: /v 120 f502 0640 ana coded CQI/PMI bits

q()sql 3q29q3:"'quC017]

denoted by at step S180. The outputs of

the data and control multiplexing block are denoted by
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S8 €88y & g 4 column vector of the length Q,
(where /=0-H'-1'y p+ ig denoted by =79 | ana H is
H=\G+0. .
(' *4W). H is the total number of coded bits

denoted by
allocated for UL-SCH data-and CQI/PMI data.

The input of a channel interleaver includes output

data 88,588, of the data and control multiplexing

block, the encoded rank indicators qf,qf,g?,mq"' and coded

Lo

HARQ-ACK data gf&gﬁﬂﬂ“ﬂ g* at step S190. g 1is a column

" L =

vector of length @, for CQI/PMI (where =0, H'=1 " and H' is

m

and ¢'* is a column vector of length

denoted by H’=H/QM),

for ACK/NACK (where i=0,..Q%« 1, and Qe =0ux /0,) . ¢° is

]

o

a column vector of length @, for RI (where i=0,.,0,, -1, and

O = Qi ! @ ) -

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  hy,h  hy . hy, that 1is read row by row from the
channel interleaver matrix 1s then output. The read Dbit
sequence is mapped on a resource grid. HY=H'+Qy 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 1is 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)

/\CQI AHARQ-ACK AI(I
and offset values ( —ofet | offsct , ok ) zassigned 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 easlily demultiplex control information and
a data packet.

Réferring to FIG. 7, CQOI and/or PMI (CQI/PMI)
resources are located at the beginning part of UL-SCH data
resources, are seguentially mapped to all SC-FDMA symbols
on one subcarrier, and are finally mapped in the next
subcarrier. CQI/PMI 1is 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) 1is
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 1is

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 1is inserted into some
resources of the SC-FDMA mapped to UL-SCH data through
puncturing. ACK/NACK 1s 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 enéoded.

) 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 sb 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

CQ!
reference MCS (CQI/PMI MCS) and offset parameters ( ol |

AHARQ-ACK AR]
~offser , and “oBa )  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 (J,,, 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 O,y of encoded symbols is adapted to

calculate a total number (Q,, =0, 0/,) 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. Q, 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. In a subsequent process, the number (Q,.,)
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 (@, ) 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]

(O + ]) . M PUSCH —inimial . ]v PUSCH =ininial . ﬁ I’[./S(.'/'l O
, . ~ NC symb offset PUSCH PUSCH 2RI
0’ = min| (1) - ()M s e e

symh
z: ' o
. m
K . piet

r=0

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 'O’ 1is higher than 12,
L is set to 8. Qcr is denoted by (@, =0, 0, and O, is a
modulation order. (J, denotes the number of encoded RI bits.
If RI is not transmitted, @, 1is set to 0 (Q,=0). ﬂgﬁ“

denotes an offset value, and may be adapted to adjust the

coding rate of CQI/PMI. ﬂ%ﬁw may also be denoted by
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Boat =por o MU is a band that is scheduled for
initial ©PUSCH transmission of a transport block (TB).

NPUscHaml s 5 the number of SC-FDMA symbols for each subframe

symb

for initial PUSCH transmission of the same transport block

~(TB), and may also be denoted by AQX?H““”:(Z(Ngﬁ—J)—A@“).

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

symb
Ngs 1s 0 or 1. 1In the case where the UE is configured to

transmit PUSCH and SRS in a subframe for initial
transmission or 1in the case where PUSCH resource allocation

for initial transmission partially or entirely overlaps

with a cell-specific SRS subframe or band, NGy is set to 1.

-l
Otherwise, Ng s is set to O. ZIKV 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
K, is the number of bits of a code block (r). m[WH=rmet

and K, are obtained from initial PDCCH for the same
transport block (TB). Dﬂ 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 1limit 1is removed from
Equation 1, but only the part (1) can be represented by the
following equation 2.

[Equation 2]
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-
Q’ = .@+ L) . ! ./);I’USCH
- 1 C-l / offser
PUSCH —initial 7 PUSCH —initial

DK M ND

r=0
- Payload,,, i ! e

7 offset
1 Payload,,,, / Ny pusci,,,

In Equation 2, Payload,, is the sum of the number (O)

of UCI bits and the number (L) of CRC bits (i.e., Payload,,

= O + L). 1In 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 O
(i.e., L = 0). Otherwise, 1f 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 is the number of bits of data

Data
payload (including CRC) for initial PUSCH transmission
recognized through either initial PDCCH or a random access

response grant for the same transport Dblock (TB) .

N puscn,,, 1s the number of REs allocated to PUSCH for

initial transmission of the same transport Dblock (TB)

PUSCH —ninal PUSCH = mnitial PUSCH
8¢ ’ N,\jymb ) . ﬁ’?./-"'t‘/

(corresponding to N is an offset

value for adjusting the coding rate of UCI. ﬂ%ﬁw may be

CcqQl
determined on the basis of a given offset value (e.g., AW“,

/\HARQ-ACK AR]
— offset , -onsct) for each UCI.

. Payload N, e
In Equa tion 2 , ) I.)(lla/ RIE _PUSCH i

is a Spectral
Efficiency (SE) for initial PUSCH transmission of the same
transport block (TB). That 1is, 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 ( (@,) of UCI is established to be identical to a

modulation order ( ) of data. Under this condition,

~=m

Equation 2 can be represented by the following equation 3.

[Equation 3]

, | Payload,,. 1 S
0 = ) 1 vl e ﬁ,{/;\/a\/”
ayeoad p,. | N piz_ pUSCH,ypy
:
_| Payload,,, 1 . plusct
- 4 / offset
o, Payload,,, /9, N PUSCH, 0
In X Equa tion 3 U ])a))load/)nlu/Qm ’ ]VI(/:' PUSCH 00 is the ra tio of
the number ( Payload,, ) of bits (including CRC) of data

payload for initial PUSCH transmission of the same
transport block (TB) to the number (Q, N, .. ) of bits
allocated to a PUSCH for initial transmission of the same
transport block (TB). Pmdm%%W/Qm~Nmtmwmww 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
(SE,,) for UL-SCH data (i.e., a transport block (TB)) in
so far as the SE is not mentioned specially in a different

) .
Payload ,, / Ny _PUSCH i

manner. SE may also denote oxr

:::::::

In the case of HARQ-ACK, L is set to 0 (i.e., L=0),
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/ PUSCH

PUSCH - ACK
offset /))r

fset

. PUSCH HARQ - ACK
(i.e., ﬁt{/ﬁul = ﬁ(ﬁ.\-uf ), and the

is set to
number of coded symbols is determined in the same manner as
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.,

PUSCH . Rl . Q PUSCH Rl
L=0 ) ' ﬂ{g//,\'ul 15 S et to ﬁr:ﬂku ( 1.e., /}rg/ﬁ-cl - /jrg/l.\'(fl ) ' 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) 1is transmitted
over a PUSCH, because the 1legacy LTE does not support a
single user (SU) - MIMO. 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 Dblocks. 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
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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 1s 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) 1is 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 1is 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 1is
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 1is 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 1initial
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 bpe 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 qguality of UCI may |be
deteriorated when the size of UCI resources 1is decided
using the parameter used for initial PUSCH transmission.
Therefore, the retransmission codeword and the 1initial
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 1B) UCI is multiplexed to one codeword

through codeword selection

In accordance with embodiment 1B, 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 1is 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 1is multiplexed to a
layer via which the new transmission codeword 1is
transmitted (See Embodiment 1A), latency for enabling the

BS to read UCI may be unavoidably increased. The method
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shown in the embodiment 1B can be implemented by
multiplexing UCI to a firstly decoded codeword on the
condition that the SIC receiver can recognize the firstly
decoded codeword. On the other hand, provided that UCI 1is
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 1s first decoded, and
interference is removed from the layer via which the new
transmission codeword is transmitted, thereby improving UCI
detection performance.

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

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

[Equation 4]

0 = Payload,,, 1 PusC
z - 1 ’ S]7 L : ﬂq/f\'c/
~Dala / Data
D
_ | Payload el 1 - grsch
- 1 Payload,,,, /L, - N K
ay Data / “ Daia RE _PUSCH i
r PUSCH
B Payload,, - L, - N RE_ PUSCH ‘,B,,//\-m
Payloadl)ma
In Equation 4, S§8E,, 1s a spectral efficiency (SE), and
. . Payload, . Payload.,
is given as Payload Dmu/ N g puscit,, ’ v ? P
N/e/: PUSCH i a PUSCH defi da i E £1 2 I .
- e an lﬁr!/f\'cl are erine in qua ion M ~“Ina i1s .an

integer of 1 or higher, and denotes the number of layers
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for the same transport Dblock (TB) (or corresponding
codeword) . UCI includes CQI/PMI, HARQ ACK/NACK or RI.
Equation 4 1is 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 ( L,, ) of layers via which the corresponding

codeword 1is transmitted are used to decide the number of
encoded symbols for UCI. In more detail, the number of
iayers 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
optained 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. 1In
the example of FIG. 8, it 1s assumed that UCI 1is
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 symbois for UCI
when the UCI is multiplexed to one specific codeword.

[Equation 5]
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] Payload,., 1 s
Q = Lycr - 1 SE ﬁuf[vcr

B Daia
_ Payload, ., 1 PUSCH
= Lucy 1 ’ P / d /N ’ ﬁr{[/.'\-(zl

ayeoad . | NV pi pUSCH,
D

_ . Payload,, 1 . gluscH
= Loy N ojfset

Q. Pay loadl)um/ o, N RE PUSCH

r N | pruscH
_y Payload,c; - N i pusci,, * B
= Ly
Paylaadl)am

In Equation 5, SFE,, denotes a spectral efficiency (SE) ,

: ; > )] >
and is given as /lay /()aanm/ Ny puscn,,, ©Y Pay ! Oadl')am/ Qu Nowr pusch,,, -

::::::::

¢, is a modulation order. Although Equation 5 shows that

m

@, for UCI is identical to ¢, for data, it should be noted

that @, for UCI and (, for data may also be given

m

. ) ~ V)
independent of each other. qu004M/, IQWOdem, Nys:_pusca,

ntial
’

@, and ﬂ%ﬁw shown in Equation 5 are the same as those of

Equation 2. L,, 1is an integer of 1 or higher, and denotes

the number of layers 1in which UCI 1is multiplexed. UCI
includes CQI/PMI, HARQ ACK/NACK or RI.

In the same manner as in Equation 4, Eguation 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 1is transmitted are wused to
decide the number of encoded symbols for the UCI.
Differently from Equation 4, Equation 5 1s used ¢to
calculate the number of resources where UCI is multiplexed
(i.e., the number of encoded symbolé), and the nﬁmber of
layers where UCI 1is multiplexed is multiplied by the
calculated number of resources. Therefore, the nﬁmber of

UCI resources in all layers where UCI 1is multiplexed 1is
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given as the same number.

FIG. 9 shows another example 1in which UCI 1is
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 1is assumed that UCI
is multiplexed to a plurality of 1layers 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), 1if several
codewords (e.g., two codewords) (or transport blocks TBs)
are transmitted, UCI can be multiplexed to a codeword (or a
transport Dblock 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 Iycs. Referring to Table 2, the higher
the Incs Vvalue, the Dbetter the channel state for the
corresponding codeword (or TB). Accordingly, CQI is
multiplexed to a codeword (or a TB) having the highest Incs
value, such that reliability of transmitting channel state
information can be increased.

Rule 1.2) If two codewords (or two TBs) have the same
Incs 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
forﬁat to be newly added for LTE-A uplink MIMO. 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
(Cwo) , a PMI/RI field, a resource allccation 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 CWO and
CWl 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 1is multiplexed along
with data. Although the CQI request field is set to 0 (CQI
request = 0), 1if periodic CQI transmission having PUSCH
transmission is planned, the periodic CQI is multiplexed
along with data. coI may include a CQI-only format or a
(CQI + PMI) format. 1In this case, according to the above-
mentioned rules, channel state information is multiplexed
to a codeword (CW0O) (or a transport block) having the
highest Iuycs 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 CWO and

CW1l 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 (CW0O and CW1)

correspond to initial transmission. Since a CQI'request
field is set to 1 (CQI request = 1), aperiodic CQI 1is
multiplexed along with data. Although the CQI request
field is set to 0 (CQI request = 0), 1if periodic CQI

transmission having PUSCH transmission 1s planned, the
periodic CQI is multiplexed along with data. CQI may
include a CQI-only format or a (CQI + PMI) format. 1In this
case, according to the above-mentioned rules, since ¢two
transport blocks have the same Iy value, channel state
information is multiplexed to a codeword CWl acting as a
first transport block.

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

Equations 4 and 5.

[Equation 6]
0 = Payload, ) 1 ﬂ/n/xc'u
= - T P
1 LSLl)mu(x)/Ll)am(.\‘)
p)
_| Payload,,, . 1 gl
- S / offset
! Payload DPata(x) /| Ll)nm(.x) N PUSCH (5 Yot
) PUSCH
B Payload,,, 'Ll)um(.\‘) N RE_ PUSCH (X Yyior 'ﬁ,,[/.\-u:
Payload/)u/a(::)

[Equation 7]
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_ Payload,, 1 PUSCH
Q = Lycr” ’ ’ ﬁn//,\'e!
1 SE .
Data( x)
_J Payload, ., ] PUSCH
= Luer 1 'P load /N '/}/g//_‘\w
ayLoad paacey [ 4V ri_ PUSCH (5Ys
_ 1 Payload, ., 1 . prusc
= Ly ) Pavioad O -N offet
Q. aytoa I)ma(x)/ o IV Rl PUSCH (Yo
o PUSCH
_ Payload, ., - N RE _ PUSCH ()i ':Bq//.vu/
= Lot N
]ayloadl)ma(_\’)

In Equations 6 and 7, SE,,.., 1s a spectral efficiency
(SE), and 1s given as P@Wmdmmn/ngMNWUmm . Q, 1is a
modulation order. Although Equations 6 and 7 show that 0,

for UCI is identical to Q@

., for data, it should be noted
that (@, for UCI and (, for data may also be given
independent of each other. Except for a subscript or

superscript (x), Payload, ., , Payload .,y ,

= PUSCH (x)=initial PUSCH (x)=initial PUSCH .
N e vusciteym (=M . N ) 0 and 1) in

xymh o offver
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). L,,, is an integer of 1 or higher,

and denotes the number of layers for use in the transport

block-x. I

Lpaaxy 1S an integer of 1 or higher, and denotes

the number of layers in which UCI is multiplexed. For

generalization, each of L,, and L,,, can be replaced with

a constant (e.g., a@ , A4 ) 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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a CQI-only format or a (CQI + PMI) format:
- If the number of encoded symbols for UCI is the number
of encoded symbols for each layer or the rank is set to 1,

Lycs = Lpwary =1 1S established. Equation 1 of "the legacy LTE

can be modified into the following Equation 8 according to
the above-mentioned rules.
[Equation 8]

i PUSCH (x)=immal _ p7 PUSCH (x)=inuial o PUSCIH
(O+L)-M, N sy offsct s roscr O
M N - =L

symb
Qm

Q' =min
= c

> K

\ r=0

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

0. If O is 12 or higher, L is set to 8. Qm,.is denoted

by Oy =0, Q" , where (, is a modulation order. (@, 1is the

n

number of encoded RI bits. If there is no RI transmission,

Q, is set to 0 (Q, =0). pI5" is an offset value, and may

ffsel

be used to adjust the coding rate of CQI/PMI. g7 is

. col : PUSCH _ col PUSCH (x)=initial . .
given as f,, (i.e., B0 =L ) - M. is a band

scheduled for initial PUSCH transmission of the transport

block x, and is represented by the number of subcarriers.

/ PUSCH (x)~initial
/\ symh

is the number of SC-FDMA symbols for each

subframe for 1initial PUSCH transmission of the same

transport block (i.e., transport block x), and may also be
denoted by Ad%fmﬂ%mm:(ZiNxa—J)—Nms). Nﬁ& is the number
of SC-FDMA symbols for each slot, and Ny 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,

0y
Ngs 1s set to 1. Otherwise, Ngg is set to 0. ZEKFW is
=0

the number of bits of data payload (including CRC) for

initial PUSCH transmission of the same transport Dblock

(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.
K 1is the number of bits of the code block (r) for use in

r

the transport block x. am[Wci-mia = C = and K, 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). Lﬂ

1s a celling function, and returns the smallest integer
from among at least n values. ‘min(a,b)’ returns the
smallest one of ‘a’ and ‘b’.

Embodiment 1D) UCI is multiplexed to one codeword

without codeword selection

In accordance with the embodiment 1D), 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 1like. 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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