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ing a systematic symbol and a non-systematic symbol, and a
control information stream of at least three types in a wireless
mobile communication system is disclosed. The method
includes mapping the data information stream to a resource
area so that the systematic symbol is not mapped to a specific
resource area to which the control information stream is
mapped, and mapping the control information stream to the
specific resource area.
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METHOD FOR MULTIPLEXING DATA AND
CONTROL INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/291,995, filed on Nov. 8, 2011, now
U.S. Pat. No. 8,547,923, which is a continuation of U.S.
patent application Ser. No. 12/395,544, filed on Feb. 27, 2009,
now U.S. Pat. No. 8,094,639, which claims the benefit of
earlier filing date and right of priority to Korean Patent Appli-
cation Nos. 10-2008-0084616, filed on Aug. 28, 2008, and
10-2008-0084617, filed on Aug. 28, 2008, and also claims the
benefit of U.S. Provisional Application Ser. Nos. 61/032,412,
filed on Feb. 28, 2008, 61/035,054, filed on Mar. 10, 2008,
61/036,066, filed on Mar. 12, 2008, 61/041,929, filed on Apr.
3, 2008, 61/041,973, filed on Apr. 3, 2008, 61/047,404, filed
on Apr. 23,2008, 61/048,297, filed on Apr. 28, 2008, 61/126,
326, filed on May 1, 2008, 61/050,732, filed on May 6, 2008,
61/051,398, filed on May 8, 2008, and 61/060,126, filed on
Jun. 10, 2008, the contents of which are hereby incorporated
by reference herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method for multi-
plexing data and control sequences and mapping the multi-
plexed sequences to a physical channel in a wireless mobile
communication system.

[0004] 2. Discussion of the Related Art

[0005] Data and control sequences transmitted from a
media access control (MAC) layer to a physical layer are
encoded and then provide transport and control services
through aradio transmission link. A channel coding scheme is
comprised of a combination of processes of error detection,
error correction, rate matching, interleaving, and mapping of
transport channel information or control information to the
physical channel. Data transmitted from the MAC layer
includes systematic bits and non-systematic bits according to
the channel coding scheme. The non-systematic bits may be
parity bits.

[0006] 1Inthe 3" generation partnership project (3GPP), an
uplink shared channel (UL-SCH) and a random access chan-
nel (RACH) of an uplink transport channel may be mapped to
a physical uplink shared channel (PUSCH) and a packet
random access channel (PRACH) of a physical channel,
respectively. Uplink control information (UCI), which is one
of'an uplink control channel information, may be mapped to
aphysical uplink control channel (PUCCH) and/or a PUSCH.
A downlink shared channel (DL-SCH), a broadcast channel
(BCH), a paging channel (PCH), and a multicast channel
(MCH) of a downlink transport channel are respectively
mapped to a physical downlink shared channel (PDSCH), a
physical broadcast channel (PBCH), a physical downlink
shared channel (PDSCH), and a physical multicast channel
(PMCH) of a physical channel. A control format indicator
(CFI), a hybrid automatic repeat request (HARQ) indicator
(HI), and downlink channel information (DCI) of downlink
control channel information are mapped to a physical control
format indicator channel (PCFICH), a physical HARQ indi-
cator channel (PHICH), and a physical downlink control
channel (PDCCH) of a physical channel, respectively. The
above transport channels are mapped to the respective physi-
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cal channels through multiple processes. Especially, in a
channel such as a UL-SCH, processing for cyclic redundancy
check (CRC), code block segmentation, channel coding, rate
matching, and code block concatenation is performed with
respect to at least one transport channel or control informa-
tion.

[0007] A process for processing a transport channel and/or
control information s illustrated in FIG. 1. Data in the form of
a transport block is input every transmission time interval
(TTT). The transport block is processed as follows. A CRC
attachment block attaches a CRC to the data in the form of a
transport block. A code block segmentation block segments
the CRC-attached data into one or more code blocks. A chan-
nel coding block performs channel coding for a code block
data stream of each of the segmented code blocks. A rate
matching block performs rate matching for the channel coded
data stream. A code block concatenation block concatenates
one or more rate-matched data streams to form a sequence of
encoded data bits. Meanwhile, a separate channel coding
block performs channel coding for control information to
form a sequence of encoded control bits. A data/control mul-
tiplexing block multiplexes the sequence of encoded data bits
and the sequence of encoded control bits, thereby generating
a sequence of multiplexed bits.

[0008] One symbol may be comprised of at least one bit
according to a modulation order (Qm). For example, for
BPSK, QPSK, 16QAM, and 64QAM, one bit, two bits, four
bits, and six bits corresponding respectively thereto constitute
one symbol. In a system using single-carrier frequency divi-
sion multiple access (SC-FDMA), one symbol is mapped to
one resource element (RE), and therefore, a description can
be given in units of symbols. Accordingly, the terms ‘coded
data bit’, ‘coded control bit’, and ‘multiplexed bit* may be
replaced with the terms ‘coded data symbol’, ‘coded control
symbol’, and ‘multiplexed symbol’, respectively, in consid-
eration of the modulation order, for convenience of descrip-
tion. The terms ‘coded data bit’, ‘coded data symbol’, ‘coded
data symbol’, ‘coded controlbit’, and ‘coded control symbol’
may be abbreviated to ‘data bit” ‘data symbol’, ‘control bit’
and ‘control symbol’, respectively, for convenience of
description.

[0009] The control information may be classified into one
or more types according to properties thereof and various
multiplexing schemes may be considered according to the
number of types.

[0010] If only one type of control information is present,
when data information and control information are multi-
plexed, the control information may or may not overwrite the
data information.

[0011] If two types of control information are present, the
control information is divided into a first type of control
information and a second type of control information. If the
second type of control information is more important than the
first type of control information, data information and control
information may be multiplexed in a manner that the first type
of control information overwrites or does not overwrite data
information. Next, the second type of control information
may or may not overwrite the multiplexed data information
and/or the first type of control information.

[0012] A process of processing a transport channel for a
UL-SCH ofthe 3GPPis illustrated in FIG. 2. FIG. 2 illustrates
a matrix structure of ‘R’ rows by ‘C’ columns (R*C) (for
example, C=14). Hereinafter, such a structure may be referred
to as ‘a set of resource elements’. C successive symbols are
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arranged in a time area in a horizontal direction and R virtual
subcarriers are arranged in a frequency area in a vertical
direction. In a set of resource elements, virtual subcarriers are
arranged adjacent to each other but subcarriers on respective
physical channels corresponding to the virtual subcarriers
may be discontinuous in the frequency area. Hereinafter, the
term ‘virtual subcarrier’ related to a set of resource elements
will be referred to as ‘subcarrier’ for brevity. In a normal
cyclic prefix structure (‘normal CP structure’), 14 (C=14)
symbols constitute one sub-frame. In an extended CP struc-
ture, 12 (C=12) symbols may constitute one sub-frame. That
is, FIG. 2 is based on the normal CP structure. If the ‘extended
CP structure’ is used, FIG. 2 may have a matrix structure in
which C is 12. Referring to FIG. 2, M symbols (=the number
of symbols per sub-framexthe number of subcarriers=CxR)
may be mapped. Namely, M symbols may be mapped to M
resource elements per one sub-frame. In addition to symbols
generated by multiplexing data symbols and control symbols,
reference signal (RS) symbols and/or sounding RS (SRS)
symbols may be mapped to the M resource elements. There-
fore, if K RS symbols and/or SRS symbols are mapped,
(M-K) multiplexed symbols may be mapped.

[0013] FIG. 2 shows an example of mapping two types of
control information, that is, control information 1 and control
information 2 to a set of resource elements. Referring to FIG.
2, a sequence of multiplexed symbols is mapped by a time-
first mapping method. That is, the sequence of multiplexed
symbols is sequentially mapped from the first symbol posi-
tion of the first subcarrier to the right. If mapping ends within
one subcarrier, mapping is sequentially performed from the
first symbol position of the next subcarrier to the right. Here-
inbelow, a symbol may refer to an SC-FDMA symbol. The
control information 1 and data information are mapped by a
time-first mapping method in order of control information
1—data information. The control information 2 is mapped
only to symbols located at both sides of RS symbols in order
of last subcarrier—first subcarrier. The last subcarrier refers
to a subcarrier located at the bottom of a set of resource
elements of FIG. 2 and the first subcarrier refers to a subcar-
rier located at the top of the set of resource elements. The
control information 1 rate-matches with data information and
is mapped. The control information 2 punctures the data
information and/or the mapped control information 1 and is
mapped. The data information may be formed by sequentially
concatenating multiple code blocks segmented from one
transport block.

[0014] When multiplexing data information and control
information, the following should be considered.

[0015] First, a multiplexing rule should not be changed by
the amount and type of control information or presence/ab-
sence of control information. Second, when control informa-
tion is multiplexed with data by rate matching or control
information punctures data and/or other types of control
information, the control information should not affect trans-
mission of other data of a cyclic buffer. Third, a starting point
of'a cyclic buffer for a next redundancy version should not be
influenced by presence/absence of control information.
Fourth, in a hybrid automatic repeat request (HARQ) trans-
mission scheme, HARQ buffer corruption should be able to
be avoided. In a method for mapping multiplexed information
to a data channel, a specific type of control information
should be mapped to resource elements adjacent to an RS
which can show good capability.
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[0016] In the method of FIG. 2, since two types of control
information are mapped to a virtual physical channel together
with data information, a new rule is demanded to map another
type of control information. In the method of FIG. 2, when the
control information 2 punctures the data information and/or
the control information 1, puncturing is performed from the
lastcode block. However, if probability of generating an error
in the last code block by transmission environments and a
code rate is high, an error may occur only in the last code
block. In that case, the error is detected after all code blocks
are decoded, determination of a transmission error is delayed
and power consumed to decode the code blocks is increased.

SUMMARY OF THE INVENTION

[0017] An object of the present invention devised to solve
the problem lies in providing a method for mapping control
information by a prescribed rule considering presence/ab-
sence and type of the control information to improve the
capability of a wireless radio communication system.
[0018] The object of the present invention can be achieved
by providing a method for multiplexing data information and
a plurality of control information in a wireless mobile com-
munication system, including (a) mapping first control infor-
mation in units of resource elements on a matrix for generat-
ing input information mapped to a set of physical resource
elements so that the first control information is mapped to
resource elements separated by one resource element in a
time axis from resource elements to which a reference signal
is mapped in the set of physical resource elements; (b) map-
ping a sequence on the matrix in units of resource elements so
that the sequence does not overwrite the mapped first control
information, wherein the sequence is formed by multiplexing
second information and the data information; and (¢) map-
ping third control information on the matrix in units of
resource elements so that the third control information is
mapped to resource elements adjacent in a time axis to the
resource elements to which the reference signal is mapped in
the set of physical resource elements.

[0019] In another aspect of the present invention, provided
herein is a wideband wireless mobile communication system,
including a data and control multiplexing unit for multiplex-
ing second control information and data information, and a
channel interleaver for multiplexing a sequence generated
from the data and control multiplexing unit with a plurality of
control information, wherein in the channel interleaver, (a)
first control information is mapped in units of resource ele-
ments on a matrix for generating input information mapped to
a set of physical resource elements so that the first control
information is mapped to resource elements separated by one
resource element in a time axis from resource elements to
which a reference signal is mapped in the set of physical
resource elements; (b) the sequence is mapped on the matrix
in units of resource elements so that the sequence does not
overwrite the mapped first control information; and (c) third
control information is mapped on the matrix in units of
resource elements so that the third control information is
mapped to resource elements adjacent in a time axis to the
resource elements to which the reference signal is mapped in
the set of physical resource elements.

[0020] In step (a), the first control information may be
mapped upwards starting from the last row of the matrix, or
may be mapped downwards starting from a specific row of the
matrix so as to include the last row of the matrix; in step (b),
the sequence may be mapped downwards starting from the
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first row of the matrix; and in step (c), the third control
information may be mapped upwards starting from the last
row of the matrix, or may be mapped downwards from a
specific row of the matrix so as to include the last row of the
matrix.

[0021] Instep (b), symbols of the sequence mapped within
each row may be mapped leftwards, rightwards, or in a spe-
cific order in each row.

[0022] In step (a), symbols of the first control information
mapped to each row may be mapped, within each row, right-
wards starting from a leftmost element among elements of the
matrix corresponding to resource elements separated by one
resource element from the resource elements to which the
reference signal is mapped, may be mapped leftwards from a
rightmost element, or may be mapped in a specific order; and
in step (c), symbols of the third control information mapped
to each row may be mapped, within each row, rightwards
starting from a leftmost element among elements of the
matrix corresponding to the adjacent resource elements, may
be mapped leftwards starting from a rightmost element, or
may be mapped in a specific order.

[0023] In step (a), symbols of the first control information
mapped to each row may be mapped, within each row, left-
wards starting from a rightmost element among elements of
the matrix corresponding to resource elements separated by
one resource element from the resource elements to which the
reference signal is mapped, may be mapped rightwards from
a leftmost element, or may be mapped in a specific order; and
in step (c), symbols of the third control information mapped
to each row may be mapped, within each row, leftwards
starting from a rightmost element among elements of the
matrix corresponding to the adjacent resource elements, may
be mapped rightwards starting from a leftmost element, or
may be mapped in a specific order.

[0024] In step (a), the first symbol among symbols of the
first control information mapped to each row may be mapped,
within each row, to a leftmost element among elements of the
matrix corresponding to resource elements separated by one
resource element from resource elements to which the refer-
ence signal is mapped, and the other symbols except for the
first symbol may be mapped, within each row, leftwards start-
ing from a rightmost element among elements of the matrix
corresponding to resource elements separated by one
resource element from resource elements to which the refer-
ence signal is mapped; and, in step (c), the first symbol among
symbols of the third control information mapped to each row
may be mapped, within each row, to a leftmost element
among elements of the matrix corresponding to the adjacent
resource elements, and the other symbols except for the first
symbol among symbols of the third control information may
be mapped, within each row, leftwards starting from a right-
most element among elements of the matrix corresponding to
the adjacent resource elements.

[0025] The first control information may be rank indication
(RI), the second control information may be information
including at least one of channel quality information (CQI)
and a precoding matrix index (PMI), and the third control
information may be information about acknowledgement/
negative acknowledgement (ACK/NACK) which is a hybrid
automatic repeat request (HARQ) response.

[0026] The set of physical resource elements may be com-
prised of C symbol periods and R subcarriers, the entire
length of the C symbol periods may be the same as the length
of one subframe comprised of two slots, the reference signal
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may be mapped two symbol periods which are not adjacent to
each other among the C symbol periods, the two symbol
periods may be respectively allocated to the two slots, the
matrix may be comprised of (C-2) columns and R rows, each
element of the matrix correspond one by one to each resource
element of an area except for the two symbol periods among
the set of physical resource elements, the method may further
include, before the mapping step, forming the sequence by
arranging the second control information and the data infor-
mation such that the data information is arranged after the
second control information, step (a) is performed only when
the first control information exists, and step (c) is performed
only when the third control information exists.

[0027] Inafurther aspect of the present invention, provided
herein is a method for multiplexing data information and a
plurality of control information in a wireless mobile commu-
nication system. The method includes mapping a sequence
and third control information on a matrix in units of resource
elements, wherein the sequence is formed by multiplexing
first control information, second control information, and
data information, the matrix is to generate input information
mapped to aset of physical resource elements, the first control
information and the third control information are mapped to
resource elements adjacent in a time axis to resource elements
to which a reference signal is mapped among the set of the
physical resource elements, and the sequence is mapped so as
not to overwrite the first control information and the third
control information.

[0028] In another aspect of the present invention, provided
herein is a wideband wireless mobile communication system
including a channel interleaver for multiplexing data infor-
mation and a plurality of control information, wherein, in the
channel interleaver, a sequence and third control information
are mapped on a matrix for generating input information
mapped to a set of physical resource elements, the sequence
being formed by multiplexing first control information, sec-
ond control information and the data information; the first
control information and the third control information are
mapped to resource elements adjacent in a time axis to
resource elements to which a reference signal is mapped
among the set of the physical resource elements; and the
sequence is mapped so as not to overwrite the first control
information and the third control information.

[0029] The sequence may be mapped starting from the last
row of the matrix upwards, the third control information may
be mapped starting from the first row of the matrix down-
wards, and the first control information may be mapped
downwards starting from the next row of the bottom row
among rows to which the second control information is
mapped.

[0030] The sequence may be mapped starting from the first
row of the matrix downwards, the third control information
may be mapped starting from the last row of the matrix
upwards, and the first control information may be mapped
upwards starting from the next row of the top row among rows
to which the second control information is mapped.

[0031] The sequence may be mapped starting from the last
row of the matrix upwards, the third control information may
be mapped starting from the first row of the matrix down-
wards, and the first control information may be mapped
upwards starting from the next row of the top row among rows
to which the second control information is mapped.

[0032] The sequence may be mapped starting from the first
row of the matrix downwards, the third control information
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may be mapped starting from the last row of the matrix
upwards, and the first control information may be mapped
downwards starting from the next row of the bottom row
among rows to which the second control information is
mapped.

[0033] The sequence may be mapped upwards starting
from the last row of the matrix, the third control information
may be mapped downwards starting from the first row of the
matrix, alternating rows, and the first control information may
be mapped downwards starting from the second row of the
matrix, alternating rows.

[0034] The sequence may be mapped starting from the last
row of the matrix upwards, the first control information may
be mapped downwards starting from the first row of the
matrix, alternating rows, and the third control information
may be mapped downwards starting from the second row of
the matrix, alternating rows.

[0035] At least one of the sequence, the first control infor-
mation, and the third control information may be mapped
leftwards starting from a right column within each row, may
be mapped rightwards starting from a left column, or may be
mapped in a specific order, and the other one except for the at
least one of the sequence, the first control information, and the
third control information may be mapped rightwards starting
from a left column within each row, may be mapped leftwards
starting from a right column, or may be mapped in a specific
order.

[0036] The set of physical resource elements may be com-
prised of C symbol periods and R subcarriers, the entire
length of the C symbol periods may be the same as the length
of one subframe comprised of two slots, the reference signal
may be mapped two symbol periods which are not adjacent to
each other among the C symbol periods, the two symbol
periods may be respectively allocated to the two slots, the
matrix may be comprised of (C-2) columns and R rows, each
element of the matrix correspond one by one to each resource
element of an area except for the two symbol periods among
the set of physical resource elements, and the method may
further include, before the mapping step, forming the
sequence by arranging the second control information and the
data information such that the data information is arranged
after the second control information.

[0037] The first control information may be R1, the second
control information may be information including at least one
of CQI and a PMI, and the third control information may be
information about ACK/NACK which is a response of
HARQ.

[0038] In mapping data and control information, uniform
multiplexing and mapping rules considering presence/ab-
sence of control information and a type of control information
are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, which are included to
provide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

[0040]
[0041] FIG. 1 illustrates processing for a transport channel
and/or control information;

[0042] FIG. 2 illustrates an example of transport channel
processing for a UL-SCH of 3GPP;

In the drawings:
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[0043] FIGS. 3a to 65 are views for defining terms which
are commonly used to explain embodiments of FIG. 7 to FIG.
13;

[0044] FIG. 7 illustrates a method for multiplexing and
mapping data information and control information to a set of
resource elements according to an exemplary embodiment of
the present invention;

[0045] FIG. 8 illustrates a method for multiplexing and
mapping data information and control information to a set of
resource elements according to another exemplary embodi-
ment of the present invention;

[0046] FIG. 9 illustrates a method for multiplexing and
mapping data information and control information to a set of
resource elements according to a further exemplary embodi-
ment of the present invention;

[0047] FIGS.10and 11 illustrate a method for multiplexing
and mapping data information and control information to a
set of resource elements according to another exemplary
embodiment of the present invention;

[0048] FIGS.12 and 13 illustrate a method for multiplexing
and mapping data information and control information to a
set of resource elements according to another exemplary
embodiment of the present invention;

[0049] FIGS. 14a and 145 illustrate configurations of an
exemplary embodiment in which a normal CP and an
extended CP are respectively used;

[0050] FIGS.15a and 155 illustrate exemplary structures of
an extended;
[0051] FIGS. 16 and 17 illustrate an example of locations to

which an SRS and an RS are allocated within one subframe in
case of a normal CP and an extended CP, respectively;
[0052] FIGS. 184 to 18fillustrate a mapping order of con-
trol information 2 and/or control information 3 in a time
direction within one;

[0053] FIGS. 194 to 215 are views explaining in detail the
methods of FIGS. 184 to 18fand illustrate examples of apply-
ing the methods of FIGS. 18a to 18f to a set of resource
elements having a matrix structure of RxC; and

[0054] FIG. 22 illustrates a processing structure for a UL-
SCH transport channel according to an exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0055] Reference will now be made in detail to the exem-
plary 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 embodi-
ments that can be implemented according to the invention.
The following detailed description includes specific details in
order to provide a thorough understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced without such
specific details. For example, the following description will
be given centering on specific terms, but the present invention
is not limited thereto and any other terms may be used to
represent the same meanings. The same reference numbers
will be used throughout this specification to refer to the same
or like parts.

[0056] In actual implementation, each element in a block
diagram may be divided into two hardware chips, or two or
more elements may be integrated into one hardware chip.
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[0057] Exemplary embodiments described hereinbelow
may be used for processing of a transport channel, especially
a UL-SCH, of the 3GPP.

[0058] Control information may be classified into various
types according to an arbitrary method or ‘importance’
thereof. Here, ‘importance’ may be determined by evaluating
a degree of influence on the capability of a wireless mobile
communication system when any type of control information
fails in transmission. When multiple types of control infor-
mation are present, a new multiplexing scheme is required to
improve the capability of a wireless mobile communication
system. For example, control information of a more important
type may be multiplexed s as not to be overwritten by control
information of a less important type.

[0059] In the present invention, control information 1 may
be channel quality information (CQI)/precoding matrix index
(PMI) which is a combination of CQI indicating channel
quality and of'a PMI indicating index information of a code-
book used for pre-coding. The control information 1 may
rate-match with data information for multiplexing. Control
information 2 may be acknowledgement/negative acknowl-
edgement (ACK/NACK) which is a HARQ response. The
control information 2 may puncture the data information or
the control information 1 for multiplexing. Control informa-
tion 3 may be a rank indication or rank information (RI)
indicating the number of transport streams. The control infor-
mation 3 may puncture the data information or the control
information 1 or may rate-match with the data information
and/or the control information 1, for multiplexing.

[0060] Structures of exemplary embodiments proposed by
the present invention may be modified and applied to a struc-
ture of up-down or right-left symmetry with respect to a
frequency axis and a time axis in a set of resource elements
comprised of resource elements. In the exemplary embodi-
ments of the present invention, a symbol may be an SC-
FDMA symbol.

[0061] The term ‘puncturing’ refers to eliminating a spe-
cific bit (or symbol) from a sequence comprised of multiple
bits (or symbols) and inserting a new bit (or symbol) into the
sequence. That is, puncturing serves to replace a part of
information with other information, and when data informa-
tion or control information is multiplexed, a bit (or symbol) of
punctured information is replaced with puncturing informa-
tion. When a puncturing scheme is used, the length of whole
bits (or symbols) is maintained even after new information is
inserted. A code rate of punctured information is influenced
by puncturing.

[0062] The term ‘rate matching’ refers to adjusting a code
rate of data information. When data information or control
information is multiplexed, the location of each information
may be changed but contents of information are not influ-
enced. ‘Rate matching’ of control information 1 and data
information represents that the amount of adding rate-
matched control information and rate-matched data informa-
tion has a prescribed size. Therefore, if the amount of control
information 1 to be transmitted is increased, the amount of
data information rate-matching with the control information
1 is decreased by that much.

[0063] Ifatransport block is segmented into multiple code
blocks for transmission, a receiving side can sequentially
decode the code blocks from a code block No. 0. At this time,
if the code blocks are punctured using control information
from the last code block of data information, an error may
occur only in the last code block due to transmission environ-
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ments and a code rate. Then error detection is delayed and
considerable power is consumed in decoding the code blocks.
If control information which punctures data is present, since
puncturing is performed beginning from the front code block,
an early stop is possible in a decoding process.

[0064] Multiple code blocks generated from the code block
segmentation block of FIG. 1 may have different sizes. In this
case, the front code block may have a smaller size than a rear
code block. In this case, the respective code blocks may
rate-match in the rate matching block of FIG. 1 so that the
code blocks of different sizes have the same size. Then the
front code block having a relatively short length has a lower
code rate than the rear code block having a long length.
Therefore, when code blocks are punctured by control infor-
mation, the front code block is less influenced by the rear code
block.

[0065] Inthe exemplary embodiments of FIG. 7to FIG. 12,
when data information is punctured by control information,
for example, control information 2, the data information is
punctured beginning from the first code block. Then a prob-
ability of generating an error at the first code block is rela-
tively increased. If an error is generated at the first code block,
since it is possible to early determine whether a transmission
error occurs, power consumed for decoding of code blocks
can be decreased. Compared with a conventional method, the
influence of puncturing on data information is relatively
reduced.

[0066] FIG. 3a to FIG. 65 are views for defining terms
commonly used in this application to describe the exemplary
embodiments of FIG. 7 to FIG. 13.

[0067] A setof resource elements shown in FIG. 3a to FIG.
13 is based on a configuration of a normal CP and it is
assumed that M (=RxC) resource elements are constructed.
Here, ‘C’ denotes the number of ‘symbol periods’ arranged in
a time direction, and ‘R’ denotes the number of subcarriers
arranged in a virtual frequency direction. The symbol period
refers to a time period at which one symbol exits. Accord-
ingly, the length of one symbol period is identical to the length
of one symbol.

[0068] Forthe following description, a subcarrier located in
the first row from the top in the whole area of a set of resource
elements is defined as ‘subcarrier 0, and a subcarrier located
in the last row is defined as ‘subcarrier R-1’. That is, the first
subcarrier in a transmission band is defined as ‘subcarrier 0°,
and the next subcarriers are sequentially defined as ‘subcar-
rier 1°, ‘subcarrier 2°, and the like. The last subcarrier is
defined as ‘subcarrier R-1".

[0069] FIGS. 3a, 34, 4a, and 4b illustrate the concept for
describing the exemplary embodiments of the present inven-
tion. In the following description, the terms ‘first subcarrier’
and ‘last subcarrier’ may be used in relation to a specific
time-frequency area (‘area A’). The area A may be a partof'a
set of resource elements or the entire set of resource elements.
The area A indicates any area in a set of resource elements and
respective resource elements in the area A may be separated
from each other in time or frequency as illustrated in FIG. 45.
The ‘“first subcarrier’ of the area A denotes a subcarrier of a
row at the top of the area A and the last subcarrier of the area
A denotes a subcarrier of a row at the bottom of the area A. A
“first resource element’(‘F*) and a ‘last resource element’
(‘L) are used in conjunction with the area A. Namely, the
“first resource element’ of the area A denotes a resource
element located most ahead in time in the first subcarrier of
the area A, that is, a resource element in the leftmost column.
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The ‘last resource element’ denotes a resource element
located latest in time in the last subcarrier of the area A, that
is, a resource element in the rightmost column. The first
resource element within one subcarrier refers to a resource
element which is most ahead in time within the subcarrier.
The last resource element refers to a resource element which
is the latest in time within that subcarrier.

[0070] Referring to FIG. 54, an RS is mapped to an ‘RS
symbol period’ comprised of ‘RS symbol period(0)’ and ‘RS
symbol period(1)’. The RS symbol period(0) and the RS
symbol period(1) may not be adjacent to each other.

[0071] An ‘RS symbol period area’ defined in the ‘RS sym-
bol period’ will now be described. The RS symbol period area
includes (2xR) resource elements located in the RS symbol
period. The ‘RS symbol period area’ is divided into ‘RS
symbol period area(0)’ and ‘RS symbol period area(1)’. Each
of the RS symbol period area(0) and the RS symbol period
area(1) has R resource elements in a frequency direction.
[0072] Referring to FIG. 5b, a “first symbol period’ is
defined as 4 symbol periods separated from the RS symbol
period by a zero symbol period. A “first symbol period area’
includes (4xR) resource elements located in the first symbol
period. Therefore, in FIGS. 3a to 65, the “first symbol period’
is further divided into ‘first symbol period area(0)’, ‘first
symbol period area(l)’, ‘first symbol period area(2)’, and
“first symbol period area(3)’.

[0073] Referring to FIG. 5¢, a ‘second symbol period’ is
defined as 4 symbol periods separated from the RS symbol
period by one symbol period. A ‘second symbol period area’
includes (4xR) resource elements located in the second sym-
bol period. Therefore, in FIGS. 3a to 65, the ‘second symbol
period area’ is further divided into ‘second symbol period
area(0)’, ‘second symbol period area(l)’, ‘second symbol
period area(2)’, and ‘second symbol period area(3)’.

[0074] RS symbol periods shown in FIGS. 3a to 13 are not
always located in the fourth and eleventh symbol periods.
[0075] The RS symbol period area, the first symbol period
area, and the second symbol period area may be regarded as
the area A.

[0076] Theterm ‘forward mappingorder’is used in relation
to the area A. Being mapped in the forward mapping order
from a specific resource element in the area A refers to a
2-dimensional mapping method in which, within the area A,
mapping is performed from a subcarrier to which a specific
resource element belongs in a downward direction, and,
within each subcarrier, mapping is performed according to
time flow, that is, from a left column to a right column. For
example, mapping in the forward mapping order from the first
resource element of the whole area depicted in FIG. 3a means
that mapping is performed in order of from subcarrier O to
subcarrier N-1 along arrows (dotted lines) (refer to FIG. 6a).
A backward mapping order indicates a method of the reverse
order to the forward mapping order. Being mapped in the
backward mapping order from a specific resource element in
the area A refers to a 2-dimensional mapping method in
which, within the area A, mapping is performed from a sub-
carrier to which a specific resource element belongs in an
upward direction, and, within each subcarrier, mapping is
performed in reverse order of time flow, that is, from a right
column to a left column. For example, if mapping is per-
formed in the backward mapping order from the last resource
element of the whole area depicted in FIG. 3a, mapping is
performed in order of from subcarrier N-1 to subcarrier 0
along arrows (dotted lines) (refer to FIG. 65).
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[0077] Although a set of resource elements shown in FIGS.
3ato 13 is based on the configuration of a normal CP, the same
principle may be applied to the configuration of an extended
CP comprised of 12 symbols.

Embodiment 1

[0078] FIG. 7 illustrates a method for multiplexing and
mapping data information and control information to a set of
resource elements according to an exemplary embodiment of
the present invention.

[0079] Referringto FIG. 7, control information 1 is mapped
in a time axis (symbol axis) direction and control information
2 is mapped to resource elements corresponding to symbols
next to symbols to which an RS is mapped. That is, the control
information 2 is mapped to the above-described first symbol
period area.

[0080] The control information 1 is mapped to one or more
successive resource elements including the last resource ele-
ment except for resource elements allocated for RS mapping
within the whole area shown in FIG. 7. The control informa-
tion 1 may be mapped in order of (1)—=(2). Namely, the
control information 1 may be mapped in a forward mapping
order from the first resource element of an area to which the
control information 1 is mapped. Alternatively, the control
information 1 may be mapped in order of (2)—(1). That is, the
control information 1 may be mapped in a backward mapping
order from the last resource element of the area to which the
control information 1 is mapped.

[0081] The control information 2 is mapped to resource
elements located just before or just after resource elements to
which the RS is mapped. For example, if the RS is mapped to
a j-th resource element, the control information 2 may be
mapped to a (j—1)-th resource element and a (j+1)-th resource
element. The control information 2 is mapped in a forward,
backward, or specific mapping order in the first symbol
period area.

[0082] The above method may be modified to up-down or
right-left symmetry in a set of resource elements of FIG. 7.
Namely, the control information 1 may be mapped to one or
more successive resource elements including the first
resource element, except for the resource elements allocated
for RS mapping in the whole area shown in FIG. 7. In this
case, the control information 1 may be mapped in a forward or
backward mapping order. The control information 2 is
mapped to the first symbol period area and may be mapped in
a forward, backward, or specific mapping order in the first
symbol period area.

[0083] InFIG. 7, the control information 1 does not punc-
ture data information. In other words, the control information
1 rate-matches with the data information. The control infor-
mation 1 may be constructed in such a form that control
information having different properties is concatenated. The
control information 2 may puncture the data information
and/or the control information 1 in the first symbol period
area. [f the number of symbols of the control information 2 is
greater than the number of resource elements of the first
symbol period area, the control information 2 may puncture
the control information 1 mapped outside the first symbol
period area.

Embodiment 2

[0084] FIG. 8 illustrates a method for multiplexing and
mapping data information and control information to a set of
resource elements according to another exemplary embodi-
ment of the present invention.
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[0085] In FIG. 8, control information 1 is mapped by the
same method as the method used in FIG. 7. Control informa-
tion 2 and control information 3 are mapped to a first symbol
period area. The control information 2 is mapped in a for-
ward, backward, or specific mapping order in the first symbol
period area. The control information 3 is mapped in a for-
ward, backward, or specific mapping order in an area except
for an area to which the control information 2 is mapped in the
first symbol period area. If the control information 3 does not
exist, the method of FIG. 8 is the same as the method of FIG.
7.

[0086] In FIG. 8, the control information 1 does not punc-
ture data information. Namely, the control information 1 rate-
matches with the data information. The control information 1
may be constructed in such a form that control information
having different properties is concatenated. The control infor-
mation 2 and/or the control information 3 may puncture the
data information and/or the control information 1 in the first
symbol period area. If the sum of the number of symbols of
the control information 2 and the number of symbols of the
control information 3 is greater than the number of resource
elements of the first symbol period area, the control informa-
tion 2 and/or the control information 3 may puncture the
control information 1 outside the first symbol period area.
Alternatively, the control information 2 and/or the control
information 3 may be transmitted through resource elements
ensured by rate matching for the data information.

[0087] If the sum of the number of symbols of the control
information 2 and the number of symbols of the control
information 3 is greater than the number of resource elements
of the first symbol period area, control information having a
higher priority of the control information 2 and control infor-
mation 3 may replace control information having a lower
priority for mapping. In other words, all the control informa-
tion of ahigh priority is first mapped to the first symbol period
area and N information out of the control information ofa low
priority is mapped to the first symbol period area. Here, N is
a value obtained by subtracting the number of resource ele-
ments to which the control information of a higher priority is
mapped from the number of resource elements of the first
symbol period area. For example, if a priority of the control
information 2 is higher than a priority of the control informa-
tion 3, all the control information 2 is first mapped to the first
symbol period area and the control information 3 is mapped to
the remaining resource elements in the first symbol period
area. Therefore, a part of the control information 3 may not be
mapped to the first symbol period area.

[0088] The method of FIG. 8 may be modified to up-down
or right-left symmetry in the set of resource elements of FIG.
8 as illustrated in FIG. 7. Namely, the control information 1
may be mapped to one or more successive resource elements
including the first resource element, except for resource ele-
ments to which an RS is mapped in a set of resource elements.
In this case, the control information 1 may be mapped in a
forward or backward mapping order. The control information
2 may be mapped in a forward, backward, or specific mapping
order in the first symbol period area. The control information
3 may be mapped in a forward, backward, or specific mapping
order from a next resource element of the last resource ele-
ment to which the control information 2 is mapped.

Embodiment 3

[0089] FIG. 9 illustrates a method for multiplexing and
mapping data information and control information to a set of
resource elements according to a further exemplary embodi-
ment of the present invention.
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[0090] In FIG. 9, control information 1 is mapped by the
same method as the method used in FIG. 7. Control informa-
tion 2 and control information 3 are mapped to resource
elements of the first symbol period area. The control infor-
mation 2 is mapped in a forward, backward, or specific map-
ping order in the first symbol period area. The control infor-
mation 3 may be mapped in a forward, backward, or specific
mapping order to the first symbol period area, except for an
area to which the control information 1 is mapped within the
first symbol period area. If the control information 2 does not
exist, the control information 1 and the control information 3
are mapped with dropping the control information 2 in FIG. 9,
and if the control information 3 does not exist, the control
information 1 and the control information 2 may be mapped
with dropping the control information 3 in FIG. 9.

[0091] InFIG. 9, the control information 1 does not punc-
ture data information. That is, the control information 1 rate-
matches with the data information. The control information 1
may be constructed in such a form that control information
having different properties is concatenated. The control infor-
mation 2 and/or the control information 3 may puncture the
data information and/or the control information 1 in the first
symbol period area. If the sum of the number of symbols of
the control information 2 and the number of symbols of the
control information 3 is greater than the number of resource
elements of the first symbol period area, the control informa-
tion 2 and/or the control information 3 may puncture the
control information 1 outside the first symbol period area.
Alternatively, the control information 2 and/or the control
information 3 may be transmitted through resource elements
ensured by rate matching for the data information.

[0092] If the sum of the number of symbols of the control
information 2 and the number of symbols of the control
information 3 is greater than the number of resource elements
of'the first symbol period area, control information of a higher
priority of the control information 2 and the control informa-
tion 3 may replace control information of a lower priority for
mapping. This is the same as described in FIG. 8.

[0093] The method of FIG. 9 may be modified to up-down
or right-left symmetry in the set of resource elements of FIG.
9 as described in FIG. 7. Namely, the control information 1
may be mapped to one or more successive resource elements
including the first resource element, except for resource ele-
ments allocated for RS mapping in a set of resource elements.
In this case, the control information 1 may be mapped in a
forward or backward mapping order. The control information
2 is mapped in a forward, backward, or specific mapping
order in the first symbol period area. The control information
3 may be mapped in a forward, backward, or specific mapping
order to the first symbol period area, except for an area to
which the control information 1 is mapped within the first
symbol period area.

Embodiment 4

[0094] FIGS.10and 11 illustrate a method for multiplexing
and mapping data information and control information to a
set of resource elements according to another exemplary
embodiment of the present invention.

[0095] In FIG. 10, control information 1 is mapped by the
same method as the method used in FIG. 7. Control informa-
tion 2 and control information 3 are mapped to a first symbol
period area. The control information 2 and control informa-
tion 3 may alternate with each other for mapping in the first
symbol period area in units of subcarriers. Namely, 4 symbols
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of'the control information 2 are mapped to resource elements
of the first subcarrier of a whole area shown in FIG. 10, and 4
symbols of the control information 3 are mapped to resource
elements of the second subcarrier. This process is repeated in
units of subcarriers. Assuming that the number of symbols of
the control information 2 is less than the number of symbols
of the control information 3, all the symbols of the control
information 2 are mapped and thereafter the symbols of the
control information 3 may be mapped to the remaining sub-
carriers in the first symbol period area. If the number of the
symbols of the control information 3 is less than the number
of the symbols of the control information 2, the same map-
ping principle may be applied.

[0096] Alternatively, the control information 2 may first be
mapped to the first, third, and fifth subcarriers of the whole
area shown in FIG. 10, and next the control information 3 may
be mapped to resource elements to which the control infor-
mation 2 is not mapped in the first symbol period area.

[0097] InFIG.10,the control information 1 does not punc-
ture data information. Namely, the control information 1 rate-
matches with the data information. The control information 1
may be constructed in such a form that control information
having different properties is concatenated. The control infor-
mation 2 and/or the control information 3 may puncture the
data information and/or the control information 1 in the first
symbol period area. If the sum of the number of symbols of
the control information 2 and the number of symbols of the
control information 3 is greater than the number of resource
elements of the first symbol period area, the control informa-
tion 2 and/or the control information 3 may puncture the
control information 1 outside the first symbol period area.
Alternatively, the control information 2 and/or the control
information 3 may be transmitted through resource elements
ensured by rate matching for the data information.

[0098] If the sum of the number of the symbols of the
control information 2 and the number of the symbols of the
control information 3 is greater than the number of resource
elements belonging to the first symbol period area, control
information having a higher priority of the control informa-
tion 2 and the control information 3 may replace control
information having a lower priority. This is the same as
described in FIG. 8.

[0099] The method of FIG. 10 may be modified to up-down
or right-left symmetry in a set of resource elements, as
described in FIG. 7. That is, the control information 1 may be
mapped to one or more successive resource elements includ-
ing the first resource element, except for resource elements
allocated for RS mapping in a set of resource elements. The
control information 2 may be mapped in a backward mapping
order from the last resource element of the last subcarrier in
the first symbol period area. The control information 2 and the
control information 3 may alternate with each other in the first
symbol period area in units of subcarriers. Namely, 4 symbols
of'the control information 2 are mapped to the last subcarrier
of the whole area shown in FIG. 10, and 4 symbols of the
control information 3 are mapped to the second to the last
subcarrier. This process may be repeated in units of subcar-
riers.

[0100] FIG. 11 is the same as FIG. 10 except that the loca-
tions of the control information 2 and the control information
3 are interchanged.
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Embodiment 5

[0101] FIG. 12 illustrates a method for multiplexing and
mapping data information and control information to a set of
resource elements according to another exemplary embodi-
ment of the present invention.

[0102] InFIG. 12, control information 1 is mapped by the
same method as the method used in FIG. 7. Control informa-
tion 2 is mapped to the first symbol period area, and control
information 3 is mapped to resource elements of a symbol
period separated from the RS symbol period by one symbol
period. Namely, the control information 3 is mapped to the
above-described second symbol period area. The control
information 2 is mapped in a forward, backward, or specific
mapping order in the first symbol period area. The control
information 3 is mapped in a forward, backward, or specific
mapping order in the second symbol period area. If the con-
trol information 3 does not exist, the method of FIG. 12 is the
same as the method of FIG. 7. If the control information 2
does not exist, the control information 1 and the control
information 3 are mapped with dropping the control informa-
tion 2 in FIG. 12, and if the control information 3 does not
exist, the control information 1 and the control information 2
may be mapped with dropping the control information 3 in
FIG. 12.

[0103] If the control information 3 is multiplexed by a
puncturing scheme, puncturing of the control information 1
can be reduced by mapping the control information 3 to the
second symbol period area, that is, to resource elements next
to resource elements to which the control information 2 is
mapped.

[0104] InFIG. 12, the control information 1 does not punc-
ture data information. Namely, the control information 1 rate-
matches with the data information. The control information 1
may be constructed in such a form that control information
having different properties is concatenated. The control infor-
mation 2 may puncture the data information and/or the con-
trol information 1 in the first symbol period area. The control
information 3 may puncture the data information and/or the
control information 1 in the second symbol period area. Alter-
natively, the control information 2 and/or the control infor-
mation 3 may be transmitted through resource elements
ensured by rate matching for the data information. For
example, the control information 2 may puncture the data
information and the control information 1, and control infor-
mation 3 may rate-match with the data information and/or the
control information 1 so that the control information 3 are
inserted between the data information and/or control infor-
mation 1.

[0105] Ifthe number of symbols of the control information
2 is greater than the number of resource elements of the first
symbol period area, the control information 2 may puncture
the control information 1 outside the first symbol period area.
If the number of symbols of the control information 3 is
greater than the number of resource elements of the second
symbol period area, the control information 3 may puncture
the control information 1 outside the second symbol period
area.

[0106] The method of FIG. 12 may be modified to up-down
or right-left symmetry in a set of resource elements. Such a
configuration will now be described in conjunction with FIG.
13.
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Embodiment 6

[0107] FIG. 13 illustrates a method for multiplexing and
mapping data information and control information to a set of
resource elements according to another exemplary embodi-
ment of the present invention.

[0108] InFIG.13, control information 1 may be mapped to
one or more successive resource elements including the first
resource element, except for resource elements allocated for
RS mapping in a whole area shown in FIG. 13. Control
information 2 is mapped to the above-described first symbol
period area and control information 3 is mapped to the above-
described second symbol period area. Namely, the control
information 2 is mapped to a symbol period before and after
a symbol period to which the RS is mapped, and the control
information 3 is mapped to a symbol period separated by one
symbol period from the symbol period to which the RS is
mapped. The control information 2 may be mapped in a
forward, backward, or specific mapping order in the first
symbol period area. The control information 3 may be
mapped in a forward, backward, or specific mapping order in
the second symbol period area. If the control information 2
does not exist, the control information 1 and the control
information 3 may be mapped with dropping the control
information 2 in FIG. 13, and if the control information 3 does
not exist, the control information 1 and the control informa-
tion 2 may be mapped with dropping the control information
3in FIG. 13.

[0109] Ifthe control information 3 is multiplexed in a man-
ner of puncturing other information, puncturing of the control
information 1 can be reduced by mapping the control infor-
mation 3 to the second symbol period area, that is, to resource
elements next to resource elements to which the control infor-
mation 2 is mapped.

[0110] InFIG.13, the control information 1 does not punc-
ture data information. Namely, the control information 1 rate-
matches with the data information. The control information 1
may be constructed in such a form that control information
having different properties is concatenated. The control infor-
mation 2 may puncture the data information and/or the con-
trol information 1 mapped to the first symbol period area. The
control information 3 may puncture the data information
and/or the control information 1 mapped to the second sym-
bol period area.

[0111] Alternatively, the control information 2 and/or the
control information 3 may be transmitted through resource
elements ensured through rate matching for the data informa-
tion. For example, the control information 2 may puncture the
data information and the control information 1, and the con-
trol information 3 may rate-match with the data information
and/or the control information 1 so that the control informa-
tion 3 are inserted between the data information and/or the
control information 1.

[0112] Ifthe number of symbols of the control information
2 is greater than the number of resource elements of the first
symbol period area, the control information 2 may puncture
the control information 1 outside the first symbol period area.
If the number of symbols of the control information 3 is
greater than the number of resource elements of the second
symbol period area, the control information 3 may puncture
the control information 1 outside the second symbol period
area.

[0113] Inthe embodiment of FIG. 13, the control informa-
tion 1 may be multiplexed with the data information before
being mapped to a set of resource elements. That is, the
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control information 1 and the data information are multi-
plexed to generate a multiplexed stream so that the data infor-
mation is arranged after the control information 1. Next, the
multiplexed stream is mapped in a forward mapping order
from the first resource element of a whole area shown in FIG.
13, or in a backward mapping order from the last resource
element of the whole area shown in FIG. 10. By such a
method, the control information 1 can be mapped to one or
more successive resource elements including the first or last
resource element, except for resource element allocated for
RS mapping in the whole area shown in FIG. 10. It will be
appreciated that even if the control information 1 does not
exist, the above-described embodiments may be used. If the
control information 2 does not exist, the control information
1 and the control information 3 are mapped with dropping the
control information 2 in FIG. 13, and if the control informa-
tion 3 does not exist, the control information 1 and the control
information 2 may be mapped with dropping the control
information 3 in FIG. 13.

[0114] Since the structure of FIG. 13 is symmetrical to the
structure of FIG. 12, the method in FIG. 13 shares character-
istics described in FIG. 12. Hereinafter, in the method of FIG.
12 or F1G. 13, the location of the control information 3 will be
described in detail with reference to Table 1 to Table 9.
[0115] Before a description of Table 1 to Table 9 is given,
the above-described embodiments of FIGS. 7 to 13 will be
described in more detail. The control information 1 may be
multiplexed with the data information before being mapped
to a set of resource elements. Namely, the control information
1 and the data information are multiplexed to generate a
multiplexed stream so that the data information is arranged
after the control information 1. Next, the multiplexed stream
is mapped in a forward mapping order from the first resource
element of the whole area shown in each drawing, or in a
backward mapping order from the last resource element of the
whole area shown in each drawing. By such a method, the
control information 1 can be mapped to one or more succes-
sive resource elements including the first or last resource
element, except for resource elements allocated for RS map-
ping within the whole area of a set of resource elements. Even
though the control information 1 does not exist, it will be
appreciated that the above-described embodiments may be
used.

[0116] Inthe embodiments of FIGS. 8 to 13, if the control
information 2 does not exist, the control information 1 and the
control information 3 are mapped without the control infor-
mation 2 in each drawing, and if the control information 3
does not exist, the control information 1 and the control
information 2 may be mapped without the control informa-
tion 3 in each drawing.

[0117] Inthe method of FIG. 12 or FIG. 13, the location of
the control information 3, that is, the second symbol period
may be defined as in any one of the following Table 1 to Table
9. Table 1 to Table 9 indicate a symbol period to which the
control information 3 can be mapped according to a configu-
ration of a cyclic prefix (CP) and a configuration of a sound-
ing reference signal (SRS). Although in FIG. 12 or FIG. 13 a
normal CP is used as a CP, an extended CP may be applied by
the same method.

[0118] FIG. 14a illustrates a configuration of an exemplary
embodiment in which a normal CP is used, and FIG. 145
illustrates a configuration in which an extended CP is used.
[0119] A symbol period to which data information and
control information are mapped may be changed by the con-
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figuration of a CP or the configuration of an SRS. When a
normal CP is used, one subframe is comprised of 14 symbol
periods as shown in FIG. 14a. It is assumed in Table 1 to Table
9 that an RS is located in the fourth (‘@’) and eleventh
(‘d1)”) symbol periods among the 14 symbol periods. When
an extended CP is used, one subframe is comprised of 12
symbol periods as shown in FIG. 1454. It is assumed in Table
1to Table 7 thatthe RS is located in the fourth (‘@’) and tenth
(‘ *)symbol periods. Meanwhile, symbol periods in which
the RS is located may be changed unlike Table 1 to Table 9,
and in this case symbol periods to which the data information
and the control information are mapped may be changed
unlike Table 1 to Table 9.

[0120] In Table 1 to Table 9, numbers within ¢{ }” of ‘Col-
umn Set’ indicate symbol periods to which the control infor-
mation 3 can be mapped. These numbers are allocated except
for symbol periods allocated for RS mapping in FIGS. 14a
and 14b. In more detail, numbers in ¢{ }” denote symbol
periods corresponding to numbers arranged in the bottom of
FIG. 14a and/or FIG. 14 5. Numbers in ‘{ } ' may be 0 to 11 in
the normal CP and may be O to 9 in the extended CP.

[0121] Table 1toTable9 include configurations in which an
SRS is mapped to the first symbol period and to the last
symbol period. In Table 1 to Table 9, ‘First SC-FDMA sym-
bol’ means that the SRS is mapped to the first symbol period,
‘Last SC-FDMA symbol’ means that the SRS is mapped to
the last symbol period, and ‘No SRS’ means that no SRS is
mapped.
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TABLE 3
CP
Configuration SRS Configuration Column Set
Normal No SRS {1,4,7,10}
First SC-FDMA 10,3, 6,9}
symbol
Last SC-FDMA symbol {1,4,7,10}
Extended No SRS {1,4,6,9}
First SC-FDMA 10,3,5, 8}
symbol
Last SC-FDMA symbol {1,4,5,6}
[0124] The ‘Last SC-FDMA symbol’ of the extended CP of

Table 3 represents that the location of symbol periods to
which the control information 3 is mapped may be modified
due to the SRS.

TABLE 4

CP
Configuration SRS Configuration Column Set
Normal No SRS {1,4,7,10}

First SC-FDMA symbol {0,3,6,9}

Last SC-FDMA symbol {1,4,7,10}
Extended No SRS {1,4,6,9}

First SC-FDMA symbol {0,3,5,8}

Last SC-FDMA symbol {1,4,6,9}

[0125] Inthe extended CP, the SRS may not be permitted to

be mapped to the last symbol period, or even if the SRS is

TABLE 1 permitted, the SRS may be dropped. The extended CP of
cp Table 4 can be used when the ‘Last SC-FDMA symbol” SRS
Configuration SRS Configuration Column Set is not permitted, or the ‘Last SC-FDMA symbol” SRS can be

dropped even though the ‘Last SC-FDMA symbol” SRS is
Normal Ilj,o SI;(S: EDMA svmbol {10’ 43’ 76’ 190} permitted. If the first SC-FDMA symbol SRS is not used, the
L;r:tt SOFDMA :yy;lbgl {{1,’ 4,’7,’10}} extended CP of Table 4 may be constructed without the first
Extended No SRS {1,4,6,9} SC-FDMA symbol part (including ‘Column set’ thereof).
First SC-FDMA symbol {0,3,5,8}
Last SC-FDMA symbol {1, 4, 6} or TABLE 5
{1,4,5,6} or
{0, 1,4, 6} or CP
{0,1,4,5} Configuration SRS Configuration Column Set
Normal No SRS {1,4,7,10}
[0122] In Table 1, in the last SC-FDMA symbol of the Ly ToMA {14,710}
extended CP, one of multiple column sets may be used. Extended No SRS {1,4,6,9}
Last SC-FDMA {1,4,6,9}

TABLE 2 symbol
cP
Configuration SRS Configuration Column Set [0126] Referring to FIGS. 14a and 14b, it can be under-
Normal No SRS (1,47, 10} stood that the configuration of ‘Column Set’ of Table 5 cor-

First SC-FDMA symbol 10,3, 6,9} responds to the second symbol period area. That is, the con-

Last SC-FDMA symbol {1,4,7,10} trol information 3 is mapped to a symbol period separated

Extended Ili?sfls{(sj-FDM A symbol }é ‘31 g 59;{ from a §ymb01 period allocated fgr RS mapping by one sym-
Last SC-FDMA symbol {1,4,6,9} bol period. Although number ‘9’ in ‘Last SC-FDMA symbol’

of the extended CP indicates the location of the SRS, such a

configuration may be used when the SRS is not permitted to

[0123] Inthe extended CP, an SRS may not be permitted to be mapped to the last symbol period, or when the SRS is

be mapped to the last symbol period, or even if the SRS is
permitted, the SRS may be dropped. Then as illustrated in
Table 2, the ‘Last SC-FDMA symbol’ may have the same
column set as the ‘No SRS’.

dropped even though the SRS is permitted. Further, since the
location of the ‘Column Set” in each CP configuration is the
same, Table 5 may be indicated by a configuration without the
SRS.
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TABLE 6
CP
Configuration SRS Configuration Column Set
Normal No SRS {1,4,7,10}
Last SC-FDMA {1,4,7, 10}
symbol
Extended No SRS {1,4,6,9}
Last SC-FDMA {1,4,6,5}
symbol
[0127] Referring to FIGS. 14a and 14b, it can be under-

stood that each configuration of Table 6 except for ‘Last
SC-FDMA symbol’ in the extended CP corresponds to the
second symbol period area. Moreover, it can be understood
that the control information 3 is not mapped to resource
elements of the first symbol period. ‘Last SC-FDMA symbol’
of the extended CP of Table 6 is not mapped to a symbol
period ‘9” because an SRS is mapped to the location of the
symbol period ‘9°. Comparing Table 6 with Table 5, the
configurations of ‘Last SC-FDMA symbol” in the extended
CP are different. Namely, the control symbol 3 located in the
symbol period ‘9’ in Table 5 is mapped to a symbol period ‘5’
which is not adjacent to a symbol period allocated for RS
mapping in Table 6. In the extended CP of Table 6, ‘Column
set’ {1, 4, 6, 5} of ‘Last SC-FDMA symbol’ means that a
symbol period ‘6’ may have a higher priority for mapping
than a symbol period ‘5° because the symbol period 6’ is
nearer to the symbol period allocated for RS mapping are
mapped than the symbol period °5°. In more detail, in a
process of uniformly filling the control information to each
symbol period symbol, the symbol period ‘6’ has priority over
the symbol period 5’ if the control information should be
filled in only one of the symbols periods 5’ and ‘6°. However,
even though the column set is indicated by {1, 4, 6, 5},
priority may be allocated in order of {1, 4, 5, 6}. The location
of the symbol period to which the control information 3 is
mapped is important.

TABLE 7
CP
Configuration SRS Configuration Column Set
Normal No SRS {1,4,7,10}
Last SC-FDMA 11,4,7,10}
symbol
Extended No SRS {1,4,6,5}
Last SC-FDMA 11,4,6,5)
symbol
[0128] Referring to FIGS. 14a and 14b, it can be appreci-

ated that the configuration of the extended CP of Table 7
corresponds to the second symbol period area. It can also be
appreciated in Table 7 that the control information 3 is not
mapped to resource elements of the first symbol period.
Unlike Table 5 and Table 6, Table 7 has the same ‘Column
Set’ in the extended CP irrespective of an SRS configuration.
In the extended CP of Table 7, ‘Column set’ {1, 4, 6, 5} of
‘Last SC-FDMA symbol’ means that a symbol period ‘6’ may
have a higher priority for mapping than a symbol period ‘5’
because the symbol period ‘6 is nearer to the symbol period
allocated for RS mapping than the symbol period ‘5°. Inmore
detail, in a process of uniformly filling the control informa-
tion to each symbol period symbol, the symbol period ‘6’ has
priority over the symbol period 5’ if the control information

11
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should be filled in only one of the symbol periods ‘5”and “6°.
However, even though the column set is indicated by {1, 4, 6,
5}, priority may be allocated in order of {1, 4, 5, 6}. The
location of the symbol period to which the control informa-
tion 3 is mapped is important. Since Table 7 has the same
‘Column Set’ in each CP irrespective of the SRS configura-
tion, Table 7 may be indicated without the SRS configuration.

[0129] FIGS.15a and 155 illustrate exemplary structures of
an extended CP to explain configurations of the following
Table 8 and Table 9.

TABLE 8
CP
Configuration SRS Configuration Column Set
Normal No SRS {1,4,7,10}
Last SC-FDMA 11,4,7,10}
symbol
Extended No SRS {0,3,5,8}
Last SC-FDMA {0,3,5, 81
symbol
[0130] Table 8 illustrates a configuration when a symbol

period allocated for RS mapping in an extended CP is
changed. Especially, it is assumed in Table 8 that the RS is
located in the third (‘@’) and the ninth (* @’) symbol periods
(referto FIG. 15a). In the extended CP of Table 8, the control
information 3 is mapped to a symbol period separated from
the symbol period allocated for RS mapping by one symbol
period. That is, the control information 3 is mapped to the
second symbol period. Referring to Table 8, it can be appre-
ciated that the location of the symbol period to which the
control information 3 is mapped may be changed according to
locations of an RS and an SRS.

TABLE 9
CP
Configuration SRS Configuration Column Set
Normal No SRS {1,4,7,10}
Last SC-FDMA 11,4,7,10}
symbol
Extended No SRS {1,4,5,8}
Last SC-FDMA 11,4,5,8)
symbol
[0131] Table 9 illustrates a configuration when a symbol

period allocated for RS mapping in the extended CP is
changed. Especially, it is assumed in Table 9 that the RS is
located in the fourth (“(4)) and the ninth (“(9)) symbol
periods (refer to FIG. 155).

[0132] FIGS. 16 and 17 illustrate an example of locations to
which an SRS and an RS are allocated within one subframe in
case of a normal CP and an extended CP, respectively.

[0133] FIG. 16 and FIG. 17 correspond to FIG. 14a and
FIG. 1454, respectively, and illustrate cases where an SRS is
not mapped and an SRS is mapped to the last symbol. The
control information 3 is mapped to a symbol period separated
by one symbol length from a symbol period allocated for RS
mapping in consideration of a modulation order. Therefore, in
FIG. 16, the control information 3 is mapped to symbol peri-
ods having indexes of 1, 4, 7, and 10. In FIG. 17, the control
information 3 is mapped to symbol periods having indexes of
1,4, 6, and 9.
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Embodiment 7

[0134] FIGS. 184 to 18fillustrate a mapping order of con-
trol information 2 and/or control information 3 in a time
direction within one subcarrier according to the present
invention.

[0135] Each of the control information 2 and the control
information 3 can be mapped to a maximum of 4 resource
elements per subcarrier. FIGS. 18a to 18fillustrate a mapping
order of symbols for 4 resource elements within one subcar-
rier. Although a symbol number to which each control infor-
mation is mapped may be changed according to a CP con-
figuration, an relative indexing order may be determined as
illustrated in FIGS. 18a to 18f. FIGS. 184 to 18f show
examples of mapping 10 symbols generated after encoding in
a normal CP configuration without an SRS.

[0136] Hereinafter, FIGS. 18a to 18f will be described
based on the control information 2.

[0137] InFIGS. 18ato 18/, only the first symbol period area
is shown. In FIG. 184, the control information 2 is mapped in
an upward direction from the last subcarrier of the first sym-
bol period area and is mapped according to time flow within
each subcarrier. In this case, control information 2 is mapped
to all 4 available resource elements within the last subcarrier
of the first symbol period area.

[0138] InFIG. 185, the control information 2 is mapped in
a downward direction from a specific subcarrier of the first
symbol period area in consideration of the number of symbols
of'the control information 2 and is mapped according to time
flow within each subcarrier. In this case, control information
2 is mapped to all 4 available resource elements within the
specific subcarrier and is mapped also to resource elements
within the last subcarrier of the first symbol period area.
[0139] In FIG. 18¢, the control information 2 is mapped in
a downward direction from a specific subcarrier of the first
symbol period area in consideration of the number of symbols
of'the control information 2 and is mapped according to time
flow within each subcarrier. In this case, the control informa-
tion 2 is mapped to all 4 available resource elements within
the last subcarrier of the first symbol period area.

[0140] InFIG. 184, the control information 2 is mapped in
an upward direction from the last subcarrier of the first sym-
bol period area and is mapped in reverse order of time flow
within each subcarrier. In this case, the control information 2
is mapped to all 4 available resource elements within the last
subcarrier of the first symbol period area. In this manner,
when four or more of the control information 2 are mapped, it
is guaranteed that all of the four available resource elements
within the last subcarrier of the first symbol period area are
used for mapping.

[0141] InFIG. 18e, the control information 2 is mapped in
an upward direction from the last subcarrier of the first sym-
bol period area in consideration of the number of symbols of
the control information 2 and is mapped in reverse order of
time flow within each subcarrier. In this case, the control
information 2 is mapped to all 4 available resource elements
within the top subcarrier.

[0142] FIG. 18/, which is a modification of the method of
FIG. 18d, modifies a mapping order of 4 resource elements
within each subcarrier. In more detail, the control information
2 is cyclically shifted by one to the right in the method in
which mapping is performed in a reverse order of time flow
within each subcarrier. The control information 2 may be
cyclically shifted by two or three.
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[0143] While FIGS. 18a to 18fillustrate a mapping order of
the control information 2, the same method may be applied to
the control information 3.

[0144] FIGS. 194 to 215 are views explaining in detail the
methods of FIGS. 18a to 18, and illustrate examples of
applying the methods of FIGS. 184 to 18fto a set of resource
elements having a matrix structure of RxC. FIGS. 194 and
1956 correspond to FIGS. 184 and 185, FIGS. 20a and 205
correspond to FIGS. 18¢ and 184, and FIGS. 21a and 215
correspond to FIGS. 18e¢ and 18/

[0145] In FIGS. 2 to 2154, a relative relationship of a loca-
tion to which the data information and the control information
are mapped and a location to which an RS is mapped has been
described using a set of physical resource elements including
resource elements allocated for RS mapping. It will be under-
stood that the above-described embodiments may be
described using a structure of a time-frequency matrix
excluding the resource elements allocated for RS mapping
from the set of physical resource elements.

[0146] The data information and control information
mapped to the set of physical resource elements in FIGS. 2 to
215 may be scrambled and modulation-mapped, and then
may be input to a resource element mapper through a trans-
form precoder as in a processing method of a PUSCH in
3GPP TS 36.211. Abbreviations used herein refer to abbre-
viations disclosed in 3GPP TS 36.212.

[0147] In the method of FIG. 13 according to the present
invention, a method for applying an example of multiplexing
CQU/PMI and RI, which are control information, with data
information, to 3GPP TS 36.212 V8.2.0 will be described.

[0148] Hereinafter, f,, f,,f,,...,f;_, denotesinputdata, q,,
Q15 92; - - - » 4o, denotes input rank information (RI), and g,
s 2 - - - 5 2z, denotes a multiplexed output. Here,
H'=G'+Q'".

[0149] Multiplexing can be performed through the follow-
ing steps.

[0150] 1. Determine the number of symbols per subframe

using the following equation:
NsymbPUSCH:(z'(Ns mbUL_l)_NSRS)

g
[0151] Here, Nsymbp USCH  denotes the number of
SC-FDMA symbols which transmit a PUSCH in one sub-
frame, NsymbUL denotes the number of symbols within one
uplink slot, N, denotes the number of symbols used to
transmit an SRS within one subframe.
[0152] 2. Determine the number G' of modulation symbols

of data information using the following equation:
G=G/gm1

(where Qm1 is a modulation order of data)
[0153] 3. Determine the number Q' of modulation symbols
of rank information using the following equation:

0'=0/0m2
(where Qm?2 is a modulation order of rank information)
[0154] 4. Determine the number K of subcarriers occupied
by modulation symbols of rank information using the follow-
ing equation:
K=ceil(Q'/maximum number of resources for rank
information)

[0155] 5. Determine the number of modulation symbols of
rank information per symbol.

[0156] The number of modulation symbols of rank infor-
mation per symbol is determined by a combination of ‘floor’
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and ‘ceil” in a symbol position occupied by each rank infor-
mation based on Q' or by a method determined according to a
remainder obtained by dividing the number of modulation
symbols of rank information by the number of symbols. In
this case, the modulation symbols may be equally divided to
a maximum of two slots, and may be allocated from a front
slot to a back slot or vice versa.

[0157] 6. Multiplex the modulation symbols of the data
information and the rank information.

[0158] Since the rank information should have a form
stacked from the bottom of a subcarrier, the data information
should be mapped by a time-priority scheme and the rank
information should be mapped in a corresponding symbol. At
this time, since the data information is mapped from the top
subcarrier, the location of a subcarrier in which rank infor-
mation can be located is determined by subtracting a result of
the above step 2 from the entire number of subcarriers. Then
the rank information is mapped in consideration of the num-
ber of symbols determined in the above step 3. This can be
represented as a pseudo code as follows.

For (from 0-th subcarrier to last subcarrier) {
If (current subcarrier number is less than value
obtained by subtracting
K from entire number of subcarriers) {
for (from SC-FDMA symbol 0 to number of SC-FDMA
symbols per
subframe)

map data as output one symbol by one symbol
increase SC-FDMA symbol count
increase data symbol count

else {
for (from SC-FDMA symbol 0 to the number of SC-FDMA
symbols per
subframe)

if (number of modulation symbols of rank information
in corresponding
SC-FDMA symbol calculated in the above step 4 is 0) {
map data as output one symbol by one symbol
increase SC-FDMA symbol count
increase data symbol count

else {

map rank information as output by one symbol

by one symbol

increase SC-FDMA symbol count

increase rank information count

delete number of modulation symbols of rank

information in
corresponding SC-FDMA symbol calculated in the above
step 4 by one

¥
¥

increase subcarrier count

}
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[0159] A detailed method for locating rank information
between data due to rate matching rather than puncturing may
be modified entirely or partially.

[0160] Hereinafter, in the method of FIG. 13 according to
the present invention, another method of applying an example
of multiplexing CQI/PMI and R1, which are control informa-
tion, with data information to 3GPP TS 36.212V8.2.0 will be
described.

[0161] Itis assumed that the amount of RI does not intrude
upon resources occupied by CQI/PMI (the number of subcar-
riers including symbols occupied by RI and the number of
subcarriers occupied by CQI/PMI do not exceed the entire
number of subcarriers per subframe for PUSCH transmis-
sion). Therefore, each of the RI, CQI/PMI, and data informa-
tion should be considered to have a size which does not
intrude upon each other. If the RI, CQI/PMI, and data infor-
mation intrude upon one another, the RI may use a modified
form of the following method by puncturing the CQI/PMI.

[0162] Here, qo, ;5 92, Q35 - - - » A1 denotes a CQI/PMI
input, f, f, f,, 15, . . ., f5_, denotes a data information input,
RANE q RANE QQMNK_IRANK (a coded bit) or
qo .4, S o et VK (vector sequence,
a symbol form considering a modulation order) denotes an RI
input,and g,, g,, £, - - . , £ ; denotes an output. If the RI is
acoded bit, then H=(G+Q+Qx ,nz) and H=H/Qm. Ifthe R1is
a vector sequence, then H'=H/Qm+Q'z ;nz-

[0163] NsymbPUSCH:(Z(NSymbUL—l)— srs) denotes the
number of symbols per subframe for PUSCH transmission,
and N, PP5#=HYN_, F¥>¥ denotes the number of subcar-

riers carrying a PUSCH within one subframe.

[0164] The number of subcarriers used for rank informa-
tion within one subcarrier can be expressed by two equations.
Namely, if the R1 is a coded bit, then N, **=[(Q , nz/Q,)
4]. Here, 4 is the maximum number of resources for the R1. A
symbol such as ceil or floor need not be used when a result of
division has no remainder. If the R is a vector sequence, then
N, FAE=[(Q' i/ Q,)/4]. Here, 4 is the maximum number
of'resources for the RI. A symbol such as ceil or floor need not
be used when a result of division has no remainder.

[0165] The number of rank information encoded as a bit/
vector sequence within the i-th symbol carrying a PUSCH
within one subframe is expressed by ni.

[0166] The number of bit/vector sequences for the RI
mapped to respective symbols carrying a PUSCH with
respect to a subframe having a normal CP may refer to Table
10 to Table 12. Table 10 shows an ni value in a subframe
having a normal CP. Table 11 shows an ni value in a subframe
having an extended CP without an SRS. Table 12 shows an ni
value in a subframe having an extended CP with an SRS inthe
last symbol.

TABLE 10
io 1 23 4 56 7 89 10 11
0 [[Qeang/2V2] 00 [[Qrawg/2V2] 00 [Qranx/2)21 00 ||Qrang/2)2] 0
HQ'R;;/HQJ HQ'R;v;ﬂ/ﬂ HQ'R;;ﬁJ/ﬂ HQ'R;;J2J/2J
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[0167] Table 10 serves to evenly use symbols in which two
slots and RI are located using ceil/floor down/modulo or a
position priority of symbols in which the RI is located. That
is, the number of sequences may be different by about 1 by
various combinations of i of 1>4>7>10, 1>7>4>10, or
4>7>1>10 and Table 10 may be changed accordingly.
Although two cases of Qg vz and Q'z nz have been
described, an equation using Q 4,z may be used ifthe Riis a
coded bit and an equation using Q' , - may be used if the Ri
is a vector sequence.

TABLE 11
i 0 1 203 4 5 6 78 9
0 |[Quwe/ 0 0 [[Qravg 0 [lQrig/ 00 ||Qrans/
212) 212] 2)2] 2)/2]
or or or or

212] 212] 2)2] 2)2]

[0168] Table 11 serves to evenly use symbols in which two
slots and RI are located using ceil/floor/modulo or a position
priority of symbols in which the RI is located. That is, the
number of sequences may be different by about 1 by various
combinations of i of 1>4>6>9, 1>6>4>9, or 4>6>1>9 and
Table 11 may be changed accordingly. Although two cases of
Qrunx and Q' - have been described, an equation using
Qr..nz may be used if the Ri is a coded bit and an equation
using Q' 4,z may be used if the Ri is a vector sequence.

TABLE 12
i 0 1 203 4 5 6 7 8
0 |[Qewe/ 0 0 [[Qawsx UQrwg/ [lQrax/ 0 0
212) 212] 2)2] 2]2]
or or or or

212] 212] 2)2] 2)2]

[0169] Table 12 serves to use symbols in which two slots
and RI are located using ceil/floor/modulo or a position pri-
ority of symbols in which the RI is located. That is, the
number of sequences may be different by about 1 by various
combinations of i of 1>4>6>5, 1>6>5>4, or 4>6>1>5 and
Table 12 may be changed accordingly. Although two cases of
Qr.nzx and Q' 41 have been described, an equation using
Qr.nx may be used if the Ri is a coded bit and an equation
using Q' ,rz may be used if the Ri is a vector sequence.
[0170] Control information, rank information, and data
information may be multiplexed as follows.

seti,j,k, 1, mto0
while 1 < H’- Mg ravk
if j <Q -- CQUPMI
%=1 g, 1]"
I=i+Q,
else -- data
&= [£; ... fi+Q,,,—l]T

end while
while | <H'

: PUSCH
lfnlmostymlléANK >0 ~RANE
am
% =[9," Qe g, 1]

Dec. 25,2014

-continued

m=m+Q,,

P NSyMbPUSCH =1y NSyMbPUSCH -Q,
else -- data
= 1f; - fz+gm J°
i=i+Q,,
end if
k=k+1
I=1+1
end while

RANK

IfRIis a coded bit, g,=[q,,

PUSCH,

[0171]
m=] m+Qm5 andnl mod N, -1, mod N,
used, and ifthe Rlis a Vector sequence, ék =q,, N m=m+1,
andn, ..., PO, pan, PP may be used.
[0172] In “the method of FIG}. 13 according to the present
invention, another method for applying an example of multi-
plexing CQI/PMI and RI, which are control information, with
data information, to 3GPP TS 36.212 V8.2.0 will be
described.
[0173] FIG. 22 illustrates a processing structure for a UL-
SCH transport channel according to an exemplary embodi-
ment of the present invention. Data is input to a coding unit
with a maximum of one transport block every TTI. Referring
to FIG. 22, processes for attaching CRC to the transport
block, segmenting a code block and attaching CRC to the
segmented code block, channel-coding data information and
control information, performing rate matching, concatenat-
ing the code block, multiplexing the data information and
control information, and performing channel interleaving are
carried out.
[0174] Hereinafter, the process for attaching CRC to a
transport block is described. Error detection is provided on
UL-SCH transport blocks through a Cyclic Redundancy
Check (CRO).
[0175] The entire transport block is used to calculate the
CRC parity bits. Denote the bits in a transport block delivered
to layer 1 by ag, a,, a,, a5, . . ., a,_; and the parity bits by p,,
Pi P2 Pss - - - » Pr_y - Als the size of the transport block and L
is the number of parity bits.
[0176] The parity bits are computed and attached to the
UL-SCH transport block according to subclause 5.1.1 setting
L to 24 bits and using the generator polynomial gz cs44(D).
[0177] Theprocess for segmenting a code block and attach-
ing CRC to the segmented code block will now be described.
The bits input to the code block segmentation are denoted by
by, by, by, by, ..., by | where B is the number of bits in the
transport block (including CRC).
[0178] Code block segmentation and code block CRC
attachment are performed according to subclause 5.1.2.
[0179] The bits after code block segmentation are denoted
by ¢€,0, €15 €2, Cp35 + + - s Cpr_1y, Where 1 is the code block
number and K. is the number of bits for code block number r.
[0180] Channel coding for a UL-SCH will now be
described. Code blocks are delivered to the channel coding
block. The bits in a code block are denoted by ¢,q, €1, C,5, C,3,
-5 Cpx,—1y» Where r is the code block number, and K, is the
number of bits in code block number r. The total number of
code blocks is denoted by C and each code block is individu-
ally turbo encoded according to subclause 5.1.3.2.
[0181] After encoding the bits are denoted by d,,“, d,,”,
d,,9, 4,9, ..., d, ), withi=0,1, and 2 and where D, is
the number of bits on the i-th coded stream for code block
number r, i.e. D,=K +4.
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[0182] Hereinafter, rate matching is described. Turbo
coded blocks are delivered to the rate matching block. They
are denoted by d,,®, d,,“, d,,%, d,,@, .. ., d, ., _1,®, with
i=0,1, and 2, and where r is the code block numBer, i1is the
coded stream index, and D, is the number of bits in each coded
stream of code block number r. The total number of code
blocks is denoted by C and each coded block is individually
rate matched according to subclause 5.1.4.1.

[0183] After rate matching, the bits are denoted by e, e,,,
€,2, €3, - - - 5 €51y Where r is the coded block number, and
where E, is the number of rate matched bits for code block
number r.

[0184] Hereinafter, code block concatenation is described.
The bits input to the code block concatenation block are
denoted by e,q, €,,, €5, €,3, - - . ; €,z _1), and where I is the
number of rate matched bits for the r-th code block.

[0185] Codeblock concatenation is performed according to
subclause 5.1.5.

[0186] The bits after code block concatenation are denoted
by, f,.1,,....f5 |, where Gis thetotal number of coded bits
for transmission excluding the bits used for control transmis-
sion, when control information is multiplexed with the UL-
SCH transmission.

[0187] Hereinafter, channel coding for control information
is described. Control data arrives at the coding unit in the form
of channel quality information (CQI and/or PMI), HARQ-
ACK and rank indication. Different coding rates for the con-
trol information are achieved by allocating different number
of' coded symbols for its transmission. When control data are
transmitted in the PUSCH, the channel coding for HARQ-
ACK, rank indication and channel quality information o, 0,,
0,, ..., 0,_; i1s done independently.

[0188] If HARQ-ACK consists of 1-bit of information,
i.e., [0,%%], it is first encoded according to Table 5.2.2-
[0189] IfHARQ-ACK consists of 2-bits of information,
ie., [0,4% 0,%“%], it is first encoded according to Table
5.2.2-2.
TABLE 13
Q. Encoded HARQ-ACK
5 [0 AKX
4 [og*Ex xx]
6 [os?“Exxxx ]
TABLE 14
Q. Encoded HARQ-ACK
2 [0 ACKOOACK
4 [0 ACKOOACKXX]
6 [0 o x xxx]

[Note from the editor: the ‘x” above is a placeholder for 211 to
treat bits with this value differently when performing scram-
bling of coded bits. This will enable limiting the constellation
size used for ACK transmission in PUSCH to QPSK.

[2220] The bit sequence q,*%, q,“%, ¢,**, ..., q,
1

is obtained by concatenation of multiple encoded
HARQ-ACK blocks where Q , ~is the total number of coded
bit for all the encoded HARQ-ACK blocks. The vector
sequence output of the channel coding for HARQ-ACK infor-
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mation is denoted by g,**, q,*“%, ..., 9ot % where

Q' cx=Q.cx/Q,,, and is obtained as follows:

Seti,kto 0
while I <Qex

9J;(:CK=[ql_ACK "'qj+Q,,1—1ACK]T

end while

For rank indication (RI)
[0191] If RI consists of 1-bit of information, i.e., [0,~],
it is first encoded according to Table 5.2.2-3.
[0192] If RI consists of 2-bits of information, i.e., [0,
&1 it is first encoded according to Table 5.2.2-4 where
0,7 =(0,™+0 ) mod 2.

TABLE 15
Q. Encoded RI
2 [o6™'X]
4 [og® x xx]
6 [0 xx x X X]

TABLE 16

Q.. Encoded RI

2 [06% 0% 0,7 06" 0,7 0,7]
4 [og® o xx 0,8 o xx 0”0,/ x x]
6 loc® o xxxx 0, ol x xxx 0,7 0,8 x x x %]
[0193] The “x” in Table 15 and 16 are placeholders for

3GPP TS 36.211 to scramble the RI bits in a way that maxi-
mizes the Euclidean distance of the modulation symbols car-
rying rank information.

[0194] The bit sequence q,~%, q,, .4 .. ., qQRJ_IRI is
obtained by concatenation of multiple encoded RI blocks
where Qg is the total number of coded bit for all the encoded
RI blocks. The last concatenation of the encoded RI block
may be partial so that the total bit sequence length is equal to
Qzr The vector sequence output of the channel coding for
rank information is denoted by ,*/, 4,"/, . .., 4, ", Where
Q'z~Qx/Q,,, and is obtained as follows:

Seti,kto 0
while 1 <Qg;
4 =19 q;
i=i+Q,,
k=k+1
end while

[0195] Forchannel quality control information (CQI and/or
PMI)
[0196] If the payload size is less than or equal to 11 bits,

the channel coding of the channel quality information is
performed according to subclause 5.2.3.3 of 3GPP TS
36.212 with input sequence 0g, 0;, 05, . . . , 0_;-

[0197] Forpayload sizes greater than 11 bits, the channel
coding and rate matching of the channel quality infor-
mation is performed according to subclause 5.1.3.1 and
5.1.4.2 of 3GPP TS 36.212 with input sequence o, 0,,
s P
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[0198] The output sequence for the channel coding of chan-
nel quality information is denoted by qg, q;, 93, 93, - - - » o1+
[0199] The control and data multiplexing is performed such
that HARQ-ACK information is present on both slots and is
mapped to resources around the demodulation reference sig-
nals. In addition, the multiplexing ensures that control and
data information are mapped to different modulation sym-
bols.
[0200] The inputs to the data and control multiplexing are
the coded bits of the control information denoted by qp,q;, 9,
Qs; - - - » 41 and the coded bits of the UL-SCH denoted by 1,
1 5y T3, . . ., 5. The output of the data and control
multiplexing operatlon isdenoted by g,, £, 25, 25 - - - » Zzrv_ 1
where H=(G+Q) and H'=H/Q,,, and where g,, i=0, . . ., H'-1
are column vectors of length Q,,. H is the total number of
coded bits allocated for UL-SCH data and CQI/PMI data.
[0201] Denote the number of SC-FDMA symbols per sub-
frame for PUSCH transmission by N, LS CH=(2. (G-
UL_l)_ SRS)
[0202] The control information and the data shall be mul-
tiplexed as follows:

Seti,j,kto 0
while j < Q -- first place the control information
2e=19; 9o, 117

end while

while i < G -- then place the data
&= =[f; .., J°
i=i+Q0,,
k=k+1

end while

[0203] Hereinafter, channel interleaver is described.
[0204] The channel interleaver described in this subclause
in conjunction with the resource element mapping for
PUSCH in 3GPP TS 36.211 implements a time-first mapping
of modulation symbols onto the transmit waveform while
ensuring that the HARQ-ACK information is present on both
slots in the subframe and is mapped to resources around the
uplink demodulation reference signals.

[0205] The input to the channel interleaver are denoted by
gOsglsgzs“'ng e 591 L g s"'sﬂg A and g, ",
q, 4%, q,* FE ey 4CK The number of modulation

symbols in the subframe 1s given by H"=H'+Q' . The output
bit sequence from the channel interleaver is derived as fol-

lows:
[0206] (1) Assign C,,,,=N_, "7 to be the number of
columns of the matrix. The columns of the matrix are num-

bered 0, 1,2,...,C,, .—1 from left to right.

[0207] (2) The number of rows of the matrix is R,
(H"Q,,/C,,.. and we define R',,,.=R,,.../Q,.-

[0208] The rows of the rectangular matrix are numbered O,
1,2,...,R,,~1 from top to bottom.

[0209] (3) If rank information is transmitted in this sub-

frame, the vector sequence q,~, q,%%, ¢.”, . . ., Ao, 7 is
written onto the columns indicated by Table 5.2.2.8- l and by
sets of Q,,, rows starting from the last row and moving
upwards according to the following pseudocode.

Set i,j to 0.
SetrtoR’,,,. -1
while i <Q'z7
cgr= Column Set(j)
YoCprens =3

Dec. 25,2014

-continued
i=i+1
=R, —1-|i/4]
=0+ 3)mod 4
d while

[0210] (4) Write the input vector sequence, i.e., y,=g, for
k=0,1,...,H'-1, into the (R, mux) matrix by sets of Q,,
rows startlng W1th the -1) vector y,, in column 0 and rows 0
to (Q,,~1) and skipping the matrix entries that are already
occupied:

Y, v

- > Corue—1
Y Y Y
o L Copggrt1 L Copt2 21
Yo _ Yoo _ Yo _ e Yo _
(Rypuoe DX Crnaxe Ryux =~ DX Cruxt1 AR~ DX Oy +2 (Rypuoe < Crmx—1)

[0211] (5) fHARQ-ACK information is transmitted in this
subframe, the vector sequence g,““%, q,*“%, g,**, .

do ACK is written onto the columns indicated by Table 1 8
and by sets of Q,, rows starting from the last row and moving
upwards. Note that this operation overwrites some of the

channel interleaver entries obtained in step (4).

[0212] (6) The output of the block interleaver is the bit
sequence read out column by column from the (R,,,.xC,,..)
matrix. The bits after channel interleaving are denoted by h,),
hy,hy oo by e
TABLE 17
CP configuration Column Set
Normal {1,4,7,10}
Extended {0,3,5, 8}
TABLE 18
CP configuration Column Set
Normal {2,3,8,9}
Extended {1,2,6,7}

[0213] Although the above-described exemplary embodi-
ments of the present invention may be used to a UL-SCH of
3GPP, it should be noted that the present invention is not
limited thereto.

[0214] The exemplary embodiments described herein-
above are combinations of elements and features of the
present invention. The elements or features may be consid-
ered selective unless otherwise mentioned. Each element or
feature may be practiced without being combined with other
elements or features. Further, the embodiments of the present
invention may be constructed by combining parts of the ele-
ments and/or features. Operation orders described in the
embodiments of the present invention may be rearranged.
Some constructions of any one embodiment may be included
in another embodiment and may be replaced with corre-
sponding constructions of another embodiment. It is apparent
that the present invention may be embodied by a combination
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of claims which do not have an explicit cited relation in the
appended claims or may include new claims by amendment
after application.

[0215] The embodiments of the present invention may be
achieved by various means, for example, hardware, firmware,
software, or a combination thereof. In a hardware configura-
tion, the embodiments of the present invention may be
achieved by one or more application specific integrated cir-
cuits (ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
sors, controllers, microcontrollers, microprocessors, etc.
[0216] Inafirmware or software configuration, the embodi-
ments of the present invention may be achieved by a module,
a procedure, a function, etc. performing the above-described
functions or operations. A software code may be stored in a
memory unit and driven by a processor. The memory unit is
located at the interior or exterior of the processor and may
transmit data to and receive data from the processor via vari-
ous known means.

[0217] 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 of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

[0218] The present invention may be applied to a user
equipment, a base station, and other devices of a wireless
mobile communication system.

What is claimed is:

1. A method of transmitting an uplink signal in a wireless
communication system, the method comprising:

transmitting the uplink signal on a subframe, wherein the

uplink signal includes rank information (RI) and Hybrid
Automatic Repeat reQuest Acknowledgement (HARQ-
ACK) information, the subframe includes 2 slots, each
of'the 2 slots includes N Single Carrier Frequency Divi-
sion Multiple Access (SC-FDMA) symbols, and N is 6
or7,

wherein a reference signal is transmitted on a SC-FDMA

symbol in each of the 2 slots, the HARQ information is
transmitted on SC-FDMA symbols being closest to the
SC-FDMA symbol for the reference signal in each of the
2 slots, and the RI information is transmitted on SC-
FDMA symbols being contiguous to the SC-FDMA
symbols for the HARQ information in each of the 2
slots.

2. The method of claim 1, wherein N is 7 for a normal cyclic
prefix.

3. The method of claim 2, wherein the SC-FDMA symbol
for the reference signal is 4” SC-FDMA symbol in each of the
2 slots.

4. The method of claim 3, wherein the SC-FDMA symbols
for the HARQ-ACK information are 3" and 5* SC-FDMA
symbols in each of the 2 slots.

5. The method of claim 3, wherein the SC-FDMA symbols
for the RI are 2" and 67 SC-FDMA symbols in each of the 2
slots.
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6. The method of claim 1, wherein N is 6 for an extended
cyclic prefix.

7. The method of claim 6, wherein the SC-FDMA symbol
for the reference signal is 3" SC-FDMA symbol in each of the
2 slots.

8. The method of claim 6, wherein the SC-FDMA symbols
for the HARQ-ACK information are 2”¢ and 4” SC-FDMA
symbols in the slot.

9. The method of claim 6, wherein the SC-FDMA symbols
for the RI are 1°* and 5% SC-FDMA symbols in each of the 2
slots.

10. The method of claim 1, wherein the uplink signal
further includes an uplink shared channel (UL-SCH) data and
is transmitted via a Physical Uplink Shared Channel
(PUSCH).

11. An apparatus for use in a wireless communication
system, the apparatus comprising:

a module for transmitting an uplink signal on a subframe,
wherein the uplink signal includes rank information (RI)
and Hybrid Automatic Repeat reQuest Acknowledge-
ment (HARQ-ACK) information, the subframe includes
2 slots, each of the 2 slots includes N Single Carrier
Frequency Division Multiple Access (SC-FDMA) sym-
bols, and N is 6 or 7,

wherein a reference signal is transmitted on a SC-FDMA
symbol in each of the 2 slots, the HARQ information is
transmitted on SC-FDMA symbols being closest to the
SC-FDMA symbol for the reference signal in each of the
2 slots, and the RI information is transmitted on SC-
FDMA symbols being contiguous to the SC-FDMA
symbols for the HARQ information in each of the 2
slots.

12. The apparatus of claim 11, wherein N is 7 for a normal

cyclic prefix.

13. The apparatus of claim 12, wherein the SC-FDMA
symbol for the reference signal is 4” SC-FDMA symbol in
each of the 2 slots.

14. The apparatus of claim 13, wherein the SC-FDMA
symbols for the HARQ-ACK information are 3’ and 5
SC-FDMA symbols in each of the 2 slots.

15. The apparatus of claim 13, wherein the SC-FDMA
symbols for the RI are 2"¢ and 6” SC-FDMA symbols in each
of the 2 slots.

16. The apparatus of claim 11, wherein N is 6 for an
extended cyclic prefix.

17. The apparatus of claim 16, wherein the SC-FDMA
symbol for the reference signal is 3"/ SC-FDMA symbol in
each of the 2 slots.

18. The apparatus of claim 16, wherein the SC-FDMA
symbols for the HARQ-ACK information are 2"¢ and 4
SC-FDMA symbols in each of the 2 slots.

19. The apparatus of claim 16, wherein the SC-FDMA
symbols for the RI are 1¥ and 5 SC-FDMA symbols in each
of the 2 slots.

20. The apparatus of claim 11, wherein the uplink signal
further includes an uplink shared channel (UL-SCH) data and
is transmitted via a Physical Uplink Shared Channel
(PUSCH).



