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[DESCRIPTION]

[Invention Titlel

METHOD AND DEVICE FOR TRANSMITTING UPLINK SIGNAL
INCLUDING DATA AND CONTROL INFORMATION VIA UPLINK CHANNEL
[Technical Field]

The present invention relates to a method for
transmitting an uplink signal including control information

and data through an uplink channel.

[Background Art]

Channel structure and mapping of LTE

The 1link channel structure and mapping of the 3rd
generation partnership project (3GPP) long term evolution
(LTE) will now be described. A downlink physical channel
includes a physical downlink shared channel (PDSCH), a
physical broadcast channel (PBCH), a physical multicast
channel (PMCH), a physical control format indicator channel
(PCFICH), a physical downlink control channel (PDCCH), and
a physical hybrid ARQ indicator channel (PHICH). An uplink
physical channel includes a physical uplink shared channel
(PUSCH), a physical uplink control channel (PUCCH), and a

physical random access channel (PRACH).
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A downlink transport channel includes a broadcast
channel (BCH), a downlink shared channel (DL-SCH), a paging
channel (PCH), and a multicast channel (MCH). An uplink
transport channel includes an uplink shared channel (UL-
SCH) and a random access channel (RACH).

FIG. 1 illustrates a mapping relationship between a
downlink physical channel and a downlink transport channel.
FIG. 2 illustrates a mapping relationship between an uplink
physical channel and an uplink transport channel. The
above-described physical channels and transport channels
are mapped to each other as illustrated in FIGs. 1 and 2.

Meanwhile, a logical channel classified as a control
channel includes a broadcast control channel (BCCH), a
paging control channel (PCCH), a common control channel
(CCCH), a multicast control channel (MCCH), and a dedicated
control channel (DCCH). A logical channel classified as a
traffic channel includes a dedicated traffic channel (DTCH)
and a multicast traffic channel (MTCH).

FIG. 3 illustrates a mapping relationship between a
downlink transpbrt channel and a downlink logical channel.
FIG. 4 illustrates a mapping relationship between an uplink
transport channel and an uplink logical channel.

Slot structure of LTE
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In a cellular orthogonal frequency division
multiplexing (OFDM) radio packet communication system, an
uplink/downlink data packet 1is transmitted in units of
subframes. One subframe is defined as a prescribed time
duration including a plurality of OFDM symbols.

The 3GPP supports radio frame structure type 1
applicable to frequency division duplex (FDD) and radio
frame structure type 2 applicable to time division duplex
(TDD) .

FIG. 5 illustrates the radio frame structure type 1.
The radio frame type 1 consists of 10 subframes. One
subframe consists of 2 slots.

FIG. 6 illustrates the radio frame structure type 2.
The radio frame type 2 is comprised of two half-frames.
Each half-frame consists of 5 subframes, a downlink pilot
time slot (DwPTS), a guard period (GP), and an uplink pilot
time slot (UpPTS). One subframe consists of two slots.
The DwPTS 1is wused for an initial cell search, for
synchronization or for channel estimation. The UpPTS is
used for channel estimation in an evolved Node B (eNB),
uplink transmission synchronization of a User Equipment
(UE). The GP is an interval for eliminating interference

caused by multi-path delay of downlink signal between
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uplink and downlink. Namely, irrespective of a radio
frame type, one subframe consists of two slots.

FIG. 7 illustrates a downlink slot structure of LTE.
As illustrated in FIG. 7, a signal transmitted in each slot
may be represented by a resource grid comprised of
subcarriers and OFDM symbols. At this time, denotes the
number of resource blocks (RBs) in a downlink, denotes
the number of subcarriers constituting one RB, and
denotes the number of OFDM symbols in one downlink slot.

FIG. 8 illustrates an uplink slot structure of LTE.
As illustrated in FIG. 8, a signal transmitted in each slot
may be represented by a resource grid comprised of
subcarriers and OFDM symbols. At this time, denotes the
number of resource blocks (RBs) in an uplink, denotes the
number of subcarriers constituting one RB, and denotes
the number of OFDM symbols in one uplink slot.A resource
element refers to one subcarrier and one OFDM symbol as a
resource unit defined by indexes (a, b) (where a 1is an
index on a frequency domain and b is an index on a time
domain) within the uplink slot and the downlink slot.

Meanwhile, the eNB transmits control information to a
downlink to control a UL-SCH which is an uplink transport
channel. The control information transmitted to the

downlink informs the UE of the number of RBs transmitted
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through the UL-SCH and a modulation order. In addition,

when data 1s transmitted to an uplink, the control
information informs the UE of a payload size of the data.

The payload size may be defined as the sum of the size of
information (e.g., the size of data, or the size of control
information) transmitted from a medium access control (MAC)

layer and the size of c¢yclic redundancy check (CRC)

attached arbitrarily‘to the information in a physical layer.
The payload of the control information may not include the
size of the CRC because the CRC cannot be attached to the
control information according to the size of the control
information before the CRC is attached to the control
information. Specifically, 1if the size of the control
information to which the CRC is not attached is smaller
than or equal to 11 bits, the CRC is not attached to the
control information. In addition, if the size of the
control information to which the CRC is not attached is
greater than or equal to 12 bits, the CRC 1is attached to
the control information.

Data and control information (e.g., Channel Quality
Information (CQI) /Precoding Matrix Indicator (PMI) or Rank
Indication (RI)) may be multiplexed together and
transmitted through the UL-SCH. In the conventional system,

a scheme for encoding the data differs from a scheme for
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encoding the control information. Furthermore, 1in the
conventional system, a block error rate (BLER) of the data
and a BLER of the control information, demanded by the eNB,
may differ from each other.

'Furthermore, in the conventional system, even though
a code rate of data is known using the modulation order,
the number of RBs, and the payload size of data, a code
rate of control information cannot be known. Moreover,
since the data and the control information are multiplexed
together and then transmitted through the UL-SCH, the
number of transmitted symbols of the data cannot be known.

To solve such problems, the conventional system was
upgraded such that the code rate of the control information
is compensated for by an offset that can be changed by the
eNB as compared with the code rate of the data.

Even if the system is managed as described above, the
code rate of the data may be wvaried by information
multiplexed with the data. Moreover, if the data is not
transmitted, the UE cannot estimate a code rate of CQI/PMI
or rank indication for example. Accordingly, a method for
calculating a code rate of transmitted information (e.qg.,
CQI/PMI or rank indication) according to a combination of

information transmitted through the UL-SCH is demanded.
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Also, in the conventional communication system, if an
error occurs in a data packet due to failure of receipt
after the data packet is transmitted, the corresponding
data packet is re-transmitted.

Also, 1in the case where re-transmission occurs, if
decoding is performed using an initially received data
packet and a data packet received by re-transmission, a
success probability of receiving the data packet 1ig
increased even though not all resources employed when the
data packet is initially transmitted are used.

For example, when the communication system operates
such that the initial data packet 1is transmitted without
errors with a probability of 90%, the system does not
encounter any problem even when the data packet is re-
transmitted at a code rate higher than a code rate of the
initial data packet. Transmitting a data packet at a high
code rate means that less physical transmission resources
are used than during the initial transmission of the data
packet.

If a code rate of CQI/PMI or rank indication is
calculated using the total number of symbols of the data
when re-transmitting the data packet, a code rate for
stably transmitting the CQI/PMI or rank indication may not

be set. Therefore, when data is re-transmitted, a code
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rate setting method for stably transmitting the CQI/PMI or
rank indication is demanded.

In summary, in an attempt to save bandwidth while
retransmitting, a conventional mobile is commanded by a
base station to reduce the amount of total information bits
(i.e., data and control bits) that are retransmitted. This
does not result in an increased error rate for the data
bits because the retransmitted payload data 1is soft
combined with the original payload data. However,
corresponding control data of the two signals are not
combined for decoding/demodulation. That 1is, in the
conventional system, the truncated control bits of the
retransmitted signal are used for code rate setting,
resulting in degraded performance. Thus, the present
invention compensates for this degradation in performance

by reusing the original control data in a novel fashion.

[Disclosure]l

[Technical Problem]

If a code rate of CQI/PMI or rank indication is
calculated using the total number of symbols of the data
when re-transmitting the data packet, a code rate for
stably transmitting the CQI/PMI or rank indication may not

be set. Therefore, when data is re-transmitted, a code
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rate setting method for stably transmitting the CQI/PMI or
rank indication is demanded.

In summary, in an attempt to save bandwidth while
retransmitting, a conventional mobile is commanded by a
base station to reduce the amount of total information bits
(i.e., data and control bits) that are retransmitted. This
does not result in an increased error rate for the data
bits because the retransmitted payload data is soft
combined with the original payload data. However,
corresponding control data of the two signals are not
combined for decoding/demodulation. That 1is, in the
conventional system, the truncated control bits of the
retransmitted signal are used for code rate setting,
resulting in degraded performance. Thus, the present
invention compensates for this degradation in performance

by reusing the original control data in a novel fashion.

[Technical Solution]

Accordingly, the present invention is directed to a
method and device for transmitting a first and second
uplink signal, each having data and control information.
The method includes channel encoding the control
information of the second uplink signal based on a number

of symbols of control information to produce. The channel
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encoding includes determining the number of symbols in
accordance with a payload size of the data of the first
uplink signal and a total number of transmissible symbols
of a Physical Uplink Shared Channel (PUSCH) of the first
uplink signal.

Preferably, the step of determining may include
determining the number of symbols in accordance with a
payload size of the control information of the second
uplink signal and an offset value applied to the control
information of the second uplink signal.

Preferably, the method may further include channel
encoding the data of the second uplink signal to produce
second channel encoded data; channel interleaving the first
and second channel encoded data to generate the second
uplink signal; and transmitting the second uplink signal.

Preferably, the number of symbols of control

information may satisfy the expression:

PUSCH
ML }

A[X:{N}'ﬂx'-N
data

where M

¥ 1is the number of the symbols of the control
information,

Ny is the payload size of the control information,

By is the offset wvalue,
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N e is the size of the data of the first uplink

signal,

MEUSCH . ]
RE.  is the total number of transmissible symbols of

Physical Uplink Shared Channel (PUSCH) of the first uplink

signal, and “[1” denotes a ceiling function.

Preferably, the control information may be one of
channel quality control information and a rank indication,
and the channel quality control information may include at
least one of Channel Quality Information (CQI) and a
Precoding Matrix Indicator (PMI).

Preferably, the control information may be one of
channel quality control information and a rank indication,
and a payload size of the channel quality control
information includes a size of Cyclic Redundancy Check
(CRC) attached to the channel quality control information.

Preferably, the method may further include retrieving
the payload size of the data of the first uplink signal and
the total number of transmissible symbols of the Physical
Uplink Shared Channel (PUSCH) of the first uplink signal
from a memory or a cache.

Preferably, the number of symbols of <control

information may satisfy the expression:
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PUSCH —initial PUSCH —initial PUSCH
Qy_ O.Msc 'Nsymb .ﬂojﬁel

C-1
Sk,

r=0 where

9 is the number of the symbols of the control

information of the second uplink signal,

O is the payload size of the control information of

the second uplink signal,

N PUSCH-initial
symb is a number of SC-FDMA symbols per subframe

for Physical Uplink Shared Channel (PUSCH) transmission of

' M PUSCH initial
the first uplink signal, s€ is a scheduled bandwidth
PUSCH transmission for Physical Uplink Shared Channel

(PUSCH) transmission of the first uplink signal,

ﬂPUSCH
ot is the offset value,

r=0 is the payload size of the data of the first
uplink signal, r is code block number of the data of the
first uplink signal before channel coding of the data Qf
the first uplink signal, K, is a number of bits in code
block number r, and C is a total number of code blocks.

Also, there is a method and device for processing a
received first and second uplink signal, each having data

and control information. The method includes channel
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decoding channel encoded data with a payload size of the
data of the first uplink signal and a total number of
transmissible symbols of a PUSCH of the first uplink signal
to produce the control information of the second uplink
signal.

Preferably, the step of channel decoding may include
channel decoding the channel encoded data with a payload
size of the control information of the second uplink signal
and an offset value applied to the control information of
the second uplink signal.

Preferably, a number of symbols of control
information decoded in the step of decoding satisfy the

expression:

PUSCH ~initial PUSCH —initial PUSCH
Qr_ O.Msc 'Nsymb 'ﬂaﬁ&el

- C-1
2K,

r=0 where

0 is the number of the symbols of the control

information of the second uplink signal,

O is the payload size of the control information of

the second uplink signal,

N PUSCH -initial
symb is a number of SC-FDMA symbols per subframe

for Physical Uplink Shared Channel (PUSCH) transmission of

PUSCH -initial
the first uplink signal, s is a scheduled bandwidth
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PUSCH transmission for Physical Uplink Shared Channel

(PUSCH) transmission of the first uplink signal,

ﬂ PUSCH
ot is the offset value,

r=0 is the payload size of the data of the first
uplink signal, r is code block number of the data of the
first uplink signal before channel coding of the data of
the first uplink signal, K, is a number of bits in code

block number r, and C is a total number of code blocks.

[Advantageous Effects]

when data and control information are transmitted via
an uplink channel, an uplink signal including the data and
control information <can be transmitted by accurately

calculating code rates of the data and control information.

[Description of Drawings]

The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the

invention.
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In the drawings:

FIG. 1 illustrates a mapping relationship between a
downlink physical channel and a downlink transport channel.
FIG. 2 illustrates a mapping relationship between an uplink
physical channel and an uplink transport channel.

FIG. 3 illustrates a mapping relationship between a
downlink transport channel and a downlink logical channel.

FIG. 4 illustrates a mapping relationship between an
uplink transport channel and an uplink logical channel.

FIG. 5 is the radio frame structure type'l.

FIG. 6 is the radio frame structure type 2.

FIG. 7 is a downlink slot structure of LTE.

FIG. 8 is an uplink slot structure of LTE.

FIG. 9 illustrates a processing of data and control
information transmitted through a UL-SCH which is an uplink
transport channel.

FIG. 10 illustrates an alternative processing of data
and control information transmitted through a UL-SCH which
is an uplink transport channel.

FIG. 11 is a subframe structure after data and
control information are multiplexed.

FIG. 12 illustrates an example of modulation
constellation coordinates.

FIG. 13 illustrates an example of modulation
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constellation coordinates.

FIG. 14 describes HARQ (Hybrid Automatic Repeat
request) process for explaining data retransmission.

FIG. 15 is a diagram explaining a use relationship of
a reference MCS during re-transmission of data.

FIG. 16 is a block diagram of a UE according to an
exemplary embodiment of the present invention.

FIG. 17 1is a block diagram showing constitutional

elements of a device 50 that can be either a UE or an eNB.

[Best Mode]

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. The detailed
description, which will be given below with reference to
the accompanying drawings, is intended to explain exemplary
embodiments of the present invention, rather than to show
the only embodiments that can be implemented according to
the invention. The following 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
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centering on specific terms, but the present invention is
not limited thereto and any other terms may be used to
represent the same meanings.

FIG. 9 illustrates processing of data and control
information transmitted through a UL-SCH which is an uplink
transport channel.

A transport block (TB) CRC is attached to the TB of
data transmitted to an uplink in step S901. The data is to
be multiplexed with control information (CQI/PMI or rank
indication). The CRC attached data is segmented into
multiple code blocks (CBs) according to the size of the TB
in step S902 and a CB CRC is attached to the CBs in step
5903. Channel coding is performed upon the CRC-attached
CBs in step S904. The channel coded data 1is rate-matched
in step S905 and CBs are concatenated in step S906. The
concatenated CBs are multiplexed with control information
in step S907.

Meanwhile, a CRC is attached to CQI/PMI in step S908
and channel coding is performed upon the CRC-attached
CQI/PMI in step S909. The channel-coded CQI/PMI is rate-
matched in step S910 and multiplexed with the data in step
S907. Although the channel coding process and the rate

matching process are described as separate processes, the
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channel coding process may include the rate matching
process in some cases.

Rank indication is channel-coded in step S911
separately from the data. The channel-coded rank
indication is rate-matched in step S912. Although the
channel coding process and the rate matching process are
described as separate processes, the channel coding process
may include the rate matching process in some cases.

A chanﬁel interleaving process is performed upon the
multiplexed data, CQI/PMI, and rank indication in step S913.
Channel coding is performed upon acknowledgement
(ACK) /negative acknowledgement (NACK) information in step
S914 separately from the data, CQI/PMI, and rank indication.

The ACK/NACK information is inserted through
puncturing a part of the channel-interleaved signal. The
interleaved signal into which the ACK/NACK information is
inserted 1is transmitted to the uplink after physical
resource mapping in step S915.

The channel coded data, CQI/PMI, and rank indication
of specific sizes are converted into data, CQI/PMI, and
rank indication having prescribed numbers of symbols or

bits transmitted in a physical layer through rate matching.

- In this case, the number of symbols or bits transmitted in
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the physical layer should be present with respect to each
of the data, CQI/PMI, and rank indication.

FIG. 10 illustrates an alternative processing of data
and control information transmitted through a UL-SCH which
is an uplink transport channel.

Error detection is provided on UL-SCH transport
blocks through a Cyclic Redundancy Check (CRC) in step S100.

The entire transport block is used to calculate the
CRC parity bits. The bits in a transport block delivered

Ao, A1,Ay,d3,...,a 4

to layer 1 are denoted by The parity bits are

denoted by Po:P1:P2:P3»»Pi1 A is the size of the transport
block and L is the number of parity bits.

Code block segmentation and code block CRC attachment
are performed after transport block CRC attachment in step
110. The bits input to the code block segmentation are

bo ’bl N b2 ,b3 yorey bB—l

denoted by where B is the number of bits in

the transport block (including CRC). The bits after code

Cros€r15€r25Cr350Cp(K, -1
('), where r

block segmentation are denoted by
is the code block number and K, is. the number of bits for
code block number r.

Channel <coding 1is ©performed after code Dblock

segmentation and code block CRC in step 120. After

dQ,d?.d?,d3,..d{,

encoding the Dbits are denoted by
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with i=0Land2 54 ywhere Pr is the number of bits on the i-th

coded stream for code block number r, i.e.Dr:K’+4.

Rate matching is performed on Turbo coded blocks

after channel coding in step 130. After rate matching, the

€r0:€r156725€r35-5€4(E, 1)
14

bits are denoted by where r is the coded

E, is the number of rate matched

block number, and where
bits for code block number r.

Code block concatenation is performed after rate

matching in step 140. The bits after code Dblock

concatenation are denoted by f@ﬁ“ﬁhﬁ””ﬁPl, where G is the
total number of coded bits for transmission excluding the
bits used for control transmission, when control
information is multiplexed with the UL-SCH transmission.

The channel coding of the channel quality information

is performed with input sequence ©°%:%:-%-1 in step 150.

The output sequence for the channel coding of channel

quality information is denoted by R

The channel coding of the RI is preformed with input

RI RI _RI RI RI _RI
sequence 901 or [0 o] in step 160. [901 ang [o0 ] denotes

1-bit RI and denotes 2-bits RI, respectively.

The channel coding of the HARQ-ACK is performed with

ACK
]

ACK ,ACK | [0/CK 04K ..o %K 1]
input sequence 90 1 1

0 0 0 .
[og or 0 7 o**<11 in step
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170. Each positive acknowledgement (ACK) 1is encoded as a
binary ‘1’ and each negative acknowledgement (NAK) 1is

encoded as a binary ‘0’. HARQ-ACK can consist of 1-bit of

ACK
information, i.e., lo"] oy 2-pits of information, i.e.,
[0ACK ,ACK 0K
0 1 with 0 corresponding to ACK/NACK bit for
OACK
1

codeword 0 and corresponding to that for codeword 1.

In addition, HARQ-ACK can consist of more than two bits

ACK _ACK ACK
. . . 07" of " -0 . ACK :
information, 1i.e. log™" of o] with 07 >2 | The bit
qACK qACK qACK qACK
sequence ° 7 2 30kl {5 obtained by concatenation of

multiple encoded HARQ-ACK blocks where Quak is the total
number of coded bits for all the encoded HARQ-ACK blocks.
The inputs to the data and control multiplexing are

the coded bits of the control information denoted by

9091922939001 yng the coded bits of the UL-SCH denoted by

Josfisfos farsfoa i step 180. The output of the data and

control multiplexing operation is denoted by §W§V§T§3"”§”4,

0,.,H' -1

and wheregiwith i= are

where [{=k;+gk@) and Hﬁ:H]Qm,

column vectors of length Om H is the total number of
coded bits allocated for UL-SCH data and CQI/PMI

information.
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The channel interleaving is performed with the output
of the data and control multiplexing operation denoted by

§W§“§T§3””§”“l, the encoded rank indication denoted by the

90>9192>%5>9c-1 ;g the encoded HARQ-ACK denoted by

T N N e

The bits after channel interleaving are denoted by
hy,,h ,h,,.. . .
02 Py g . The number of modulation symbols in the

subframe is given by H'=H'+Qy

FIG. 11 illustrates a subframe structure after data
and control information are multiplexed. The subframe after

data, CQI/PMI, rank indication, and ACK/NACK information

are appropriately multiplexed in a physical layer 1is as

shown in FIG. 11.

Hereinafter, a method will be described for
calculating code rates of data and control information when
data is transmitted through an UL-SCH.

When data is simultaneously transmitted together with
other information (e.qg., at least one of CQI/PMI
information and rank indication), since such control
informat}on transmitted together with  the data is
multiplexed together with the data after rate matching, the

number of transmitted symbols of the data and the number of
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transmitted symbols of the control information transmitted
together with the data are needed upon transmission of the
data. Herein, “the number of transmittea symbols” means
the number of symbols output through rate matching.
Therefore, in the present invention, “the number of
transmitted symbols” is referred to as the number of
symbols output through rate matching.

In addition, in the present invention, a payload size
may be defined as the sum of the size of information (e.g.,
the size of data, or the size of control information)
transmitted from a medium access control (MAC) layer and
the size of cyclic redundancy check (CRC) attached
arbitrarily to the information in a physical layer. The
payload of the control information may not include the size
of the CRC because the CRC may not be attached to the
control information according to the size of the control
information before the CRC 1is attached to the control
information. Specifically, 1f the size of the control
information to which the CRC is not attached is smaller
than or equal to 11 bits, the CRC is not attached to the
control information. In addition, if the size of the
control information to which the CRC 1is not attached is
greater than or equal to 12 bits, the CRC is attached to

the control information.
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If a code rate and a modulation order of the
transmitted data are accurately known, a reference
modulation and coding scheme (MCS) may be defined using the
code rate and modulation order of the data. An MCS of the
control information transmitted together with the data may
be estimated using the reference MCS and using offset
information of the control information.

Assuming that the 1inverse of spectral efficiency

obtained by a code rate and a modulation order of data is

MCS o ' MCS 4o may be calculated using the following

Equation 1.
[Equation 1]

1

MCS, =
e CodeRate - Modulation Order

If a reference MCS is MCS,y , a payload size of

CQI/PMI 1is Neg , and a parameter expressing, in dB, an
offset value for compensating for a difference between a
block error rate of data and a block error rate of CQI/PMI

and a difference between a data encoding scheme and a

CQI/PMI encoding scheme is Acor , the number Meoi of
transmitted symbols of CQI/PMI may be calculated using the
following Equation 2.

[Equation 2]
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Acor
M, ={NCQ 10 10 -MCS,E,]

In Equation 2, “[-]” denotes a ceiling function. The
ceiling function represents a function whose wvalue is the

smallest integer not less than a value within the symbol.

5 For example, [23] indicates 3 because the smallest integer

not less than 2.3 is 3.

In addition, if reference MCS is MCS,, ' a payload

size of rank indication iS'NW, and a parameter expressing,

in dB, an offset value for compensating for a difference
10 between a block error rate of data and a block error rate

of rank indication and a difference between a data encoding

scheme and a rank indication encoding scheme 1is Aw , the

number AL”

of transmitted symbols of rank indication may be
expressed by the following Equation 3.

15 [Equation 3]
Agy
M, =[NR1 1010 -MCS,ef-‘

If a code rate and modulation order of data used when
calculating a reference MCS are known, the number of
transmitted symbols of CQI/PMI and the number of

20 transmitted symbols of rank indication may be calculated.
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However, if an eNB commands transmission of data on an UL-
SCH, the eNB informs a UE of only the total number of
symbols which can be transmitted when the data and other
information are multiplexed, a payload size of the data,
and the modulation order of the data. Therefore, agreement
between the eNB and the UE 1is required to calculate the
reference MCS.

Embodiment 1-A

As illustrated in FIG. 9, when the data, CQI/PMI, and
rank indication are transmittéd together, the data, CQI/PMI,
and rank indication are rate-matched and then multiplexed.
To calculate the number of transmitted symbols of each of
the data, CQI/PMI, and rank indication, equations of a
complicated closed form or iterative equations should be
used.

Accordingly, a method for briefly calculating the
reference MCS 1is proposed. However, if the method for
calculating the reference MCS is simplified, an accurate
code rate of the information may not be applied.

The method for calculating the reference MCS uses the
code rate and modulation order of data under the assumption
that only the data is transmitted on the UL-SCH without

transmitting the CQI/PMI or rank indication.
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Specifically, a reference code rate may be calculated
using the following Equation 4.

[Equation 4]

C R - N data
data . MPUSCH
Qdata RE
Rdala N da
where denotes a reference code rate ‘a
I

denotes a payload size of data, o denotes a modulation

order of data which is a reference modulation order, and

M PUSCH . .
RE is the total number of symbols which <can be

transmitted through a physical channel when transmitting
data through the UL-SCH. In the present invention, the

PUSCH-initial
PUSCH PUSCH
MP! . N, M

M PUSCH
RE symb where the

is correspond to is

the scheduled bandwidth for PUSCH transmission in a current

PUSCH
sub-frame for the transport block, and ~®® is the number

of SC-FDMA symbols in the current PUSCH transmission sub-

frame.

Therefore, the reference MCS Aﬂg&” may be calculated

using the following Equation 5.
[Equation 5]

PUSCH
1 _ ME

CRdam : Qdata N data

MCS,,, =
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CR N
where dta  denotes a reference code rate, data

denotes a payload size of data, Qo denotes a modulation

order of data which is a reference modulation order, and

M PUSCH .
RE denotes the total number of symbols which can be

transmitted through a physical channel when transmitting
data through the UL-SCH.
Generally, a CRC 1is attached to data to check for

errors. In Equation 4 and Equation 5, the payload size

N o of data is defined as a value including the CRC but

may not include the CRC for simple approximation.

Application of Embodiment 1-A: in the case where data

and CQI/PMI are transmitted together

When data and CQI/PMI are transmitted on the UL-SCH,

the reference MCS is calculated using the payload size N daa
of data. The number of finally transmitted symbols of the
CQI/PMI may be calculated using the following Equation 6.

[Equation 6]

Acor
Mgy = [NCQ, 10 10 ~MCS,ef1

N, .
where @ denotes a payload size of CQI/PMI, and Acor
denotes a parameter expressing, in dB, an offset value for

compensating for a difference between the block error rate
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of data and the block error rate of CQI/PMI and a

difference between a data encoding scheme and a CQI/PMI

encoding scheme, and Meg denotes the number of transmitted

symbols of CQI/PMI after rate matching.

If the number Meoi of transmitted symbols of the

CQI/PMI is obtained using Equation 6, the number M e

of
transmitted symbols of data may be calculated using the
following Equation 7.

[Equation 7]

_ AqPUSCH
A4MW"AIM: _Alqy

PUSCH
where My

denotes the total number of symbols
which can be transmitted through a physical channel when
transmitting data on a UL-SCH. Since the data and CQI/PMI

are multiplexed after they are rate-matched, the number of

PUSCH
M,

symbols obtained by subtracting Meg from is the

number M e of symbols of data.

Application of Embodiment 1-A: in the case where data

and rank indication are transmitted together

When data and rank indication are transmitted on the

UL-SCH, the number M

& of transmitted symbols of the rank
indication may be calculated using the following Equation 8,

similarly to when the data and CQI/PMI are transmitted.
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[Equation 8]
Arr

M, = [NR, 1070 -MCS,ef—‘

where N denotes a payload size of rank indication,

and Ap denotes a parameter expressing, in dB, an offset
5 value for compensating for a difference between the block
error rate of data and the block error rate of rank

indication and a difference between a data encoding scheme

and a rank indication encoding scheme, and My denotes the

number of transmitted symbols of rank indication.

10 Once My is obtained using Equation 8, the number

M e of transmitted symbols of data may be calculated using

the following Equation 9.
[Equation 9]

_ PUSCH
M =My =My,

PUSCH
15 where My

denotes the total number of symbols
which can be transmitted through a physical channel when

transmitting data on a UL-SCH. Since the data and rank

indication are multiplexed after they are rate-matched, the

M

PUSCH
My,

number of symbols obtained by subtracting R from

20 is the number M o of symbols of the data.
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Application of Embodiment 1-A: in the case where data,

CQI/PMI, and rank indication are transmitted together

When the data, CQI/PMI, and rank indication are

. M .
transmitted together, the number @ of transmitted

symbols of CQI/PMI and the number My  of transmitted
symbols of rank indication are calculated wusing the
reference MCS as follows.

[Equation 10]
Acpr
M, ={NCQ, .10 10 -MCS,Ef}
[Equation 11]
Apr
M, ={NR, 1010 -MCS,ef"

If Meg and Mu are obtained, M e is calculated using

'Alpwmy
RE as follows.

[Equation 12]

Alwm:=Alg?a{-ALm1_A4m

For éccurate decoding of data, CQI/PMI, and rank
indication between a UE and an eNB, the above-mentioned

calculations should be accurately carried out. However,

Acgr Apy

since the above equations include 10 1 ’ 101 , etc.,

irrational number values may be calculated. Therefore, a
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calculation result in the UE and the eNB may vary according
to calculation methods of multiplication, division, and

Ay Aps

10° 44 10° ip the UE and eNB.

A method is proposed for calculating the numbers of
transmitted symbols of CQI/PMI and rank indication such
that a calculation result of division does not generate a
remainder.

The numbers of transmitted symbols of the CQI/PMI and
rank indication are calculated using the following Equation
13.

[Equation 13]
Ay
M, :[NX 1010 -MCS,ef-l

N, Ay

where denotes a payload size of information X,
denotes a parameter expressing, in dB, an offset value for
compensating for a difference between the block error rate

of data and the block error rate of the information X and a

difference between a data decoding scheme and an

information X decoding scheme, and My denotes the number

.of transmitted symbols of information X.

Ay

In Equation 13, 107 , and MCS

/ defined in Equation 5

may be differently calculated in the UE and the eNB. The
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Ay

UE and eNB may promise to previously define 10" 55 a
quantized value.

Table 1 listed below shows a result of quantizing

Ay Ax
10 por example, the UE and the eNB may define 10 a5 a

quantized value as shown in Table 1. In Table 1, Bx
Ax
quan(lO‘°J Ay
(= ) indicates a value of quantizing 10 A
A_X
By = quan(lO 10 J
fractional part of may be expressed by N bits.

In Table 1, a quantized result of Bx is shown such that a

fractional part thereof can be expressed by 6 bits.

{Table 1]
Ay
Index Ay By = quan[lO 10 J
0 0 dB
1.0000000000
(000)
1 1 dB
1.2500000000
(001)
2 2 dB
1.5781250000
(010)
3 3 dB
1.9843750000
(011)
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2.5000000000

3.1562500000
(111)

Table 2 and 3 1listed below show a result of

calculating Bx when the information X is CQI/PMI or rank

indication.
[Table 2]

Index B

0 1.250
1 1.625
2 2.000
3 2.500
4 3.125
5 4.000
6 5.000
7 6.250
8 8.000
9 10.000
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10 12.625
11 15.875
12 20.000
reserv
13
ed
reserv
14
ed
reserv
15
ed
3]
Index ﬂCQI
0 0.750
1 1.000
2 1.125
3 1.250
4 1.375
5 1.625
) 1.750
7 2.000
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8 2.250
9 2.500
10 2.875
11 3.125
12 3.500
13 4.000
14 5.000
15 6.250

Since MCS oy may have various values, the UE and eNB

should store large quantities -.of values in order to define

MCS,; as a quantized value between the UE and the eNB.

However, in order not to store the quantized value,
division which may generate a non-integer calculation

result should be eliminated.

My of

Using Equation 13 and Equation 5, the number
transmitted symbols of information X can be as follows.

[Equation 14]

Ay Ay 3 rPUSCH
M, = NX-IO10 -MCS,ef = NX-IO10 RE

data
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In Equation 14, a denominator of MCS,y may Dbe

transposed towards AlX.

When transposing values within a
ceiling function, -equality (“="”) may be converted to

inequality (“27). Namely, in the ceiling function,

-] -
can be expressed as Z-X2Y on condition that Z 1is
the smallest integer satisfying Z-X2Y.

Thus, an equation for calculating the number of
transmitted symbols of information X transmitted through a
physical channel to solve a quantization problem may be
defined as follows.

[Equation 15]

PUSCH
Alx'l%hmzzpfx'ﬁ&”ﬂdhE
M PUSCH
where RE denotes the total number of symbols

which can be transmitted through a physical channel when

transmitting data through a UL-SCH, N aoa denotes a payload
size of data, Ny denotes the payload size of the
information X, M, denotes the number of transmitted

symbols of the information X and By denotes a value of

Ay

Ndata NX

Ty PUSCH
quantizing 10" | when ' ’ Bx , and Mg

are given,

My becomes the smallest integer satisfying Equation 15.
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In addition, since By is greater than 1, the inverse
of Bx, that is, By =1/ Bx may be used in Equation 15. The

’ .
reason why Bx is used is that when storing ﬂX, an integer

part and a fractional part should be stored but when

memorizing Bx , only the fractional part can be stored.
Accordingly, Equation 15 for calcﬁlating the number of
transmitted symbols of the information X through a physical
channel to solve the quantization problem may be defined as
follows.

[Equation 16]

' PUSCH
Alx’ﬁx'AQm:ZAﬁ“Alm

When AQW’, AG’, ﬂ;, and Algmw are given, My is the
smallest integer satisfying Equation 16.

In Embodiment 1-A, the reference MCS 1is calculated
using a code rate and a modulation order of data under the
assumption that only the data is transmitted on a UL-SCH
without transmitting CQI/PMI or rank indication. Therefore,
the reference MCS may not be an accurate value.

Namely, in Embodiment 1-A, an accurate code rate may
not be applied to information (i.e., data, CQI/PMI and rank
indication). Assuming that the reference code rate is a

code rate of data, the code rate of data can be determined
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only when an occupied ratio of CQI/PMI and rank indication
among the entire amount of information should be determined.
The occupied ratio of CQI/PMI and rank indication among the
entire amount can be known only when the code rate of data
should be determined.

Embodiment 1-B

In Embodiment 1-B of the present invention, a method
is proposed for simultaneously calculating reference code
rates of data, CQI/PMI and rank indication in a closed form
using the fact that the total number of transmitted symbols
is the sum of the numbers of transmitted symbols of the
data, CQI/PMI and rank indication on a UL-SCH.
Specifically, assuming that a reference MCS is an unknown
parameter and the numbers of transmitted symbols of CQI/PMI
and rank indication are expressed as a function of the
reference MCS, since the total number of transmitted
symbols of the data, CQI/PMI and rank indication is known,
an accurate reference MCS can be obtained.

Application of Embodiment 1-B: in the case where data

and CQI/PMI are transmitted together

When only data and CQI/PMI are transmitted, the total
number of transmitted symbols may be indicated by the sum
of the number of transmitted symbols of the CQI/PMI and the

number of transmitted symbols of the data. Accordingly, a
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reference MCS 1is calculated using the equation for
calculating the number of transmitted symbols of the
CQI/PMI and the equation for calculating the number of
transmitted symbols of the data. Next, the number of
transmitted symbols of the data is calculated using the
calculated reference MCS and the number of transmitted
symbols of the CQI/PMI are calculated.

More specifically, the number of transmitted symbols
of the data is calculated using the following Equation 17.
In this case, the number of transmitted symbols of the
CQI/PMI is expressed by a function of the number of
transmitted symbols of the data and a closed-form equation
is obtained as shown in the following Equation 18.

[Equation 17]

Acor

MII;gSCH = MCQI + M, = {NCQI -10 10 'MCSref\‘-*-[-Ndata 'MCSref

Acor
M ata M a
={AQ@'“)W M_i_1+[N@m' w’}

data

[Equation 18]

oo pg
data

M = {NCQ, 101 .

data

]+Mdata

N data

In Equation 17 and Equation 18, denotes a

M suia denotes the number of
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PUSCH
M

transmitted symbols of the date, denotes the total

number of symbols which can be transmitted through a

MCS

physical channel, 4 denotes a reference MCS, Neg

. A
denotes a payload size of CQI/PMI, ~“ denotes a parameter
5 expressing, in dB, an offset value for compensating for a
difference between a block error rate of data and a block

error rate of CQI/PMI and a difference between a data

encoding scheme and a CQI/PMI encoding scheme, and Meoi
denotes the number of transmitted symbols of CQI/PMI.
10 Meanwhile, to solve a quantization problem, Equation
18 may be replaced with the following Equation 19.
[Equation 19]
(Mggsm _Mdam)'Ndam 2 NCQI 'ﬂCQl 'Mdam
Acgr

where Pea denotes a value obtained by quantizing 10 10

PUSCH
15 When Ndala , NCQI , ﬂCQI , and MRE Mdata

are given, is the

smallest integer satisfying Equation 19.

If Mdam

is obtained using Equation 19, Meo may be
calculated using the following Equation 20.

[Equation 20]

PUSCH
20 MCQI =My -M 4



10

15

20

WO 2009/145525 PCT/KR2009/002709

42

Application of Embodiment 1-B: in the case where data

and rank indication are transmitted together

When only data and rank indication are transmitted a
UL-SCH, the number of transmitted symbols of the rank
indication is calculated similarly to the case where only
the data and CQI/PMI are transmitted. A reference MCS is
calculated using the equation for calculating the number of
transmitted symbols of the rank indication and the equation
for calculating the number of transmitted symbols of the
data. The number of transmitﬁed symbols of the data 1is
calculated using the calculated reference MCS and the
number of transmitted symbols of the rank indication is
calculated.

More specifically, the number of transmitted symbols
of the data is calculated using the following Equation 21.
In this case, the number of transmitted symbols of the rank
indication 1is expressed by a function of the number of
transmitted symbols of the data and a closed-form equation
is obtained as shown in the following Equation 22.

[Equation 21]

Apr
M[IQ)EJSCH = MR[ + Mdata = |'NR1 . 10 0. MCSref_‘ + I-Ndata ) MCS’ef

A
o M iaia M joa
[y 6% ] 0]

data data
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[Equation 22]
M
M}I;EISCH =|VNR1 1010 . dam—l-i-Mdata
data

N data

In Equation 21 and Equation 22, denotes a

payload size of data, Al“mdenotes the number of transmitted

PUSCH
M,

symbols of the date, denotes the total number of

symbols which can be transmitted through a physical channel,

MCS N

Y denotes a reference MCS, R denotes a payload size

Ap denotes a parameter expressing, 1in

of rank indication,
dB, an offset wvalue for compensating for a difference

between a block error rate of data and a block error rate

of rank indication and a difference between a data encoding

scheme and a rank indication encoding scheme, and My
denotes the number of transmitted symbols of rank
indication.

Meanwhile, to solve a quantization problem, Equation
22 may be replaced with the following Equation 23.

[Equation 23]

ulgpal_Alwm>AGMzZ]Vm‘ﬁm‘Alwm
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Ay

where Bu denotes a value obtained'by quantizing 107

PUSCH
When N dota ’ Ny , Bru , and M g are given, M o is the
smallest integer satisfying Equation 23.

M data M

If is obtained using Equation 23, R may be
calculated using the following Equation 24.

[Equation 24]

My = M~ M,

Application of Embodiment 1-B: in the case where data,

CQI/PMI, and rank indication are transmitted together

When data, CQI/PMI, and rank indication are
transmitted, the total number of transmitted symbols on a
UL-SCH may be indicated by the sum of the number of
transmitted symbols of the CQI/PMI, the number of
transmitted symbols of the rank indication, and the number
of transmitted symbols of the data. Therefore, a reference
MCS may be calculated using the equation for calculating
the number of transmitted symbols of the CQI/PMI, the
equation for calculating the number of transmitted symbols
of the rank indication, and the equation for calculating
the number of transmitted symbols of the data. The number
of transmitted symbols of the data may be calculated using

the calculated reference MCS and the numbers of transmitted
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symbols of the CQI/PMI and the rank indication may be
calculatéd. |

More specifically, the number of transmitted symbols
of the data is calculated using the following Equation 25.
In this case, the numbers of transmitted symbols of the
CQI/PMI and the rank indication are expressed by a function
of the number of transmitted symbols of the data and a
closed-form equation is obtained as shown in the following
Equation 26.

[Equation 25]

PUSCH
Mg :AL@I+AJM'+ALMm

Acor '™
= [NCQI .10 10 .MCS,CI}+{NRI .10 10 .MCSref +|—Ndma 'MCSref'
Scg o -
= Nhy.u)m.fgﬂg +{NE-IOW-A£@1]+ AQW'ALM"W
data data Ndata

[Equation 26]

Acor Sp
M}l;é}SCH =lVNCQ! .10 10 .M‘l.FIVNR! .10 10 '%-""Mdam

data data

N data

In Equation 25 and Equation 26, denotes a

payload size of data, Al“mdenotes the number of transmitted

PUSCH
Mg

symbols of the date, denotes the total number of

symbols which can be transmitted through a physical channel,

MCS,y denotes a reference MCS, Neg denotes a payload size
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of CQI/PMI, Acor denotes a parameter expressing, in dB, an
offset value for compensating for a difference between a
block error rate of data and a block error rate of CQI/PMI

and a difference between a data encoding scheme and a

CQI/PMI encoding scheme, Mo denotes the number of

N

transmitted symbols of CQI/PMI, R denotes a payload size

of rank indication, Ap denotes a parameter expressing, in
dB, an offset value for compensating for a difference
between a block error rate of data and a block error rate

of rank indication and a difference between a data encoding

scheme and a rank indication encoding scheme, and My
denotes the number of transmitted symbols of rank
iﬁdication.

Meanwhile, to solve a quantization problem, Equation
26 may be replaced with the following Equation 27.

[Equation 27]

(Mllz)gSCH _Mdaea)'Ndara ZNRI 'ﬂm ‘Mda:a +NCQI ':BCQI 'Mdara

Acor
where Peor denotes a value obtained by quantizing 101

Sp
B denotes a value obtained by quantizing 109 When‘N@m,
PUSCH
Ny , Br , Neg , Bear , and Mg are given, M sou is the

smallest integer satisfying Equation 27.
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M

M toua R or AL@’ is calculated. At

If is obtained,

this time, a method for <calculating Meo using the

following Equation 28 is proposed after calculating_Al@m so
that a code rate of rank indication by a ceiling function
may be lower than a reference code rate. This is because

the rank indication may be more important than CQI/PMI.

[Equation 28]

b
MPUSCH 0= My +| Ny 1010 cor

col
Meanwhile, to solve a quantization problem, Equation
28 may be replaced with Equation 29.
[Equation 29]
(MII;/SCH _Mdata‘_MCQI)'NCQl '>—NRI 'ﬂR{ 'MCQI
Mo is

PUSCH
My

N, ,
When Al“m, A%I, ﬂm, @ and are given,

the smallest integer satisfying Equation 29.

M ang Mo are obtained, My may be calculated

If
as follows.

[Equation 30]

My zMilz)gSCH M s —MCQI
Meanwhile, if My is calculated before calculating

Al“y, the following Equation 31 may be used.
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[Equation 31]

.A_C_QLM
Algéai_ALMa=A1m+'AQQ'IOIO']vm

R/

To solve a quantization problem, Equation 31 may be
replaced with Equation 32.
5 [Equation 32]

(MI};;/SCH _Mdata _MRI)'NRI ZN(;QI 'ﬁR] 'MRI

P
NRI USCH M

M N, . .
When ° daa , ﬂm, ¢l and Mg are given, R is

the smallest integer satisfying Equation 32.

If M

wa and Mw are obtained, Meo may be calculated
10 as follows.

[Equation 33]
AL@,=AIQFGI—A4@M—AJM

Al@ﬂ My is calculated after

The reason why or

calculating M o by the above methods 1is that values of

M, Mcy My,

Niwa Negs . N

15 and 'R used as a reference MCS are determined
to be almost equal.

In the case where a CRC having a different length is
attached to each of data and CQI/PMI or a plurality of CRCs

is attached to each of the data and CQI/PMI, the values of
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MC
ol Rl
R may not indicate the substantially

E.

data
N N
da , 'YCOI and

z|=

same reference MCS. Accordingly, to calculate all the

values from one equal reference MCS, Equation 28 may

expressed by the following Equation 34.

5 [Equation 34]

e M
Mll;gSCH_MMtazMCQI+{NM.1010 : dam“

data

To solve a quantization problem, Equation 34 may be

replaced with Equation 35.
[Equation 35]

(Mﬁﬁ-]sc” —Mdata _MCQI)'Ndam ZNRI 'ﬂm 'Mdaza

10
When Md‘"“, Nd‘"", NRI, 'BR!, and M ™" are given, Mg,
is the smallest integer satisfying Equation 35.
If M ang Meg are obtained, My may be calculated
as follows.
15 [Equation 36]

_ A s PUSCH
MRI_MRE _Mdata_MCQI

Similarly, Equation 31 may be expressed by the

following Equation 37. Al@m, AL@’, and Mr are calculated

using Equation 37.

20 [Equation 37]
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Acor M
M}I;gSCH_Mdata:MRI-'— Ncgl'lo 10, —dae

data
To solve a quantization problem, Equation 37 may be
replaced with the following Equation 38.
[Equation 38]

(MggSCH —Mdata _MRJ)’Ndaxa 2NCQJ ':BR] 'Mdata

5
PUSCH
When Md”’“, Nd“’“, ﬂRl, NCQ’, and Mz are given, My,
is the smallest integer satisfying Equation 38.
1f Maww ang Mu are obtained, Mo may be calculated
as follows.
10 [Equation 39]
MCQI =M11;gSCH M — My,
. . M, M
In Embodiment 1-B, an order for calculating a R,
and Mg are as follows.
- - M
(1) Step 1 (step for obtaining “dm):
15 M e satisfying

(Ml};gSCH—Mdala)'Ndata'>'NRl'ﬂRl'Mda1a+NCQI'ﬂCQI'MdaIa is calculated.

. N PUSCH
In this case, when N"“’”, NR/, 'BRI, cor, ’BCQ’, and Mee are

given, M e is the smallest integer satisfying the above

equation.
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(2) Step 2 (step for obtaining Alqy):

Mggsc;z "Mdam "MCQI)'Ndaxa ZNRI ’:BRJ 'Mdam

Mg satisfying ( is

calculated. In this case, when Al“m, ‘N@m, Ny , Br , and

PUSCH M
Nie are given, @ jis the smallest integer satisfying

the above equation.

(3) Step 3 (step for obtaining Alm):

_ AfPUSCH _ _
My is calculated using My =Mpg M o MCQI.

Embodiment 1-C

In Embodiment 1-A, the reference MCS docoes not
actually consider an accurate code rate and modulation
order of information when data, CQI/PMI, and rank
indication are transmitted. In Embodiment 1-B, the method
for calculating each information field is complicated. In
Embodiment 1-C, a method for expressing the reference MCS
as a function of a variety of information is proposed using
the fact that an MCS of information most approximates to
the reference MCS when utilizing Embodiment 1-B. That 1is,
an approximated equation is used as follows.

[Equation 40]

My Meor My

MCS,,, ~
data N, col Ny
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~

where reference symbol “ ®# ” indicates that a left
value and a right vale are approximately equal.

When defining the reference MCS as the ratio of the
number of transmitted symbols of information to a payload
size of information, a problem of not being aware of the
number of transmitted symbols of information arises.
However, since the total number of transmitted symbols is
known, the reference MCS may be obtained wusing the
following Equation 41 without calculating the number of
transmitted symbols of information.

[Equation 41]

Using Equation 41, the following Equation 41 may be
induced.

[Equation 41]

M ,_ Meo My ~(""Idam"”"[cgl‘“MR/)=1"[1’;/50"

MCS,efz ~ ~
Ndata ﬂCQI'NCQI ﬁR/'NR/ Ndaxa"'ﬂcngCQl'*‘,BRl'NRI

Even though a variety of information is multiplexed
and then transmitted, a UE recognizes the total number of
transmitted symbols and a payload size of corresponding
information. In addition, even when the number of
transmitted symbols of corresponding information is unknown,

an approximate reference MCS may be calculated using the
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fact that the sum of the numbers of transmitted symbols of
corresponding information is equal to the total number of
symbols transmitted on an UL-SCH.

In this case, since the number of transmitted symbols
of corresponding information is determined by an offset
value for compensating for a difference in a coding gain or
an operation block error rate with respect to data, the
reference MCS may be defined as follows.

(1) When data and CQI/PMI are transmitted on a UL-SCH,
the reference MCS may be defined by the following Equation
43.

[Equation 43]

MCS. . = Myw+Mceg M
ref -
N data T ﬂCQI "N, col N daa t :BCQI N cor

(2) When data and rank indication are transmitted on
a UL-SCH, the reference MCS may be defined as follows.

[Equation 44]

MCs, = Mam*Mu M
Ndam'*'ﬂm'Nm Ndaza"'ﬂm'Nm

(3) When data, CQI/PMI, and rank indication are
transmitted on a UL-SCH, the reference MCS may be defined
as follows.

[Equation 45]
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M o + Mg + My M
N a * Begr *Neogr ¥ B Nt Naaa + Beor *Neor + Br * Ny

MCS,,, =

Namely, the reference MCS 1is defined as a value
obtained by dividing the total number of symbols
transmitted on a UL-SCH by the sum of payload sizes of
transmitted information. At this time, offset wvalues for
compensating for a difference with the reference MCS of
data such as a difference in an encoding scheme, in an
operation block error rate, etc. are multiplied to the
payload size of corresponding information.

Therefore, the numbers of actually transmitted
symbols of CQI/PMI and rank indication may be calculated
using the following Equation 46.

[Equation 46]
Ay
M, = [NX 1010 -MCS,ef_‘ =[N, - B, -McCS,,

N, Ay

where denotes a payload size of information X,
denotes a parameter expressing, in dB, an offset value for

compensating for a difference between a data decoding

scheme and an information (X) decoding scheme, and My
denotes the number of transmitted symbols of information X.
In this case, the information X may be CQI/PMI or rank

indication.
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The number of transmitted symbols of data is a value
obtained by subtracting the numbers of transmitted symbols
of CQI/PMI and rank indication from the total number of
symbols which can be transmitted.

The following examples indicate methods for
calculating the number of transmitted symbols of data.

(1) When data and CQI/PMI are transmitted on a UL-SCH,
the number of transmitted symbols of data is calculated as
follows.

[Equation 47]

A4MM:=A4£3KW'"A4qy

(2) When data and rank indication are transmitted on
a UL-SCH, the number of transmitted symbols of data 1is
calculated as follows.

[Equation 48]

Alww==AlgFa{_A4m

(1) When data, CQI/PMI, and rank indication are
transmitted on a UL-SCH, the number of transmitted symbols
of data is calculated as follows.

[Equation 49]

_ A g PUSCH
Al@m"ﬁdﬁE '_Alqy"ﬁlm
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While the case where data is transmitted on a UL-SCH
has been described, CQI/PMI and rank indication may be
transmitted on the UL-SCH without transmitting the data.

Hereinafter, a method will be described for
calculating a code rate of control information when data is
not transmitted on a UL-SCH.

In such a case, an eNB informs a UE of only the total
number of symbols transmitted on the UL-SCH. Therefore, a
reference MCS is not present. A method is proposed for
calculating the reference MCS when CQI/PMI and rank
indication are transmitted on the UL-SCH.

Embodiment 2-A

In Embodiment 2-A, a method 1s ©proposed for
calculating a reference MCS using the code rate and
modulation order of CQI/PMI under the assumption that only
the CQI/PMI is transmitted on a UL-SCH when the CQI/PMI and
rank indication are transmitted.

The code rate of the CQI/PMI may be defined as
follows.

[Equation 50]

AQ@

CRey) =— 55
e Qk@'Algﬁa{
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CR N
where ¢ denotes a reference code rate, =~ ¥ denotes

a payload size of CQI/PMI, Ocor denotes a modulation order

of CQI/PMI which is a reference modulation order, and

M PUSCH ]
RE denotes the number of symbols which can be

transmitted through a physical channel when transmitting
CQI/PMI on a UL-SCH.

Accordingly, the reference MCS may be calculated as
follows.

[Equation 51]

PUSCH
| Mg,

MCS,,, = =
CRCQI 'QCQI N, col

Application of Embodiment 2-A: in the case where

CQI/PMI and rank indication are transmitted together

When CQI/PMI and rank indication are transmitted
together, the number of transmitted symbols of the rank
indication is calculated first using a reference MCS as
shown in the following Equation 52. Next, the number of
transmitted symbols of the CQI/PMI is calculated by
subtracting the number of transmitted symbols of the rank
indication from the total number of symbols which can be
transmitted through a physical channel.

[Equation 52]
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Ay
M, =[NR, 1010 -MCS,J

[Equation 53]

M

_ AfPUSCH _
cor = Mg M,

In Equation 52 and Equation 53, Ny denotes a payload

Ap denotes a parameter expressing,

size of rank indication,
in dB, an offset value for compensating for a difference
between a block error rate of data and a block error rate

of rank indication and a difference between a data encoding

M

scheme and a rank indication encoding scheme, ® denotes

the number of transmitted symbols of rank indication,

M PUSCH \
RE denotes the total number of symbols which can be

Mg, denotes

transmitted through a physical channel, and
the number of transmitted symbols of CQI/PMI.
However, the method described in Embodiment 2-A may
be differently implemented in a UE and an eNB as described
in Embodiments 1-A and 1-B.
Therefore, to solve such a problem, Eguation 52 may

be replaced with the following Equation 54.

[Equation 54]

Alm'AQQIZﬁLu'ﬂm'Alzng
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M

N PUSCH . ]
When ~ ¢, Ny , Aﬁl, and M are given, R is the

smallest integer satisfying Equation 54.

1f Mu s obtained, Meoi is calculated using Equation

53.

When calculating a code rate of the CQI/PMI using the
method described in Embodiment 2-A, an accurate code rate
is not applied to information (i.e., CQI/PMI and rank
indication). Assuming that a reference code rate is a code
rate of the CQI/PMI, the code rate of the CQI/PMI can be
determined only when an occupied ratio of rank indication
among the entire amount of information should be determined.
Namely, the method described in Embodiment 2-A assumes the
code rate of the CQI/PMI in an ideal state as the reference
code rate under the assumption that only the CQI/PMI is
transmitted.

Embodiment 2-B

In Embodiment 2-B, a method is ©proposed for
simultaneously calculating reference code rates of CQI/PMI
and rank indication in a closed form using the fact that
the total number of transmitted symbols is the sum of the
numbers of transmitted symbols of the CQI/PMI and rank

indication on a UL-SCH.
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Specifically, assuming that a reference MCS is an
unknown parameter and the numbers of transmitted symbols of
CQI/PMI and rank indication are expressed as a function of
the reference MCS, since the total number of transmitted
symbols of the CQI/PMI and rank indication is known, an
accurate reference MCS can be obtained.

When the CQI/PMI and rank indication are transmitted
on the UL-SCH, the total number of symbols transmitted on
the UL-SCH may be indicated by the sum of the number of
transmitted symbols of the CQI/PMI and the number of
transmitted symbols of the rank indication. Accordingly, a
reference MCS 1is calculated wusing the equation for
calculating the number of transmitted symbols of the rank
indication and the equation for calculating the number of
finally transmitted symbols of the CQI/PMI. The number of
transmitted symbols of the rank indication is calculated
using the calculated reference MCS and then the number of
transmitted symbols of the CQI/PMI is calculated.

Namely, the number of transmitted symbols of the rank
indication is calculated using the following Equation 55.
In this case, the number of transmitted symbols of the
CQI/PMI is expressed as a function of the number of

transmitted symbols of the rank indication and a closed-
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form equation is obtained as shown in the following
Equation 56.

[Equation 55]
Mllz)gsc” =MCQ1 + My

[Equation 56]
Ap

Ay M
M PuscH = My, +{Nm 1010 'MCSref-’:MCQI +’VNRI 1010 ﬂ]

cor

N

In Equation 54 and Equation 55, r denotes a payload

Ap denotes a parameter expressing,

size of rank indication,
in dB, an offset value for compensating for a difference
between a block error rate of data and a block error rate

of rank indication and a difference between a data encoding

M

scheme and a rank indication encoding scheme, R denotes

the number of transmitted symbols of rank indication,

M PUSCH .
RE denotes the total number of symbols which can be

transmitted through a physical channel, and Meo denotes
the number of transmitted symbols of CQI/PMI.

To solve a quantization problem, Equation 56 may be
replaced with the following Equation 57.

[Equation 57]

(MlsgSCH —Mcgl)'NCQl 2 NR] -ﬁm -Mch
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Apr

where Bu denotes a value obtained by quantizing 101

PUSCH M
when Nw , Neoi , Bu , and Mg are given, ¢ jis the
smallest integer satisfying Equation 57.

Embodiment 2-C

5 Embodiment 2-C uses the same principle as Embodiment
1-C. Since there is no transmitted data, rank indication
is calculated first when calculating CQI/PMI. Accordingly,
when the rank indication and CQI/PMI are transmitted on a
UL-SCH, a reference MCS is defined as follows.

10 [Equation 58]

PUSCH
M cor t M, M

MCSre= pad
4 ﬂCQI'NCQJ"'ﬂR]'NRJ :BCQI'NCQI'*'ﬂRl'NRJ

The number of transmitted symbols of +the rank

indication is calculated using the following Equation 59.

The number of transmitted symbols of the CQI/PMI is a

15 calculated by subtracting the number of transmitted symbols

of the rank indication from the total number of symbols
transmitted on the UL-SCH.

[Equation 59]
Ay
M, = [NX 1010 -MCS,ef—' =[N, -B,-MCS,,

N, Ay

20 where denotes a payload size of information X,

denotes a parameter expressing, in dB, an offset value for
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compensating for a difference between a data decoding

scheme and an information (X) decoding scheme, and M,
denotes the number of transmitted symbols of information X.
In Equation 59, the information X may correspond to the
rank indication.

Embodiment 3

ACK/NACK information is inserted through puncturing
multiplexed data, CQI/PMI, and rank indication and thus a
code rate of the information can be changed. However,
since an eNB does not always know whether or not a UE
transmits ACK/NACK information, the number of transmitted
symbols of ACK/NACK information is independently calculated
using a reference MCS after the number of occupied symbols

on a UL-SCH.

M PUSCH M
AKB%,=—J£—— AKIL4=‘N““
When data is present, : data Oy data i g

used as a reference MCS. When data is not present and only

CQI/PMI and rank indication are transmitted on a UL-SCH,

MPUSCH M
MCS,, =—2— MCS,, =—%
cor or € 4is used as the reference MCS.

That 1is, a reference MCS used by ACK/NACK information may

wcs,, = Mx

be generalizes as ¥ and the number of transmitted
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symbols of the ACK/NACK information may be represented as
follows.

[Equation 60]

AA/N M M
M,y =[NA/N -10 1 'MCS,-efwz‘»NA/N -10 10 -___X—l

X

5 where Naw denotes a payload size of ACK/NACK

information, and Ay denotes a parameter expressing, in dB,
an offset value for compensating for a difference between a
block error rate of data and a block error rate of ACK/NACK

information and a difference between a data encoding scheme

10 and a ACK/NACK information encoding scheme, and My

‘denotes the number of finally transmitted symbols of
ACK/NACK information.
To solve a quantization problem, a method for
calculating the number of transmitted symbols of ACK/NACK
15 information through a physical channel is as follows.
[Equation 61]

MA/N’NX ZNA/N 'ﬂA/N 'Mx

where Baw denotes a value obtained by quantizing

Agrn
10 When A[X, AG’, ﬂﬂ", and'NMN are given, M yn is the

20 smallest integer satisfying Equation 61.

Embodiment 4
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Differently from data or CQI/PMI, ACK/NACK
information and rank indication transmitted on a UL-SCH
always use quadrature phase shift keying (QPSK) or binary
phase shift keying (BPSK) modulation. To implement such a
specific modulation  scheme, the ACK/NACK and rank
indication may wuse only 4 outermost coordinates (2
outermost coordinates when BPSK is used) of a modulation
constellation of the data or CQI/PMI.

FIG. 12 illustrates an example of modulation
constellation coordinates used by ACK/NACK information and
rank indication when data and CQI/PMI use a 16 quadrature
amplitude modulation (QAM) scheme. FIG. 13 illustrates an
example of modulation constellation coordinates used by
ACK/NACK information and rank indication when data and
CQI/PMI use a 64 QAM scheme.

As illustrated in FIGs. 12 and 13, 1f ACK/NACK
information and rank indication use the 4 outermost
coordinates, since the locations of symbols of the ACK/NACK
information and rank indication may be farthest away from
each other in terms of Euclidean distance, performance may
be improved.

However, if only the outermost coordinates are used
on modulation constellation coordinates, an average power

of transmission of ACK/NACK information and rank indication
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is greater than 1 under the assumption that an average
power of transmission of data and CQI/PMI is 1.
Accordingly, when calculating the number of transmitted
symbols .of the ACK/NACK information and rank indication on
a UL-SCH, if a modulation order of the data or CQI/PMI is
16 QAM or 64 QAM, a method is proposed for calculating the
numpber of transmitted symbols of the ACK/NACK information
and rank indication on the UL-SCH using an additional

Aoms

.BQAM =10

compensation offset parameter in addition to a

Ayn Aws

=10 10 —_1010
compensation offset parameter Buy =10 or Br =10 .

When the modulation order of the data or CQI/PMI 1is

QPSK, My and Mr are calculated using the above-described

Embodiments 1-A, 1-B, 2-A, and 2-B. When the modulation
order of the data or CQI/PMI is 16 QAM, the number of
symbols of corresponding information is calculated using

. Ari+Ai60am A n+Aisoam

ﬂm = ,Bm ’ﬂlsQAM =10 10 ﬂA/N = .BA/N ':316QAM =10 10

or instead

Aun

Bpr . Auw
—_ 10 —_ 10
of Br =10 or Ban =10 in Embodiments 1-A, 1-B, 2-A, and
2-B.
When the modulation order of the data or CQI/PMI is

64 QAM, the number of symbols of information is calculated
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. Apr+Assonm A n+Bsspam

Br = Bu '.516QAM =10 ﬂA/N = .BA/N 'ﬁ64QAM =10 10

using or

Ay Aun

instead of ﬂm=10W or 'BA/NZIOT in Embodiments 1-A, 1-B,
2-A, and 2-B.

To compensate for a difference 1in power of the
ACK/NACK information and the rank indication when using 16
QAM or 64 QAM as the modulation order of the data or

Aun Ap

CQI/PMI, offset values Buw =101 and ﬂm:ﬂOTa of the
ACK/NACK information and the rank indication may be set
differently according to the modulation order. Therefore,
a corresponding offset value 1is used according to the
modulation order of the data or the CQI/PMI.

Embodiment 5

The maximum numbers of transmissible symbols of rank
indication and ACK/NACK information may be limited. As a

method proposed in the present invention, when calculating

My which is the numbers of transmitted symbols of the

ACK/NACK information, if M yn is greater than the maximum

number of transmissible symbols of ACK/NACK information,

M yn is set to the maximum numbers of transmissible symbols

of the ACK/NACK information. In addition, when calculating

My which is the numbers of transmitted symbols of the
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ACK/NACK information, if My is greater than the maximum
number of transmissible symbols of rank indication, My is

set to the maximum numbers of transmissible symbols of the

. , \ . M
rank indication. The maximum numbers or values of AIN

and My may be 12xNggx4. Herein, Nig denotes the number of
resource blocks (RBs) transmitted through a physical uplink

shared channel (PUSCH). If one RB is transmitted through

the PUSCH, the maximum wvalues of M iy and My are 48.

As in Embodiment 1-B, if the data, CQI/PMI, and rank
indication are multiplexed, the number of transmitted
symbols of the rank indication may be calculated last

according to circumstances. Then it is confirmed whether
the number My of transmitted symbols of the rank
indication exceeds a maximum transmissible value. If My

exceeds the maximum value, My is limited to the maximum

value and symbols of the data or CQI/PMI corresponding to a

difference between the calculated My and the maximum.
transmissible value are further transmitted.

Embodiment 6

In some cases, a reference code rate greater than 1
may be set or calculated. If the reference code rate 1is

greater than 1, CQI/PMI, rank indication, and ACK/NACK
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information are not decoded in an eNB and a UE may transmit
unnecessary. information. In this case, the number of
transmitted symbols of the CQI/PMI, rank indication, and
ACK/NACK information may be set to 0 and only data may be
transmitted.

To efficiently wuse one wuplink, an eNB may not
generate a circumstance having a code rate greater than 1.
If a UE senses such a circumstance, it is determined that
the eNB has made a mistake or the UE has read different
control information so that no information may Dbe
transmitted to the uplink.

Embodiment 7

In a communication system, if an error occurs in a
data packet due to failure of receipt after the data packet
is transmitted, the corresponding data packet 1is re-
transmitted. Retransmission may be commended by eNB or may
be performed via a predetermined schedule.

FIG. 14 shows a HARQ process for explaining data
retransmission. As shown in FIG. 14, it is configured that
maximum process 1is set to be 8 processes and maximum
retransmission time is set to be 4. 1In each process, when
the UE receives UL Grant from the eNB at ni, subframe timing,

4th

the UE start to transmit data in n+ subframe.
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For example, in process 1, if the UE does not receive
ACK from the eNB during 3 times retransmission of data
(e.g., denoted by ‘1’ in FIG. 14) stored in a buffer after
starting to transmit data in a n+4:, subframe, the UE
performs buffer flush, reconstructs the data and transmits
the reconstructed data (e.g., denoted by lre in
FIG. 14). Process 2 is an identical case to the process 1.
In Process 3, if the UE receives ACK from the eNB after
retransmitting data (e.g., dented by 3 in FIG. 14) 2 times,
the UE transmits new data (e.g., denoted by 3’ in FIG. 14)
at 4™ transmission timing. 1In addition, in process 3, if
the UE does not receive ACK from the eNB after transmitting
the new data, the UE retransmits the new data at 5th
transmission timing. Processes 4 to 6 can be explained as
described above. In addition, each of processes 1 t o 8 is
operated independently.

In the case where re-transmission occurs, if decoding
is performed using an initially received data packet and a
data packet received by re-transmission, a success
probability of receiving the data packet is increased even
though not all resources employed when the data packet is
initially transmitted are used.

For example, when the communication system operates

such that the initial data packet is transmitted without
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errors with a probability of 90%, the system does not
encounter any problem even when the data packet is re-
transmitted at a code rate higher than a code rate of the
initial data packet. Transmitting a data packet at a high
code rate means that less physical transmission resources
are used than during the initial transmission of the data
packet.

In the present invention, a method for calculating a
reference MCS using a packet size of data and the total
number of symbols which can be transmitted through a PUSCH
and a method for calculating the number of transmitted
symbols of CQI/PMI and rank indication using the reference
MCS have been proposed.

However, even though a lower number of symbols of
data is transmitted than during initial transmission, no
problem occurs in system operation and efficiency may be
improved. Accordingly, a lower number of total symbols on
a PUSCH may be allocated during re-transmission of data.
At this time, CQI/PMI and/or rank indication may be
multiplexed with re-transmitted data and then may be
transmitted.

If the reference MCS 1is calculated using the total
number of symbols which can be transmitted at a

corresponding PUSCH transmission time, a code rate which
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can stably transmit the CQI/PMI and/or the rank indication
may not be set. FIG. 15 is a diagram explaining a use
relationship of a reference MCS during re-transmission of
data. As 1illustrated in FIG. 15, while data is re-
transmitted through a PUSCH, a method for calculating the
numbers of transmitted symbols of CQI/PMI, rank indication,
and ACK/NACK information is proposed using a code rate used
during the initial transmission of data.

More specifically, a reference MCS in the following
Equation 62 to calculate the number of transmitted symbols
of information X employs a reference MCS used when data is
initially transmitted.

[Equation 62]

Ay
M, =[NX 1010 -MCS,ef]

where Aﬂ;ﬁ” denotes a reference MCS when the

Ny

data is initially transmitted, denotes a payload size

Ay denotes a parameter expressing, in dB,

of information X,
an offset value for compensating for a difference between

the decoding scheme of data and the decoding scheme of the

information X, and M,y denotes the number of transmitted
symbols of information X. The information X can be CQI/PMI,

rank indication or ACK/NACK information.
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The equation 62 can be expressed by the following
equation 63.

[Equation 63]

PUSCH —initial PUSCH —initial PUSCH
Ql_ O.Msc 'Nsymb 'ﬁoﬁset

- C-1
K,

r=0

5 In the Equation 63, 0 is the number of transmitted
symbols of the control information (e.g., CQI/PMI, rank
indication or ACK/NACK information) when the data 1is

retransmitted, O is the payload size of the control

N PUSCH -initial
information when the data is retransmitted. symb is a

10 number of SC-FDMA symbols per subframe for Physical Uplink

Shared Channel (PUSCH) transmission when the data is

M:;USCH —initial

initially transmitted and is a scheduled

bandwidth PUSCH transmission when the data is initially

PUSCH —initial . NPUSCH —initial
transmitted. Thus, se symb is the total number

15 of transmissible symbols of Physical Uplink Shared Channel

(PUSCH) when the data is initially transmitted.

[ol
ﬂﬂmm }:K}

o is the offset value. r=0 is the payload size

of the data when the data is initially transmitted, r is

code block number of the data before channel coding, K, is
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a number of bits in code block number r, and C is a total
number of code blocks.

In an LTE system, when a data packet 1is re-
transmitted,  redundancy version (RV) numbers are assigned
according to a re-transmission form. However, in
transmission through a PUSCH, RV numbers 1, 2, and 3 among
RV numbers 0, 1, 2, and 3 are used only for re-transmission.
Therefore, if data is transmitted during PUSCH transmission
with the RV number 1, 2, or 3, the numbers of transmitted
symbols of CQI/PMI, rank indication, and ACK/NACK
information are calculated using a reference MCS when data
is transmitted with the RV number 0. Namely, if data is
retransmitted, the numbers of transmitted symbols of
CQI/PMI, rank indication, and ACK/NACK information are
calculated by using the equation 63.

In embodiment 7, a function of each module of a UE
during re-transmission of the data is as follows.

FIG. 16 is a block diagram of a UE according to an
exemplary embodiment of the present invention. A UE 130
includes a first <channel coding module 131, a second
channel coding module 132, and a transport module 133. The
UE 130 may further include modules such as a multiplexing
module, a transport module, and an interleaving module but

these are omitted for convenience of description.
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The first channel coding module 131 performs channel
coding upon data to be re-transmitted. The second channel
coding module 132 performs channel coding upon control
information.

The second channel coding module 132 calculates the
number of transmitted symbols of the control channel by
using the Equation 63.

The transport module 133 performs channel
interleaving upon the first channel-coded data and the
second channel-coded control information and transmits the
interleaved uplink signal to an uplink.

According to the above-described configuration, a
code rate for stably transmitting the CQI/PMI and/or rank
indication during re-transmission of data can be set.

As is apparent from the above description, when data
and control information are transmitted wvia an uplink
channel, an uplink signal including the data and control
information can be transmitted by accurately calculating
code rates of the data and control information.

The present invention may be applied to a UE, an eNB
or other equipment of a radio mobile communication system.
If applied to an eNB, the eNB performs a deinterleaving and
decoding operation to derive the signal from the

encoded/interleaved signal sent by the UE.
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FIG. 17 1is a block diagram showing constitutional
elements of a device 50, that can be either a UE or an eNB,
and that can perform the methods described above. Device
50 includes a processor 51, a memory 52, a radio frequency
(RF) unit 53, a display unit 54, and a user interface unit
55. Layers of the radio interface protocol are implemented
in the processor 51. The processor 51 provides the control
plane and the user plane. The function of each layer can
be implemented in the processor 51. The processor 51 may
also include a contention resolution timer. The memory 52
is coupled to the processor 51 and stores an operating
system, applications, and general files. If device 50 is a
UE, the display unit 54 displays a variety of information
and may use a well-known element such as a liquid crystal
display (LCD), an organic light emitting diode (OLED), etc.
The user interface wunit 55 can be configured with a
combination of well-known user interfaces such as a keypad,
a touch screen, etc. The RF unit 53 is coupled to the
processor 51 and transmits and/or receives radio signals.

The embodiments described above are provided by
combining constituent elements and features of the present
invention in specific forms. The constituent elements or
features of the present invention may be considered

optional if not explicitly stated otherwise. The
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constituent elements or features may be implemented without
being combined with other constituent elements or features.
The embodiments of the present invention may also be
provided by combining some of the constituent elements
and/or features. The order of operations in the
embodiments of the present invention may be changed. Some
constituent elements or features of one embodiment may be
included in another embodiment or may be replaced with
corresponding constituent elements or features of another
embodiment. It is apparent that the present invention may
be embddied by a combination of claims which do not have an
explicit cited relation in the appended claims or may
include new claims by amendment after application.

The embodiments of the present invention have been
described focusing on the data communication relationship
between an eNB and a UE. Here, the eNB refers to a°
terminal node of a network communicating directly with the
UE. In some cases, a specific operation described as being
performed by the eNB may be performed by an upper node of
the eNB.

Namely, it is apparent that the eNB or any other
network nodes may perform various operations for
communication with the UE 1in a network comprised of a

plurality of network nodes including the eNB. The term
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‘eNB’ may be replaced with the term ‘fixed station’, ‘Node
B’, ‘access point’, etc. The term ‘UE’ corresponds to a
mobile station (MS) and the MS may be replaced with the
term ‘subscriber station’ (SS), ‘mobile subscriber station’
(MSS), ‘mobile terminal’, etc.

The UE employed in the present invention may be a
personal digital assistant (PDA), a <cellular phone, a
personal communication service (PCS) phone, a global system
for mobile (GSM) phone, a wideband code division multiple
access (wide CDMA) phone, a mobile broadband system (MBS)
phone, etc.

The embodiments of the present invention may be
implemented by various means, for example, hardware,
firmware, software, or a combination thereof.

In a hardware configuration, methods according to the
embodiments of the present invention may be implemented by
one or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), processors,
controllers, microcontrollers, microprocessors, etc.

In a firmware or software configuration, methods
according to the embodiments of the present invention may

be implemented in the form of modules, procedures,
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functions, etc. which perform the above-described functions
or operations. Software code may be stored in a memory
unit so as to be 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 various known means.

The present invention may be embodied in other
specific forms than those set forth herein without
departing from the spirit and essential characteristics of
the present invention. The above description is therefore
to be construed in all aspects as illustrative and not
restrictive. The scope of the invention should be
determined by reasonable interpretation of the appended
claims and all changes coming within the equivalency range
of the invention are intended to be embraced in the scope

of the invention.
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[cLaIMS]

[Claim 1] A method of transmitting a first and a second

uplink signal, the first and second uplink signal each
having data and control information, comprising:

channel encoding the control information of the
second uplink signal based on a number of symbols of
control information to produce first channel encoded data,
the step of channel encoding including

determining the number of symbols in accordance with
a payload size of the data of the first uplink signal and a
total number of transmissible symbols of a Physical Uplink

Shared Channel (PUSCH) of the first uplink signal.

[Cclaim 2] Thé method of claim 1, wherein the step of
determining comprises:

determining the number of symbols in accordance with
a payload size of the control information of the second
uplink signal and an offset value applied to the control

information of the second uplink signal.

[claim 3] The method of claim 1, further comprising:

channel encoding the data of the second uplink signal to
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produce second channel encoded data;
channel interleaving the first and second channel
encoded data to generate the second uplink signal; and

transmitting the second uplink signal.

[Claim 4] The method of claim 2, wherein the number of

symbols of control information satisfies the expression:

MPUSCH
[, 0, M
daa lwhere
My is the number of the symbols of the control
information,
NX

is the payload size of the control information,

Bx is the offset wvalue,

N ioa is the size of the data of the first uplink

signal,

MPUSCH . . ,
RE.  is the total number of transmissible symbols of

Physical Uplink Shared Channel (PUSCH) of the first uplink

signal, and

“{]" denotes a ceiling function.

[claim 5] The method of claim 1, wherein the control

information is one of channel quality control information
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and a rank indication, and
wherein the channel quality control information
includes at least one of Channel Quality Information (CQI)

and a Precoding Matrix Indicator (PMI).

[ claim 6] The method of claim 1, wherein the control

information is one of channel quality control information
and a rank indication, and

wherein a payload size of the channel quality control
information includes a size of Cyclic Redundancy Check

(CRC) attached to the channel quality control information.

[Claim 7] The method of claim 1, further comprising:
retrieving the payload size of the data of the first

uplink signal and the total number of transmissible symbols

of the Physical Uplink Shared Channel (PUSCH) of the first

uplink signal from a memory or a cache.

[Claim 8] The method of claim 2, wherein the number of

symbols of control information satisfies the expression:

PUSCH —initial PUSCH —initial PUSCH
O- Msc ' Nsymb : ﬁoﬁ&et

C-1
S,

r=0 where

’
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Q is the number of the symbols of the control

information of the second uplink signal,

O is the payload size of the control information of

the second uplink signal,

N PUSC}'.I-initial
symb is a number of SC-FDMA symbols per subframe

for Physical Uplink Shared Channel (PUSCH) transmission of

PUSCH -initial
the first uplink signal, se is a scheduled bandwidth

PUSCH transmission for Physical Uplink Shared Channel

(PUSCH) transmission of the first uplink signal,

ﬁPUSCH
ot js the offset value,

r=0 is the payload size of the data of the first
uplink signal, r is code block number of the data of the
first uplink signal before channel coding of the data of
the first uplink signal, Ky is a number of bits in code

block number r, and C is a total number of code blocks.

[claim 9] A method of processing a received first and a

second uplink signal, the first and second uplink signal
each having data and control information, comprising:
channel decoding channel encoded data with a payload

size of the data of the first uplink signal and a total
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number of transmissible symbols of a Physical Uplink Shared
Channel (PUSCH) of the first uplink signal to produce the

control information of the second uplink signal.

[claim 10] The method of claim 9, wherein the step of

channel decoding comprises:

channel decoding the channel encoded data with a
payload size of the control information of the second
uplink signal and an offset wvalue applied to the control

information of the second uplink signal.

[claim 11] The method of claim 10, wherein a number of

symbols of control information decoded in the step of

decoding satisfies the expression:

PUSCH ~initial PUSCH —initial PUSCH
Q; _ O'Msc .Nsymb 'ﬂoﬂ&et
- C-1

SK,

r=0 where

Y is the number of the symbols of the control

information of the second uplink signal,

O is the payload size of the control information of

the second uplink signal,

N PUSCH -initial
symb is a number of SC-FDMA symbols per subframe

for Physical Uplink Shared Channel (PUSCH) transmission of
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PUSCH —initial
the first uplink signal, s is a scheduled bandwidth

PUSCH transmission for Physical Uplink Shared Channel

(PUSCH) transmission of the first uplink signal,

ﬂPUSCH
ot js the offset value,

9}

K

r

~
1l
(=3

is the payload size of the data of the first
uplink signal, r is code block number of the data of the
first uplink signal before channel coding of the data of
the first uplink signal, Ky is a number of bits 1in code

block number r, and C is a total number of code blocks.

[Claim 12] An apparatus configured to transmit a first and

a second uplink signal, the first and second uplink signal
each having data and control information, comprising:

a RF unit;

a memory; and

a processor operatively connected to the RF unit and
the memory, the processor configured to channel encode the
control information of the second uplink signal based on a
number of symbols of control information to produce first
channel encoded data by determining the number of symbols
in accordance with a payload size of the data of the first

uplink signal and a total number of transmissible symbols
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of a Physical Uplink Shared Channel (PUSCH) of the first

uplink signal.

[ claim 13 ] The apparatus of claim 12, wherein the

processor is configured to determine the number of symbols
in accordance with a payload size of the control
information of the second uplink signal and an offset value
applied to the control information of the second uplink

signal.

[ claim 14 1 The apparatus of claim 12, wherein the

processor is configured to

channel encode the data of the second uplink signal
to produce second channel encoded data;

channel interleave the first and second channel
encoded data to generate the second uplink signal; and

transmit the second uplink signal.

[Claim 15] The apparatus of claim 13, wherein the number-
of symbols of control information satisfies the expression:

PUSCH
Meg

e[ 8,
data

}where

My is the number of the symbols of the control
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information,

Ny is the payload size of the control information,

B is the offset value,

N is the size of the data of the first uplink

signal,

MEUSCH .
RE is the total number of transmissible symbols of

Physical Uplink Shared Channel (PUSCH) of the first uplink

signal, and

“[]" denotes a ceiling function.

[Claim 16] The apparatus of claim 12, wherein the control

information is one of channel quality control information
and a rank indication, and

wherein the <channel quality control information
includes at least one of Channel Quality Information (CQI)

and a Precoding Matrix Indicator (PMI).

[Claim 17])] The apparatus of claim 12, wherein the control

information is one of channel quality control information
and a rank indication, and
wherein a payload size of the channel quality control

information includes a size of Cyclic Redundancy Check
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(CRC) attached to the channel quality control information.

[ claim 18 ] The apparatus of claim 12, wherein the

processor is configured to retrieve the payload size of the
data of the first uplink signal and the total number of
transmissible symbols of the Physical Uplink Shared Channel

(PUSCH) of the first uplink signal from a memory or a cache.

[Claim 19] The apparatus of claim 13, wherein the number

of symbols of control information satisfies the expression:

PUSCH ~initial PUSCH —initial PUSCH
Q,_ O'Msc 'Nsymb 'ﬂoﬁ&'et

r= where

Y is the number of the symbols of the control

information of the second uplink signal,

O is the payload size of the control information of

the second uplink signal,

N PUSCH -initial
symb is a number of SC-FDMA symbols per subframe

for Physical Uplink Shared Channel (PUSCH) transmission of

PUSCH -initial
the first uplink signal, se is a scheduled bandwidth

PUSCH . transmission for Physical Uplink Shared Channel

(PUSCH) transmission of the first uplink signal,
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ﬁPUSCH
ot js the offset value,

r=0 is the payload size of the data of the first
uplink signal, r is code block number of the data of the
first uplink signal before channel coding of the data of
the first uplink signal, K; is a number of bits in code

block number r, and C is a total number of code blocks.

[Claim 20] An apparatus configured to a received first and

a second uplink signal, the first and second uplink signal
each having data and control information, comprising:

a RF unit;

a memory; and

a processor operatively connected to the RF unit and
the memory, the processor configured to channel decode
channel encoded data with a payload size of the data of the
first wuplink signal and a total number of transmissible
symbols of a Physical Uplink Shared Channel (PUSCH) of the

first uplink signal.

[ claim 21 ] The apparatus of claim 20, wherein the

processor 1is configured to channel decode the channel

encoded data with a payload size of the control information
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of the second uplink signal and an offset value applied to

the control information of the second uplink signal.

[claim 22] The apparatus of claim 21, wherein a number of

symbols of control information decoded by the decoder

satisfies the expression:

PUSCH -initial PUSCH —initial PUSCH
Q,_ O.Msc 'Nsymb 'ﬂoﬁ&el
- c-1

2K,

r= where

Q is the number of the symbols of the control

information of the second uplink signal,

O is the payload size of the control information of

the second uplink signal,

N PUSCH -initial
symb is a number of SC-FDMA symbols per subframe

for Physical Uplink Shared Channel (PUSCH) transmission of

PUSCH ~initial
the first uplink signal, s is a scheduled bandwidth

PUSCH transmission for Physical Uplink Shared Channel

(PUSCH) transmission of the first uplink signal,

ﬂPUSCH
ofse.  is the offset value,

r=0 is the payload size of the data of the first

uplink signal, r is code block number of the data of the
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first uplink signal before channel coding of the data of
the first uplink signal, K, is a number of bits in code

block number r, and C is a total number of code blocks. A
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Figure 7
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Figure 8
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Figure 12
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Figure 13
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