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METHOD OF TRANSMITTING DOWNLINK
CHANNEL RANK INFORMATION
THROUGH PHYSICAL UPLINK SHARED
CHANNEL

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CLAIM FOR PRIORITY

This application is a reissue of U.S. patent application
Ser. No. 13/105,428, filed on May 11, 2011, now U.S. Pat.

No. 8,599 781 B2 issued on Dec. 3, 2013, which claims
priority to, and the benefit of, Korean Patent Application No.

2010-0043844 filed on May 11, 2010 1n the Korean Intel-
lectual Property Office (KIPO), the entire contents of which
are hereby 1ncorporated by reference.

BACKGROUND

1. Technical Field

Example embodiments of the present invention relate in
general to a method of transmitting channel rank 1informa-
tion (RI) through a physical uplink shared channel (PUSCH)
in a Third Generation Partnership Project (3GPP) long term
evolution (LTE) and LTE-advanced system, and more spe-
cifically, to a method of transmitting channel RI when the
number of bits for transmitting the channel RI to be trans-

mitted through a PUSCH 1s three.

2. Related Art

In 3GPP TS 36.211 v9.0.0 and 3GPP TS 36.212 v9.0.0 of
3GPP LTE release 8/9, a maximum of four transmitter
antennas are used for downlink multiple-input multiple-
output (MIMO) data transmission.

Assuming that there are two transmitter antennas, a ter-
minal determines a value of {1, 2} as RI of a downlink
channel matrix and feeds the 1-bit RI back to a base station.
Also, assuming that there are four transmitter antennas, a

terminal determines a value of {1, 2, 3, 4} as RI of a
downlink channel matrix and feeds the 2-bit RI back to a

base station. In 3GPP TS 36.212 v9.0.0, a standard has been
only defined for a method of encoding and transmitting RI
when the RI 1s one bit (i.e., a case where there are two
downlink antennas) or two bits (1.e., a case where there are

four downlink antennas).

However, in 3GPP L1E-advanced following 3GPP LTE
release 10 that 1s a standard after 3GPP LTE release 8/9, a
maximum of eight transmitter antennas are used for down-
link MIMO data transmission. In following standards, the
number of transmitter antennas may further increase to
improve a data transmission rate.

For example, when there are eight transmitter antennas, a
terminal should determine a value of {1, 2, 3, 4, 5, 6, 7, 8}
as RI of a downlink channel matrix and feed the 3-bit RI
back to a base station.

Furthermore, 1n standards following 3GPP LTE release
8/9, 1t has been determined to use carrier aggregation
whereby successive or non-successive carrier bands are
aggregated and used. In this case, channel RI about several
carrier bands should be fed back from a terminal to a base
station, and thus the number of bits of channel RI that should

be transmitted may further increase.
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Meanwhile, in a 3GPP LTE system and LTE-advanced
system, terminals transmit control information to a base
station through a PUSCH or physical uplink control channel
(PUCCH), and channel RI 1s encoded by repetition coding
and transmitted through the PUSCH.

However, as described above, a case in which the number
of bits for transmitting channel RI 1s three or more 1s not
taken into consideration at all 1n current 3GPP LTE release
8/9. Consequently, a method of encoding and transmitting,
channel RI when the number of bits of channel RI 1s three
or more 1s necessary for 3GPP LTE release 10 or the
following standards.

SUMMARY

Accordingly, example embodiments of the present inven-
tion are provided to substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

Example embodiments of the present invention provide a
method of transmitting channel rank mformation (RI) when
there are five or more downlink transmitter antennas or three
or more channel RI bits are required to transmit downlink
channel RI by carrier aggregation 1n a method of transmut-
ting downlink channel information through a physical
uplink shared channel (PUSCH) i a Third Generation
Partnership Project (3GPP) long term evolution (LTE) or
LTE-advanced system.

In some example embodiments, a method of transmitting,
channel RI when the number of bits for transmitting the
channel RI to be transmitted through a PUSCH 1s three
includes: mapping the channel RI (one value of {1, 2, 3, 4,
5, 6,7, 8}) to be transmitted to a 3-bit channel RI bit string
[O,%0, 0, and repeatedly mapping the 3-bit channel RI
bit string to modulation symbols 1n sequence according to a
modulation order.

Here, mapping the channel RI may include mapping the
channel RI (one value of {1, 2, 3, 4, 5, 6, 7, 8}) to the 3-bit
channel RI bit string [O,*O MO:2 ‘] according to the table

depicted 1n FIG. 2 herein.

Here, repeatedly mapping the 3-bit channel RI bit string
may include repeatedly mapping the 3-bit channel RI bit

string to modulation symbols 1m the form of
[0,0,0,0,0,0,*] when the modulation symbols
are quadrature phase-shiit keying (QPSK) symbols.

Here, repeatedly mapping the 3-bit channel RI bit string
may include repeatedly modulating and mapping the 3-bit
channel RI  bat String in the form  of
[0,0,xx0,0,“xx0,0,*xx] when the modulation
symbols are 16 quadrature amphtude modulation (QAM)
symbols, and “x” may be a placeholder maximizing a
Fuclidean distance between the modulation symbols.

Here, repeatedly mapping the 3-bit channel RI bit string
may include repeatedly modulating and mapping the 3-bit
channel RI  bit string 1 the form  of
[0, 0, M xxxx0, M0, xxxxQ, M0, xxxx] when the
modulation symbols are 64-QAM symbols, and “x” may be
a placeholder maximizing a Euclidean distance between the
modulation symbols.

In other example embodiments, a method of transmitting,
channel RI when the number of bits for transmitting the
channel RI to be transmitted through a PUSCH 1s three or
more includes: mapping the channel RI to be transmitted to
a channel RI bit string of 3 bits or more; Reed-Muller coding

the channel RI bit string using a basis sequence having a
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32-bit code length; and generating modulation symbols by
applying the Reed-Muller coded bit sequence to a modula-
tion mapper.

Here, the Reed-Muller coding may be performed by the
following expression:

NI
q;' = Z (O} Mmogzzynymod2 (=0, 1, ... , Qg —1)
n=0

where g,/ denotes a bit sequence obtained after encoding,
Qz; denotes the number of bits atter encoding, and M, ,
denotes a basis sequence having a value of O or 1.

BRIEF DESCRIPTION OF DRAWINGS

Example embodiments of the present invention will
become more apparent by describing 1n detaill example
embodiments of the present invention with reference to the
accompanying drawings, in which:

FIG. 1 1s a flowchart illustrating a method of transmitting
channel rank information (RI) according to a first example
embodiment of the present ivention;

FI1G. 2 1s a table showing an example of mapping between
RI of a downlink channel matrix and channel RI bit strings;

FIG. 3 1s a flowchart illustrating a method of transmitting,
channel RI according to a second example embodiment of
the present invention; and

FIG. 4 15 a table showing an example of a basis sequence
that can be applied to Reed-Muller coding of channel RI in
the method of transmitting channel RI according to the
second example embodiment of the present invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS
OF THE PRESENT INVENTION

Example embodiments of the present invention are dis-
closed herein. However, specific structural and functional
details disclosed herein are merely representative for pur-
poses ol describing example embodiments of the present
invention, however, example embodiments of the present
invention may be embodied 1n many alternate forms and
should not be construed as limited to example embodiments
of the present invention set forth herein.

Accordingly, while the mnvention 1s susceptible to various
modifications and alternative forms, specific embodiments
thereol are shown by way of example 1n the drawings and
will herein be described in detail. It should be understood,
however, that there 1s no intent to limit the invention to the
particular forms disclosed, but on the contrary, the invention
1s to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention. Like
numbers refer to like elements throughout the description of
the figures.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
clement, without departing from the scope of the present
invention. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.
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It will be understood that when an element is referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion (1.e., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and “the” are mtended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises,” “compris-
imng,” “includes” and/or “including,” when used herein,
specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereol.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted 1n an idealized or overly
formal sense unless expressly so defined herein.

It should also be noted that 1n some alternative 1mple-
mentations, the functions/acts noted 1n the blocks may occur
out of the order noted 1n the flowcharts. For example, two
blocks shown 1n succession may in fact be executed sub-
stantially concurrently or the blocks may sometimes be
executed 1n the reverse order, depending upon the function-
ality/acts mvolved.

The term “terminal” used herein may refer to a mobile
station (MS), user equipment (UE), user terminal (UT),
wireless terminal, access terminal (AT), subscriber unit,
subscriber station (SS), wireless device, wireless communi-
cation device, wireless transmit/receive unit (WTRU), mov-
ing node, mobile, or other terms. Various example embodi-
ments of a terminal may include a cellular phone, a smart
phone having a wireless communication function, a personal
digital assistant (PDA) having a wireless communication
function, a wireless modem, a portable computer having a
wireless communication function, a photographing appara-
tus such as a digital camera having a wireless communica-
tion function, a gaming apparatus having a wireless com-
munication function, a music storing and playing appliance
having a wireless communication function, an Internet home
appliance capable of wireless Internet access and browsing,
and also portable units or terminals having a combination of
such functions, but are not limited to these.

The term “base station” used herein generally denotes a
fixed or moving point communicating with a terminal, and
may refer to a Node-B, evolved Node-B (eNB), base trans-
ceiver system (BTS), access point, relay, femto-cell, and
other terms.

Heremaftter, two example embodiments of a method of
transmitting channel rank information (RI) according to the
present mnvention will be described. A first example embodi-
ment 1s obtained by expanding repetition coding used to
encode RI according to conventional Third Generation Part-
nership Project (3GPP) long term evolution (LTE) release
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8/9, and can be employed when the length of a channel RI
bit string required to transmit channel RI 1s 3 bits. A second
example embodiment makes use of block coding, that 1is,
Reed-Muller coding, and can be employed when the length
of a channel RI bit string required to transmit channel RI 1s
3 bits or more.

Embodiment

First Example

The first example embodiment corresponds to a method of
transmitting channel RI when the number of bits for trans-
mitting the channel RI through a physical uplink shared
channel (PUSCH) 1s three. When the number of bits for
transmitting the channel RI 1s three, the number of downlink
transmitter antennas may be five to eight.

FIG. 1 1s a flowchart illustrating a method of transmitting,
channel RI according to the first example embodiment of the
present mvention.

Referring to FIG. 1, a method of transmitting channel RI
according to the first example embodiment of the present
invention may include mapping channel RI (one value of {1,
2,3, 4, 5 6 7, R}) to be transmitted to a 3-bit channel RI bit
string [O | (8110), and repeatedly mapping the
3-bit Channel RI bit string to modulation symbols 1n
sequence according to a modulation order (S120).

First, 1n the mapping step (S110), the channel RI to be
transmitted 1s mapped to a 3-bit channel RI bit string
(0,20 ®0.R1.

Here, O,% denotes the most significant bit (MSB) of
N*“-bit input information, and O,™ denotes the least sig-
nificant bit (LSB) of the N*/-bit input information.

When RI is 3 bits, that is, the RI is [O,~'O,*0,"], the
3-bit RI [0,~O,*0,*] may be determined according to a
mapping relation illustrated in FIG. 2 between values of {1,
2,3,4,5,6,7, 8} that the RI of a downlink channel matrix
can have and channel RI bit strings. FIG. 2 1s a table showing
an example of mapping between RI of a downlink channel
matrix and channel RI bit strings.

Next, in the repeated mapping step (5120), the 3-bit
channel RI bit string 1s repeatedly mapped to modulation
symbols 1n sequence according to a modulation order as will
be described below.

First, when the 3-bit channel RI bit string 1s mapped to a
quadrature phase-shift keying (QPSK) symbol, the channel
RI bits may be mapped as shown in Expression 1 below.

(0,50 0,040 0, [Expression 1]

In other words, 1n the case of a QPSK symbol, two pieces
of bit information can be transmitted per modulation sym-
bol, and the three channel RI bits may be repeatedly coded
two times per three symbols as shown 1 Expression 1.

Second, when the 3-bit channel RI bit string 1s mapped to
a 16-quadrature amplitude modulation (QAM) symbol, the
channel RI bits may be mapped as shown 1in Expression 2
below.

(0,50, xx0,0,xx0 F0,xx] [Expression 2]

In other words, in the case of a 16-QAM symbol, four
pieces ol bit information can be transmitted per modulation
symbol, and the three channel RI bits may be repeatedly
coded two times per three symbols as shown 1n Expression
2. Here, “x” denotes a placeholder, which 1s a value selected
to maximize a Euclidean distance between 16-QAM modu-
lation symbols imncluding channel RI.

Third, when the 3-bit channel RI bit string 1s mapped to
a 64-QAM symbol, the channel RI bits may be mapped as
shown 1n Expression 3 below.

(0,50, xxxx0,M 0 xxxx0 O, xxxx] [Expression 3]
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In other words, in the case of a 64-QAM symbol, six
pieces ol bit information can be transmitted per modulation
symbol, and the three channel RI bits may be repeatedly
coded two times per three symbols as shown 1n Expression
3. Here, “x” denotes a placeholder, which 1s a value selected
to maximize a Euclidean distance between 64-QAM modu-
lation symbols including channel RI.

Second Example Embodiment

The second example embodiment corresponds to a
method of transmitting channel RI when the number of bits
for transmitting the channel RI through a PUSCH 1s three or
more. When the number of bits for transmitting the channel
RI 1s three or more, the number of downlink transmitter
antennas may be five or more, or the number of carrier bands
in which the channel RI needs to be transmitted by carrier
aggregation 1s two or more.

FIG. 3 1s a flowchart illustrating a method of transmitting,
channel RI according to the second example embodiment of
the present mnvention.

Referring to FIG. 3, a method of transmitting channel RI
according to the second example embodiment of the present
invention may include mapping channel RI to be transmuitted
to a channel RI bit string of 3 bits or more (5310), Reed-
Muller coding the channel RI bit string using a basis
sequence having a 32-bit code length (8320), and generating
modulation symbols by applying the Reed-Muller coded bt
sequence to a modulation mapper (S330).

First, in the mapping step (S310), channel RI to be
transmitted is mapped to a channel RI bit string [O,",
O™, ..., Owr ™ of 3 bits or more.

Here, N*/ denotes the number of bits required to transmit
channel RI (N*/z3 in the second example embodiment),
O, denotes the MSB of N*-bit input information, and
O, denotes the LSB of the N*-bit input information.

For example, when the number of bits for transmitting
channel R1 is three (i.e., N*/=3), a 3-bit channel RI bit string
[0,0,M0,*] may be determined according to the map-
ping relation illustrated in FIG. 2 between values of {1, 2, 3,
4, 5, 6,7, 8} that the RI of a downlink channel matrix can
have and channel RI bit strings. In other words, this case 1s
the same as the mapping relation exemplified 1n the first
example embodiment. Also, when the number of bits for
transmitting channel RI 1s four or more, a channel RI bit
string may be mapped 1n a similar way as illustrated 1n FIG.
2.

Next, the Reed-Muller coding step (S320) may be per-
formed as will be described below.

The above-mentioned Reed-Muller coding may be

expressed by Expression 4 below and a basis sequence
illustrated 1n FIG. 4 that will be described later.

wRI_| |Expression 4]

q = Z (OM - Mimod32),n)mod2

(=0,1,... ,Qp —1)

Here, g, denotes a bit sequence obtained after encoding,
Qg denotes the number of bits atter encoding. M, ,, denotes
a basis sequence having a value of 0 or 1.

FIG. 4 15 a table showing an example of a basis sequence
that can be applied to Reed-Muller coding of channel RI in
the method of transmitting channel RI according to the
second example embodiment of the present invention.
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In the transmission method according to an example
embodiment of the present invention, channel RI 1s Reed-
Muller coded using a basis sequence having a 32-bit code
length. Expression 4 above expresses Reed-Muller coding
together with a process of generating a bit sequence to be
transmitted by circular repetition.

In other words, QQ,, denotes the number of bits to be
transmitted through a wireless link and 1s determined
according to the number of modulation symbols and a

modulation order to be used to transmit a channel RI bit
string through a PUSCH. When N* channel rank bits are

Reed-Muller coded into a bit sequence having a length of 32
bits, the coded bit sequences having a length of 32 bits are
concatenated in a length of Q,, and rate-matched. For

example, when Q,,1s 100, a Reed-Muller coded 32-bit bit

sequence 1s repeated three times, and last four (=100-32x3)
bits may be the foremost four bits of the Reed-Muller coded
bit sequence.

In other words, 1n a method of encoding channel RI
according to an example embodiment of the present inven-
tion, linear combination 1s applied to three or more channel
RI bits to perform encoding.

Finally, 1n the modulation symbol generating step (S330),
the bit sequence that has been Reed-Muller coded and
rate-matched 1s applied to a modulation mapper to generate
modulation symbols, and the generated modulation symbols
are mapped to resource locations designated in a PUSCH
and transmitted.

Using a method of transmitting downlink channel RI
through a PUSCH according to example embodiments of the
present invention, the channel RI can be efliciently encoded
and transmitted even 1 three or more channel RI bits are
required to transmit the downlink channel RI.

In particular, a method of transmitting downlink channel
RI according to example embodiments of the present inven-
tion can be employed when five or more antennas are
required for downlink transmission or several carrier bands

[ 1

are used by carrier aggregation as specified in 3GPP LTE-
advanced following 3GPP LTE release 10.

While the example embodiments of the present invention
and their advantages have been described 1n detail, 1t should
be understood that various changes, substitutions and altera-
tions may be made herein without departing from the scope
of the mvention.

What 1s claimed 1s:

1. A communication method [of transmitting channel rank
information (RI) when a number of bits for transmitting the
channel RI to be transmitted through a physical uplink
shared channel (PUSCH) is three or more], the method
comprising;

mapping [the channel RI to be transmitted] rank
indication (RI) to a [channel RI bit string of 3 bits or
more] set of bits, the set of bits comprising N*' bits
o o™ ... O0%n,}, wherein NV is an integer
equal to or larger than 3;

[Reed-Muller coding] ercoding the [channel RI bit string
using a basis sequence having a 32-bit code length] ser
of bits to generate a set of encoded bits; [and]

generating [modulation] symbols [by applying the Reed-
Muller coded bit sequence to a modulation mapper}
based on the set of encoded bits; and

transmitting the symbols,

[wherein, when the channel RI to be transmitted is
mapped to a 3-bit channel RI bit string, mapping the
channel RI includes mapping the channel RI (one value
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3
of {1, 2,3,4,5,6,7,8}) to a bit 3-bit channel RI bit
string [0, 0, 0,"] according to the table of FIG. 2,
and]

wherein the [Reed-Muller coding] encoding is performed
by the following expression:

pRI_)

q = Z (05" Mmoazzyn)mod2 =0, 1, ... , Qg = 1)
n=0

where g, denotes a bit sequence obtained after encoding,
Qr7 denotes a number of bits atter encoding, and M, ,,
[and] denotes a [basis] sequence [having a value of 0 or

1] defined by Table 1:
IABLE 1

L Mo M;, M5 M3 My M;s Mye M7 Mg M;9 M0

by bo bo boO
S M Co ™)

0 1 / 0 0 0 0 0 0 0 0 I
I 1 i i 0 0 0 0 0 0 i I
2 1 0 0 ) 0 0 ) 0 / / I
3 1 0 i i 0 0 0 0 i 0 I
4 1 ) i i 0 0 0 ) 0 0 I
> | { 0 0 I 0 I I ) 0 I
6 [ 0 i 0 I 0 ) 0 ) ) I
7 0 0 i I 0 0 I ) 0 I
§ i 0 i | 0 0 ) 0 i |
9 1 0 i i / 0 / 0 0 / I
10 1 0 i 0 0 | ) ) 0 i |
11 1 / i 0 0 I / 0 i 0 I
12 1 0 0 i 0 I 0 ) i i I
13 1 / 0 ) 0 I 0 / 0 / I
i4 1 0 0 0 I I 0 ) 0 0 I
15 1 / 0 0 I I / / 0 / I
16 1 { i 0 I I I 0 0 { 0
17 1 0 0 i I I 0 0 ) 0 0
18 1 { 0 i I I I I 0 0 0
19 1 0 0 0 0 I ) 0 0 0 0
20 1 0 i 0 0 0 / 0 0 0 I
21 1 i 0 i 0 0 0 0 0 i |
22 1 0 0 0 / 0 0 / i 0 I
23 1 i i 0 I 0 0 0 i i I
24 1 / ) ) I 0 / / / / 0
25 1 i 0 0 0 I ) ) 0 0 I
26 1 0 ) ) 0 I 0 0 / / 0
) { i i 0 I 0 I ) { 0

) 0 i 0 I I ) 0 ) 0 0

) 0 i i I I I I ) 0 0

) ) i i I I ) ) ) ) I

/ 0 0 0 0 0 0 0 0 0 0

AN
b,

2. The method of claim 1, wherein [the basis sequence
M, ,, 1s defined by the table of FIG. 4] the encoding is

Reed-Muller coding.

3. The method of claim I, wherein the symbols are
transmitted through a physical uplink shaved channel

(PUSCH).

4. The method of claim 1, wherein the N is larger than
3.

5. A communication apparatus, COmprising a processor:
wherein the processor is configured to:

map rvank indication (RI) to a set of bits, the set of bits
comprising N* bits {0, O ... O &}, wherein
N is an integer equal to or larger than 3;

encode the set of bits to generate a set of encoded bits;

generate symbols based on the set of encoded bits; and

cause the communication apparatus to transmit the
symbols,

wherein the encoding is performed by the following
expression:



where g, denotes a bit sequence obtained after encoding,
Qg; denotes a number of bits after encoding, and M, ,

denotes a sequence defined by lable 1.
IABLE 1

! Mrf,u Mz’,l ﬂ/fi,E M,B M,-d ij Mrf,ﬁ Mrﬂ Mrf,s Mz‘,g M@,m

.
D O Co N Dy e R PO e D

T L E
o e o Do ey

g; = Z (O} - Mmoazzyn)mod2 (i=0, 1, ... , Qg = 1)

T T T T T T T I T T I

YL,

n=0

g T Ry TN R O D e D DY kg by DY Ry by

S

S D D D R b b D e D e b D ke

S

o T e T R e T W T e T W T O A

D

Pt b O QO QO QO M e e e e (OO O D

L T T PR e S s S Wi T s, T W S Wi, S W S s S e T

o

b O O O MO OO OO

o

by by R g Y Ry O Ry by N Ry ke O D

O

D Oy Oy M R TN N Y R R e O e e O

US RE48,101 E

S

by TN g e Ty Ry Ry Ry Ty e Dy TN Ry ey

T T T T e T T e T e T P
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1ABLE I-continued

L Mo My, Mo Mz My, M;s Mg My; Mg Mo Mo

16
5 17
18
19
20
21
22
10 23
24
25
26
27
28
29
30
3]

D
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N o e e N T e L T
o e D O R D R e e Oy R DD e O
O Pt by by by Ry Oy R by Y D R D D
T T T T s B W T s B e T s T I
O bt P Ry D D R by by O D e by by
O bt b Ry by kg el O D D D D Ry b by by
Y P R R O R by D DY R Ry by O ey
e T R B e T s T T e T s T e T
O P P by Ry e D Ry e el D D D

o e D O R e D R b Oy R DD O D
e e N B B e B T e T S e B e B . B

6. The communication apparatus of claim 5, wherein the
»g encoding is Reed-Muller coding.

7. The communication apparatus of claim 5, wherein the

symbols arve transmitted through a physical uplink shaved
channel (PUSCH).

8. The communication apparatus of claim 5, wherein the
25 N™'is larger than 3.
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