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& (57) Abstract: A method for transmitting downlink control information and a method for generating a codeword for the same are
N gisclosed. In generating a long code having a low code rate, a basic code of which minimum distance between codes is maximized
is repeated by a prescribed number of times and bits of the repeated code are adjusted. Therefore, a minimum distance condition
between codes of a long code is satisfied and simultaneously the code can be simply generated. Furthermore, control information
can be transmitted with a low error rate by using the generated code.

O
=




CA 02686941 2009-11-09

WO 2008/140221 A1 | [HINHVA!R DR AR 01 1 ARV R

RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW. FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, L.V, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
(84) Designated States (unless otherwise indicated, for every CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ., NA, SD, SL., SZ, TZ, UG, ZM, Published:
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), — with international search report



CA 02686941 2009-11-09
WO 2008/140221 PCT/KR2008/002621

[DESCRIPTION]

[Invention Title]

METHOD FOR TRANSMITTING CONTROL INFORMATION, AND

METHOD FOR GENERATING CODEWORD FOR THE SAME

5 [Technical Field]

The present 1invention relates to a method for

transmitting downlink control information and a method for

generating a codeword for the same.

[Background Art]

10 Among fundamentals of basic code theories, a few
things necessary for a description of the present invention
will now be explained.

When a typical binary error correction code 1is
represented as [n, k, d], '‘n’ means the number of bits of

15 an encoded codeword, ‘k’ means the number of information
bits before encoding, and 'd’ means a minimum value among
distances between codewords. jHefe, since the codeword 1is a
binary code, the length of the codeword is 2" and the total
number of the encoded codewords is 2. On the other hand,

20 the binary error correction code may be simply expressed as

an [n, k] code for convenience.
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Hereinafter, ‘n’, 'k and ‘d’ wlll have the
abovementioned meanings unless otherwise stated.

A code rate R 1s defined as a value dividing the
number of 1i1nformation bits by the number of bits of a
codeword (i.e., R=k/n).

A Hamming distance 1is the number of bits of which
corresponding bit wvalues are different in binary codes

having the same number of bits. If a Hamming distance ‘d’
1s equal to or greater than (2a+1l), errors as many as ‘a’

can be corrected. For example, two codewords are ‘101011’
and '110010’, a Hammlng distance between the two codewords
is 3 and one error can be corrected.

A minimum value among distances between any two
codewords belonging to a code 1is defined as a minlimum
distance. The minimum distance 1s one of important metrics
to evaluate performance of a code. The aforementioned
Hamming distance can be used as a distance between two
codewords. As a distance between codewords generated
through an encoding process becomes Jgreater, since the
probability that a corresponding codeword 1s judged to be a
different codeword becomes lower, encoding performance 1s
increased. The performance of a code 1s determined by a
distance between codewords having the worst performance,

i.e., a minimum distance between codewords. Consequently,
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a code 1in which minimum distance is maximized shows good

performance.

Meanwhile, a 3GPP LTE (3rd Generation Partnership

Project Long Term Evolution) system has proposed that

5 information indicating a format of a control channel during

transmission of control information be transmitted through

a physical control format indicator channel (“"PCFICH").

The PCFICH demands to transmit a code having a very low

code rate to minimize an occurrence of an error during

10 transmission since information on a format transmitting
control information is transmitted therethrough.

However, 1in generating a long-length code having a

very low code rate, 1it 1is difficult to set a minimum

distance between codewords to a maximum value.

15 [Disclosure]

Some embodiments of the present invention devised to solve the

problem provide a method for constructing a code such

that a minimum distance between codes 1s maximized and
20 simultaneously generating a long-length code having a low

code rate and a method for transmitting a control signal

using the same.

For this end, a 1long-length code 1is generated by
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repeating a basic code. When a code of a predetermined length cannot be
generated by simply repeating the basic code, an appropriate adjustment is

performed to generate the code having the predetermined length while satisfying a

condition that a minimum distance between codes is maximized.

5 Some embodiments of the present invention provide a method for

transmitting downlink control information using a code generated by the above-
described method.

According to an aspect of the present invention, there is provided a
method for transmitting downlink control information in a wireless communication
10 system, the method comprising:

transmitting information from a network indicating a number of
orthogonal frequency division multiplexing (OFDM) symbols comprising control

information on a downlink control channel by using a prescribed code,
wherein the prescribed code is one of:
15 (9,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1),
(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0),
(1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1), and

(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),
according to the information indicating the number of OFDM symbols comprising

20 the control information.
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The 1information on the number of OFDM symbols
occuplied by the control information on the downlink
control channel may be a control format indicator (CFI),
and the information on the number of OQFDM symbols
occupied by the control information on the downlink

control channel may be transmitted through a physical

control format indicator channel (PCFICH).
The prescribed code may be

(0,1,1,0,,1,0,14,1,0,1,1,0,1,1,0,2,1,0,1,2,0,1,1,0,1,1,
0,1,1,0,i) when the number of OFDM symbols occupied by the
control information 1is 1,

(,0,2,12,0,1,1,0,12,1,0,1,1,0,12,1,0,1,1,0,1,1,0,1,1,0,1,
1,0,1,1,0) when the number of OFDM symbols occupied by the
control information is 2, and

(,»,0,1,12,0,1,12,0,1,1,0,12,1,0,2,1,0,1,1,0,1,1,0,1,1,0,
1,1,0,1,1) when the number of OFDM symbols occupied by the

control information is 3.
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According to another aspect of the present invention, there is
provided a method for receiving downiink control information in a wireless

communication system, the method comprising:

receiving information in a user equipment (UE) indicating a number
of orthogonal frequency division multiplexing (OFDM) symbols comprising control
information on a downlink control channel, wherein the information is transmitted

from a network using a prescribed code; and

receiving the control information through the downlink control

channel by using the prescribed code,
wherein the prescribed code is one of
(0,11,011011,0,11,0,11,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1),
(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0),
(1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1), and

(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),

according to the number of OFDM symbols comprising the control information.

In a further aspect of the present invention, there is provided a
method for generating a codeword for transmitting downlink control information in

a wireless communication system, the method comprising:

generating a sequence according to a number of orthogonal
frequency division multiplexing (OFDM) symbols comprising control information on
a downlink control channel, wherein the sequence is generated by repeating one
of simplex codes (0, 1, 1), (1, 0, 1), (1, 1, 0), and (0, 0O, 0) eleven times and
puncturing a last bit of the sequence.

In still another aspect of the present invention, there is provided a
method for generating a codeword for transmitting downlink control information in

a wireless communication system, the method comprising:
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generating a sequence according to a number of orthogonal
frequency division multiplexing (OFDM) symbols comprising control information on
a downlink control channel, wherein the sequence is generated by repeating one
of simplex codes (0, 1, 1), (1, 0, 1), (1, 1, 0), and (0, 0, 0) nine times and inserting
one of Hamming codes (0, 1, 1,0, 1), (1,0,1,1,0), (1, 1,0, 1, 1), and
(0, 0, 0, 0, O0) into the sequence.

In still yet another aspect of the present invention, there is provided
a method for generating a codeword for transmitting downlink control information

In @ wireless communication system, the method comprising:

generating a sequence according to a number of orthogonal
frequency division multiplexing (OFDM) symbols comprising control information on
a downlink control channel, wherein the sequence is generated by repeating one
of simplex codes (0, 1, 1), (1, 0, 1), (1, 1, 0), and (0, 0, 0) ten times and inserting
two Information bits into the sequence.

According to the aspects of the present invention, a
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long code having a low code rate can be generated by a

simple method while a minimum distance between codes is
maximized.

Moreover, control information can be transmitted with

O a low error rate by representing information on the number

of OFDM symbols occupied by the control information using

the generated code.

[Description of Drawings]

The accompanying drawlings, which are included ¢to

10 provide a further understanding of the invention,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the
invention.

In the drawings:

15 FIG. 1 1s a diagram for explaining a process of
generating a long-length code having a 1low code rate
according to an exemplary embodiment of the present
invention.

FIG. 2 1s a flow chart schematically 1illustrating a

20 process of generating a long-length code having a low code
rate according to an exemplary embodiment of the present

invention.

FIGs. 3A to 3C are diagrams for explaining a
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relationship between a puncturing position of a simplex
code and an information bit according to an exemplary
embodiment of the present invention.

FIGs. 4A to 4C are diagrams for explaining examples
of row or column conversion of a basic code in terms of
mapping with an information bit according to an exemplary
embodiment of the present invention.

FIGs. 5A and 5B are diagrams for explaining a process
of transmitting control information using a [32,2] code
according to an exemplary embodiment of the present

invention.

[Best Mode]

Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
annexed drawings. The detailed description, which will be
given below with reference to the accompanying drawings, 1S
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 description provides specific details
for a thorough understanding of embodiments of the
invention. However, one skilled in the art will understand

that the invention may be practiced without these details.
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In other 1nstances, well-known structures and functions

have not been described in detail or may be shown in block

diagram form to avoid unnecessarily obscuring the

description of embodiments of the invention. Wherever

O possible, the same reference numbers will be used

throughout the drawings to refer to the same or like parts.

In generating a long code having a low code rate,

there are provided a method for constructing a code such

that a minimum distance between codes is maximized and

10 simultaneously generating the long code by a simple method

and a method for transmitting a control signal using the

same. For this end, a condition that a minimum distance
between codes 1s maximized will be considered in detail.

In the following description of the present invention,

15 a concept of a normalized minimum distance is 1ntroduced as

a method for comparing various coding techniques. Namely,

in a binary error correction code [n, k, d], a wvalue

dividing a minimum distance ‘d’ by the number '‘n’ of bits

of a codeword is defined as the normalized minimum distance

20 and the normalized minimum distance is expressed as d for

convenience of description.

That 1is, the normalized minimum distance can be

expressed as follows.

[Equation 1]
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a
4

d =

Hereinafter, the Plotkin bound will be explained to

consider conditions for setting a minimum distance between

codes to a maximum value. A detailed description of the

o Plotkin bound is disclosed in detail in "John G. Proakis,

Wiley Encyclopedia of Telecommunications, Wiley

Interscience, New Jersey, 2003, vol.2, pp 929-935",

The Plotkin bound is summarized in brief as follows.

When a general binary error correction code 1is

10 expressed as [n, k, d], '‘n’ means the number of bits of a

encoded codeword, ‘k’ means the number of information bits

before encoding, and ‘d’ means a mlinimum value among

distances between codewords. The above-described Plotkin

bound can be expressed as follows.

15 [Equation 2]
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Plotkin bound expressed as indicated in Equation 2
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can again be expressed based on the minimum distance 4 as

follows.

[Equation 3]

dSnx——  if d=veven,d>—
d=—22"7  fd=even,d=_
o 2 n—1
d-sa(n-—:l;)\x:-_k ~+——— if d=odd,d>——
2t -1 2¥-1 2
D A method for generating a code expressed generally as

[n, k, d] will now be considered with reference to the
above Equation 3 according to an exemplary embodiment of
the present invention. If the minimum distance d 1is
greater than half of a code length (i.e., 4 > n/2), it is

10 desirable to design an optimal code so as to satisfy the
above-described Plotkin bound.

Here, 1t 1s assumed 1in the exemplary embodiment of
the present invention that a generated code has a low code
rate (i.e., n > 2*). When n=2%, an orthogonal code can be

15 generated and a minimum distance of the orthogonal code 1is
n/2. Therefore, it makes sense to consider only the
following two cases with respect to the Plotkin bound at a
low code rate assumed 1n this exemplary embodiment of the

present invention.
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[Equation 4]

d<nx —— if d=even,d>_.
2" —1 4 2
e i 4 T

Under the above conditions indicated in Equation 4,
cases where the minimum distance d is an even number and an
odd number will now be described.

First, assuming that the minimum distance d is an

even number, a maximum value of the minimum distance d is

2k—-l
2 -1 as known from the first expression of Equation 4.

n X

When considering the normalized minimum distance d obtained
by dividing the minimum distance by the number of bits of a
codeword, a maximum value of the normalized minimum

2k—l
distance d is 2 -1 .

Therefore, 1f an entire code can be constructed by

repeating a code of which normalized minimum distance d is

2.&‘—1
2*—1 , sgince a maximum value of a minimum distance is

satisfied, the constructed code can be an optimal code in

terms of the minimum distance.

Next, assuming that the minimum distance is an odd

number, a maximum value of the minimum distance d 1is
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k-1
(n—1)x 2 + :

%1 2% -1
4« —1 as known from the second expression of

Equation 4. Then a maximum value of the normalized minimum

k-1 1
~ +
distance d becomes 2 -1 2f—-1_

Therefore, when an entire code can be constructed by

repeating a code of which normalized minimum distance d

2&.’-—1

1 k 1 . .
approximates to 2"—1 , a maximum value of a minimum

distance 1s satisfied and the constructed code becomes an
optimal code in terms of the minimum distance.

An example of a code of which normalized minimum

—1
2](

k .
distance is 2" —1l is a simplex code.

The simplex code has a property of [2¥-1, k, 2*'] and

each normalized distance between codewords 1s the same as

2.&'—-—1

2¥ —1 . The simplex code can geometrically be represented
as vertexes in a unit cube of a (2*-1) dimension. A dual
code of the simplex code is a Hamming code having a minimum

distance 3.

The simplex code is also known as a maximal length
shift register code, an m-sequence, or a Pseudo-random

noise (PN) sequence. When a code 1s a binary code

expressed as +1 and -1 and the number of codewords 1is M, a
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correlation function between different codewords is the
same as -1/(M-1) (where M is an even number) or -1/M (where
M 1s an odd number). In the simplex code, a maximum

correlation function between different codewords among

"binary codes of the same number of codewords is minimized.

An entire code represented as [n, k, d] according to
an exemplary embodiment of the present invention 1is
generated as follows. First, a simplex code [2¥-1, k, 2F7]
1s generated as a basic code and repeated until an entire

code length becomes n. Then a 1long code of which

2:‘.’-—1

. . 2 . k
normalized minimum distance is 2" —1 can be generated.

In some cases, however, the entire code length n may
not be a multiple of the basic code length 2-1. 1In an
exemplary embodiment of the present invention, a method for
generating a code having a length n when the entire code
length n is not a multiple of the basic code length 2*-1 is
proposed.

FIG. 1 1is a diagram for explaining a process of
generating a long-length code having a low code rate
according to an exemplary embodiment of the present
invention.

As illustrated in FIG. 1, a case where a code length

n is not a multiple of 2*-1 is considered. Namely, it is
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assumed that n = m (2°-1) + r (where m is the number of
repetitions of a basic code).

When the above relationship is satisfied, a method
for generating a code having a length n is proposed as
follows.

First, a simplex code satisfying [2*-1, k, 2*¥1'] is
generated as a basic code. Next, a code repeating the
basic code as many as m times is generated. Finally, r
bits are generated by puncturing the simplex code or by
using any other codes of which minimum distance is
maximized.

As a method for generating the r bits when k 1s a
small number, a code capable of maximizing a minimum
distance may be considered by searching all the possible
cases. A general assumption for the r bits 1is that r 1is
less than a basic code length 2°-1. However, r may be
greater than 2%-1 according to a specific exemplary
embodiment of the present invention which will be described.

After the basic code having a length 2¥-1 is repeated,
a process for adjusting prescribed bits to generate a code
having a length n may be various and this will be described
hereinafter in detail.

The above-described code generating process will now

be described in detail in terms of a minimum distance.
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First, the Plotkin bound of a minimum distance at a

low code rate needs to consider only the following two

cases (where n = m(2k ~ 1) +xr) .

[Equation 5)

'l
‘:n.
v ..
S RS B Ahe A il .
3 . - "“- . ‘; .. ¢ -y - -. - L. A “--
y B - S " , . LA .
> D ¢ f- " eh— : Y 20 Al Nhly, ) - P
il Lt d > % . . . : «t . . . *
‘s A -". . S I i v s ‘
.y 5 /~' ’, LI Y . . = P N e F L .
-'_-.- 4 ‘g
- .
g
« N\

When a code length n (= m(2%- 1)+r) is not a multiple
of a basic code length, a code generating method 1s as
follows.

That 1s, there are a part constructed by repeating a
simplex code satisfying [2%-1, k, 2*¥!] by m times and an
[r, k] code part obtained by adding r bits. The added [r,
k] may be constructed in many ways and it 1s desirable to
meet the next minimum distance (hereinafter, referred to
as d, for convenience of description) from the Plokin

bound.

[Equation 6]
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2% | n
% _q if d=even,d > —
[rs kodr] “dr _ ( . )2;1 2

(r—1p""+1 o on=1

<X T fd=odd,d>——

2% 1 | 2.

where d, has an integral value.

The [r, k] code may be constructed in many ways, for
example, by puncturing prescribed bits in a simplex code
used for repetition or using other codes except for the
simplex code. However, 1n adjusting r bits, it 1is
important to generate a code approximating to the Plotkin
bound for a minimum distance indicated in Equation 6.

On the other hand, a meaningful range of the value r
will be considered hereinafter.

As described above, a code having a length r may be
constructed by puncturing prescribed bits 1n a simplex code
used for repetition or using other codes except for the
simplex code. When a code having a length r is generated
by using a code different from the simplex code so that a
minimum distance between codes 1s maximized, there 1s no
necessity for limiting the value r to a specific range. In
other words, the value r may be less or greater than the
basic code length 2¥-1. If the value r is greater than 2*-1,
any code satisfying a condition that a minimum distance
between codes 1s maximized within the Plotkin bound can be

generated.
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On the other hand, when a different code except for
the simplex code is not used, since the code length n 1is
equal to m(2* - 1)+r, r is less than (2° - 1). Therefore,
the range of r varies according to k. There is no need to
consider a case where r is 1less than K. In this case,
since r which is less than the number k of bits to be
actually transmitted is used, coding performed by adding
redundant bits is meaningless. Consequently, a meaningful
range of r becomes [k, 2k _ 2] unless a code except for the
simplex code is used to generate a code having a length r.

However, if r is equal to k (1.e., r=k), then it 1s
desirable to transmit a given information bit (a systematic
bit) to maximize a minimum distance.

Hereinafter, a method for generating a long code
having a low code rate will be described as a basic
embodiment for convenience of description.

FIG. 2 is a flow chart schematically illustrating a
process of generating a long-length code having a low code
rate according to an exemplary embodiment of the present
invention.

Referring to FIG. 2, a basic code of which minimum
distance between codes has a maximum value within the
Plotkin bound is generated at step S201. A typical code

satisfying the above condition may be a simplex code.
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However, if there are other codes of which minimum distance

between codes has a maximum value within the Plotkin bound,

those codes may be used.

maximized is ©repeated, a condition that the minimum
distance is maximized within the Plotkin bound is
satisfied 1like a basic code in terms of a normalized
minimum distance.

10 However, when a code length n 1is not a multiple of
the basic code length, thé other length r is generated 1in
step S203. Although there may be many methods for
generating a code having a length r, it is desirable to set

the code having the length r to have a minimum distance of

normalized minimum distance.

For this end, prescribed bits in the basic code used

for repetition are punctured as shown in step S203-1. If

the other length r is equal to the number of information
20 bits, the information bit 1is used as the r-length code as
shown in step S203-2. If the length r is equal to a length

of any arbitrary code satisfying a maximum-minimum distance

condition within the Plotkin bound, the arbitrary code 1s

used as the r-length code as shown in step S203-3.
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Hereinafter, methods for generating the r-length code
according to the embodiment of the present invention, for
example, a method using puncturing and various
modifications of a code generating method will be described.

5 Furthermore, a method for generating a [32,2] code
(or (32, 2) code) by applying the code generating method to
a 3GPP LTE system, and a method for transmitting a control
signal using the [32,2] code will be described.

First, a method for generating the r-length code

10 using puncturing will now Dbe described according to the

embodiment of the present invention.

Method for generating an r-length code using puncturing

An optimal code generating method using puncturing 1n

5 case where a code length n is not a multiple of (2% - 1)

15 will be described 1in detaill. First, a basic code of a
short 1length is generated and then the basic code 1s
repeated so that the basic code may be greater than the
code length n. The excessive bits are punctured from the
basic code. A method for optimally selecting a puncturing

o) location in a puncturing process is proposed as follows.

In generating an [, k] code of which minimum
distance is maximized within the Plotkin bound, a method
for constructing a [25-1, k, 2']1 simplex code using

puncturing 1is considered. The number of puncturing bits 1s



CA 02686941 2009-11-09
WO 2008/140221 PCT/KR2008/002621

22

ok_1-r and a condition for determining the puncturing
locations of (2¥-1-r) bits is to maximally keep a minimum
distance within the Plotkin bound.
The puncturing location may be determined in various
5 ways. As a simple and sure example, all possible
puncturing locations may be checked. That is, 1f the
number (2¥-1-r) of puncturing locations 1is small and thus
the number of possible puncturing locations is small, all
possible cases may be tested. In this case, optimal
10 puncturing locations may be determined by checking whether
2 condition that a minimum distance is maximally maintained

within the Plotkin bound is satisfied while varying the

puncturing locations.

A fixed puncturing location may be used. If the

15 number of puncturing Dbits is 2%-1-r, a ‘method for
successively puncturing 2-1-r bits from the first bit
location 1is considered. In more detail, (2¥-1-r) Dbits
corresponding to the number of puncturing bits are
punctured from the first bit location from the [2¥-1, k, 2

20 1] simplex code. However, since this method can not ensure
2 condition that a minimum distance is maximally maintained
within the Plotkin bound, it is necessary toO check whether

a code generated after puncturing meets the above condition.

Hereinafter, whether the minimum distance condition
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is satisfied will be described when puncturing successive
bits from the first location in puncturing a simplex code.
If the code length n 1is m(2* - 1)+r, a meaningful range of
r is [k, 2¥ - 2] (from k to 2° - 2, both inclusive).

Tt is assumed that k is 2. Since k 1s 2, I is less
than 3(=22-1) and an effective range of r 1is [2, 2] (from 2
to 2, both inclusive). Therefore, only a case where r=2 1is
considered. In this case, original two information bits
are used as an r-length code and this shows the same result
as a case where the first bit is punctured from a [3, 2, 2]

simplex code.

This will be described with reference to FIGsS. 3A to
3C.

FIGs. 3A to 3C are diagrams for explaining a
relationship between a puncturing location of a simplexX
code and an information bit.

A matrix used to generate a [3, 2, 2] simplex code 1s
illustrated in FIG. 3A. In FIG. 3B, a process for
generating simplex codes (o0, 0, 0), (1, O, 1), (1, 1, 0),
(0, 1, 1) with respect tO information bits (0, 0), (0, 1),
(1, 0), (1, 1), respectively 1s illustrated.

In generating the r-length code, it 1is effective to
use only the information bit when r=2. This shows the same

result as a case where the first bit of the [3, 2, 2]
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simplex code is punctured as shown by Puncturing(a) 1in FIG.

3C.

When the first bit of the [3, 2, 2] simplex code 1s

punctured or only the information bit is used, the Plotkin

5 bound can be expressed as follows.

[Equation 7]

1. 27 4 n:

p2.d)-d =1 2713 z
RO N (5 | Sl B SN o n—1
27 —1 3 2

Under a Plotkin bound condition indicated in Equation

7, it is desirable that an integral d, satisfies a maximum

10 value 1.

Meanwhile, when the first bit 1is punctured from the
(3, 2, 2] simplex code or only the information bit is used,

since a minimum distance between codes is 1 as known from

FIG. 3C, the condition that the minimum distance 1s

15 maximized within the Plotkin bound is satisfied.
Therefore, if k=2 and r=2 1n generating the r-length

code using puncturing, it 1s proposed that the first bit 1s

simplex code and this shows

20 as the r-length code.
Next, it is assumed that k=3.

If k is 3, r is less than 7 (=23-1) and an effective
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range of r is [3, 6] (from 3 to 6, both inclusive) .
Therefore, only the cases where r is 3, 4, 5 and 6 are
considered.

If r is 6, it is possible to generate the r-length
code by puncturing the first bit from a [7, 3, 4] simplex

code. In this case, the Plotkin bound can be calculated as

follows.

[Equation 8]

A i

[<6x——= if d=-even, d >—

2" —1 7 2.

Then an integral d, has an upper limit of 24/7 or

21/7 and therefore a maximum integer value of d, 1s 3.

A case where d 1s elther an even number or an odd
number 1is considered for the Plotkin bound and then the

other case will be naturally derived. Hereinafter, only a

first bit from the [7, 3, 4] simplex code, the minimum
distance of 3 is obtained. Then it will be understood that
the Plotkin bound condition is satisfied.

Therefore, if k=3 and r=6 1n generating the r-length
code using puncturing according to the exemplary embodiment

of the present invention, it is proposed to puncture the
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first bit from the [7, 3, 4] simplex code.

Next, a case where k=3 and r=5 is consildered.
In this case, a method for puncturing two successive
bits, that is, the first and second bits from the [7, 3, 4]

5 simplex code is described. The Plotkin bound is calculated

as follows.

[Equation 9]

3-1 - |
[533,d,]”'d,,5.5>< % =.2_0... fd':even,d)E
| 2° -1 7 >

as described above, since only the case where d is an
10 even number is considered, a maximum value of an integral

d, is 2 as known from Equation 9.

Meanwhile, since a minimum distance when the first
and second bits are punctu:_:ed from the [7, 3, 4] simplex
code is 2, the above Plotkin bound condition is satisfied.

15 Therefore, if k=3 and r=5 in generating the r-length

code using puncturing, it 1is proposed to generate the code

by puncturing two successive bits, that is, the first and

second bits from the [7, 3, 4] simplex code.
Next, a case where k=3 and r=4 is considered.

20 In this case, a method for generating a code by

puncturing three successive bits, that is, first to third

bits from the [7, 3, 4] simplex code 1is considered. The

Plotkin bound is calculated as follows.
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[Equation 10]

[43d] d < 4 x 231 16 if d=e d>n
s Gy |7, = F XT3 = — = eve > —
221 7 Ha S

Tt will be understood that a maximum value of an
integral d, is 2 from the above Equation 10.
5 When calculating a minimum distance by puncturing the

first to third bits from the [7, 3, 4] simplex code, the

condition is satisfied.

Therefore, if k=3 and r=4 in generating the r-length
10 code using puncturing, it is proposed to generate a code by
puncturing three successive bits of the first to third bits
from the [7, 3, 4] simplex code.
Finally, a case where k=3 and r=3 is considered.
In this case, a method for generating a code by

15 puncturing four successive bits of the first to fourth bits

from the [7, 3, 4) simplex code is considered. In this

case, the Plotkin bound 1s calculated as follows.

[Equation 11]

' o 2>t 12 n
B3,d]-d <3x—=—"t  ifd=even,d>—
2°2-1 7 2

20 Tt will Dbe understood that a maximum value of an

integral d, is 1 from the above Equation 11.

gince a minimum distance calculated Dby puncturing
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four successive bits from the [7, 3, 4] simplex code 1s 1,
the above Plotkin bound condition is satisfied.

The above case where r 1is equal to k may also be
explained as the case where three information bits (or

5 systematic bits) are used as the r-length code.

Therefore, if k=3 and r=3 in generating the r-length
code, it is proposed to puncture four successive bits of
+rhe first to fourth bits from the [7, 3, 4] simplex code or
to use the information bit as the r-length code.

10 Methods for generating the r-length code using
puncturing when k=2 and k=3 may be generalized so that the

methods may be applied to cases where k is 4 or more.

That is, even when k 1is 4 Or more, it is possible to
generate an [r, k] code by successively puncturing (2*-1-r)
15 Dbits from the first bit location from a 2k-1, k, 2%}

simplex code.

Modification 1

However, the puncturing locations punctured
successively from the first bit of (2F-1-r) bits do not
o0 mean the only locations which maximize a minimum distance

within the Plotkin bound. In some cases, the r-length code

of which minimum distance is maximized within the Plotkin

bound may be generated even when corresponding bits are

punctured in other locations.
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For example, in puncturing one bit when k=2 and r = 2,
the last bit may be punctured instead of the first bit so
that the r-length code of which d, value becomes a maximum
value within the Plotkin bound. That 1is, it will be
appreciated that d. is 1 even when a puncturing location
of one bit is the third bit as indicated by Puncturing(b)
in FIG. 3C.

Modification 2

when an entire code of a simplex code of which
normalized minimum distance has a maximum value 1s
expressed as a matrix, a characteristic of a minimum
distance is not varied even though location of either a row
or a column or locations of both the row and column are
permutated.

Therefore, in repeating a simplex code by m times, an
optimal characteristic of a minimum distance is not varied
even though locations of a row and column of a code having
a small length are varilied. Accordingly, it is possible to

obtain a desired optimal minimum distance even though a

mapping with an information bit.

as described above, even 1f the location of a column
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or row of a simplex code as a basic code wused for
repetition is permutated in generating an n-length code, a
minimum distance characteristic is not varied. In this
case, permutation of a column or row of the simplex code

5 may mean that a mapping relationship with an information

bit is changed.

That is, when information bits (o, 1), (1, 0), (1, 1),
and (0, 0) are mapped to simplex codes #1 (L, o, 1), (1, 1,
o), (o, 1, 1), and (0, O, 0), respectively as shown in FIG.

10 4A, simplex codes #2 of which row is permutated may be used

instead of the simplex codes #1.

The same result may be described in another aspect as
follows. As illustrated in FIG. 4B, when the first column
of the simplex codes #1 1is permutated to the third column

15 thereof and when the second and third columns of the
simplex codes #1 are permutated to the first and second
columns thereof, respectively, a code matrix which is the
same as the simplex codes #2 illustrated in FIG. 4A 1s

generated.

20 The permutation of a column oOIr TOW of the simp‘lex
code may correspond to a mapping variation between the
information bit and the simplex code as illustrated in FIG.
4C. Namely, in the simplex codes #2 information bits (0O,

1), (1, 0), (1, 1), and (0, 0) are mapped tO simplex codes



CA 02686941 2009-11-09
WO 2008/140221 PCT/KR2008/002621

respectively.

Modification 3

Codes of which minimum distance is maximized may be
5 modified in various ways.

First, since a distance between codes is not varied
even when 0 and 1 are interchanged, a code may be modified
by interchanging 0 and 1 of a generated code.

Second, when an entire code is expressed in a matrix

10 so that each code occupies each row of the matrix, a
minimum distance characteristic is not varied even though
the location of a column or a IYrow O locations of the
column and row are permutated. Therefore, it is possible
to change a code by exchanging either a column oOr IroOw OI

15 both the column and row of a code matrix of a previously
generated code.

Tn the above description, when the 1length of an
entire code is not a multiple of a basic code in generating
a long-length code having a low code rate by using the

o0 basic code having a minimum distance characteristic,
methods for adjusting the other 1length part and various
modifications of these methods have been considered.

Hereinafter, an example of applying the above code

generating methods to a 3GPP LTE system, for instance, a
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method for generating a (32,2) code and transmitting
control information using the (32,2)code will be described.
Example applied to a (32,2) code

A control channel format indicator (CFI) indicating

5 the number of control information among orthogonal

frequency division multiplexing (OFDM) symbols in one OFDM

frame in 3GPP LTE consists of 2 bits. Since the CFI 1is

transmitted through a physical control format indicator

channel (PCFICH) throughout 16 quadrature phase shift

10 keying  (QPSK) symbols, 32 coding bits are needed.
Consequently, a [32,2] code 1s needed.

Since the performance of a code 1is proportional to a
distance between codes, a code having excellent performance
has a large distance between codes. A code of which

15 distance is maximally separated 1s called a maximum
distance separable (MDS) code. The MDS code may be a
simplex code as an example of a [3,2] code and a Hammlng
code as an example of a [5,2] code.

A [3,2] simplex code is as follows:

20 {000, 101, 011, 110}.

In the [3, 2] simplex code, it 1is ©possible toO
interchange 0 and 1. Namely, when 0 and 1 are interchanged,
rhe above code set may be used as {111, 010, 100, 001} and

the changed code also satisfies a characteristic of the
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[3,2] simplex code.

A location of each bit in the [3,2] simplex code 1s
exchangeable. This has the same result as a case where
each column of the simplex code 1is <changed 1in the
description with reference to FIG. 4B. In other words,
~when the first and second bits are exchanged from the above
code set, a code set {000,011,101,110} is obtained and this
code also has a characteristic of the [3,2] simplex code.

The [5,2] Hamming code is as follows:

{00000, 01101, 10011, 11110} or {00000, 01011, 10110,

11101} .

It is also possible to interchange 0 and 1 and to
exchange a location of each bit.

Meanwhile, since it is difficult to directly generate
a long code having a low code rate such as [32,2] code, a
method for generating an entire code by a basic code
repeating process as described above is considered.

A basic code uses the [3,2] simplex code. After the
basic code is repeated, a bit part generated because the
entire length 32 is not a multiple of 3 may be processed by
the following methods, for example, a method using
puncturing as described in the basic embodiment and 1its

modification examples, a method using an information bit,

and a method using the [5,2] Hamming code.
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First, a method for repeating the [3,2] simplex code
and puncturing one bit will now be described.

According to the exemplary embodiment of the present
invention, the [3,2] simplex code is repeated by 11 times
and one bit is punctured, thereby generating the [32, 2]
code.

A puncturing location of one bit may be any location
of 33 bits. However, it is desirable that a final code
generated by using a puncturing method meets a condition
rhat its minimum distance is maximized within the Plotkin
bound.

The [3,2] simplex code may use a code combination
such as {000, 101, 011, 110}. This basic code may be used
2s modified forms as long as a minimum distance property 1s
not varied. For example, there are a method Ifor permuting
2 column and/or a row of a code, a method for interchanging
0 and 1 of a code, and a method for interchanging 0 and 1
of a code and then exchanging a row and/or column of the
code.

In repeating the [3,2] simplex code, 1t 1s possible
to selectively use simplex codes by 11 times among varlious
[3,2] simplex codes.

gsecond, a method for repeating the [3,2] simplex code

and inserting 2 information bits will be described.
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According to an exemplary embodiment of the present
invention, the [3,2] simplex code is repeated by 10 times
and then 2 information bits are added, thereby generating
the [32,2] code.

o The locations of the added information bits may be
the last part of the [32,2] code. Alternatively, the added
bits are positioned at arbitrary locations among 30 bits.
The 2 information bits may be successively added or
separately added.

10 The [3,2] simplex code used for repetition may use a
code combination such as {000, 101, 011, 110} .
Alternatively, it is possible to use various forms within
the range of not varying a minimum distance characteristic
3s described above. For example, there are a method for

15 permuting a column and/or a row of a code, a method for
interchanging 0 and 1 of a code, and a method for
interchanging 0 and 1 of a code and then permuting a Irow
and/or column of the code.

In repeating the [3,2] simplex code, it is possible

50 to selectively use simplex codes by 10 times among various
[3,2] simplex codes.

Finally, a method for repeating the [3,2] simplex
code and adding the [5,2] Hamming code will be described.

In this exemplary embodiment, the [3,2] simplex code
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is repeated by 9 times and then the [5,2] Hamming code 1is
added, thereby generating the [32,2] code.
The added bits of the [5,2] Hamming code are
positioned at arbitrary locations among 27 bits. The 5
5 bits may be successively added or separately added.
The [3,2] simplex code used for repetition may use a
code combination such as {000, 101, 011, 110} .
Alternatively, it is possible to use various forms instead
of the basic code unless a minimum distance characteristic
10 is varied as described above. For example, there are a
method for permuting a column and/or a row of a code, a
method for interchanging 0 and 1, and a method for
interchanging 0 and 1 and then permuting a row and/or
column of the code.
15 The added [5,2] Hamming code may use any oiIe of the
following basic codes:
{00000, 01101, 10011, 11110},
{00000, 01101, 11011, 10110},
{00000, 10101, 01011, 11110},
20 {00000, 10101, 11011, 01110},
{00000, 11101, 01011, 10110},
{00000, 11101, 10011, 01110},
{01000, 00101, 10011, 11110},

{01000, 00101, 11011, 10110},
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{01000, 10101, 00011, 11110},
{01000, 10101, 11011, 00110},
{01000, 11101, 00011, 10110},
{01000, 11101, 10011, 00110},
{10000, 00101, 01011, 11110},
{10000, 00101, 11011, 01110},
{10000, 01101, 00011, 11110},
{10000, 01101, 11011, 00110},
{10000, 11101, 00011, 01110},
{10000, 11101, 01011, 00110},
{11000, 00101, 01011, 10110},
{11000, 00101, 10011, 01110},
{11000, 01101, 00011, 10110},
{11000, 01101, 10011, 00110},
{11000, 10101, 00011, 01110},
{11000, 10101, 01011, 00110}
It will be understood that the [5,2] Hamming code has
2 minimum distance of 3. Since the minimum distance of 3
is equal to a value obtained by adding a minimum distance 2
of the [3,2] simplex code to a minimum distance 1 of an r-
length code, a condition that a minimum distance between
codes is maximized within the Plotkin bound is satisfied.
In this exemplary embodiment, the [5,2] Hamming code

may be used by modifying the above described basic code
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while satisfying a characteristic of the Hamming code. AS

possible modifications, there are a method of changing a

code order of the [5,2] Hamming code, a method of

interchanging 0 and 1 in the [5,2] Hamming code, a method

5 of interchanging 0 and 1 in the [5,2] Hamming code and then

changing the order of the code, a method of interchanging

locations of bits in the [5,2] Hamming code, a method for

interchanging locations of bits 1in the [5,2] Hamming code

and then changing the order of the code, a method for

10 interchanging 0 and 1 in the [5,2] Hamming code and then

interchanging locations of Dbits, and a method of

interchanging 0 and 1, interchanging locations of bits, and
changing the order of the code.

In repeating the [3,2] simplex code, it is possible

15 to selectively use simplex codes by 10 times among various

[3,2] simplex codes.

Examples of the [32,2] code generated by the above-

described methods can be expressed as follows.

[Table 1]

20
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The above four codes may be generated by one of the
following methods.

First, four [32,2] codes shown in Table 1 may be
generated by repeating each of (o, 1, 1), (1, o, 1), (1, 1,
0), (0, 0, 0) by 11 times and then puncturing the last one
bit from the last simplex code. As described in the above
Modification 1, if r=2 and k=2, cases where the first bit
of the [3,2] simplex code is punctured and the last bit of
the [3,2] simplex code is punctured satisfy a condition
+rhat the minimum distance is maximized within the Plotkin
bound. Therefore, an optimal code can be generated.

Ssecond, when the [3,2] simplex codes (o0, 1, 1), (1, O,
1), (1, 1, 0), and (0, O, 0) are mapped to information bits
(o, 1), (1, o), (1, 1), and (0, 0), respectively as
illustrated in FIG. 4C, the [3,2] simplex codes (0, 1, 1),
(1, o, 1), (1, 1, 0), and (0, 0, 0) are repeated by 10
times and then corresponding information bits are inserted.

Third, four [32,2] codes shown in Table 1 may be
generated by repeating the [3,2] simplex codes (0, 1, 1),
(L, o, 1), (1, 1, 0), and (0, 0, 0) by 9 times and then
adding (0, 1, 1, O, 1), (1, o, 1, 1, 0), (L, 1, 0, 1, 1),
and (0, 0, 0, 0, 0) as the [5,2] Hamming code.

Hereinafter, 2 method for transmitting control

information by using the generated [32,2] code will be
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described.

FIGs. 5A and SB are diagrams for explalining a process
of transmitting control information using a [32,2] code
according to an exemplary embodiment of the present

5 invention.

Information on the number of OFDM symbols occupied Dby
control information among OFDM symbols within one OFDM
frame in a 3GPP LTE system is transmitted through a PCFICH
and the above-described [32,2] code is used. 1In FIG. B5A,

10 the control information is transmitted over 2 OFDM symbols
within one OFDM frame. Information on the number of OFDM
symbols occupied by the control information can Dbe
expressed by the [32,2] code as shown in Table 1.

If the number of OFDM symbols occupied by the control

15 information exists as only 3 cases, then only 3 codes may

be used among the 4 codes shown 1n Table 1.
FTG. 5B illustrates an example using only the first,

second and third rows among the [32,2] code shown in Table

1 when the control information occupies OFDM symbols 1, 2,

20 and 3.

The detailed description of the exemplary embodiments
of the present invention has been given to enable those
skilled in the art to implement and practice the invention.

Although the invention has been described with reference toO
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the exemplary embodiments, those skilled in the art will

appreciate that various modifications and variations can be

made in the present invention without departing from the

spirit or scope of the invention described in the appended
5 claims.

Therefore, it will be understood that this patent
should not be limited to the specific embodiments described
herein, but be accorded a right to the broadest scope
consistent with the principles and novel features disclosed

10 herein.

[Industrial Applicability]

The  present invention provides a method  Ior
generating a long-length code having a low code rate and a
method for transmitting control information using the same.

15 These methods may directly be applied to a [32,2] code used
for a PCFICH in a 3GPP LTE system. The methods for
generating a long-length code having a low code rate by
repeating and puncturing a basic code, inserting an
information bit, and using arbitrary codes except IOr the

o0 basic code may variously be applied as a method for
generating a code utilized to transmit specific information
of which error may seriously occur and using the code even

in communication systems except for the 3GPP LTE system.
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CLAIMS:
1. A method for transmitting downlink control information in a wireless

communication system, the method comprising:

transmitting information from a network indicating a number of
orthogonal frequency division multiplexing (OFDM) symbols comprising control

information on a downlink control channel by using a prescribed code,
wherein the prescribed code is one of:
(0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1),
(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0),
(1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1), and

(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),
according to the information indicating the number of OFDM symbols comprising

the control information.

2. The method of claim 1, further comprising transmitting the control

information through the downlink control channel.

3. The method of claim 1 or 2, wherein the information indicating the
number of OFDM symbols comprising the control information on the downlink

control channel is a control format indicator (CFI).

4. The method of claim 1, wherein the information indicating the
number of OFDM symbols comprising the control information on the downlink

control channel is transmitted through a physical control format indicator channel
(PCFICH).

5. The method of any one of claims 1 to 4, wherein the prescribed code

IS

0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1) when

the number of OFDM symbols comprising the control information is 1,
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(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0) when

the number of OFDM symbols comprising the control information is 2, and

(1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1) when

the number of OFDM symbols comprising the control information is 3.

6. A method for receiving downlink control information in a wireless

communication system, the method comprising:

receiving information in a user equipment (UE) indicating a number
of orthogonal frequency division multiplexing (OFDM) symbols comprising control
information on a downlink control channel, wherein the information is transmitted

from a network using a prescribed code; and

receiving the control information through the downlink control

channel by using the prescribed code,
wherein the prescribed code is one of
(0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1),
(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0),
(1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1), and

(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),

according to the number of OFDM symbols comprising the control information.

/. The method of claim 6, wherein the information indicating the

number of OFDM symbols comprising the control information is a control format
indicator (CFI).

8. The method of claim 6 or 7, wherein the information indicating the

number of OFDM symbols comprising the control information is received through

a physical control format indicator channel (PCFICH).

9. The method of any one of claims 6 to 8, wherein the prescribed code
IS
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0,1,1,0,1,1,0,1,1,0,1,1,0,4,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1) when

the number of OFDM symbols comprising the control information is 1,

(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0) when

the number of OFDM symbols comprising the control information is 2, and

5 (1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1) when
the number of OFDM symbols comprising the control information is 3.

10. A method for generating a codeword for transmitting downlink

control information in a wireless communication system, the method comprising:

generating a sequence according to a number of orthogonal
10 frequency division multiplexing (OFDM) symbols comprising control information on

a downlink control channel, wherein the sequence is generated by repeating one
of simplex codes (0, 1, 1), (1, 0, 1), (1, 1, 0), and (0, 0, 0) eleven times and
puncturing a last bit of the sequence.

11. The method of claim 10, wherein the sequence is

15 0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1) when
the number of OFDM symbols comprising the control information is 1,

(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0) when
the number of OFDM symbols comprising the control information is 2, and

(1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1) when
20 the number of OFDM symbols comprising the control information is 3.

12. The method of claim 10 or 11, wherein the number of OFDM

symbols comprising the control information is indicated by a control format
indicator (CFl).

13. The method of any one of claims 10 to 12, further comprising

25 transmitting the sequence through a physical control format indicator channel
(PCFICH).
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14. A method for generating a codeword for transmitting downlink

control information in a wireless communication system, the method comprising:

generating a sequence according to a number of orthogonal
frequency division multiplexing (OFDM) symbols comprising control information on
a downlink control channel, wherein the sequence is generated by repeating one
of simplex codes (0, 1, 1), (1, 0, 1), (1, 1, 0), and (0, 0, 0) nine times and inserting
one of Hamming codes (0, 1, 1,0, 1), (1,0, 1, 1,0), (1, 1, 0, 1, 1), and
(0, 0, 0, 0, 0) into the sequence.

15. The method of claim 14, wherein the sequence is

0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1) when
the number of OFDM symbols comprising the control information is 1.

(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0) when

the number of OFDM symbols comprising the control information is 2, and

(1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1) when
the number of OFDM symbols comprising the control information is 3.

16. The method of claim 14 or 15, wherein the number of OFDM

symbols comprising the control information is indicated by a control format
iIndicator (CFl).

17. The method of any one of claims 14 to 16, further comprising

transmitting the sequence through a physical control format indicator channel
(PCFICH).

18. A method for generating a codeword for transmitting downlink

control information in a wireless communication system, the method comprising:

generating a sequence according to a number of orthogonal
frequency division multiplexing (OFDM) symbols comprising control information on
a downlink control channel, wherein the sequence is generated by repeating one
of simplex codes (0, 1, 1), (1,0, 1), (1, 1, 0), and (0, 0, 0) ten times and Inserting
two information bits into the sequence.
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19. The method of claim 18, wherein the sequence is

y V3 P gVy 1 3 1 9V

(0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1) when

the number of OFDM symbols comprising the control information is 1,

(1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0) when

the number of OFDM symbols comprising the control information is 2, and

(1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1) when
the number of OFDM symbols comprising the control information is 3.

20. The method of claim 18 or 19, wherein the number of OFDM

symbols comprising the control information is indicated by a control format
indicator (CFI).

21. The method of any one of claims 18 to 20, further comprising

transmitting the sequence through a physical control format indicator channel
(PCFICH).
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