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FIG. 3
[nitialize symbol index 1 for PCFICH mapping to 0 S310
$320
|
NP is odd number] >

l YeS

Map 4 symbols of PCFICH using Map 4 symbols of PCFICH using

NDOL i DL |

RB RB
5330 — S340

| Increase symbol index 1 by 4 S350

No _ _
symbol index1 > 167
- Yes

5360

End
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FIG. 4

Initialize symbol index 1 for PCFICH to 0 S410
Map symbols of PCFICH using|1;x Nog /2] $420
Increase symbol index i by 4 5450
. | No
Symbol index 1 > 167
S460 YeS

End
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METHOD FOR PHYSICAL CONTROL
FORMAT INDICATOR CHANNEL MAPPING

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.

CROSS-REFERENCE TO RELATED APPLICATIONS

[This application is a continuation of, and claims the
benefit of, U.S. application Ser. No. 12/960,339, filed Dec.
3, 2010, which 1s a continuation of U.S. application Ser. No.
12/331,464, filed Dec. 10, 2008 (now U.S. Pat. No. 7,869,
413), and claims priority to U.S. Provisional Application No.
61/013,281, filed Dec. 12, 2007 and Korean Application No.
10-2008-0086368, filed 1n the Republic of Korea on Sep. 2,
2008, and each of the above-identified applications are
incorporated by reference in their entirety as if fully set forth
herein.] Applicant notes that more than one reissue has been
filed, and the reissue applications are application Ser. Nos.
15/483,510 (the present application), 15/285,346, and
15/264,264; specifically, the present application, applica-
tion Ser. No. 15/483,510, filed Apr. 10, 2017, is a continu-
ation reissue of U.S. patent application Ser. No. 13/957,347,
filed Aug. 1, 2013, and issued as U.S. Pat. No. 9,179,463 on
Nov. 3, 2015; application Ser. No. 15/285,346, filed Oct. 4,
2016, and issued as U.S. Pat. No. RE47,764 on Dec. 10,
2019, is a divisional reissue of U.S. Pat. No. 9,179, 463;
application Ser. No. 15/264,264, filed Sep. 13, 2016, and
issued as U.S. Pat. No. RE47 190 on Jan. 1, 2019, is a
reissue of U.S. Pat. No. 9,179,463 the present application
is a continuation reissue application of U.S. patent appli-
cation Ser. No. 15/285,346, which is a divisional reissue
application of U.S. application Ser. No. 15/264,264, which is
a reissue of U.S. patent application Sev. No. 13/957,347,
which is a continuation of, and claims the benefit of, U.S.
patent application Ser. No. 12/960,339, filed Dec. 3, 2010,
which issued as U.S. Pat. No. 8,526,414 on Sep. 3, 2013,
which is a continuation of U.S. patent application Ser. No.
12/331,464, filed Dec. 10, 2008, which issued as U.S. Pat.
No. 7,869,415 on Jan. 11, 2011, and claims priority to U.S.
Provisional Application No. 61/1013,281, filed Dec. 12,
2007, and Korean Application No. 10-2008-0056368, filed
in the Republic of Korea on Sep. 2, 2008, and each of the
above identified applications are incovporated by reference
in their entivety as if fully set forth herein.

TECHNICAL FIELD

The present invention relates to a mapping method for
frequency and orthogonal frequency division multiplexing
(OFDM) symbol regions of a signal transmitted 1n downlink
in a cellular OFDM wireless packet communication system,
and more particularly, to a mapping method which 1s capable
of solving a problem of wasting resource elements or not
being able to implement mapping by applying a simple
mapping rule while mapping symbols of a physical control
tormat indicator channel (PCFICH).

BACKGROUND

When transmitting data through downlink of an OFDM
wireless packet communication system, if each user equip-
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2

ment 1s nformed of how many OFDM symbols are used to
transmit a control channel, the user equipment has many
advantages in using information of the control channel.
Especially, a 3GPP LTE system defines a channel notifying
the number of OFDM symbols used for the control channel
as a physical control format indicator channel (PCFICH).

More specifically, in the 3GPP LTE system, the PCFICH
1s expressed as 2 bits indicating three states according to
whether the number of OFDM symbols used to transmait the
control channel 1s 1, 2, or 3. The 2 bits are increased to bits
through channel coding and then expressed as 16 quadrature

phase shift keying (QPSK) symbols through QPSK modu-
lation. The PCFICH 1s always transmitted only through the
first OFDM symbol of a subirame and a mapping method 1n
a Ifrequency region for transmission 1s as follows.

yv(0), . .., y(3) are mapped to resource elements starting
with a position of k=k.sub.0, y(4), . . ., y(7) are mapped to

resource elements starting with a position of k=k.sub.0+.left
brkt-bot.N.sub.RB.sup.DLN.sub.sc.sup.RB/4 .right brkt-
bot., v(8), . . ., y(11) are mapped to resource clements

starting with a position of k=k.sub.O+.left brkt-
bot.2N.sub.RB.sup.DLN.sub.sc.sup.RB/4.right  brkt-bot.,
and y(12), . . ., y(15) are mapped to resource elements
starting with a position of k=k.sub.O+.left brkt-
bot.3N.sub.RB.sup.DLN.sub.sc.sup.RB/4.right  brkt-bot..
Here, a value k.sub.0 for shifting a starting point 1s k.sub.0=
(N.sub.sc.sup.RB/2)(N.sub.ID.sup.cell mod 2N.sub.
RB.sup.DL).

The above additions include a modular operation of
N.sub.RB.sup.DLN.sub.sc.sup.RB, and N.sub.ID.sup.cell
denotes a physical layer cell identification (ID).

In the above mapping rule, y(0), . . ., y(135) denote 16

QPSK symbols, N.sub.RB.sup.DL denotes the number of
resource blocks transmitted 1n downlink, and N.sub.sc.su-
p.RB denotes the number of resource elements per resource
block. k.sup.0 1s determined according to the cell ID N.sub.
ID.sup.cell which varies with each cell. Starting waith
k.sup.0, the symbols are dispersed 1n four frequency regions
comprised of 4 adjacent resource elements which are not
used for transmission of a reference signal (RS) to obtain a
frequency diversity gain over all downlink frequency bands,
and then transmitted. The reason why the adjacent resource
clements which are not used for transmission of the refer-
ence signal are used 1s that since other control channels are
constructed with a resource element group (REG) comprised
of 4 adjacent resource elements which are not used for
transmission of the REFERENCE SIGNAL, multiplexing of
a PCFICH with other control channels can be efliciently
performed using the same mapping method.

However, when mapping symbols for the PCFICH
according to the above-described mapping method, there
may be the following disadvantages.

First, 11 and N.sub.sc.sup.RB 1s 12 1n a general subirame
structure of a 3GPP LTE system, the second and fourth
frequency regions among 4 frequency regions are mapped
over 2 REGs when N.sub.RB.sup.DL 1s an odd number.

FIG. 1 1illustrates a conventional mapping method in
which 4 symbols are mapped to 2 REGs.

As 1llustrated 1n FIG. 1, i N.sub.RB.sup.DL 1s an even
number, 4 frequency regions for transmission of a PCFICH
are 1dentical to units of an REG for transmission of other
control channels. However, 11 N.sub.RB.sup.DL i1s an odd
number, the second and fourth frequency regions are
mapped over 2 REGs. In this case, since an REG 15 com-
prised of 4 adjacent resource elements which are not used for
transmission ol a reference signal, resource elements
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remaining at both sides of the 4 adjacent resource elements
can not be used for transmission of a control channel,
thereby wasting resources.
Second, the above-described mapping rule has a region 1n
which mapping can not be implemented. d
A frequency mapping region varies with N.sub.ID.sup.

cell ID which 1s unique for each cell. Hence, cells having
adjacent cell IDs may reduce interference caused by trans-
mission of a PCFICH. This N.sub.ID.sup.cell 1s comprised

of 504 values ranging from 0 to 503 according to a current 10
3GPP LTE standard. When N.sub.RB.sup.DL 1s an odd
number, a region 1n which frequency mapping for PCFICH
transmission can not be performed occurs according to
N.sub.ID.sup.cell.

FIG. 2 illustrates the case where a region in which 15
mapping can not be implemented occurs 1 a frequency
region for PCFICH transmission according to N.sub.ID.sup.
cell. For example, if N.sub.RB.sup.DL 1s 25, N.sub.ID.sup.
cell 1s 12, and M.sub.sc.sup.RB 1s 12, a frequency region
allocated to 4 successive resource elements deviates from a 2¢
frequency region 1n which a PCFICH should actually be
transmitted. In this case, the PCFICH can not be allocated to
a corresponding region.

DISCLOSURE 25

Technical

An object of the present invention devised to solve the
problem lies 1 providing a method which can solve a 30
problem of wasting resource elements or having difliculty in
mapping while mapping symbols for a PCFICH.

Technical Solution
35

The object of the present invention can be achieved by
providing a method of mapping symbols of a PCFICH in
units of a resource element group. If the number of resource
blocks transmitted in downlink 1S an even number, a con-
ventional mapping method 1s used. If the number of resource 40
blocks 1s an odd number, the method of mapping symbols of
a PCFICH 1s used including determining a start position of
a resource element to map the symbols for the PCFICH
using a variable obtained by subtracting 1 from the number
of resource blocks, and mapping the symbols 1n the start 45
position.

The determining may include determining an 1nitial start
position according to a physical layer cell ID.

The mapping may include mapping symbols of a first
group among four groups to resource elements starting with 50
a position of K=K.sub.0, mapping symbols of a second
group among the four groups to resource elements starting
with a position of K=K.sub.0O+.left brkt-bot.(N.sub.
RB.sup.DL-1)N.sub.sc.sup.RB/4.right brkt-bot., mapping
symbols of a third group among the four groups to resource 55
clements starting with a position of k=k.sub.O+.left brkt-
bot.2(N.sub.RB.sup.DL-1)N.sub.sc.sup.RB/4.right brkt-
bot., and mapping symbols of a fourth group among the four
groups to resource clements starting with a position of
k=k.sub.0+.leit brkt-bot.3(N.sub.RB.sup.DL-1)N.sub.sc.su- 60
p.RB/4.rnght brkt-bot.

The mapping may include mapping symbols 1n positions
except for resource elements of reference signals 1n a {first
OFDM symbol.

In another aspect of the present invention, provided herein 65
1s a method of mapping symbols of a PCFICH, including
determining a start position of a resource element to map the

4

symbols for the PCFICH by flooring a value, obtained by
multiplying the number of resource blocks by a variable
proportional to a symbol index for the PCFICH and then
dividing the multiplied result by 2, wherein the resource
blocks are transmitted 1n downlink, and mapping the sym-
bols 1n the start position.

The determining may include determiming an initial start
position according to a physical layer cell 1D.

The mapping may include mapping symbols of a first
group among four groups to resource elements starting with
a position ol k=k.sub.0, mapping symbols of a second group
among the four groups to resource elements starting with a
position of k=k.sub.O+.left brkt-bot.N.sub.RB.sup.DL/
2.right brkt-bot.N.sub.sc.sup.RB/2; mapping symbols of a
third group among the four groups to resource elements
starting with a position of k=k.sub.O+.left brkt-
bot.2N.sub.RB.sup.DL/2.right brkt-bot.N.sub.sc.sup.RB/2,
and mapping symbols of a fourth group among the four
groups to resource eclements starting with a position of

k=k.sub.O+.left brkt-bot.3N.sub.RB.sup.DL/2.right brkt-
bot.N.sub.sc.sup.RB/2.

The mapping may include mapping symbols of a first
group among four groups to resource elements starting with
a position of k=k.sub.0, mapping symbols of a second group
among the four groups to resource elements starting with a
position of k=k.sub.0.left brkt-bot.N.sub.RB.sup.DL/2.right
brkt-bot.N.sub.sc.sup.RB/2, mapping symbols of a third

group among the four groups to resource elements starting
with a position of k=k.sub.0+2.left brkt-bot.N.sub.

RB.sup.DL/2.right brkt-bot.N.sub.sc.sup.RB/2, and map-
ping symbols of a fourth group among the four groups to
resource elements starting with a position of k=Kk.sub.0+
3.left brkt-bot.N.sub.RB.sup.DL/2.right brkt-bot.N.sub.
sc.sup.RB/2.

The mapping may include mapping symbols 1n positions
except for resource elements of reference signals 1n a first
OFDM symbol.

Advantageous Eflects

In accordance with the exemplary embodiments of the
present mvention, a problem of wasting resource elements
or not being able to implement mapping can be solved by
applying a simple mapping rule while mapping symbols of
a PCFICH.

DESCRIPTION OF DRAWINGS

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

In the drawings

FIG. 1 1illustrates a conventional mapping method in
which 4 symbols are mapped to 2 REGs;

FIG. 2 illustrates the case where mapping can not be
implemented 1n a conventional mapping method;

FIG. 3 1s a flow chart illustrating a PCFICH mapping
method according to an exemplary embodiment of the
present invention; mapping method;

FIG. 4 1s a flow chart illustrating a PCFICH mapping
method according to another exemplary embodiment of the
present invention; mapping method;

FIG. 5 illustrates an example of REGs when 2 or less
transmit antennas are used; mapping method;

FIG. 6 1illustrates an example of REGs when 4 transmit
antennas are used; and mapping method;
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FIG. 7 illustrates an example of PCFICH mapping
according to a cell ID.

BEST MOD.

L1

Reference will now be made 1n detail to the exemplary
embodiments of the present invention with reference to the
accompanying drawings. The detailled description 1s
intended to explain exemplary embodiments of the present
invention, rather than to show the only embodiments that
can be implemented according to the mmvention.

In an exemplary embodiment of the present invention, a
method applying different mapping rules according to
N.sub.RB.sup.DL 1s proposed.

In a conventional mapping method, the above-described
problems do not occur for N.sub.RB.sup.DL of an even
number, so the conventional mapping method 1s used for
N.sub.RB.sup.DL of an even number and the following
mapping method 1s used for N.sub.RB.sup.DL of an odd
number.

Hereinbelow, y(0), .. ., y(15) denotes 16 QPSK symbols,
N.sub.RB.sup.DL denotes the number of resource blocks
transmitted 1n downlink, and N.sub.sc.sup.RB denotes the
number of resource elements per resource block.

According to an exemplary embodiment of the present
invention, 1f N.sub.RB.sup.DL 1s an odd number,
yv(0), ..., y(3) are mapped to resource elements starting with
a position of k=k.sub.0, v(4), . . . , y(7) are mapped to
resource elements starting with a position of k=k.sub.0+.left
brkt-bot.(N.sub.RB.sup.DL-1)N.sub.sc.sup.RB/4 .right brkt-
bot., y(8), . . ., y(11) are mapped to resource elements
starting with a position of k=k.sub.O+.left brkt-
bot.2N.sub.RB.sup.DLN.sub.sc.sup.RB/4.right brkt-bot. or
k=k.sub.0+.leit brkt-bot.2(N.sub.RB.sup.DL-1)N.sub.sc.su-
p.RB/4.nght brkt-bot., and y(12), . . ., y(15) are mapped to
resource elements starting with a position of k=k.sub.0+.left
brkt-bot.3(N.sub.RB.sup.DL-1)N.sub.sc.sup.RB/4.right
brkt-bot.

FIG. 3 1s a flow chart illustrating a PCFICH mapping
method according to an exemplary embodiment of the
present invention.

A symbol 1index 1 for PCFICH mapping 1s mitialized to 0
(step S310).

Next, a determination 1s made as to whether N.sub.
RB.sup.DL 1s an odd number (step S320). If N.sub.
RB.sup.DL 1s an odd number, positions of resource elements
to map 4 symbols of a PCFICH are determined using
N.sub.RB.sup.DL-1 and the 4 symbols are mapped to cor-
responding positions (step S330).

If N.sub.RB.sup.DL 1s an even number, positions of
resource eclements to map 4 symbols of a PCFICH are
determined using N.sub.RB.sup.DL and the 4 symbols are
mapped to corresponding positions (step S340).

If mapping 1s completed, the symbol 1ndex 1 1s increased
by 4 (step S350).

If the symbol index 11s less than 16 (step S360), the above
operations (steps S320 to S350) are repeated since symbols
to be mapped remain.

Finally, 11 the symbol index 1 1s equal to or greater than 16
(S360), a procedure 1s ended.

Meanwhile, another exemplary embodiment of the pres-
ent invention proposes a single mapping method 1rrespective
of whether N.sub.RB.sup.DL is an odd number or an even
number.

That 1s, the following mapping rule using a single expres-
sion regardless of N.sub.RB.sup.DL can solve the conven-
tional problems 1n mapping symbols for a PCFICH.
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According to another exemplary embodiment of the pres-
ent mvention, v(0), . . . , y(3) are mapped to resource
clements starting with a position of k=k.sub.0, y(4), . . .,
y(7) are mapped to resource elements starting with a posi-
tion of k=k.sub.O+.left brkt-bot.N.sub.RB.sup.DL/2.right
brkt-bot.N.sub.sc.sup.RB/2, y(8), . . ., y(11) are mapped to
resource elements starting with a position of k=k.sub.0+.left
brkt-bot.2N.sub.RB.sup.DL/2.right  brkt-bot.N.sub.sc.su-
p.RB/2, and y(12), . . ., y(13) are mapped to resource
clements starting with a position of k=k.sub.0+3N.sub.
RB.sup.DL/2.right brkt-bot.N.sub.sc.sup.RB/2.

In the above method, k.sub.0 1s determined according to
N.sub.ID.sup.cell. IT an index indicated by k.sub.0 collides
with an index of a resource element using a reference signal,
k.sub.0 may use an index increased by ‘1°.

FIG. 4 1s a flow chart illustrating a PCFICH mapping
method according to another exemplary embodiment of the
present 1nvention.

First, a symbol index 1 for PCFICH mapping 1s mitialized
to O (step S410).

A start position of a resource element for PCFICH map-
ping 1s determined by flooring a value obtained by multi-
plying a variable I.sub.1 proportional to the symbol index by
N.sub.RB.sup.DL and then dividing the multiplied result by
2 (step S420). The varniable may be, for example, I.sub.0=0,
[.sub.4=1, I.sub.8=2, and I.sub.12=3.

If mapping 1s completed, the symbol 1ndex 1 1s increased
by 4 (step S450).

If the symbol index 11s less than 16 (step S460), the above
operations (steps S420 to 5450) are repeated since symbols
to be mapped remain.

Finally, 1f the symbol index 1 1s equal to or greater than 16
(5460), a procedure 1s ended.

The above mapping rule according to another exemplary
embodiment of the present invention may be modified as
follows.

Namely, y(0), . . ., y(3) are mapped to resource elements
starting with a position of k=k.sub.0, y(4), . . . , y(7) are
mapped to resource elements starting with a position of
k=k.sub.0+3.left brkt-bot.N.sub.RB.sup.DL/2.right brkt-
bot.N.sub.sc.sup.RB/2, v(8), . . . , y(11) are mapped to
resource elements starting with a position of k=Kk.sub.0+
2.left  brkt-bot.N.sub.RB.sup.DL/2.right brkt-bot.N.sub.
sc.sup.RB/2, and (12), . . ., y(15) are mapped to resource
clements starting with a position of k=k.sub.0+3 left brkt-
bot.N.sub.RB.sup.DL/2.right brkt-bot.N.sub.sc.sup.RB/2.

FIG. 5 1illustrates an example of REGs when two or less
transmit antennas are used.

In the first OFDM symbol (first line) through which a
PCFICH 1s transmitted, since reference signals of respective
antennas are transmitted, one REG 1s comprised of 6
resource elements. Since no reference signal exists 1n the
second OFDM symbol (second line) when using 2 or less
transmit antennas, one REG 1s comprised of 4 resource
clements.

FIG. 6 illustrates an example of REGs when 4 transmit
antennas are used.

In the first OFDM symbol (first line) through which a
PCFICH 1s transmitted, since reference signals ol antennas
are transmitted, one REG 1s comprised of 6 resource ele-
ments. When using 4 transmit antennas, since reference
signals exist even in the second OFDM symbol (second
line), one REG 1s comprised of 6 resource elements.

FIG. 7 illustrates an example of PCFICH mapping
according to a cell ID.

In FIG. 7, a system band corresponds to 20 resource
blocks. Different start positions are set for 10 cell IDs.
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Positions denoted by “1”” indicate positions of k.sub.0 1n the
above-described mapping method. Accordingly, interference
between cell IDs 1s reduced.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, 1t 1s intended that the present mmvention
cover the modifications and varnations of this invention
provided they come within the scope of the appended claims
and their equivalents.

INDUSTRIAL APPLICABILITY

The present mvention provides a mapping method for
frequency and OFDM symbol regions of a signal transmaitted
in downlink 1n a cellular OFDM wireless packet communi-
cation system and 1s applicable to a base station, a user
equipment, etc. 1n a 3GPP LTE system.

What 1s claimed 1s:
[1. A base station in a wireless communication system, the
base station comprising;:
means for mapping 16 physical control format indicator
channel (PCFICH) symbols to four resource element
groups (REGs) 1n a first orthogonal frequency division
multiplexing (OFDM) symbol of a downlink subirame;
and
means for transmitting the mapped 16 PCFICH symbols
to a user equipment (UE),
wherein the four REGs comprises a first REG including
first four resource eclements (REs), a second REG
including second four REs, a third REG 1ncluding third
four REs s and a fourth REG including fourth four REs,
wherein first REs from the first four REs, the second four
REs, the third four REs and the fourth four REs have
positions given by:
Ko
K+

Ngs  /2]*Ng /2,
K +|2N,.7"/2 *NSCRB/2 and
K, +[3N,,7“/2|*N /2, respectively,
wherem K, 1s determmed as (N “%/2)%(N,," mod 2
Ngs™0),
wherein N, .”" indicates a number of resource blocks
(RBs) transmitted 1n a downlink,
wherein N .-~ indicates a number of REs per a RB in the
frequency domain, and
wherein N,,,°” is a physical layer cell identifier.]
[2. The base station of claim 1, wherein the NSCRB is 12.]
[3. The base station of claim 1 turther comprising;:
means for transmitting reference signals to the UE,
wherein each of the first REG, the second REG, the third
REG and the four REG has 6 contiguous REs 1n the first
OFDM symbol of the downlink subframe, and 2 of the
6 contiguous REs are used for the reference signals.}
[4. The base station of claim 1, wherein the 16 PCFICH
symbols notify the UE of whether 1, 2 or 3 OFDM symbols
in the downlink subirame are used for transmitting a control
channel ]
[S. A user equipment in a wireless communication system,
the user equipment comprising:
means for receiving 16 physical control format indicator
channel (PCFICH) symbols via a first orthogonal fre-
quency division multiplexing (OFDM) symbol of a
downlink subframe from a base station, wherein the 16
PCFICH symbols are mapped to four resource element
groups (REGs), wherein the four REGs comprises a
first REG including first four resource elements (REs),
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a second REG including second four REs, a third REG
including third four REs and a fourth REG including
fourth four REs,

wherein first REs from the first four REs, the second four
REs, the third four REs and the fourth four REs have
positions given by:

Ko

K+

Ngs  12|*Ng /2,
Ko+ 2N,z""/2] *NSCRB/2 and
Kq+| 3N DL/2J *N /2, respectively,
wherein K, 1s determmed as (N P/2)*(N,,*" mod 2
NRBDL)
wherein N, .”" indicates a number of resource blocks
(RBs) transmitted 1n a downlink,
wherein N..*” indicates a number of REs per a RB in the
frequency domain, and
wherein N, ,°” is a physical layer cell identifier.]
[6. The user equipment of claim 5, wherein the N..*” is
12.]
[7. The user equipment of claim 5, further comprising:
means lor recerving reference signals from the base

station,
wherein each of the first REG, the second REG, the third

REG and the four REG has 6 contiguous REs 1n the first
OFDM symbol of the downlink subirame, and 2 of the
6 contiguous REs are used for the reference signals.]
[8. The user equipment of claim 5, further comprising:
means for acquiring nformation about a number of
OFDM symbols used for a control channel based on the
received 16 PCFICH symbols.}
9. A method of mapping a physical control format indi-
cator channel (PCFICH) transmitted to a user equipment
(UE), the method comprising.
mapping the PCFICH to four resource element vegions in
a first orthogonal frequency division multiplexing
(OFDM) symbol in a downlink subframe,

wherein each of the four resource element regions
includes four adjacent vesource elements which are not
used for transmitting a reference signal,

wherein indexes of starting resourvce elements corrve-

sponding to the four resource element regions are given
by:

K,

K+

Nps /2|*Nse /2,

K +|2N,.7"/2 *NSCRB/Z and

K +| 3N 252 |*N5P/2, vespectively,

wherein the addxtxons are modulo N, ;"N "”,

wherein K, is determined as (N RB/Z)* N, mod

2Ngs )

wherein N,z"" indicates a number of resource blocks

(RBs) transmitted in a downlink,

wherein N % is 12, and

wherein N,,°°" is a physical layer cell identifier.

10. The method of claim 9, wherein each of the four
resource element regions corresponds to each of four
resource element groups including 6 contiguous rvesource
elements, and the 6 contiguous resource elements include 2
resource elements used for the reference signal.

11. The method of claim 9, wherein, when a starting
resource element of K, collides with a vesource element used

for tmnsmxtﬁng the reference signal, K, is determined as

(N 2/ XN, mod 2N o5 )+1.
12. The method of claim 9, whevein the PCFICH notifies
the UE of a number of symbols in the downlink used for

transmitting a control channel.
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13. A method of receiving a physical control format wherein N..~" indicates a number of resource blocks
indicator channel (PCFICH) by a user equipment (UE), the (RBs) transmitted in a downlink,
method comprising:
receiving the PCFICH in a first orthogonal frequency
division multiplexing (OFDM) symbol in a downlink

wherein N.? indicates a number of resource elements
(RESs) per RB in a frequency domain, and

subframe, wherein N,,°" is a physical layer cell identifier.
wherein the PCFICH is mapped to four resource element . .

regions in the first OFDM symbol of the downlink 14. The method of ti?laxm 13, wherein each of the four

subframe, resource element regions corvesponds to each of four
wherein each of the four rvesource element regions resource element groups including 6 contiguous resource

: : : 10 : :
includes four adjacent resource elements which are not elements, and the 6 contiguous resource elements include 2

used for transmitting a reference signal, resource elements used for the reference signal.
wherein indexes of starting resourvce elements corve-

. . . 15. The method of claim 13, wherein, when a starting
sponding to the four resource element regions are given

resource element of K, collides with a vesource element used

by:
K, 15 for transmitting the rveference signal, K, is determined as
K +|Ng P52 | 5N 272, (N 2/ (N, mod 2N g5 )+1.
DL RB
Kot -2NRBDL/2- :NSCRE/ZJ and _ 16. The method of claim 13, wherein the PCFICH notifies
Ko+[3Ngs /2] "Nsc™"/2, respectively, the UE of a number of symbols in the downlink used for

wherein the additions are modulo N, ;"N ",
wherein K, is determined as (N "2/2)* (N, mo

s
ZNRB )J % % e o o

7 20 transmitting a control channel.
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