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(54) METHOD AND APPARATUS FOR TRANSMITTING REFERENCE SIGNALS

(57) Disclosed are a method and an apparatus for
transmitting a reference signal. The method for transmit-
ting the reference signal comprises the step of: transmit-
ting a secondary synchronization signal (SSS) and a pri-
mary synchronization signal (PSS) from a subframe in-
clduding an N (natural number wherein N>1) number of
resource blocks (RB) and a plurality of orthogonal fre-
quency division multiplexing (OFDM) symbols; and
transmitting from the subframe the reference signal
which is generated on the basis of a a cell identifier,
wherein the reference signal can be transmitted from an
M (a natural number wherein K<=M<N) number of RBs
which includes a K number of RBs in the OFDM symbols
that remains after excluding the OFDM symbols from
which the SSS and the PSS are transmitted. As result,
demodulation capability of a terminal can be increased.
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to wireless com-
munication, and more particularly, to a method and an
apparatus for transmitting a reference signal.

Related Art

[0002] Intensive research is conducted in order to im-
prove performance in terms of a capacity, transmission
coverage, coordination between cells, and cost. Intro-
duction of various technologies including small cell en-
hancement, macro cell enhancement, a new carrier type,
machine type communication, and the like as a techno-
logical term in LTE release 12 for the performance im-
provement.
[0003] Enhancement of the capacity and the transmis-
sion coverage targeted by the LTE release 12 may be
achieved by small cell enhancement based on inter-site
carrier aggregation and inter-LTE-wireless local area
network (WLAN) integration and the macro cell enhance-
ment. As the size of the cell decreases, inter-cell move-
ment of a UE frequently occurs, and as a result, the quan-
tity of traffics signaled when the UE moves may increase.
In order to solve the problem, signaling transmitted to a
core network in a radio access network (RAN) is de-
creased by using the small cell enhancement to optimize
a small cell.
[0004] The new carrier type (NCT) is a frame type
which is newly defined differently from a legacy frame
configuration. The NCT may be a carrier type optimized
to the small cell, but may be applied to even the macro
cell. The NCT may decrease overhead which occurs by
transmitting a cell-specific reference signal (CRS) and
demodulate a downlink control channel based on a de-
modulation reference signal (DM-RS). Energy of a base
station may be saved and interference which occurs in
a heterogeneous network (HetNet) by newly defining the
NCT. Further, reference signal overhead which occurs
at the time of transmitting data may be decreased by
using the NCT. In more detail, the NCT maintains the
existing frame structure (e.g., CP length, subframe struc-
ture, and duplex mode), but may be defined by a carrier
which is different in a structure of an actually transmitted
reference signal and is not backward compatible (to el-
11 and below UEs).

SUMMARY OF THE INVENTION

[0005] An aspect of the present invention provides a
method for transmitting a reference signal.
[0006] Another aspect of the present invention pro-
vides an apparatus for performing the method for trans-
mitting a reference signal.

[0007] An exemplary embodiment of the present in-
vention provides a method for transmitting a reference
signal including: transmitting a secondary synchroniza-
tion signal (SSS) and a primary synchronization signal
(PSS) in a subframe including N (a natural number of
N>1) resource blocks (RBs) and a plurality of orthogonal
frequency division multiplexing (OFDM) symbols; and
transmitting a reference signal created based on a cell
identifier in the subframe, in which the PSS is transmitted
in K (a natural number of K<N) contiguous RBs selected
from a plurality of RBs in a sixth OFDM symbol of the
subframe, the SSS is transmitted in K (a natural number
of K<N) contiguous RBs selected from the plurality of
RBs in a seventh OFDM symbol of the subframe, the
reference signal is transmitted in M (a natural number of
K<=M<N) RBs including the K RBs in the remaining
OFDM symbols except for the sixth OFDM symbol and
the seventh OFDM symbol, when N is an even number,
M is an even number, and when N is an odd number, M
is an odd number.
[0008] Another exemplary embodiment of the present
invention provides a base station including a processor,
in which the processor is implemented to transmit a sec-
ondary synchronization signal (SSS) and a primary syn-
chronization signal (PSS) in a subframe including N (a
natural number of N>1) resource blocks (RBs) and a plu-
rality of orthogonal frequency division multiplexing
(OFDM) symbols and transmit a reference signal created
based on a cell identifier in the subframe, the PSS is
transmitted in K (a natural number of K<N) contiguous
RBs selected from a plurality of RBs in a sixth OFDM
symbol of the subframe, the SSS is transmitted in K (a
natural number of K<N) contiguous RBs selected from
the plurality of RBs in a seventh OFDM symbol of the
subframe, the reference signal is transmitted in M (a nat-
ural number of K<=M<N) RBs including the K RBs in the
remaining OFDM symbols except for the sixth OFDM
symbol and the seventh OFDM symbol, when N is an
even number, the M is an even number, and when N is
an odd number, the M is an odd number.
[0009] It is possibel to enhance demodualtion perform-
ance of the UE.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 illustrates the structure of a radio frame in 3rd
Generation Partnership Project (3GPP) long term
evolution (LTE).
FIG. 2 illustrates one example of a resource grid for
a downlink slot.
FIG. 3 illustrates the structure of a downlink sub-
frame.
FIG. 4 illustrates a structure of an uplink subframe.
FIG. 5 is a schematic diagram illustrating a subframe
structure.
FIG. 6 is a conceptual diagram illustrating a frame
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where a PSS and an SSS are transmitted according
to the exemplary embodiment of the present inven-
tion.
FIG. 7 is a schematic diagram illustrating a method
for transmitting a CRS through an NCT subframe by
a base station according to the exemplary embodi-
ment of the present invention.
FIG. 8 is a schematic diagram illustrating a method
for transmitting a CRS through an NCT subframe by
a base station according to the exemplary embodi-
ment of the present invention.
FIG. 9 is a schematic diagram illustrating a resource
area where a base station transmits a CRS accord-
ing to the exemplary embodiment of the present in-
vention.
FIG. 10 is a schematic diagram illustrating a method
for transmitting a CRS according to the exemplary
embodiment of the present invention.
FIG. 11 is a schematic diagram illustrating a method
for transmitting a time/frequency CRS according to
an embodiment of the present invention.
FIG. 12 is a schematic diagram illustrating a method
for transmitting a time/frequency tracking CRS by
using a plurality of antenna ports in the base station
according to an exemplary embodiment of the
present invention.
FIG. 13 is a schematic diagram illustrating a method
for transmitting a time/frequency CRS using a plu-
rality of antennas according to an embodiment of the
present invention.
FIG. 14 is a schematic diagram illustrating a PRB
bundling method according to the exemplary embod-
iment of the present invention.
FIG. 15 is a schematic diagram illustrating a method
for transmitting a CRS to an NCT subframe accord-
ing to the exemplary embodiment of the present in-
vention.
FIG. 16 is a schematic diagram illustrating a method
for transmitting a URS in the NCT subframe accord-
ing to the exemplary embodiment of the present in-
vention.
FIG. 17 is a block diagram illustrating a wireless com-
munication system according to an embodiment of
the present invention

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0011] A wireless device may be fixed or movable and
may be called other terms such as user equipment (UE),
a mobile station (MS), a mobile terminal (MT), a user
terminal (UT), a subscriber station (SS), a personal digital
assistant (PDA), a wireless modem, a handheld device,
and the like. Alternatively, the wireless device may be a
device that supports only data communication, such as
a machine-type communication (MTC) device.
[0012] A base station (BS) generally represents a fixed
station that communicates with the wireless device, and
may be called different terms such as an evolved-NodeB

(eNB), a base transceiver system (BTS), an access point,
and the like.
[0013] Hereinafter, it is described that the present in-
vention is applied based on 3rd Generation Partnership
Project (3GPP) long term evolution (LTE) based on
3GPP technical specification (TS) release 8 or 3GPP
LTE-A based on 3GPP TS release 10. This is just an
example and the present invention may be applied to
various wireless communication networks. Hereinafter,
LTE includes LTE and/or LTE-A.
[0014] FIG. 1 illustrates the structure of a radio frame
in 3rd Generation Partnership Project (3GPP) long term
evolution (LTE).
[0015] The structure of the radio frame 10 in the 3GPP
LTE may refer to Clause 5 of 3rd Generation Partnership
Project (3GPP) TS 36.211 V8.2.0 (2008-03) "Technical
Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical
channels and modulation (Release 8)". Referring to FIG.
1, the radio frame 100 is constituted by 10 subframes,
and one subframe 120 is constituted by two slots 140. In
the radio frame 100, an index may be applied according
to the slot 140 of slots #0 to #19 or the index may be
applied according to the subframe 120 of subframes #0
to 9. Subframe #0 may include slot #0 and slot #1.
[0016] A time required to transmit one subframe 120
is referred to as a transmission time interval (TTI). The
TTI may be a scheduling unit for data transmission. For
example, the length of one radio subframe 100 may be
10 ms, the length of one subframe 120 may be 1 ms, and
the length of one slot 140 may be 0.5 ms.
[0017] One slot 140 includes a plurality of orthogonal
frequency division multiplexing (OFDM) symbols in a
time domain, and a plurality of subcarriers in a frequency
domain. Since the 3GPP LTE uses the OFDMA in the
downlink, the OFDM symbol is used to express one sym-
bol period and may be called other name according to a
multiple access scheme. For example, when a single car-
rier-frequency division multiple access (SC-FDMA) is
used as an uplink multiple access scheme, the OFDM
symbol may be called an SC-FDMA symbol. A resource
block (RB) includes a plurality of contiguous subcarriers
in one slot as a resource allocation unit. The resource
block will be disclosed in detail in FIG. 2. The structure
of the radio frame 100 disclosed in FIG. 1 is one embod-
iment for a frame structure. Accordingly, the number of
subframes 120 included in the radio frame 100, the
number of slots 140 included in the subframe 120, or the
number of OFDM symbols included in the slot 140 is var-
iously changed to be defined as a new radio frame format.
[0018] The 3GPP LTE defines that one slot includes 7
OFDM symbols when a normal cyclic prefix (CP) is used,
and one slot includes 7 OFDM symbols when an extend-
ed CP is used.
[0019] The wireless communication system may be
generally divided into a frequency division duplex (FDD)
scheme and a time division duplex (TDD) scheme. Ac-
cording to the FDD scheme, uplink transmission and
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downlink transmission are performed while occupying
different frequency bands. According to the TDD
scheme, the uplink transmission and the downlink trans-
mission are performed at different timings while occupy-
ing the same frequency band. A channel response of the
TDD scheme is substantially reciprocal. This means that
a downlink channel response and an uplink channel re-
sponse are almost the same as each other in a given
frequency domain. Accordingly, in the wireless commu-
nication system based on the TDD, the downlink channel
response may be advantageously acquired from the up-
link channel response. In the TDD scheme, since all the
frequency bands are time-divided into the uplink trans-
mission and the downlink transmission, the downlink
transmission by the base station and the uplink transmis-
sion by the UE may not simultaneously be performed. In
the TDD system in which the uplink transmission and the
downlink transmission are divided by the unit of the sub-
frame, the uplink transmission and the downlink trans-
mission are performed in different subframes.
[0020] FIG. 2 illustrates one example of a resource grid
for a downlink slot.
[0021] The downlink slot includes a plurality of OFDM
symbols in the time domain, and includes NRB resource
blocks in the frequency domain. NRB which is the number
of resource blocks included in the downlink slot is sub-
ordinate to a downlink transmission bandwidth set in a
cell. For example, in an LTE system, the NRB may be
any one of 6 to 110 according to the used transmission
bandwidth. One resource block 200 includes a plurality
of subcarriers in the frequency domain. The structure of
an uplink slot may also be the same as that of the down-
link slot.
[0022] Each element on the resource grid is called a
resource element 220. The resource element 220 on the
resource grid may be identified by a pair of indexes (k,l)
in the slot. Herein, k (k = 0,..., NRB x 12-1) represents a
subcarrier index in the frequency domain, and l (l = 0,...,6)
represents an OFDM symbol index in the time domain.
[0023] Herein, it is exemplified that one resource block
200 is 7 x 12 resource elements 220 which are constituted
by 7 OFDM symbols in the time domain and 12 subcar-
riers in the frequency domain, but the number of the
OFDM symbols and the number of the subcarriers in the
resource block 220 are not limited thereto. The number
of the OFDM symbols and the number of the subcarriers
may be variously changed depending on the length of
the CP, frequency spacing, and the like. For example, in
the case of a normal CP, the number of OFDM symbols
is 7 and in the case of an extended CP, the number of
OFDM symbols is 6. As the number of subcarriers in one
OFDM symbol, one of 128, 256, 512, 1024, 1536, and
2048 may be selected and used.
[0024] FIG. 3 illustrates the structure of a downlink sub-
frame.
[0025] The downlink subframe 300 includes two slots
310 and 320 in the time domain and each of the slots
310 and 320 includes 7 OFDM symbols in the normal

CP. Preceding maximum 3 OFDM symbols (maximum 4
OFDM symbols for a 1.4 Mhz bandwidth) of a first slot
310 in the subframe 300 are a control region 350 to which
control channels are allocated, and residual OFDM sym-
bols become a data region 360 to which a physical down-
link shared channel (PDSCH) is allocated.
[0026] A PDCCH may carry resource allocation and a
transmission format of a downlink-shared channel (DL-
SCH), resource allocation information of an uplink shared
channel (UL-SCH), paging information on a PCH, system
information on the DL-SCH, resource allocation of an up-
per layer control message such as a random access re-
sponse transmitted on the PDSCH, a set of transmission
power control commands for individual UEs in a prede-
termined UE group, and activation of voice over Internet
protocol (VoIP). A plurality of PDCCH regions may be
transmitted in the control region 350, and the UE may
monitor the plurality of PDCCHs. The PDCCH is trans-
mitted on aggregation of one or several contiguous con-
trol channel elements (CCEs). The CCE is a logical al-
location unit used to provide to the coding rate to the
PDCCH depending on a state of a radio channel. The
CCEs correspond to a plurality of resource element
groups. A format of the PDCCH and the bit number of an
available PDCCH are determined according to a corre-
lation of the number of CCEs and the coding rate provided
by the CCEs.
[0027] The base station determines the PDCCH format
according to the downlink control information (DCI) to be
sent to the UE and affixes a cyclic redundancy check
(CRC) to the control information. A unique identifier (radio
network temporary identifier (RNTI)) is masked on the
CRC according to an owner or a purpose of the PDCCH.
In the case of a PDCCH for a specific UE, a unique iden-
tifier of the UE, for example, a cell (C)-RNTI may be
masked on the CRC. Alternatively, in the case of a PD-
CCH for a paging message, a paging indication identifier,
for example, a paging (P)-RNTI may be masked on the
CRC. In the case of a PDCCH for a system information
block (SIB), a system information (SI)-RNTI may be
masked on the CRC. A random access (RA)-RNTI may
be masked on the CRC in order to indicate the random
access response which is a response to transmission of
a random access preamble of the UE.
[0028] FIG. 4 shows a structure of an uplink subframe.
[0029] The uplink subframe may be divided into control
regions 430 and 440 and a data region 450 in the fre-
quency domain. A physical uplink control channel
(PUCCH) for transmitting the uplink control information
is allocated to the control regions 430 and 440. A physical
uplink shared channel (PUSCH) for transmitting data is
allocated to the data region 450. When indicated in a
higher layer, the UE may support simultaneous transmis-
sion of the PUSCH and the PUCCH.
[0030] A PUCCH for one UE is allocated to a resource
block (RB) pair in the subframe 400. Resource blocks
that belong to the RB pair occupy different subcarriers in
first and second slots 410 and 420, respectively. A fre-
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quency occupied by the resource blocks that belongs to
the RB pair allocated to the PUCCH is changed based
on a slot boundary. This means that the RB pair allocated
to the PUCCH is frequency-hopped on the slot boundary.
The UE transmits the uplink control information through
different subcarriers with time to acquire a frequency di-
versity gain. m is a position index representing a logical
frequency domain position of the resource block pair al-
located to the PUCCH in the subframe.
[0031] The uplink control information transmitted on
the PUCCH includes a hybrid automatic repeat request
(HARQ) acknowledgement (ACK)/non-acknowledge-
ment (NACK), a channel quality indicator (CQI) indicating
a downlink channel status, a scheduling request (SR)
which is an uplink radio resource allocation request, and
the like.
[0032] The PUSCH is mapped in the uplink shared
channel (UL-SCH) which is a transport channel. Uplink
data transmitted on the PUSCH may be a transport block
which is a data block for the UL-SCH transmitted during
the TTI. The transport block may be user information.
Alternatively, the uplink data may be multiplexed data.
The multiplexed data may be acquired by multiplexing
the transport block for the UL-SCH and the control infor-
mation. For example, the control information multiplexed
to the data may include a CQI, a precoding matrix indi-
cator (PMI), HARQ, a rank indicator (RI), and the like.
Alternatively, the uplink data may be constituted by only
the control information.
[0033] FIG. 5 is a schematic diagram illustrating a sub-
frame structure.
[0034] FIG. 5 illustrates a frame using a normal cyclic
prefix (CP) in an LTE system using frequency division
duplex (FDD) as a duplexing method. One frame may
include 10 subframes (subframe #0 to subframe #9). One
subframe corresponds to 1 ms on a time axis, and a frame
which is a set of 10 subframes corresponds 10 ms on a
time axis. One subframe may be divided into two slots
(a slot is 0.5 ms). One slot corresponds to 7 OFDM sym-
bols on the time axis.
[0035] The base station may transmit physical broad-
cast channel (PBCH) data in a second slot 500-2 of sub-
frame #0 500 which is a first subframe included in the
frame. The base station may transmit a secondary syn-
chronization signal (SSS) 580 through OFDM symbols
#5 500-1 to 500-5 of the first slot 500-1 of the subframe
#0 500. Further, the base station may transmit a primary
synchronization signal (PSS) 570 through OFDM sym-
bols #6 500-1 to 500-6. The base station may transmit
the SSS 580 and the PSS 570 like the first slot 500-1 of
the subframe #0 500 even in the first slot of the subframe
#5 550 corresponding to a half-frame included in the
frame. The base station may transmit the PSS 570 and
the SSS 580 in a frequency band corresponding to 6 RBs
(72 subframes except for a DC subcarrier) based on a
center frequency.
[0036] The PBCH data 590 may include a master in-
formation block (MIB). The MIB may include information

such as information on a downlink cell bandwidth and
system frame numbers. The PBCH data 590 is transmit-
ted for every 40 ms. The base station may transmit the
PBCH data to the UE through four OFDM symbols
(OFDM symbols #0 500-2 and 500-0 to OFDM symbols
#3 500-2 and 500-3) on the time axis and 6 RBs (72
subcarriers except for the DC subcarrier) based on the
center frequency on a frequency axis. The PSS 570 and
the SSS 580 are illustrated in more detail in FIG. 6.
[0037] FIG. 6 is a schematic diagram illustrating a
frame where the PSS and the SSS are transmitted ac-
cording to the exemplary embodiment of the present in-
vention.
[0038] FIG. 6A illustrates a frame using a normal CP,
and FIG. 6B illustrates a frame using an extended CP.
[0039] The base station may transmit a synchroniza-
tion signal (SS) through the second slot of the subframe
#0 and the subframe #5 as described above in FIG. 5
even though considering 4.6 ms which is a global system
for mobile communication (GSM) frame length for easi-
ness of inter-radio access technology (RAT) measure-
ment between RATs.
[0040] SSSs 610 and 660 detect a cell identity group
and may be used for frame boundary detection. PSSs
600 and 650 detect one cell of cells included in the cell
ID group indicated through the SSSs 610 and 660, and
may be used for half frame detection.
[0041] The base station may transmit the PSSs 600
and 650 through the last OFDM symbol of the slot trans-
mitted with the PSSs 600 and 650. Further, the base
station transmits the SSSs 610 and 660 through the pre-
vious OFDM symbol of the OFDM symbol where the
PSSs 600 and 650 are transmitted. The SS may transmit
information on the cell ID transmitted in a current frame
among a total of 504 physical cell IDs by combining three
PSSs 600 and 650 and 168 SSSs 610 and 660. Further,
the base station the SS and the PBCH data through the
frequency band of the center 6 RBs based on the center
frequency in the system bandwidth. By using the method,
even though the entire system bandwidth is changed,
the UE receives the SS and the PBCH data 620 and 670
to receive the synchronization and system information.
[0042] In a LTE release 8/9/10 system, the base station
may transmit reference signals (RSs) and data such as
the cell-specific RS (CRS), the PSS/SSS, the PDCCH
data, and the PBCH data.
[0043] In a next-generation system after the LTE Re-
lease 8/9/10 system, a new carrier type (NCT) subframe
or an extension carrier subframe are defined to transmit
and receive downlink data and uplink data through a new-
ly defined subframe. The NCT subframe may be a carrier
type optimized and implemented in a small cell unit such
as a small cell or a micro cell. The NCT subframe may
reduce overhead due to a reference signal which is a
problem in an existing legacy subframe.
[0044] The NCT subframe may be a subframe in which
all or some of signals transmitted in the existing system
and information transmitted through a channel, and in-
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terference between the plurality of cells may be prevent-
ed and extension of the carrier may be improved.
[0045] The base station may transmit the CRS to the
UE through the NCT subframe. The UE may perform
time/frequency tracking for the receiving signal based on
the CRS transmitted through the NCT subframe.
[0046] FIG. 7 is a schematic diagram illustrating a
method for transmitting a CRS through the NCT sub-
frame in the base station according to the exemplary em-
bodiment of the present invention.
[0047] Referring to FIG. 7, the base station may trans-
mit the CRS through the entire system bandwidth or some
frequency bandwidths of the entire system bandwidth. A
frequency bandwidth at which the CRS is transmitted in
the NCT subframe may vary according to whether the
system bandwidth is the frequency bandwidth corre-
sponding to even RBs or the frequency bandwidth cor-
responding to odd RBs.
[0048] Here, in the exemplary embodiment of the
present invention, it is assumed that one RB corresponds
to 12 subcarriers (for example, one subcarrier has a size
of the frequency bandwidth of 15 kHz) on a frequency
axis and 7 OFDM symbols on a time axis. The size of
the resource on the frequency axis/ time axis configuring
the RB may be changed, and the method for transmitting
the CRS illustrated in the exemplary embodiment of the
present invention may be applied to the RB having the
area of the resource on the different frequency axis/ time
axis.
[0049] FIG. 7A illustrates a frequency band where the
CRS is transmitted by the base station in the case where
the entire system bandwidth is the frequency bandwidth
corresponding to the even RBs.
[0050] Referring to FIG. 7A, the entire system band-
width may be a frequency bandwidth of 12 RBs having
indexes 0 to 11.
[0051] In the case where the entire system bandwidth
is the frequency bandwidth corresponding to the even
RBs, the base station may transmit the CRS in the fre-
quency bandwidth of the center 6 RBs which are posi-
tioned at the center of the entire system bandwidth. In
FIG. 7A, the base station may transmit the CRS in the
frequency band corresponding to three RBs in a direction
where the frequency is increased based on the center
frequency and the frequency band (RB index 3 700-3 to
RB index 8 700-8) corresponding to three RBs in a di-
rection where the frequency is decreased based on the
center frequency.
[0052] When the frequency band of one RB is a fre-
quency band corresponding to 12 contiguous subcarri-
ers, the base station may transmit the CRS to the UE in
the area of the frequency band corresponding to 72 sub-
carriers except for the DC subcarrier corresponding to
the center frequency.
[0053] FIG. 7B illustrates a case where the entire sys-
tem bandwidth is a frequency bandwidth of odd RBs and
the CRS is transmitted in the frequency band of even
RBs.

[0054] In FIG. 7B, it is assumed that the entire system
bandwidth is the frequency bandwidth of 15 RBs includ-
ing the RBs having indexes of 0 to 14. In the case where
the base station transmits the CRS in the area corre-
sponding to the center 6 RBs, the base station may trans-
mit the CRS in the area corresponding to 6 RBs based
on the center frequency. When the entire frequency
bandwidth is an odd number, the frequency band in which
the base station transmits the CRS dose not coincide
with the boundary of the RBs. In the RBs positioned at
both ends based on the center frequency among the RBs
transmitting the CRS, the CRS may be configured only
in the area corresponding to 6 subcarriers corresponding
to 1/2 RB in the frequency band.
[0055] In the method for transmitting the CRS accord-
ing to the exemplary embodiment of the present inven-
tion, the base station transmits the CRS in x RBs (x is an
integer of 6 or more and an even number) positioned at
the center based on the center frequency, the area where
the CRS is transmitted may vary as follows.
[0056] 1) In the case where the system bandwidth is a
frequency band corresponding to even RBs and the fre-
quency band where the CRS is transmitted is x RBs (x
is an even number), the base station may transmit the
CRS in the frequency band of x RBs positioned at the
center in the entire system bandwidth based on the center
frequency. In this case, the frequency band where the
CRS is transmitted coincides with the boundary of the RB.
[0057] 2) In the case where the system bandwidth is a
frequency band corresponding to odd RBs and the fre-
quency band where the CRS is transmitted is x RBs (x
is an even number), the frequency band where the CRS
is transmitted may be a frequency band of (x-1) RBs po-
sitioned at the center in the entire system bandwidth
based on the center frequency, a frequency band of 1/2
RB in a direction where the frequency is increased in the
frequency band of (x-1) RBs, and a frequency band of
1/2 RB in a direction where the frequency is decreased
in the frequency band of (x-1) RBs. That is, the boundary
of the frequency band where the CRS is transmitted does
not coincide with the boundary of the RB.
[0058] FIGS. 7A and 7B illustrate a case where the
frequency band of the entire system bandwidth is even
RBs or odd RBs and a case where the frequency band
where the CRS is transmitted is even RBs.
[0059] Unlike FIGS. 7A and 7B, when the frequency
band where the CRS is transmitted is odd RBs, the meth-
od for transmitting the CRS described in FIGS. 7A and
7B may vary.
[0060] That is, unlike FIG. 7, when the entire system
bandwidth is the frequency band of odd RBs, the base
station may transmit the CRS in accordance with the
boundary of the RB. When the entire system bandwidth
is the frequency band of even RBs, the RBs at both ends
of the RBs transmitting the CRS may be the RBs trans-
mitting the CRS only in the frequency band correspond-
ing to 1/2 RB.
[0061] FIG. 8 is a schematic diagram illustrating a
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method for transmitting the CRS through the NCT sub-
frame by the base station according to the exemplary
embodiment of the present invention.
[0062] FIG. 8A illustrates a case where the entire sys-
tem bandwidth is even RBs and the base station trans-
mits the CRS through the frequency band of odd RBs.
[0063] In FIG. 8A, it is assumed that the system band-
width is a frequency bandwidth corresponding to 12 RBs
of indexes 0 to 11 and the base station transmits the CRS
in the frequency band of center 5 RBs. The CRS may be
transmitted in the frequency band corresponding to RB#4
800-4 to RB#7 800-7 based on the center frequency, the
frequency band corresponding to 6 subcarriers corre-
sponding to a half of the frequency band of RB#3 800-3,
and a frequency band corresponding to 6 subcarriers cor-
responding to a half of the frequency band of RB#8 800-8.
[0064] That is, the UE may receive the CRS in the fre-
quency band corresponding to 6 subcarriers which is
close to the center frequency in four RBs RB#4 800-4 to
RB#7 800-7, the RB#3 800-3, and the RB#8 800-8. When
the entire system bandwidth is even RBs and the CRS
is transmitted in odd RBs, the boundary of the RB and
the boundary of the frequency band where the CRS is
transmitted do not coincide with each other.
[0065] FIG. 8B is a schematic diagram illustrating a
case where the entire system bandwidth is odd RBs and
the CRS is transmitted in odd RBs.
[0066] Referring to FIG. 8B, the system bandwidth may
have a frequency bandwidth of 13 RBs of indexes 0 to
12. In this case, the frequency band of 5 RBs where the
CRS is transmitted may be 5 RBs RB#4 850-4 to RB #8
850-8 based on the center frequency. When the entire
system bandwidth is odd RBs and the CRS is transmitted
in odd RBs, the boundary of the RB and the boundary of
the frequency band where the CRS is transmitted coin-
cide with each other.
[0067] The UE may perform coherent demodulation of
data without performing non-code book based beam-
forming in the base station, among the data received
through the downlink channel based on the received
CRS. Further, the UE may perform initial cell searching
and scheduling, and intensity measurement of the down-
link signal for handover based on the CRS.
[0068] Further, the UE may demodulate the data which
performs the non-code book based beamforming in the
base station, among the data received through the down-
link channel based on the received URS. The URS may
be included only in the RBs allocated as the PDSCH re-
source for decoding the PDSCH data which are trans-
mitted only to the specific UE to be transmitted. The URS
may be a reference signal created base on the UE iden-
tifier.
[0069] In the first subframe, a resource area where the
URS is transmitted and a resource area where the PBCH
data is transmitted, or a resource area where the
PSS/SSS is transmitted may be duplicated. When the
resources are duplicated, the base station transmits the
PBCH data or the PSS/SSS to the UE, and the URS is

not transmitted. When the base station does not transmit
the URS, the UE may demodulate the PBCH data or PD-
SCH data included in the RBs transmitting the PSS/SSS
based on the CRS received through the corresponding
to the RB instead of the URS.
[0070] A minimum allocation unit of the resource trans-
mitting the PDSCH data is the RB. In the NCT subframe,
the frequency bandwidth where the CRS is transmitted
may be limited. As illustrated in FIGS. 7 and 8, when the
frequency bandwidth where the CRS is transmitted is
limited in the NCT subframe, the base station may trans-
mit the specific RB and the CRS only through some sub-
carriers in the frequency band, not the entire frequency
band of the
[0071] RBs.
[0072] That is, in the frequency band where the bound-
ary of the RB and the frequency bandwidth where the
CRS is transmitted do not coincide with each other and
the CRS is not received, the channel estimation perform-
ance using the CRS deteriorates and the demodulation
performance of the PDSCH data of the UE may deterio-
rate. Hereinafter, in the exemplary embodiment of the
present invention, a method for transmitting the CRS
without deteriorating the demodulation performance of
the PDSCH data will be illustrated.
[0073] FIG. 9 is a schematic diagram illustrating a re-
source area where the base station transmits the CRS
according to the exemplary embodiment of the present
invention.
[0074] In FIG. 9, it is assumed that when the system
bandwidth is a frequency bandwidth of odd RBs and the
base station transmits the CRS in the frequency band-
width of x RBs (x is an even number, for example, 6 RBs),
the frequency bandwidth where the CRS is transmitted
and the boundary of the RB do not coincide with each
other.
[0075] Referring to FIG. 9, the base station transmits
a CRS 950 only in a first frequency band 920 of 1/2 RB
corresponding to 6 subcarriers in the frequency band of
the RB. The base station does not transmit the CRS 950
in a second frequency band 900 of 1/2 RB corresponding
to the remaining 6 subcarriers. The UE may not use the
CRS 950 received through the second frequency band
900 of 1/2 RB in order to demodulate the PDSCH data
transmitted through the second frequency band 900 of
1/2 RB. Accordingly, the demodulation performance of
the PDSCH data of the UE may deteriorate.
[0076] In the exemplary embodiment of the present in-
vention, in order to prevent the deterioration of the per-
formance of the PDSCH, when the frequency band where
the CRS is transmitted and the boundary of the RB do
not coincide with each other, the base station may trans-
mit the CRS to the UE through an additional frequency
bandwidth so that the frequency band where the CRS is
transmitted and the boundary of the RB coincide with
each other.
[0077] In the PBCH data area illustrated in FIG. 9 and
the exemplary embodiment of the present invention be-
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low, it is assumed that a cell transmitting the NCT sub-
frame is a primary cell (PCell) during carrier aggregation.
In the case where the NCT subframe is a subframe trans-
mitted in a secondary cell (SCell), the PBCH may not be
transmitted. In the NCT subframe, the system information
may be transmitted through a new control channel.
[0078] FIG. 10 is a schematic diagram illustrating a
method for transmitting a CRS according to the exem-
plary embodiment of the present invention.
[0079] As illustrated in FIG. 10A, the frequency band
configured to transmit the CRS and the boundary of the
RB may not coincide with each other. The frequency band
configured to transmit the CRS is called a CRS frequency
band.
[0080] When the frequency band configured to trans-
mit the CRS and the boundary of the RB do not coincide
with each other, the base station may additionally the
CRS to the UE even in a frequency band of 1/2 RB con-
figured to transmit the CRS in the RBs corresponding to
the two-end frequency bands and a frequency band cor-
responding to the remaining 1/2RB 1010 and 1020. That
is, the base station may transmit the CRS in a frequency
band which is extended as compared with a configured
CRS frequency band configured to transmit the CRS.
The frequency band which is extended as compared with
the frequency band configured to transmit the CRS is
called an extended CRS frequency band. The UE de-
modulates the PDSCH data received through the extend-
ed CRS frequency band based on the CRS received
through the extended CRS frequency band to improve
the demodulation performance.
[0081] As illustrated in FIG. 10A, a frequency band
1010 corresponding to 1/2 RB of RB#4 100-4 and a fre-
quency band 1020 corresponding to 1/2 RB of RB#10
1000-10 may be extended CRS frequency bands.
[0082] Hereinafter, FIGS. 10B and 10C illustrate a
method of determining an extended CRS frequency band
in the case where the system bandwidth is a frequency
bandwidth of N RBs and the configured CRS frequency
band is x.
[0083] FIG. 10B illustrates a case where the system
frequency band is a frequency band of N RBs (N is a
natural number) and the base station transmits the CRS
in the frequency band of center x RBs (N>=x, x: natural
number). When a value of N mod 2 and a value of x mod
2 are not the same as each other, the base station may
transmit the CRS in the entire frequency band corre-
sponding to the frequency bands of center (x+1) RBs.
That is, it is possible to enhance the demodulation per-
formance of the PDSCH data received in the extended
CRS frequency band by configuring the frequency band
where the CRS is transmitted only in 1/2 RB to the ex-
tended CRS frequency band so as to be transmitted in
the entire frequency band of the RBs. Here, mod means
a modulo operation.
[0084] Like FIG. 10(B), when N is 19 and x is 6 (1030),
19mod2 has a value of 1 and 6mod2 is 0, which are dif-
ferent values. In this case, the base station may transmit

the CRS in the frequency band of 7 (which is x+1) RBs
1040. The UE may enhance the demodulation perform-
ance of the PDSCH data received through the extended
CRS frequency band based on the CRS additionally
transmitted by the base station.
[0085] Further, when the values of Nmod2 and xmod2
are the same as each other, an area where the CRS is
transmitted only in the 1/2 RB does not exist. That is,
since the frequency band where the base station trans-
mits the CRS only in the frequency band of some of RBs
does not exist, the base station needs not to separately
configure the extended CRS frequency band to transmit
the CRS. Accordingly, the base station may transmit the
CRS only in the frequency band corresponding to x RBs
without extending the frequency band where the CRS is
transmitted.
[0086] As another method, when a difference between
N and x is 2 or more and x is larger than 6, the CRS may
be transmitted in an area corresponding to (x-1) RBs in-
cluding the center 6 RBs where the PBCH or the
PSS/SSS is transmitted.
[0087] Referring to FIG. 10(C), it may be assumed that
N corresponds to 19 RB and x is 11 RBs 1050. Since the
difference between N and x is 2 or more and x is larger
than 6, the base station may transmit the CRS in a fre-
quency band 1060 of 10 RBs corresponding to x-1 in-
cluding the center 6 RBs.
[0088] According to the exemplary embodiment of the
present invention, when the CRS is transmitted to only
some bands based on the center frequency in the fre-
quency band of the NRB, if N is an odd number, the CRS
is transmitted to all of y RBs (y is an odd number), and
if N is an even number, the CRS may be transmitted to
all of z RBs (z is an even number) (here, N is the system
bandwidth, and y and z are configuration CRS band-
widths and integers which are smaller than or equal to
N). By using the method, it is possible to prevent a case
where the frequency band where the CRS is transmitted
and the boundary of the RB do not coincide with each
other from occurring. Accordingly, the frequency band
which may not receive both the URS and the CRS among
the frequency bands of the RBs does not exist, and the
UE may enhance the demodulation performance of the
PDSCH data.
[0089] The UE may use the CRS received through the
NCT subframe for time/frequency tracking for the data
received through the downlink channel. The base station
may not transmit the NCT subframe so as to include the
CRS in every subframe. Further, the base station may
transmit the NCT subframe only through some frequency
bandwidths (for example, center 6 RBs), not the entire
system bandwidth.
[0090] Unlike the CRS defined in the existing LTE Re-
lease 8, a time/frequency tracking CRS which is newly
defined in the NCT subframe may be called a sync-RS
or a tracking-RS. Hereinafter, in the exemplary embodi-
ment of the present invention, the CRS transmitted to the
UE through the NCT subframe will be separately de-
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scribed by using a term called a time/frequency tracking
CRS. However, the UE may use the CRS received
through the NCT subframe for other purposes other than
the purpose for the time/frequency tracking.
[0091] The time/frequency tracking CRS newly defined
in the NCT subframe may be transmitted through a re-
source element defined for the CRS transmission of one
specific antenna port, among resource elements used
for the CRS transmission at antenna ports 0, 1, 2, and 3
defined in the LTE Release 8. The resource element de-
fined for the time/frequency tracking CRS transmission
is defined in cell-specific reference signals of 3GPP TS
36.211 v.10.4.0 "3rd Generation Partnership Project;
Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA);
6.10.1 of Physical Channels and Modulation (Release
10) opened in December, 2011.
[0092] FIG. 11 is a schematic diagram illustrating a
method for transmitting a time/frequency tracking CRS
according to an embodiment of the present invention.
[0093] In FIG. 11, the base station may transmit the
time/frequency tracking CRS to the UE at a constant cy-
cle (for example, 5 ms and a half frame unit).
[0094] Referring to FIG. 11, when the time/frequency
tracking CRS is transmitted from the base station to the
UE at a cycle unit of 5 ms, the base station may transmit
the time/frequency tracking CRS to the UE through a first
subframe 1100 and a sixth subframe 1150. The base
station does not transmit the time/frequency tracking
CRS in the remaining subframes of the frame.
[0095] As described above, in the subframe where the
PBCH data or the PSS/SSS is transmitted, when the re-
source element for transmitting the PBCH data or the
PSS/SSS and the resource element for transmitting the
URS are duplicated, the base station does not transmit
the URS in the duplicated resource element.
[0096] In this case, the time/frequency tracking CRS
transmitted in the corresponding frequency band may be
used for demodulation of the PDSCH data transmitted in
the frequency band where the PBCH data or the
PSS/SSS is transmitted.
[0097] A case where the base station transmits the PD-
SCH data through multiple antenna transmission such
as transmit diversity may be assumed. When the base
station transmits the PDSCH data through transmit di-
versity, the time/frequency tracking CRS may be trans-
mitted to the UE through different resource areas accord-
ing to the number of antennas used in a transmit diversity
method. For example, in the case of performing multiple
transmission using the transmit diversity by using two
antennas, the UE may receive a first time/frequency
tracking CRS transmitted by an antenna port x of the
base station and a second time/frequency tracking CRS
transmitted by an antenna port y of the base station. The
UE may receive both the time/frequency tracking CRS
transmitted by the antenna port x and the time/frequency
tracking CRS transmitted by the antenna port y. The re-
ceived CRS may be used so that the UE performs

time/frequency tracking for the data transmitted in the
base station and demodulates the received PDSCH data.
Hereinafter, FIG. 12 illustrates a method for transmitting
a time/frequency tracking CRS using the plurality of an-
tennas in detail.
[0098] FIG. 12 is a schematic diagram illustrating a
method for transmitting a time/frequency tracking CRS
by using a plurality of antenna ports in the base station
according to an exemplary embodiment of the present
invention.
[0099] In FIG. 12, it is assumed that the base station
diversity-transmits the time/frequency tracking CRS
through two antenna ports. In this case, positions of
time/frequency tracking CRS resources transmitted
through two antenna ports of the base station may be
differently configured. The base station may transmit a
first time/frequency CRS at a first antenna port() and a
second time/frequency CRS at a second antenna port().
The UE may perform time/frequency tracking and PD-
SCH data demodulation based on the first and second
time/frequency CRSs.
[0100] Referring to FIG. 12A, the base station may
transmit the time/frequency tracking CRS through a first
antenna port 1210 at every cycle of 5 ms in the entire
system bandwidth for the time/frequency tracking. The
first antenna port 1210 of the base station may transmit
the time/frequency tracking CRS to the UE through the
entire system bandwidth in a first subframe 1210-0 and
a sixth subframe 1210-5.
[0101] The base station may transmit the time/frequen-
cy tracking CRS to the UE through the second antenna
port 1220 in a frequency band (for example, center 6 RBs
or 7 RBs) where the PBCH data or the PSS/SSS is trans-
mitted or the frequency band including the frequency
band where the PBCH data or the PSS/SSS is transmit-
ted.
[0102] The UE may perform time/frequency tracking
based on time/frequency tracking CRS transmitted by
the first antenna port 1210 and the second antenna port
1220 and demodulation for the PDSCH data transmitted
in the corresponding frequency band.
[0103] As another method for transmitting the CRS,
referring to FIG. 12B, the base station may transmit the
time/frequency tracking CRS through center x RBs at an
interval of 5 ms in the first antenna port 1210 for the pur-
pose of time/frequency tracking. The UE may receive the
time/frequency tracking CRS through the first subframe
1250-0 and the sixth subframe 1250-5.
[0104] The base station may transmit the time/frequen-
cy tracking CRS for demodulating the PDSCH data in-
cluded in the subframe where the PBCH data or the
PSS/SSS is transmitted through the second antenna port
1260. The second antenna port 1260 of the base station
may transmit the time/frequency tracking CRS through
the center x RBs at an interval of 5 ms, like the first an-
tenna port 1250. The UE may receive the time/frequency
tracking CRS transmitted by the second antenna port
1260 through the first subframe 1260-0 and the sixth sub-
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frame 1260-5.
[0105] FIG. 12 exemplifies a case where the base sta-
tion diversity-transmits the CRS through two antenna
ports, and transmit diversity may be implemented by us-
ing two or more antenna ports, and the exemplary em-
bodiment is also included in the scope of the present
invention.
[0106] FIG. 13 is a schematic diagram illustrating a
method for transmitting a time/frequency tracking CRS
using a plurality of antennas according to the exemplary
embodiment of the present invention.
[0107] FIG. 13 illustrates a case where a time/frequen-
cy tracking CRS is transmitted in a frequency band cor-
responding to some RBs in each subframe by using two
antennas. In FIG. 13, it is assumed that transmit diversity
using two antenna ports is used only in subframe 0 where
the PSS/SSS and the PBCH data are transmitted.
[0108] Referring to FIG. 13A, an antenna port m may
transmit a first time/frequency tracking CRS 1310 in the
frequency band of 6 RBs corresponding to RB #3 1330-3
to RB #8 1330-8 in subframe #0 1300-0, subframe #1
1300-1, subframe #2 1300-2, subframe #3 1300-3, and
subframe #4 1300-4.
[0109] An antenna port n may transmit a second fre-
quency tracking CRS 1320 in the frequency band of 6
RBs corresponding to RB #3 1330-3 to RB #8 1330-8 of
the subframe #0 1300-0. The first time/frequency tracking
CRS and the second time/frequency tracking CRS may
be CRSs defined in different resource areas.
[0110] The UE may be used for demodulating the PD-
SCH data included in the RBs transmitting the PSS/SSS
and the PBCH data based on the first time/frequency
tracking CRS 1310 received from the antenna port m and
the second time/frequency tracking CRS 1320 received
from the antenna n in the frequency band of 6 RBs of the
first subframe. For example, the UE in the first subframe
1300-0 may perform the time/frequency tracking based
on the second time/frequency tracking CRS 1320 and
demodulate the PDSCH data based on the first time/fre-
quency tracking CRS 1310.
[0111] Referring to FIG. 13B, the antenna port m of the
base station may transmit a first time/frequency tracking
CRS 1360 through the entire system frequency band cor-
responding to RB #0 1380-0 to RB #11 1380-11 in sub-
frame #0 1350-0, subframe #1 1350-1, subframe #2
1350-2, subframe #3 1350-3, and subframe #4 1350-4.
[0112] The antenna port n of the base station may
transmit a second time/frequency tracking CRS 1370 in
a frequency band corresponding to RB #0 1380-0 to RB
#8 1380-8 of the subframe #0 1350 including the RB
transmitting the PBCH data and the PSS/SSS. The base
station transmits the second time/frequency tracking
CRS 1370 and the first time/frequency tracking CRS
1360 through different resource areas.
[0113] That is, the UE in the area corresponding to the
center 6 RBs of the first subframe may demodulate the
PDSCH data received based the first time/frequency
tracking CRS and the second time/frequency tracking

CRS which are transmitted through the first antenna port
and the second port, respectively.
[0114] According to another exemplary embodiment
of the present invention, unlike described above, a re-
source element transmitting the PBCH data or the
PSS/SSS and a resource element transmitting the URS
may not be duplicated. For example, in the case of trans-
mitting a new pattern URS by changing the resource area
in which the URS is transmitted in the related art, the
resource element transmitting the PBCH data or the
PSS/SSS and the resource element transmitting the URS
may not be duplicated.
[0115] When the PBCH data or the PSS/SSS and the
resource element transmitting the URS is not duplicated,
the URS other than the CRS may be used for demodu-
lating the PDSCH data received through the RB trans-
mitting the PBCH data or the PSS/SSS.
[0116] In the case of using the URS as the reference
signal, the base station may notify a physical resource
block (PRB) bundling unit which is a unit for predicting a
channel or estimating precoding matrix index (PMI)-re-
lated information based on the URS. The PRB bundling
unit indicates a unit of the PRB which is precoded by
using the same precoding vector. A set of the PRB bun-
dled PRBs is referred to as a precoding resource block
group (PRG).
[0117] The base station may precode the PRB-bun-
dled PRBs based on the same downlink precoding ma-
trix. That is, the UE may perform demodulation by per-
forming common channel estimation of bundled resource
blocks. The UE performs channel estimation on the as-
sumption that the same PMI is used in a PRB bundling
unit. The PRB bundling unit may be differently deter-
mined according to a system bandwidth.
[0118] When the URS performs the demodulation of
the PDSCH data by using the reference signal, the UE
may perform the demodulation under the assumption that
the URS included in the PRB of the same PRG and the
PDSCH data are data to which the same precoding matrix
is applied. Accordingly, when the UE performs the de-
modulation for the PDSCH data after predicting the chan-
nel or estimating the PMI-related information by using
the URS of the PRB included in the PRG to which different
precoding matrixes are applied.
[0119] The UE may acquire a symbol timing by using
the received PSS and SSS in the initial stages, synchro-
nize a frequency, and acquire system bandwidth infor-
mation included in the MIB received through the PBCH
after detecting cell information. The MIB may include in-
formation such as a downlink cell bandwidth and a sys-
tem frame number. That is, system bandwidth informa-
tion may not be determined before the PBCH data is re-
ceived in order to acquire the initial system information.
According to the exemplary embodiment of the present
invention, the UE may assume that the PRB including
the PBCH data is data included in one PRG to which the
same PRB bundling is applied.
[0120] That is, the UE may perform demodulation un-
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der the assumption that the data received through the
PBCH is the data precoded based on the same precoding
matrix.
[0121] FIG. 14 is a schematic diagram illustrating a
PRB bundling method according to the exemplary em-
bodiment of the present invention.
[0122] Referring to FIG. 14A, a size of a PRG 1400
may be a size of a frequency band in which PBCH data
1410 is transmitted. For example, when the frequency
band in which PBCH data 1410 is transmitted is 6 RBs,
the UE may perform the demodulation for the PDSCH
data 1410 received in the corresponding frequency band
under the assumption that 6 RBs transmitting the PBCH
data 1410 is one PRG 1400.
[0123] After the UE performs accessing with the base
station, even though the size of the PRB bundling is newly
configured between the UE and the base station, the
newly configured PRB bundling may be applied in the
resource area where the PBCH data 1410 is transmitted.
The UE may perform the demodulation under the as-
sumption that the resource area receiving the PBCH data
1410 is one PRG 1400.
[0124] Further, as another method, it may be assumed
that the size of the PRG applied to the frequency resource
where the PBCH data is transmitted is the size of the
PRG used in the entire system bandwidth.
[0125] Referring to FIG. 14B, the UE may demodulate
data received through different resource areas under the
assumption that the size of the PRG 1420 used in the
resource area where PBCH data 1460 is transmitted is
the size of the PRG 1420 used in the entire system band-
width 1450.
[0126] When the base station transmits the PBCH data
to the UE through the NCT subframe, the UE may use
the CRS and the URS as the reference signal for demod-
ulating the received PBCH data. A method of using the
CRS and the URS as the reference signal for demodu-
lating the PBCH data received through the NCT subframe
will be described below.
[0127] FIG. 15 is a schematic diagram illustrating a
method for transmitting a CRS to an NCT subframe ac-
cording to the exemplary embodiment of the present in-
vention.
[0128] Referring to FIG. 15A, a case where the UE
receives PBCH data 1505 through the NCT subframe
and uses a time/frequency tracking CRS 1515 as a ref-
erence signal for demodulating the PBCH data 1505 is
illustrated.
[0129] The base station may always include and trans-
mit a time/frequency tracking CRS 1500 in the subframe
transmitting the PBCH data 1505. In order to reduce over-
head due to transmission of an additional CRS, the PBCH
data may be transmitted by using only a single antenna
port. In this case, the base station may not leave the
resource area 1510 defined for the CRS transmission of
another antenna port as the area for transmitting the
CRS, but use the resource area 1510 as the resource
area for transmitting the PBCH data 1505. Like the CRS

used for demodulation of the PDSCH data included in
the RB transmitting the PBCH data or the PSS/SSS, the
base station may transmit the CRS used for the demod-
ulation of the PBCH information. As described above, it
may be assumed that the frequency band corresponding
to the center x RBs (N>=x, x is a natural number) is a
configuration CRS frequency band, in a system having
the system bandwidth of N RBs (N is a natural number).
When a value of Nmod2 and a value of xmod2 are not
the same as each other, the UE may use the received
PBCH data for the demodulation by further transmitting
the CRS to an additional CRS frequency band so as to
transmit the CRS in the frequency band corresponding
to the center (x+1) RBs.
[0130] Referring to FIG. 15B, a case where the UE
receives PBCH data 1540 through the NCT subframe
and uses a time/frequency tracking CRS as a reference
signal for demodulating the PBCH data 1540 is illustrat-
ed.
[0131] The base station may diversity-transmit the
PBCH data 1540. The CRS defined in different resource
areas may be diversity-transmitted based on the number
of antenna ports used in the transmit diversity.
[0132] The UE may perform the time/frequency track-
ing and the demodulation of the PDSCH data based on
the CRS received from the plurality of antenna ports of
the base station. For example, the base station may di-
versity-transmit the PBCH data 1540 through two anten-
na ports (m antenna port 1520 and n antenna port 1530).
In the case, the m antenna port 1520 of the base station
may transmit a first time/frequency tracking CRS 1550
in the RBs corresponding to the entire system bandwidth
at every cycle of 5 ms for the purpose of time/frequency
tracking. The n antenna port 1530 of the base station
may transmit a second time/frequency tracking CRS
1560 in the frequency band corresponding to center 6
RBs or 7 RBs to use the transmitted a second time/fre-
quency tracking CRS 1560 for PDSCH demodulation.
The CRS transmitted for time/frequency tracking may be
transmitted in some frequency bands other than the en-
tire system bandwidth.
[0133] FIG. 16 is a schematic diagram illustrating a
method for transmitting a URS in the NCT subframe ac-
cording to the exemplary embodiment of the present in-
vention.
[0134] Referring to FIG. 16, when the base station
transmits the PBCH data to the UE through the NCT sub-
frame, a case of using the URS as a reference signal for
demodulating the PBCH data in the UE is illustrated. The
UE may perform the demodulation for the PBCH data by
using the URS without using the CRS.
[0135] When the CRS is not used as the reference sig-
nal, PBCH data 1600 may be transmitted in a resource
area of the CRS defined in the RB transmitting the PBCH
data.
[0136] Initialization of a scrambling sequence of the
URS used for demodulating the PBCH data 1600 may
be performed by the following Equation 1.
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[0137] Here, B is a value corresponding to a cell ID or
a value set in a higher layer having the same range as
the cell ID, and nSCID may be set and used as a fixed
value of 0 or 1.
[0138] When the UE demodulates the PBCH data
based on the URS, the UE may demodulate the PBCH
data based on the URS received from the single antenna
port. The UE receiving the PBCH data may not determine
information on antenna configuration of the base station.
[0139] The UE may assume that the same precoding
as the URS is applied to the data received through the
same RB as the received RB. When the UE performs the
channel prediction or the estimation of the PMI-related
information by using the URS included in the PRB apply-
ing different precoding, the demodulation performance
of the UE may be deteriorated.
[0140] That is, system bandwidth information may not
be determined before the PBCH data is received in order
to acquire the initial system information. Accordingly, the
UE assumes that the PRB where the PBCH data is trans-
mitted is the PRG to which one PRB bundling is applied.
That is, in the frequency area where the PBCH is trans-
mitted, a receiver may perform demodulation under the
assumption that the precoding is not changed. Even
though the PRB bundling unit is differently configured
after the UE performs access to the base station, the
PRB bundling unit configured for the resource area where
the PBCH data is transmitted is not applied.
[0141] Further, as another method, it may be assumed
that a PRB bundling value used in the resource area in
which the PBCH data is transmitted is a PRB bundling
value used in the entire system bandwidth.
[0142] Even for demodulating the PDSCH data includ-
ed in the RB transmitting the PBCH data, it is assumed
that the same PRB bundling as the PRB bundling applied
to the PBCH data is used. Since the PDSCH data includ-
ed in the same RB as the RB where the PBCH data is
transmitted performs the demodulation by using the URS
used for demodulating the PBCH data, it is assumed that
the same transmission mode is used.
[0143] Further, as another method, when the PBCH is
demodulated based on the URS, the UE may perform
the demodulation without assuming that the PRB bun-
dling is performed in the resource area where the PBCH
data is transmitted.
[0144] The base station may signalize information
about whether the PRB bundling is performed to the UE.
As a method for signalizing information about whether
the PRB bundling is performed to the UE, a PRB bundling
window size is configured as 1 and the base station may
indicate, to the UE, that the PRB bundling is performed.
[0145] FIG. 17 is a block diagram illustrating a wireless

communication system according to an embodiment of
the present invention.
[0146] Referring to FIG. 26, a base station 2500 in-
cludes a processor 1710, a memory 1720, and a radio
frequency (RF) unit 1730. The memory 1720 is connect-
ed with the processor 1710 to store various information
for driving the processor 2610. The RF unit 1720 is con-
nected with the processor 1710 to transmit and/or receive
a radio signal. The processor 1710 implements a func-
tion, a process, and/or a method which are proposed. In
the aforementioned embodiment, the operation of the
base station may be implemented by the processor 1710.
[0147] For example, the processor 1710 may deter-
mine the size of the frequency band where the CRS is
transmitted by considering the size of the entire system
bandwidth.
[0148] A wireless device 1750 includes a processor
1760, a memory 1770, and an RF unit 1780. The memory
1770 is connected with the processor 1760 to store var-
ious information for driving the processor 1760. The RF
unit 1780 is connected with the processor 1760 to trans-
mit and/or receive a radio signal. The processor 1760
implements a function, a process, and/or a method which
are proposed. In the aforementioned embodiment, the
operation of the wireless device may be implemented by
the processor 1760.
[0149] For example, the processor 1760 may deter-
mine the size of the frequency band where the CRS is
transmitted by considering the size of the entire system
bandwidth.
[0150] The processor may include an application-spe-
cific integrated circuit (ASIC), another chip set, a logic
circuit and/or a data processing apparatus. The memory
may include a read-only memory (ROM), a random ac-
cess memory (RAM), a flash memory, a memory card, a
storage medium, and/or other storage devices. The RF
unit may include a baseband circuit for processing the
radio signal. When the exemplary embodiment is imple-
mented by software, the aforementioned technique may
be implemented by a module (a process, a function, and
the like) performing the aforementioned function. The
module may be stored in the memory and executed by
the processor. The memory may be positioned inside or
outside the processor and connected with the processor
by various well-known means.
[0151] In the aforementioned exemplary system,
methods have been described based on flowcharts as a
series of steps or blocks, but the methods are not limited
to the order of the steps of the present invention and any
step may occur in a step or an order different from or
simultaneously as the aforementioned step or order. Fur-
ther, it can be appreciated by those skilled in the art that
steps shown in the flowcharts are not exclusive and other
steps may be included or one or more steps do not influ-
ence the scope of the present invention and may be de-
leted.
Advantageous aspects of the present disclosure can be
phrased as follows:
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Aspect 1. A method for transmitting a reference sig-
nal, comprising:

transmitting a secondary synchronization signal
(SSS) and a primary synchronization signal
(PSS) in a subframe including N (a natural
number of N>1) resource blocks (RBs) and a
plurality of orthogonal frequency division multi-
plexing (OFDM) symbols; and
transmitting a reference signal created based
on a cell identifier in the subframe,
wherein the PSS is transmitted in K (a natural
number of K<N) contiguous RBs selected from
a plurality of RBs in a sixth OFDM symbol of the
subframe,
wherein the SSS is transmitted in K (a natural
number of K<N) contiguous RBs selected from
the plurality of RBs in a seventh OFDM symbol
of the subframe,
wherein the reference signal is transmitted in M
(a natural number of K<=M<N) RBs including
the K RBs in the remaining OFDM symbols ex-
cept for the sixth OFDM symbol and the seventh
OFDM symbol,
wherein when N is an even number, M is an
even number, and
wherein when N is an odd number, M is an odd
number.

Aspect 2. The method of aspect 1,
wherein when N is an even number and K is an even
number, the reference signal is transmitted in the K
RBs,
wherein when N is an even number and K is an odd
number, the reference signal is transmitted in the
K+1 RBs, and
wherein the K RBs and the K+1 RBs are frequency
bands selected based on center RBs among the N
RBs.

Aspect 3. The method of aspect 1,
wherein when N is an odd number and K is an odd
number, the reference signal is transmitted in the K
RBs,
wherein when N is an odd number and K is an even
number, the reference signal is transmitted in the
K+1 RBs, and
wherein the K RBs and the K+1 RBs are frequency
bands selected based on center RBs among the N
RBs.

Aspect 4. A base station for transmitting a reference
signal in a wireless communication system, the base
station comprising a processor,
wherein the processor is configured to transmit a
secondary synchronization signal (SSS) and a pri-
mary synchronization signal (PSS) in a subframe in-
cluding N (a natural number of N>1) resource blocks

(RBs) and a plurality of orthogonal frequency division
multiplexing (OFDM) symbols and
transmit a reference signal created based on a cell
identifier in the subframe,
wherein the PSS is transmitted in K (a natural
number of K<N) contiguous RBs selected from a plu-
rality of RBs in a sixth OFDM symbol of the subframe,
wherein the SSS is transmitted in K (a natural
number of K<N) contiguous RBs selected from the
plurality of RBs in a seventh OFDM symbol of the
subframe,
wherein the reference signal is transmitted in M (a
natural number of K<=M<N) RBs including the K RBs
in the remaining OFDM symbols except for the sixth
OFDM symbol and the seventh OFDM symbol,
wherein when N is an even number, the M is an even
number, and
wherein when N is an odd number, the M is an odd
number.

Aspect 5. The base station of aspect 4,
wherein the processor is configured to transmit the
reference signal in the K RBs when N is an even
number and K is an even number and
transmit the reference signal in the K+1 RBs when
N is an even number and K is an odd number,
wherein the K RBs and the K+1 RBs are frequency
bands selected based on center RBs among the N
RBs.

Aspect 6. The base station of aspect 4,
wherein the processor is configured to transmit the
reference signal in the K RBs when N is an odd
number and K is an odd number and
transmit the reference signal in the K+1 RBs when
N is an odd number and K is an even number,
wherein the K RBs and the K+1 RBs are frequency
bands selected based on center RBs among the N
RBs.

Claims

1. A method for receiving reference signals by a termi-
nal, the method comprising:

receiving signals from a cell; and
determining whether a reference signal, RS, is
transmitted on a subframe which includes at
least one physical resource block, PRB, smaller
than a plurality of PRBs of a system bandwidth,
wherein if a physical broadcast channel, PBCH,
is transmitted on the subframe, it is determined
that the RS is transmitted on the subframe.

2. The method of claim 1, wherein the RS is transmitted
with at least one antenna port that is different from
an antenna port for a cell-specific reference signal,
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CRS.

3. The method of claim 1 or 2, wherein the PBCH is
transmitted via two antenna ports of the cell.

4. The method of any one preceding claim, further com-
prising using the RS to demodulate the PBCH.

5. The method of any one preceding claim, wherein if
the PBCH is not transmitted via the subframe, it is
determined that the RS is not transmitted on the sub-
frame.

6. A terminal for receiving reference signals, the termi-
nal comprising:

a transceiver that transmits and receives sig-
nals; and
a processor that:

control the transceiver to

receive signals from a cell; and
determine whether a reference signal,
RS, is transmitted on a subframe which
includes at least one physical resource
block, PRB, smaller than a plurality of
PRBs of a system bandwidth,

wherein if a physical broadcast channel,
PBCH, is transmitted on the subframe, it is
determined that the RS is transmitted on the
subframe.

7. The terminal of claim 6, wherein the RS is transmitted
with at least one antenna port that is different from
an antenna port for a cell-specific reference signal,
CRS.

8. The terminal of claim 6 or 7, wherein the PBCH is
transmitted with two antenna ports of the cell.

9. The terminal of any one of claims 6 to 8, wherein the
processor further uses the RS to demodulate the
PBCH.

10. The terminal of any one of claims 6 to 9, wherein if
the PBCH is not transmitted via the subframe, it is
determined that the RS is not transmitted on the sub-
frame.
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