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(57) ABSTRACT

A method for transmitting data between wireless devices in a
wireless communication system is provided. A first wireless
device acquires downlink reception timing with a base sta-
tion. The first wireless device determines transmission timing
for direct communication with a second wireless device based
on the downlink reception timing with the base station. The
first wireless device transmits data for the direct communica-
tion to the second wireless device at the transmission timing
for the direct communication.
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FIG. 25
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FIG. 26
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FIG. 27
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FIG. 28
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FIG. 29
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FIG. 30
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METHOD AND APPARATUS FOR
TRANSMITTING DATA BETWEEN
WIRELESS DEVICES IN WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Pursuant to 35 U.S.C. §119(e), this application
claims the benefit of U.S. Provisional Patent Application Ser.
No. 61/601,559 filed on Feb. 22, 2012, and U.S. Provisional
Patent Application Ser. No. 61/602,570, filed on Feb. 23,
2012, the contents of which are hereby incorporated by ref-
erence herein in their entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to wireless communi-
cation. More particularly, the present invention relates to a
method for transmitting data between wireless devices in a
wireless communication system and an apparatus using the
same.

[0004] 2. Discussion of the Related Art

[0005] The next generation wireless communication sys-
tem under active research aims a system capable of transmit-
ting various kinds of information such as video and wireless
data, being evolved from the initial system providing voice-
oriented services. The fourth-generation wireless communi-
cation currently under development subsequent to the third-
generation wireless communication aims to support high
speed data transmission with 1 Gbps (gigabits per second)
data rate in the downlink and 500 Mbps (megabits per second)
in the uplink. The main objective of wireless communication
system is to provide a plurality of users with reliable commu-
nication means independent of their location and mobility.
However, any wireless communication channel always
reveals non-ideal characteristics such as path loss, noise, fad-
ing due to multipath, inter-symbol interference (ISI), or Dop-
pler Effect due to mobility of a terminal. Various technologies
are under development to overcome non-ideal characteristics
of wireless communication channels and improve reliability
thereof

[0006] Meanwhile, data capacity for cellular wireless sys-
tems is ever increasing according to the introduction of
machine type communication (MTC) and the advent and
deployment of various devices such as smart phones and
tablet PCs. Various technologies are under development to
meet the needs for high data capacity. For example, carrier
aggregation (CA) technology and cognitive radio (CR) tech-
nology are good examples of an effort to utilize frequency
bandwidth more efficiently. Also, multi-antenna technology,
multi-base station collaboration technology, a direct commu-
nication system, etc. to increase data capacity within limited
frequency bandwidth are being studied.

[0007] In direct communication system, user equipments
(UEs) directly perform transmission and reception between
themselves without relay of a base station. In a direct com-
munication system, there is needed a method for acquiring
transmission/reception timing and/or synchronization
between the UEs for performing transmission and reception
between the UEs, and a method for minimizing the interfer-
ence that can occur during direct communication.

1. Field of the Invention
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SUMMARY OF THE INVENTION

[0008] The present invention provides a method for data
transmission between wireless devices in wireless communi-
cation system.

[0009] The present invention also provides a method for
acquiring transmission and/or reception timing in direct com-
munication and apparatus using the same.

[0010] The present invention also provides a method for
acquiring synchronization between wireless devices in direct
communication and apparatus using the same.

[0011] The present invention also provides a method for
reducing interference that can occur in direct communication
and apparatus using the same.

[0012] Inanaspect, a method fortransmitting data between
wireless devices in a wireless communication system is pro-
vided. The method comprises: acquiring, by a first wireless
device, downlink reception timing with a base station, deter-
mining, by the first wireless device, transmission timing for
direct communication with a second wireless device based on
the downlink reception timing with the base station, and
transmitting, by the first wireless device, data for the direct
communication to the second wireless device at the transmis-
sion timing for the direct communication.

[0013] Thedata forthe direct communication may be trans-
mitted via a subframe on an uplink resource used for a com-
munication with the base station.

[0014] The data forthe direct communication may be trans-
mitted via a subframe on a downlink resource used for a
communication with the base station.

[0015] The subframe on the downlink resource may
include at least one guard symbol.

[0016] The subframe on the downlink resource may
include at least one punctured symbol.

[0017] The subframe on the downlink resource may use
extended cyclic prefix (CP).

[0018] In another aspect, a method for transmitting data
between wireless devices in a wireless communication sys-
tem is provided. The method comprises: acquiring, by a first
wireless device, uplink transmission timing with a base sta-
tion; determining, by the first wireless device, transmission
timing for direct communication with a second wireless
device based on the uplink transmission timing with the base
station; and transmitting, by the first wireless device, data for
the direct communication to the second wireless device at the
transmission timing for the direct communication.

[0019] In another aspect, a wireless device in a wireless
communication system is provided. The wireless device com-
prises: a RF (Radio Frequency) unit transmitting and receiv-
ing radio signals, and a processor connected to the RF unit.
The processor is configured to acquire downlink reception
timing with a base station, determine transmission timing for
direct communication with a neighbor wireless device based
on the downlink reception timing with the base station, and
transmit data for the direct communication to the neighbor
wireless device at the transmission timing for the direct com-
munication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 illustrates a structure of a downlink radio
frame in 3GPP LTE-A.

[0021] FIG. 2 illustrates an example of a resource grid for
one downlink slot.
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[0022] FIG. 3 illustrates a structure of a downlink sub-
frame.

[0023] FIG. 4 illustrates a structure of an uplink subframe.
[0024] FIGS. 5 to 7 illustrate one example of an RB on

which a CRS is mapped.

[0025] FIG. 8 is one example of an RB to which a DM-RS
is mapped.

[0026] FIG. 9is one example of an RB to which a CSI-RS
is mapped.

[0027] FIG. 10 illustrates a conventional wireless commu-
nication system and a direct communication system.

[0028] FIG.11isaflow diagram illustrating one example of
direct communication between user equipments (UEs).
[0029] FIG. 12 illustrates an example of acquiring DL
reception timing and UL transmission timing in general wire-
less communication.

[0030] FIG. 13 illustrates the DL reception timing and the
UL transmission timing of each entity in the example of FIG.
12.

[0031] FIG. 14 illustrates a method for acquiring d-DL
(direct-DL) timing and d-UL (direct-UL) timing according to
the one example of the present invention.

[0032] FIG. 15 illustrates a method for acquiring d-DL
timing and d-UL timing according to another example of the
present invention.

[0033] FIG. 16 illustrates a method for acquiring d-DL
timing and d-UL timing according to another example of the
present invention.

[0034] FIG. 17 illustrates a method for acquiring d-DL
timing and d-UL timing according to another example of the
present invention.

[0035] FIGS. 18-21 illustrate interferences that can occur
in the examples of FIGS. 14-17.

[0036] FIGS. 22-24 illustrate a method for using a guard
symbol according to one example of the present invention.
[0037] FIG. 25 illustrates one example of implicitly punc-
turing the last symbol of a sounding subframe.

[0038] FIG. 26 illustrates one example of a sounding sub-
frame for direct communication.

[0039] FIG. 27 illustrates one example of using a subframe
with an extended CP for direct communication.

[0040] FIG. 28 illustrates one example of a configuration of
a subset of MBSFN subframes as a subframe for direct com-
munication.

[0041] FIG. 29 illustrates one example of applying time
offset to a subframe for direct communication.

[0042] FIG. 30 illustrates a method for data transmission
according to one example of the present invention.

[0043] FIG. 31 illustrates a wireless communication sys-
tem in which an embodiment of the present invention is
implemented.

DETAILED DESCRIPTION OF THE INVENTION

[0044] The technology described below can be used for
various multiple access schemes including CDMA (Code
Division Multiple Access), FDMA (Frequency Division Mul-
tiple Access), TDMA (Time Division Multiple Access),
OFDMA (Orthogonal Frequency Division

[0045] Multiple Access) and SC-FDMA (Single Carrier-
Frequency Division Multiple Access). CDMA can be imple-
mented by using such radio technology as UTRA (Universal
Terrestrial Radio Access) or CDMA2000. TDMA can be
implemented by using such radio technology as GSM (Global
System for Mobile communications)/GPRS (General Packet
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Radio Service)/EDGE (Enhanced Data Rates for GSM Evo-
Iution). OFDMA can be realized by using such radio technol-
ogy as the IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802.20, and E-UTRA (Evolved UTRA). UTRA is part
of specifications for UMTS (Universal Mobile Telecommu-
nications System). The 3GPP LTE is part of E-UMTS
(Evolved UMTS) using E-UTRA, which uses OFDMA radio
access for the downlink and SC-FDMA on the uplink. The
LTE-A (Advanced) is an evolved version of the LTE.

[0046] A user equipment (UE) may be fixed or mobile and
called in different terms such as a wireless device, a mobile
station (MS), a user terminal (UT), a subscriber station (SS),
a personal digital assistant (PDA), a wireless modem, or a
handheld device.

[0047] A base station (BS) usually refers to a fixed station
communicating with a UE, which is called in different terms
such as an evolved-NodeB (eNB), a base transceiver system
(BTS), or an access point (AP).

[0048] In what follows, the downlink (DL) refers to a com-
munication link from a BS to a UE while the uplink (UL) from
the UE to the BS. In the DL, a transmitter may be a part of the
BS while a receiver a part of the UE. In the UL, a transmitter
may be a part of the UE while a receiver part of the BS.

[0049] In the description below, application of the present
invention is described with reference to 3GPP LTE based on
3GPP TS (Technical Specification) release 8, or 3GPP LTE-A
based on 3GPP TS release 10. The examples in the specifi-
cation are only intended to illustrate the present invention and
should not be understood to limit the invention, and the
present invention can be applied to various wireless commu-
nication networks. In the following description, LTE refers to
the wireless system including L'TE and/or LTE-A.

[0050] FIG. 1 illustrates a structure of a downlink radio
frame in 3GPP LTE-A. The section 6 of the 3GPP TS 36.211
V10.4.0 (2012-December) “Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modulation
(Release 10)” may be incorporated herein by reference.

[0051] A radio frame consists of 10 subframes indexed with
010 9. One subframe consists of two consecutive slots. A time
required for transmitting one subframe is defined as a trans-
mission time interval (TTI). For example, one subframe may
have a length of 1 ms and one slot may have a length 0 0.5 ms.

[0052] One slot may include a plurality of orthogonal fre-
quency division multiplexing (OFDM) symbols in a time
domain. Since the 3GPP LTE uses orthogonal frequency divi-
sion multiple access (OFDMA) in a downlink multiple access
scheme, the OFDM symbol is only for expressing one symbol
period in the time domain, and there is no limitation in a
multiple access scheme or terminologies. For example, the
OFDM symbol may also be called in different terms such as
a single carrier frequency division multiple access (SC-
FDMA) symbol when SC-FDMA is used in the uplink mul-
tiple access scheme. A resource block (RB) includes multiple
consecutive subcarriers at one slot in the unit of resource
allocation.

[0053] The example of the structure of a wireless frame in
FIG. 1 is just one example. Therefore, the number of sub-
frames included in the wireless frame, the number of slots
included in the subframe, or the number of OFDM symbols
included in the slot can be variously determined. 3GPP LTE
defines that one slot includes 7 OFDM symbols in normal
cyclic prefix (CP), and one slot includes 6 OFDM symbols in
extended CP.
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[0054] FIG. 2 illustrates an example of a resource grid for
one downlink slot.

[0055] The downlink slot includes multiple OFDM sym-
bols in time domain, and N, resource blocks in frequency
domain. The number of resource blocks included in the down-
link slot, NRB, depends on the downlink transmission band-
width configured at the cell. In LTE system, for example, N5
can be one from 6 to 110. One resource block includes mul-
tiple subcarriers in frequency domain. The structure of the
uplink slot can be the same as that of the downlink slot.
[0056] Each eclement on the resource grid is called a
resource element (RE). The element on the resource grid can
be identified by the index pair (k, 1) in the slot. Here, k (k=0,
..., Ngzx12-1) is the subcarrier index in frequency domain,
and 1 (1=0, . . ., 6) the OFDM symbol index in time domain.
[0057] Although one resource block is described to include
7x12 resource element composed of 7 OFDM symbols in
time domain and 12 subcarriers in frequency domain in this
specification, the example is for the purpose of illustration
only and is not intended to limith he number of OFDM sym-
bols and subcarriers in the resource block. The number of
OFDM symbols and subcarriers can be variously modified
depending on the length of CP, frequency spacing, etc.

[0058] FIG. 3 illustrates a structure of a downlink sub-
frame.
[0059] DL (downlink) subframe is divided into a control

region and a data region in time domain. The control region
includes maximum of 4 preceding OFDM symbols of the first
slot in the subframe, though the number of OFDM symbols
included in the control region can be changed. In the control
region, Physical Downlink Control Channel (PDCCH) and
other control channels are allocated, and in the data region,
Physical Downlink Shared Channel (PDSCH) is allocated.
[0060] As disclosed in the 3GPP TS 36.211 V10.4.0, the
3GPP LTE/LTE-A defines a physical channel, including a
PDCCH, a Physical Control Format Indicator Channel (PC-
FICH), and a Physical Hybrid-ARQ Indicator Channel (PH-
ICH). Also, control signals transmitted from a physical layer
include a Primary Synchronization Signal (PSS), a Second-
ary Synchronization Signal (SSS), and a random access pre-
amble.

[0061] The PSS is carried by the last OFDM symbol of a
first slot (first slot of a first subframe (subframe with index 0))
and the 11th slot (first slot of a sixth subframe (subframe with
index 5)). The PSS is used for obtaining OFDM symbol
synchronization or slot synchronization, and associated with
a physical cell identify (ID). A Primary Synchronization
Code (PSC) is a sequence used for the PSS and the 3GPP LTE
defines three PSCs. According to the cell ID, one from among
the three PSCs is transmitted to the PSS. The same PSC is
used for each of the last OFDM symbols of the first and the
117 slot.

[0062] The SSS is divided into a first and a second SSS. The
first and the second SSS are carried by an OFDM symbol
adjacent to the OFDM symbol carrying the PSS. The SSS is
used for obtaining frame synchronization. The SSS is used for
obtaining cell ID together with the PSS. The first and the
second SSS use Secondary Synchronization Codes (SSCs)
different from each other. In case the first and the second SSS
carry 31 sub-carriers respectively, two SSC sequences of
length 31 are used for the first and the second SSS, respec-
tively.

[0063] The PCFICH transmitted in the first OFDM symbol
of a subframe carries control format indicator (CFI) which
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indicates the number of OFDM symbols (namely, size of the
control region) used for carrying control channels within a
subframe. The UE first receives the CFI through the PCFICH
and monitors the PDCCH. The PCFICH does not use blind
decoding but transmitted through the fixed PCFICH
resources of a subframe.

[0064] The PDCCH carries control information which is
called downlink control information (DCI). DCI may include
resource allocation of PDSCH (which is also called DL
grant), resource allocation of PUSCH (which is called UL
grant), and activation of a set of transmission power control
commands for individual UEs within a UE group and/or voice
over internet protocol (VoIP).

[0065] The PHICH carries ACK (positive acknowledge-
ment)/NACK (negative acknowledgement) signal for UL
hybrid automatic repeat request (HARQ). The ACK/NACK
signal about the UL data on the PUSCH transmitted by the UE
is transmitted through the PHICH.

[0066] FIG. 4 illustrates a structure of an uplink subframe.
[0067] The uplink subframe can be divided into a control
region and a data region in frequency domain. To the control
region is allocated Physical Uplink Control Channel
(PUCCH) for uplink control information to be transmitted. To
the data region is allocated Physical Uplink Shared Channel
(PUSCH) for data to be transmitted.

[0068] PUCCH for one terminal is allocated to the resource
block pair (RB pair) at the subframe. The resource blocks
belonging to the resource block pair occupy subcarriers
which are different each other at the first and second slots. The
frequency occupied by the resource blocks belonging to the
resource block pair allocated to PUCCH is changed based on
the slot boundary. In this process, it is that RB pair allocated
to PUCCH is frequency-hopped at the slot boundary. By
transmitting the uplink control information through different
subcarriers according to the time by the terminal, frequency
diversity gain can be obtained. The location index, m, repre-
sents the logical frequency domain location of the resource
block pair allocated to PUCCH at the subframe.

[0069] The uplink control information transmitted on
PUCCH includes HARQ ACK/NACK, channel quality indi-
cator (CQI) representing downlink channel state, and sched-
uling request (SR) which is an uplink wireless resource allo-
cation request.

[0070] Now, a reference signal will be described.

[0071] A reference signal (RS) is usually transmitted in the
form of a sequence. A reference signal sequence may employ
a random sequence without being limited by particular con-
ditions. The reference signal sequence may employ a PSK
(Phase Shift Keying)-based computer generated sequence.
Examples of the PSK include binary phase shift keying
(BPSK), quadrature phase shift keying (QPSK), and so on.
Similarly, the reference signal sequence may employ constant
amplitude zero auto-correlation (CAZAC) sequence.
Examples ofthe CAZAC sequence include Zadoff-Chu (ZC)-
based sequence, ZC sequence with cyclic extension, ZC
sequence with truncation, and so on. Meanwhile, the refer-
ence signal sequence may employ a pseudo-random (PN)
sequence. Examples of the PN sequence include m-sequence,
computer-generated sequence, gold sequence, Kasami
sequence, and so on. Also, the reference signal sequence may
employ a cyclically shifted sequence.

[0072] A DL reference signal can be classified into a cell-
specific RS (CRS), multimedia broadcast and multicast
single frequency network (MBSFN) RS, UE-specific RS,
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positioning RS (PRS), and channel state information (CSI)
RS. The CRS is an RS transmitted to all the UEs within a cell,
which can be used for channel measurement about CQI feed-
back and channel estimation about the PDSCH. The MBSFN
RS can be transmitted from a subframe allocated for MBSFN
transmission. The UE-specific RS is an RS received by a
particular UE or a particular UE group within a cell, which
may be called a demodulation RS (DM-RS). The DM-RS is
mostly used for a particular UE or a particular UE group to
perform data demodulation. The PRS may be used for posi-
tion estimation of the UE. CSI-RS is used for channel esti-
mation for the PDSCH of the LTE-A UE. The CSI-RS is
disposed in a relatively sparse fashion in the spectral or tem-
poral region, and can be punctured in a general subframe or
data region of the MBSFN subframe. In case of need for
estimating CSI, the UE may report CQI, PMI, RI, etc.
[0073] The CRS is transmitted from all the DL subframes
within a cell supporting PDSCH transmission. The CRS can
be transmitted through the antenna port 0 to 3, and the CRS
may be defined only for Af=15 kHz. The CSI-RS may refer to
the Section 6.10.1 of the 3GPP TS 36.211 V10.4.0 (2012-
December).

[0074] FIGS. 5 to 7 illustrate one example of an RB on
which a CRS is mapped.

[0075] FIG. 5 is one example of a pattern in which the CRS
is mapped onto the RB in case the BS uses a single antenna
port; FIG. 6 for the case where the BS uses two antenna ports;
FIG. 7 for the case where the BS uses four antenna ports. Also,
the CRS pattern may be used for supporting the characteris-
tics of the LTE-A. For example, the CRS pattern may be used
for supporting the characteristics such as coordinated multi-
point (CoMP) transmission and reception method; or spatial
multiplexing. Also, the CRS may be used for channel quality
measurement, CP detection, time/frequency synchronization,
etc.

[0076] With reference to FIGS. 5 to 7, in case of multi-
antenna transmission where the BS uses a plurality of antenna
ports, one resource grid is allocated to each antenna port. ‘R0’
denotes a RS for a first antenna port; ‘R1” for a second
antenna port; ‘R2’ for a third antenna port; and ‘R3’ for a
fourth antenna port. Positions of R0 to R3 within a subframe
do not overlap with each other. 1 is the position of the OFDM
symbol within a slot, whose value ranges from 0 to 6 for a
normal CP. The RS for each antenna port in one OFDM
symbol is placed at interval of six sub-carriers. The number of
RO within the subframe is the same as the number of R1 and
the number of R2 and the number of R3 are the same to each
other. The number of R2 and R2 within the sub-frame is less
than the number of R0 and R1. A resource element used for
the RS of one antenna port is not used as an RS for another
antenna, which is intended not to cause interference between
antenna ports.

[0077] CRSs as many as the number of antenna ports are
always transmitted irrespective of the number of streams. The
CRS has an independent reference signal for each antenna
port. The position of the CRS in the frequency and time
domain within a subframe is determined independently of the
UE. Also, a CRS sequence multiplied to the CRS is generated
independently of the UE. Therefore, all the UEs within a cell
canreceive the CRS. However, the position of the CRS within
the subframe and the CRS sequence may be determined
according to the cell ID. The position of the CRS in the time
domain within the subframe may be determined according to
the antenna port number and the number of OFDM symbols
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within the resource block. The position of the CRS in the
frequency domain within the subframe may be determined
according to the antenna number, cell ID, OFDM symbol
index (1), slot number within a radio frame, and so on.
[0078] The CRS sequence may be applied in units of
OFDM symbols within one subframe. The CRS sequence
may vary depending on the slot number within one radio
frame, OFDM symbol index within the slot, type of CP, and so
on. The number of RS subcarriers for each antenna port in one
OFDM symbol is 2. If it is assumed that a subframe contains
N5 resource blocks in the frequency domain, the number of
RS subcarriers for each antenna in one OFDM symbol
becomes 2xNjz. Therefore, length of the CRS sequence
becomes 2xNg.

[0079] Equation 1 represents one example of a CRS
sequence r(m)

(m) L (1=2-c2m) + j 1 (1=2-@m+1)) (Equation 1)
rm)=—=(1-2-cCm —(1-2-0m )

a "z
[0080] where m is 0,1, ..., 2N z""~1. 2N,;"“" is the

number of resource blocks corresponding to the maximum
bandwidth. For example, 2N,z"“" is 110 in the 3GPP LTE.
c(i) is a PN sequence, which is a simulated, random sequence,
and can be defined by a gold sequence of length -31. Equation
2 represents one example of the gold sequence c(n)

c(m)=(x (n+N)+x,(n+N))mod2
x,(m+31)=(x(n+3)+x, (r))mod2

X5 (1+31)=(x5 (343 )+ (142 4% (4 1) +x5(1))mod 2,

[0081] where Nc=1600; x, (i) is a first m-sequence; X,(i) is
a second m-sequence. For example, the first and the second
m-sequence may be initialized for each OFDM symbol
according to cell 1D, slot number within one radio frame,
OFDM symbol index within the slot, type of CP, and so on.

[0082] In case of a system having bandwidth less than
2Ngs"“", only a predetermined part with length of 2xN.
may be selected and used from the RS sequence with length of
2x2N 5",

[0083] Frequency hopping may be applied to the CRS. A
frequency hopping pattern may take one radio frame (10 ms)
for its period and each frequency hopping pattern corre-
sponds to one cell ID group.

[0084] The DM-RS is provided for the PDSCH transmis-
sion and is transmitted on the antenna port p=5, p=7, 8, or
p=7, 8, ..., v+6. At this time, v denotes the number of layers
used for the PDSCH transmission. The DM-RS is transmitted
to one UE through any one of antenna ports belonging to a set
S, where S={7, 8, 11, 13} or S={9, 10, 12, 14}. The DM-RS
exists and is valid for demodulation of the PDSCH only when
transmission of the PDSCH is associated with the corre-
sponding antenna port. The DM-RS is transmitted only at the
RBs to which the corresponding PDSCH is mapped. The
DM-RS is not transmitted at resource elements through
which either a physical channel or a physical signal is trans-
mitted, irrespective of antenna ports. The DM-RS may refer
to the Section 6.10.3 of the 3GPP TS 36.211 V10.4.0 (2012-
12).

[0085] FIG. 8 is one example of an RB to which a DM-RS
is mapped.

, <Equation 2>
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[0086] FIG. 8 illustrates resource elements used for the
DM-RS in the normal CP structure. Rp denotes a resource
element used for DM-RS transmission through the antenna
port p. For example, RS denotes a resource element to which
the DM-RS for the antenna port 5 is transmitted. Also, with
reference to FIG. 8, the DM-RS for the antenna port 7 and 8
is transmitted through the resource element corresponding to
a first, sixth, and eleventh subcarrier (subcarrier index O, 5,
10) of a sixth and seventh OFDM symbol (OFDM symbol
index 5, 6) of each slot. The DM-RS for the antenna port 7 and
8 can be distinguished by an orthogonal sequence of length 2.
The DM-RS for the antenna port 9 and 10 is transmitted
through the resource element corresponding to a second, sev-
enth, and twelfth subcarrier (subcarrier index 1, 6, 11) of a
sixth and seventh OFDM symbol (OFDM symbol index 5, 6)
of'each slot. The DM-RS for the antenna port 9 and 10 can be
distinguished by an orthogonal sequence of length 2. Also,
since S={7, 8, 11, 13} or S={9, 10, 12, 14}, the DM-RS for
the antenna port 11 and 13 is mapped to the resource element
to which the DM-RS for the antenna port 7 and 8 is mapped
while the DM-RS for the antenna port 12 and 14 is mapped to
the resource element to which the DM-RS for the antenna port
9 and 10 is mapped.

[0087] The CSI-RS is transmitted through 1, 2, 4, or 8
antenna ports. The antenna ports used for this case correspond
to p=15, p=15, 16, p=15, .. ., 18, and p=15, . . ., 22. The
CSI-RS can be defined only for Af=15 kHz. The CSI-RS may
refer to the Section 6.10.3 of the 3GPP TS 36.211 V10.1.0
(2012-December).

[0088] For transmission of the CSI-RS, up to 32 different
configurations from each other can be employed to reduce
inter-cell interference (ICI) in a multi-cell environment as
well as a heterogeneous network environment. Configura-
tions for the CSI-RS differ from each other according to the
number of antenna ports and CP within a cell; and adjacent
cells may assume configurations different from each other as
possibly as can be. Also, the CSI-RS configurations can be
divided into the cases of being applied to both frequency
division duplex (FDD) and time division duplex (TDD) frame
and only to TDD frame according to frame structure. A plu-
rality of CSI-RS configurations may be used for a single cell.
For the UE assuming non-zero transmission power may
employ 0 or 1 CSI configuration while the UE assuming zero
transmission power may employ 0 or several CSI configura-
tions. The UE does not transmit the CSI-RS for a special
subframe of TDD frame; a subframe where transmission of
the CSI-RS collides with a synchronization signal, a physical
broadcast channel (PBCH), and system information block
type 1; or a subframe to which a paging message is transmit-
ted. In addition, in a set S where S={15}, S={15, 16}, S={17,
18},8={19,20} or S={21,22}, the resource element to which
the CSI-RS for one antenna port is transmitted is not used for
transmission of the CSI-RS for the PDSCH or another
antenna port.

[0089] FIG. 9 is one example of an RB to which a CSI-RS
is mapped.
[0090] FIG. 9 illustrates resource elements used for the

CSI-RS in the normal CP structure. Rp denotes a resource
element used for CSI-RS transmission through the antenna
port p. With reference to FIG. 9, the CSI-RS for the antenna
port 15 and 16 is transmitted through the resource element
corresponding to a third subcarrier (subcarrier index 2) of a
sixth and seventh OFDM symbol (OFDM symbol index 5, 6)
of a first slot. The CSI-RS for the antenna port 17 and 18 is
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transmitted through the resource element corresponding to a
ninth subcarrier (subcarrier index 8) of a sixth and seventh
OFDM symbol (OFDM symbol index 5, 6) of a first slot. The
CSI-RS for the antenna port 19 and 20 is transmitted through
the same resource element to which the CSI-RS for the
antenna port 15 and 16 is transmitted while the CSI-RS for the
antenna port 21 and 22 is transmitted through the same
resource element to which the CSI-RS for the 17 and 18 is
transmitted.

[0091] Meanwhile, direct communication means a commu-
nication method for performing transmission and reception
between UEs without the relay of a BS, directly. FIG. 10
illustrates a conventional wireless communication system
and a direct communication system.

[0092] Referring to FIG. 10, UEs in a conventional com-
munication system always communicate with a BS. On the
other hand, the UE in a direct communication system can
communicate with other UE in addition to a BS. Direct com-
munication is preferably carried out when UEs are in geo-
graphically neighboring region or channel state between UEs
is good. When direct communication is carried out, controls
on UEs are still performed by the BS (dotted line). On the
other hand, actual data or information related to the actual
data (e.g. HARQ, management/control information of direct
communication network) is communicated through direct
communication between UEs (solid line).

[0093] The BS instructs UEs to perform direct communi-
cation for establishing link for UEs which want direct com-
munication, and determines resources for the direct commu-
nication. The BS informs all UE or a primary UE, which the
BS determines from all the UEs, of the resources allocated for
direct communication. Then, UEs can perform direct trans-
mission and reception of data under the control of the BS but
without relay of the BS.

[0094] Although all data can be transmitted and received
through direct link between UEs, as described in the above, it
is preferable to transmit and receive only actual data and
minimal control information related to the data between UEs,
and to transmit and receive other control information through
the BS. In other words, connection and communication with
the BS are not excluded even when direct communication
between UEs is performed. For example, direct communica-
tion request/response information, scheduling information
such as resource allocation information, security information,
and other information needed for direct communication can
be transmitted and received through the BS.

[0095] FIG.11isaflow diagram illustrating one example of
direct communication between user equipments (UEs).
[0096] First, UE 1 requests direct communication with UE
2 to the BS (S1110). The request can be made by the BS first,
or UE 1 can directly request to UE 2. Also, direct communi-
cation can be started without request on a contention basis.
[0097] The BS allocates downlink and/or uplink resource
for direct communication between UE 1 and UE 2 (S1120).
At this step, resource allocation for UE 1 and UE 2 can be
signaled to each UE independently or commonly signaled.
[0098] Before the step S1120, the step that the BS queries
UE 2 on the initiation of direct communication and responses
the result to UE 1 can be added.

[0099] Then, UE 1and UE 2 perform direct communication
by using allocated resource (S1130).

[0100] The steps in FIG. 11 are represented for the conve-
nience of description, and the order of the steps can be
changed depending on the scheduling of the BS and the state



US 2016/0088621 Al

of'each UE, and additional control signals and measurement
signals can be transmitted and received between the BS and
UEs.

[0101] In the description below, the method for acquiring
transmission and reception timing, and/or synchronization
between UEs in this direct communication system will be
described. In the description of the specification, timing can
mean the transmission timing for transmitting a transmission
signal, the timing for determining subframe boundary of a
transmission signal, the reception timing for detecting a
reception signal, or the time for determining subframe bound-
ary of a reception signal.

[0102] Also, for the convenience of explanation, the appli-
cation of the present invention is described based on FDD
direct communication system. This application, however, is
for the purpose of illustration only, and the present invention
can also be applied to TDD direct communication system.
[0103] Also, for the convenience of explanation, it is
assumed that the DL subframe boundary and UL subrame
boundary of the BS are aligned based on absolute time. This
assumption, however, is for the purpose of illustration only,
and the present invention can be applied to the case where the
DL subframe boundary and UL subframe boundary are dif-
ferent each other.

[0104] In conventional wireless communication system,
UE acquires DL reception timing by using DL synchroniza-
tion signal of the BS. Then, initial transmission timing for UL
is set from the acquired DL subframe boundary, and UL
transmission timing is acquired through random access.
[0105] FIG. 12 illustrates an example of acquiring DL
reception timing and UL transmission timing in general wire-
less communication.

[0106] Referring to FIG. 12, the BS transmits DL signal to
UE 1. UE 1 receives the DL signal with DL propagation delay
according to the distance from the BS. UE 1 can acquire DL
reception timing based on the DL synchronization signal.
[0107] Then, UE 1 performs initial random access proce-
dure to acquire uplink transmission timing. UE 1, assuming
that UL transmission timing is the same as DL reception
timing, performs Physical Random Access Channel
(PRACH) transmission. At this step, the offset between DL
reception timing and UL transmission timing can be defined
in advance. In other words, system can be configured so that
UL subframe boundary is distanced from DL subframe
boundary by predetermined offset.

[0108] Then, the BS receives random access preamble with
UL propagation delay according to the distance from the UE
1. Therefore, the BS receives random access preamble with
the delay corresponding to the sum of DL propagation delay
and UL propagation delay. At this step, the BS estimates the
total delay by PRACH detection to instruct UL transmission
timing to the UE 1. This is called ‘timing advance (TA)’.
[0109] The same procedure can be performed for UE 2.
Referring to FIG. 12, UE 2 is assumed to be located at the
location which is relatively far from the BS compared to UE
1. In other words, DL propagation delay and UL propagation
delay of UE 2 is larger than those of UE 1. TA , »a represents
the difference between UL transmission timings of the two
UEs.

[0110] FIG. 13 illustrates the DL reception timing and the
UL transmission timing of each entity in the example of FIG.
12.

[0111] Intheexampleof FI1G.12,as described above, UE 2,
which is located relatively far from the BS compared to UE 1,
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has larger DL propagation delay and UL propagation delay.
Therefore, referring to FIG. 13, the DL reception timing of
UE 2 is located behind the DL reception timing of UE 1, and
the UL transmission timing of UE 2, on the other hand, is
located ahead of transmission timing of UE 1.

[0112] The method for configuring/acquiring d-DL (direct-
DL) and d-UL (direct-UL) timing for direct communication
based on the DL and UL timing which the UE has acquired
through the process described above will be described below.
In the below, unless specifically mentioned, DL and UL mean
conventional downlink and uplink of communication with the
BS, and d-DL and d-UL mean downlink and uplink of direct
communication between UEs. The d-DL refers to a reception
link from one UE to another UE, and the d-UL refers to a
transmission link from one UE to another UE. Also, for the
convenience of description, d-DL reception and d-UL trans-
mission will be explained in the unit of subframe. This expla-
nation, however, is for the purpose of illustration only, and
d-DL reception and d-UL transmission can be performed in
the unit of slot or OFDMA symbol (or SC-FDMA symbol,
discrete Fourier transform spread (DFT-S) OFDMA symbol).
[0113] FIG. 14 illustrates a method for acquiring d-DL
(direct-DL) timing and d-UL (direct-UL) timing according to
the one example of the present invention.

[0114] InFIG. 14, T 05 and T 40z Tepresent the differ-
ences of DL reception timings and UL transmission timings
between UE 1 and UE 2, respectively. Theoretically, since DL,
timing is associated with unidirectional propagation delay
and UL timing is associated with bidirectional propagation
delay, T ., has two times the value compared to the value
of T pz- Assuming two UEs are located in the same line
connecting the BS, the unidirectional propagation delay T -
vE according to the distance between two UEs can be repre-
sented as in Equation 3.

Tagve=Lagor=Tagur/2 <Equation 3>

[0115] When two UEs are located with a distance of about
1 km, the propagation delay T ;. is 3.3356 us, and when
two UEs are located nearly with a short distance (e.g. device-
to-device (D2D) coverage), the propagationdelay T, . - can
be ignored.

[0116] Referringto FIG. 14, UE 1 and UE 2 perform d-UL
transmission and d-DL reception using DL resource based on
the UL transmission timing. The UL transmission timing can
be configured by the BS or acquired from the BS.

[0117] UE 1 performs d-UL transmission 1 at the first DL
subframe based on the UL timing 1, and UE 2 performs d-UL
transmission 2 at the second DL subframe based on the UL
timing 2. At this step, predetermined offset can be applied to
the UL timing, or d-UL transmission can be performed at part
of the subframe (e.g. slot) rather than at the entire subframe.
[0118] UE 2 performs d-DL reception 1 at the first DL
subframe with time delay of T,z UE 1 also performs
d-DL reception 2 at the second DL subframe with time delay
of T ;2 ¢z The data received by d-DL reception 1 is the data
transmitted by d-UL transmission 1, and the data received by
d-DL reception 2 is the data transmitted by d-UL transmis-
sion 2. The d-DL reception timing 1 and 2 do not coincide
with the DL reception timing 1 and 2, but lags behind the DL,
reception timing 1 and 2, respectively. Therefore, different
timing than conventional DL timing is required for the d-DL
reception.

[0119] Meanwhile, it is preferable that the DL subframe
used for direct communication does not include the DL data
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received from the BS. For this purpose, when direct commu-
nication is performed, the BS can empty corresponding DL
subframe to allocate the DL subframe as a dedicated resource
for direct communication.

[0120] According to the method described above, UE can
perform d-DL reception using the same frequency region as
DL reception without additional hardware. At this step, the
UE stores d-DL timing other than conventional DL timing in
the buffer and can enhance the accuracy of the d-DL timing
through the process of detecting and/or demodulation.
[0121] FIG. 15 illustrates a method for acquiring d-DL
timing and d-UL timing according to another example of the
present invention.

[0122] The meanings of Tz rr T r @0A T 5 I FIG.
15 are the same as those in FIG. 14.

[0123] Referring to FIG. 15, UE 1 and UE 2 perform d-UL
transmission and d-DL reception using UL resource based on
the DL reception timing. The DL reception timing can be
configured by the BS or acquired from the BS.

[0124] UE 1 performs d-UL transmission 1 at the first UL
subframe based on the DL timing 1, and UE 2 performs d-UL
transmission 2 at the second UL subframe based on the DL
timing 2. At this step, predetermined offset can be applied to
the DL timing, or d-UL transmission can be performed at part
of the subframe (e.g. slot) rather than at the entire subframe.
[0125] UE 2 performs d-DL reception 1 at the first UL
subframe with time delay of T, UE 1 also performs
d-DL reception 2 at the second UL subframe with time delay
of T 4 1e- The data received by d-DL reception 1 is the data
transmitted by d-UL transmission 1, and the data received by
d-DL reception 2 is the data transmitted by d-UL transmis-
sion 2. The d-DL reception timing 1 coincides with the DL,
reception timing 1, but the d-DL reception time does not
coincide with the DL reception timing 2. Therefore, different
timing than conventional DL timing 2 is required for the d-DL,
reception 2.

[0126] Meanwhile, it is preferable that the UL subframe
used for direct communication does not include the UL data
transmitted to the BS. For this purpose, when direct commu-
nication is performed, the BS can empty corresponding UL
subframe to allocate the UL subframe as a dedicated resource
for direct communication.

[0127] According to the method described above, UE can
perform d-UL transmission using the same frequency region
as UL transmission without implementation of additional
hardware for d-UL transmission.

[0128] FIG. 16 illustrates a method for acquiring d-DL
timing and d-UL timing according to another example of the
present invention.

[0129] Themeanings of T sz s, Tz @80d Ty 1 I FIG.
16 are the same as those in FIG. 14.

[0130] Referring to FIG. 16, UE 1 and UE 2 perform d-UL
transmission and d-DL reception using DL resource based on
the DL reception timing. The DL reception timing can be
configured by the BS or acquired from the BS.

[0131] UE 1 performs d-UL transmission 1 at the first DL
subframe based on the DL timing 1, and UE 2 performs d-UL
transmission 2 at the second DL subframe based on the DL
timing 2. At this step, predetermined offset can be applied to
the DL timing, and d-UL transmission can be performed at
part of the subframe (e.g. slot) rather than at the entire sub-
frame.

[0132] UE 2 performs d-DL reception 1 at the first DL
subframe with time delay of T,z UE 1 also performs
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d-DL reception 2 at the second DL subframe with time delay
of T 4 1e- The data received by d-DL reception 1 is the data
transmitted by d-UL transmission 1, and the data received by
d-DL reception 2 is the data transmitted by d-UL transmis-
sion 2. The d-DL reception timing 1 coincides with the DL,
reception timing 1, but the d-DL reception time does not
coincide with the DL reception timing 2. Therefore, different
timing than conventional DL timing 2 is required for the d-DL,
reception 2.

[0133] Meanwhile, it is preferable that the DL subframe
used for direct communication does not include the DL data
received from the BS. For this purpose, when direct commu-
nication is performed, the BS can empty corresponding DL
subframe to allocate the DL subframe as a dedicated resource
for direct communication.

[0134] According to the method described above, UE can
perform d-DL reception using the same frequency region as
DL reception without implementing additional hardware. At
this step, UE can store different d-DL timing than conven-
tional DL timing in the buffer, and enhance the accuracy of
the d-DL timing through the process of detecting and/or
demodulating.

[0135] FIG. 17 illustrates a method for acquiring d-DL
timing and d-UL timing according to another example of the
present invention.

[0136] In FIG. 17, the meanings of Tz, Typpr and
T 4407 are the same as those in FIG. 14.

[0137] Referring to FIG. 17, UE 1 and UE 2 perform d-UL
transmission and d-DL reception using UL resource based on
the UL transmission timing. The UL reception timing can be
configured by the BS or acquired from BS.

[0138] UE 1 performs d-UL transmission 1 at the first UL
subframe based on the UL timing 1, and UE 2 performs d-UL
transmission 2 at the second UL subframe based on the UL
timing 2. At this step, predetermined offset can be applied to
the UL timing, or d-UL transmission can be performed at part
of the subframe (e.g. slot) rather than at the entire subframe.
[0139] UE 2 performs d-DL reception 1 at the first UL
subframe with time delay T ;- UE 1 also performs d-DL
reception 2 at the second UL subframe with time delay of
T 4g07e- The data received by d-DL reception 1 is the data
transmitted by d-UL transmission 1, and the data received by
d-DL reception 2 is the data transmitted by d-UL transmis-
sion 2. The d-DL reception timing 1 and 2 do not coincide
with the DL reception timing 1 and 2. Therefore, different
timing than conventional DL timing is required for the d-DL
reception.

[0140] Meanwhile, it is preferable that the UL subframe
used for direct communication does not include UL data
transmitted to the BS. For this purpose, when direct commu-
nication is performed, the BS can empty corresponding UL
subframe to allocate the UL subframe as a dedicated resource
for direct communication.

[0141] According to the method described above, UE can
perform d-UL transmission at the same frequency region as
UL transmission without implementing additional hardware.
Powers of the UL transmission and the d-UL transmission can
be determined difterently depending on the situation.

[0142] Meanwhile, communication between UEs in direct
communication system can be affected by the interference
caused by the communication between other UEs and the BS.
This interference can be represented as inter-symbol interfer-
ence, inter-slot interference or inter-subframe interference in
time domain, and as inter-subcarrier interference in fre-
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quency domain. In the description below, inter-symbol inter-
ference refers to inter-slot interference and inter-subframe
interference comprehensively.

[0143] Inter-symbol interference means the interference
due to misalignment of the signals received from multiple
UEs in time domain, which is generated by the symbols
received by other UEs in the fast Fourier transform (FFT)
window for the OFDMA symbol (or SC-FDMA symbol,
DFT-S OFDMA symbol) received from specific UEs.
[0144] Inter-subcarrier interference means that received
signals are not aligned in time domain, and that phase discon-
tinuity is generated in FFT window for OFDMA symbol (or
SC-FDMA symbol, DFT-S OFDMA symbol) and subcarrier
orthogonality is hindered.

[0145] In the description below, the symbol can mean
OFDMA symbol, SC-FDMA symbol and DFT-S OFDMA
symbol altogether. In other words, the present invention is not
limited by the access scheme and can be applied to commu-
nication systems of various access schemes.

[0146] FIGS. 18-21 illustrate the interferences that can
occur in the examples of FIGS. 14-17.

[0147] FIG. 18 illustrates the interference that can occur in
the example of FIG. 14.

[0148] The d-UL transmission at the first DL, subframe by
UE 1 does not coincide with the first DL subframe between
UE 2 and the BS in timing. Also, the d-UL transmission at the
second DL subframe by UE 2 does not coincide with the
second DL subframe between UE 1 and the BS in timing. This
misalignment can cause inter-symbol interference and inter-
subcarrier interference.

[0149] FIG. 19 illustrates the interference that can occur in
the example of FIG. 15.

[0150] The d-UL transmission at the first UL subframe by
UE 1 does not coincide with the first UL subframe between
UE 2 and the BS in timing. Also, the d-UL transmission at the
second UL subframe by UE 2 does not coincide with the
second UL subframe between UE 1 and the BS in timing. This
misalignment can cause inter-symbol interference and inter-
subcarrier interference.

[0151] FIG. 20 illustrates the interference that can occur in
the example of FIG. 16.

[0152] The d-UL transmission at the first DL, subframe by
UE 1 does not coincide with the first DL subframe between
UE 2 and the BS in timing. Also, the d-UL transmission at the
second DL subframe by UE 2 does not coincide with the
second DL subframe between UE 1 and the BS in timing. This
misalignment can cause inter-symbol interference and inter-
subcarrier interference.

[0153] FIG. 21 illustrates the interference that can occur in
the example of FIG. 17.

[0154] The d-UL transmission at the first UL subframe by
UE 1 does not coincide with the first UL subframe between
UE 2 and the BS in timing. Also, the d-UL transmission at the
second UL subframe by UE 2 does not coincide with the
second UL subframe between UE 1 and the BS in timing. This
misalignment can cause inter-symbol interference and inter-
subcarrier interference.

[0155] One of the following methods can be applied in
order to prevent these inter-symbol interference and/or inter-
subcarrier interference.

[0156] <Method 1> Using N Guard Symbols

[0157] In one example of the present invention, predeter-
mined N symbols causing inter-symbol interference can be
used as guard symbols. Guard symbols mean the symbols
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which have no actually transmitted signal. In other words, UE
can use N guard symbols for direct communication, and
perform d-UL transmission on other symbols through encod-
ing process such as channel coding.

[0158] Since inter-symbol interference is mainly caused by
propagation delay according to the distance between UEs, the
degree of interference can vary depending on the distance
between UEs. When the distance between UEs is 1 km, for
example, propagation delay Tz, is 3.3356 us which is
much smaller than 1-OFDMA symbol duration, and it is
sufficient to use only one OFDMA symbol as a guard symbol.
[0159] FIGS. 22-24 illustrate a method for using a guard
symbol according to one example of the present invention.
[0160] UE can, as in FIG. 22, use the first OFDMA symbol
as a guard symbol to prevent inter-symbol interference when
performing d-UL transmission. Alternatively, UE can, as in
FIG. 23, use the last OFDMA symbol as a guard symbol, or,
as in FIG. 24, use the first OFDMA symbol and the last
OFDMA symbol as guard symbols. At this step, the first and
last OFDMA symbols mean both ends of the subcarrier of the
radio resource allocated for d-UL transmission of a specific
UE (or UE-group).

[0161] <Method 2> Puncturing N Symbols

[0162] In one example of the present invention, predeter-
mined N symbols causing inter-symbol interference can be
punctured.

[0163] As described above in detail, inter-symbol interfer-
ence is mainly caused by propagation delay according to the
distance between UEs, and the degree of interference can vary
depending on the distance between UEs. When the distance
between UEs is 1 km, for example, propagation delay, T
vE, 18 3.3356 us which is much smaller than 1-OFDMA
symbol duration, and it is sufficient to puncture only one
OFDMA symbol.

[0164] UE can puncture the symbol corresponding to the
guard symbol in FIGS. 22-24 to prevent inter-symbol inter-
ference when performing d-UL transmission. For example,
UE can puncture the first OFDMA symbol as in FIG. 22.
Alternatively, UE can, as in FIG. 23, puncture the last
OFDMA symbol, or, as in FIG. 24, the first and last OFDMA
symbols.

[0165] <Method 2-1> Using a Sounding Subframe

[0166] In3GPP LTE, UE punctures the last OFDMA sym-
bol of the sounding subframe in order to prevent the interfer-
ence with sounding transmission by other UE when perform-
ing UL transmission at the subframe designated as the cell-
specific sounding subframe or UE-specific sounding
subframe. F1G. 25 illustrates one example of implicitly punc-
turing the last symbol of a sounding subframe.

[0167] Therefore, when d-UL transmission for direct com-
munication is carried out on UL carrier, direct communica-
tion can be specified to be performed in the sounding sub-
frame. According to this method, UEs performing direct
communication may not define punctured symbol separately
nor perform the signaling. FIG. 26 illustrates one example of
a sounding subframe for direct communication.

[0168] <Method 3> Using a Subframe with an Extended
CP
[0169] Is 3GPP LTE, two types of CPs exist, a normal CP

(Af=15kHz) and an extended CP (Af=7.5 kHz). A normal CP
is generally used and has the length of 5.21 us or 4.69, and an
extended CP is used for broadcasting such as MBSFN and has
the length of 16.67 us.
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[0170] In one example of the present invention, the sub-
frame with the normal CP can be configured for the commu-
nication with the BS, but the subframe with the extended CP
can be configured for direct communication between UEs, in
order to prevent inter-symbol interference. FIG. 27 illustrates
one example of using a subframe with an extended CP for
direct communication.

[0171] <Method 3-1> The Case where d-UL Transmission
is Performed on DL Carrier

[0172] In 3GPP LTE, MBSFN subframe is configured
through MBSFN-subframeConfigl.ist at SystemInforma-
tionBlockType2 by radio resource control (RRC) layer. The
MBSFN subframe may refer to the Section 5.8 and 6.3.7 of
the 3GPP TS 36.311 V10.4.0 (2012-December).

[0173] In the case where d-UL transmission is performed
on the DL carrier, a subset of MBSFN subframes can be
configured as the subframe for direct communication. FIG.
28 illustrates one example of a configuration of a subset of
MBSFN subframes as a subframe for direct communication.
Atthis step, the MBSFB subframe configured as the subframe
for direct communication should use extended CP, although
non-MBSFN subfame can use normal CP or extended CP.
[0174] <Method 4> Applying Time Offset

[0175] The methods 1-3 described above are especially
effective in removing the interference of following sub-
frames. In one example of the present invention, time offset
can be applied to the subframe for direct communication in
order to remove interferences of preceding subframes more
effectively. FIG. 29 illustrates one example of applying time
offset to a subframe for direct communication.

[0176] Referring to FIG. 29, transmission can be delayed
by predetermined or signaled time offset T ., so that the
subframe for direct communication and the subframe for
communication with the BS are not overlapped. For example,
time offset can be determined as the unidirectional propaga-
tion delay, bidirectional propagation delay or half of one
symbol duration, and d-UL transmission can be performed
with the delay of the corresponding time offset.

[0177] FIG. 30 illustrates a method for data transmission
according to one example of the present invention.

[0178] A first wireless device acquires uplink transmission
timing or downlink reception timing from the BS (S3010).
The downlink reception timing can be acquired by using the
DL synchronization signal, and the uplink transmission tim-
ing can be acquired based on the downlink reception timing.

[0179] The first wireless device, then, determines uplink
transmission timing for direct communication with a second
wireless device based on the uplink transmission timing or
downlink reception timing (S3020). The uplink transmission
timing for direct communication can coincide with the uplink
transmission timing or downlink reception timing, or the
value of time offset can be applied.

[0180] The first wireless device transmits direct communi-
cation uplink data to the second wireless device at the uplink
transmission timing for the direct communication (S3030).
At this step, to perform transmission of the direct communi-
cation uplink data, the first wireless device can use the sub-
frame on the uplink resource for transmission to the BS, or the
subframe on the downlink resource for reception from BS.
The subframe can include at least one guard symbol, or at
least one punctured symbol. Also, the subframe can be a
sounding subframe or an MBSFN subframe using extended
cyclic prefix (CP).
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[0181] FIG. 31 illustrates a wireless communication sys-
tem in which an embodiment of the present invention is
implemented.
[0182] A base station 50 comprises a processor 51, a
memory 52, and an RF (Radio Frequency) unit 53. The
memory 52, being connected to the processor 51, stores vari-
ous pieces of information needed for operating the processor
51. The RF unit 53, being connected to the processor 51,
transmits and/or receives radio signals. The processor 51
implements proposed functions, procedures, and/or methods.
Operation of the base station in the embodiment described
above can be realized by the processor 51.
[0183] A UE 60 comprises a processor 61, a memory 62,
and an RF unit 63. The memory 62, being connected to the
processor 61, stores various pieces of information needed for
operating the processor 61. The RF unit 63, being connected
to the processor 61, transmits and/or receives radio signals.
The processor 61 implements proposed functions, proce-
dures, and/or methods. Operation of the UE in the embodi-
ment described above can be realized by the processor 61.
[0184] The processor may include Application-Specific
Integrated Circuits (ASICs), other chipsets, logic circuits,
and/or data processors. The memory may include Read-Only
Memory (ROM), Random Access Memory (RAM), flash
memory, memory cards, storage media and/or other storage
devices. The RF unit may include a baseband circuit for
processing a radio signal. When the above-described embodi-
ment is implemented in software, the above-described
scheme may be implemented using a module (process or
function) which performs the above function. The module
may be stored in the memory and executed by the processor.
The memory may be disposed to the processor internally or
externally and connected to the processor using a variety of
well-known means.
[0185] In the above description of direct communication,
the subframe for direct communication does not exclude the
conventional communication between a BS and a UE. In
other words, the subframe for direct communication can be
used either for direct communication only, or for the conven-
tional communication between a BS and a UE. Also, partial
region (or resource block) of specific subframe can be used
for direct communication and other region for the conven-
tional communication between a BS and a UE.
[0186] Meanwhile, the above described methods can be
applied to the entire procedures of the direct communication,
or only to the step of initial access/search. The step of initial
access/search can include UL synchronization procedure
such as random access procedure of 3GPP LTE, or establish-
ing a link by searching neighbor UEs. The methods described
above can be applied to all UEs or only to the UEs instructed
by the base station.
[0187] Also, the above described methods can be modified
to be applied to acquisition of synchronization between mul-
tiple BSs and one UE. For example, the UE can acquire
synchronization with other non-serving BSs based on the
synchronization with the serving BS. Also, the methods can
be modified to be applied to acquire synchronization of other
UESs based on the synchronization between one UE and a BS.

What is claimed is:

1. A method for communicating between wireless devices
in a wireless communication system, the method comprising:

determining, by a first wireless device, a downlink recep-

tion timing for receiving a downlink subframe with a
base station;
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determining, by the first wireless device, an uplink trans-
mission timing for transmitting an uplink subframe with
the base station, the uplink subframe including a plural-
ity of Single Carrier-Frequency Division Multiple
Access (SC-FDMA) symbols; and

communicating, by the first wireless device, directly with a
second wireless device by using the uplink subframe,

wherein a last SC-FDMA symbol of the uplink subframe is
not used for direct communication between the first
wireless device and the second wireless device.

2. The method of claim 1, wherein the direct communica-
tion between the first wireless device and the second wireless
device is performed based on the downlink reception timing.

3. The method of claim 2, wherein the direct communica-
tion between the first wireless device and the second wireless
device is performed not based on the uplink transmission
timing.

4. The method of claim 1, wherein the uplink subframe for
the direct communication uses an extended cyclic prefix.

5. A device for communicating with a wireless device in a
wireless communication system, the device comprising:

a radio frequency (RF) unit configured to transmit and

receive radio signals; and
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a processor operatively connected to the RF unit and con-

figured to:

determine a downlink reception timing for receiving a

downlink subframe with a base station;

determine an uplink transmission timing for transmitting

an uplink subframe with the base station, the uplink
subframe including a plurality of Single Carrier-Fre-
quency Division Multiple Access (SC-FDMA) symbols;
and

instruct the RF unit to communicate directly with a wire-

less device by using the uplink subframe,

wherein a last SC-FDMA symbol of the uplink subframe is

not used for direct communication with the wireless
device.

6. The device of claim 5, wherein the direct communication
with the wireless device is performed based on the downlink
reception timing.

7. The device of claim 6, wherein the direct communication
with the wireless device is performed not based on the uplink
transmission timing.

8. The device of claim 5, wherein the uplink subframe for
the direct communication uses an extended cyclic prefix.
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