METHOD FOR PERFORMING COMMUNICATION BETWEEN DEVICES IN
WIRELESS COMMUNICATION SYSTEM AND DEVICE FOR PERFORMING SAME

[DESCRIPTION]

[Invention Title]

METHOD FOR PERFORMING COMMUNICATION BETWEEN DEVICES IN
WIRELESS COMMUNICATION SYSTEM AND DEVICE FOR PERFORMING SAME

[ Technical Field]

[1] The present invention relates to a wireless communication system and, more
particularly, to a method of receiving or transmitting a signal at user equipments (UEs)

supporting device-to-device (D2D) communication.

[ Background Art]

[2] Wireless communication systems have been widely deployed to provide various
types of communication services such as voice or data. In general, a wireless communication
system is a multiple access system that supports communication of multiple users by sharing
available system resources (a bandwidth, transmission power, etc.) among them. For example,
multiple access systems include a Code Division Multiple Access (CDMA) system, a
Frequency Division Multiple Access (FDMA) system, a Time Division Multiple Access
(TDMA) system, an Orthogonal Frequency Division Multiple Access (OFDMA) system, a
Single Carrier Frequency Division Multiple Access (SC-FDMA) system, and a Multi-Carrier
Frequency Division Multiple Access (MC-FDMA) system.

[3] D2D communication is a communication scheme in which a direct link is
established between User Equipments (UEs) and the UEs exchange voice and data directly
with each other without intervention of an evolved Node B (eNB). D2D communication may
cover UE-to-UE communication and peer-to-peer communication. In addition, D2D
communication may find its applications in Machine-to-Machine (M2M) communication and
Machine Type Communication (MTC).

[4] D2D communication is under consideration as a solution to the overhead of an
eNB caused by rapidly increasing data traffic. For example, since devices exchange data
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directly with each other without intervention of an eNB by D2D communication, compared to
legacy wireless communication, the overhead of a network may be reduced. Further, it is
expected that the introduction of D2D communication will reduce the power consumption of
devices participating in D2D communication, increase data transmission rates, increase the

accommodation capability of a network, distribute load, and extend cell coverage.

[Disclosure]

[ Technical Problem]

[5] An object of the present invention is to provide a method of, at a user equipment
(UE) supporting device-to-device (D2D) communication, selecting an appropriate
synchronization reference for a wireless communication environment thereof and performing
D2D communication based on the selected result.

[6] It will be appreciated by persons skilled in the art that the objects that could be
achieved with the present invention are not limited to what has been particularly described
hereinabove and the above and other objects that the present invention could achieve will be

more clearly understood from the following detailed description.

[ Technical Solution]

[7] In an aspect of the present invention, a method of performing device-to-device
(D2D) communication by a user equipment (UE) in a wireless communication system includes
detecting a D2D synchronization signal from at least one synchronization source, measuring a
D2D reference signal received through a same subframe in which the D2D synchronization
signal is detected, and selecting a synchronization reference UE from the at least one
synchronization source depending on whether a predetermined condition is satisfied, wherein
the predetermined condition is satisfied when a result of measuring the D2D reference signal
satisfies a threshold and an information element of a D2D channel associated with the D2D
reference signal satisfying the threshold is acquired.

[8] In another aspect of the present invention, a user equipment (UE) for performing
device-to-device (D2D) communication includes a receiver configured to receive a D2D
synchronization signal from at least one synchronization source, and a processor configured to

measure a D2D reference signal received through a same subframe in which the D2D



synchronization signal is received and to select a synchronization reference UE from the at
least one synchronization source depending on whether a predetermined condition is satisfied,
wherein the predetermined condition is satisfied when a result of measuring the D2D reference
signal satisfies a threshold and an information element of a D2D channel associated with the
D2D reference signal satisfying the threshold is acquired.

[9] The measuring the D2D reference signal may include measuring an average of
received powers of resources, on which a D2D demodulation reference signal (DMRS) for
demodulation of the D2D channel is transmitted.

[10] The UE may transmit at least one of a D2D synchronization signal of the UE and
an information element of a D2D channel of the UE, at least part of the D2D synchronization
signal of the UE being configured the same as the D2D synchronization signal received from
the synchronization reference UE, and at least part of the information element of the D2D
channel of the UE being configured the same as the information element of the D2D channel
received from the synchronization reference UE.

[11] When the predetermined condition is not satisfied and the synchronization
reference UE is not selected, the UE may perform D2D communication at timing of the UE
itself and, when the predetermined condition is satisfied and the synchronization reference
UE is selected, the UE may perform D2D communication based on timing of the selected
synchronization reference UE.

[12] The UE may transmit a D2D synchronization signal of the UE itself based on
pre-configuration of a base station, when the predetermined condition is not satisfied, the
synchronization reference UE is not selected and the UE is out of coverage.

[13] The UE may perform D2D communication based on signaling from a base station
if the UE is changed from out-of-coverage to in-coverage.

[14] The UE may detect a sequence of a primary D2D synchronization signal
(PD2DSS) which is repeatedly mapped to at least two symbols based on one of a plurality of
root indices for a Zadoff-Chu sequence.

[15] A first root index of the plurality of root indices may correspond to in-coverage
and a second root index of the plurality of root indices may correspond to out-of-coverage.
[16] The information element of the D2D channel may include a bandwidth for D2D
communication through the D2D channel, a D2D frame number, a D2D subframe number
and uplink (UL)-downlink (DL) configuration information in a case of time division duplex
(TDD).



[ Advantageous Effects]

[17] According to one embodiment of the present invention, in selection of a
synchronization reference UE, a D2D UE considers received power of a reference signal
received through the same subframe as a synchronization signal and also considers a D2D
channel demodulated through the reference signal, thereby accurately and efficiently
selecting a synchronization reference suitable for a wireless channel environment thereof and
performing D2D communication according to selection of the synchronization reference.

[18] The effects which can be obtained by the present invention are not limited to the
above-described effects and other effects which are not described herein will become apparent

to those skilled in the art from the following description.

[ Description of Drawings]

[19] The accompanying drawings, which are included to provide a further
understanding of the invention, illustrate embodiments of the invention and together with the

description serve to explain the principle of the invention.

[20] FIG. 1 is a diagram showing the structure of a radio frame.

[21] FIG. 2 is a diagram showing a resource grid in a downlink slot.

[22] FIG. 3 is a diagram showing the structure of a downlink subframe.

[23] FIG. 4 is a diagram showing the structure of an uplink subframe.

[24] FIG. 5 is a diagram showing the configuration of a wireless communication

system having multiple antennas.

[25] FIG. 6 is a diagram showing a PSS and an SSS of a 3GPP system.
[26] FIG. 7 is a diagram showing a PBCH of a 3GPP system.
[27] FIG. 8 is a diagram illustrating an initial access procedure of a 3GPP system and

a signal transmission and reception method.

[28] FIG. 9 is a diagram showing a result of simulating detection performance of a
PD2DSS according to an embodiment of the present invention.

[29] FIG. 10 is a diagram illustrating D2D communication according to an
embodiment of the present invention.

[30] FIG. 11 is a diagram illustrating a method of, at a D2D UE, selecting a

predetermined node according to an embodiment of the present invention.
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[31] FIG. 12 is a diagram showing the configuration of a transmission and reception

apparatus according to an embodiment of the present invention.

[ Best Mode]

[32] The embodiments of the present invention described hereinbelow are
combinations of elements and features of the present invention. The elements or features may
be considered selective unless otherwise mentioned. Each element or feature may be practiced
without being combined with other elements or features. Further, an embodiment of the present
invention may be constructed by combining parts of the elements and/or features. Operation
orders described in embodiments of the present invention may be rearranged. Some
constructions or features of any one embodiment may be included in another embodiment and
may be replaced with corresponding constructions or features of another embodiment.

[33] In the embodiments of the present invention, a description is made, centering on a
data transmission and reception relationship between a Base Station (BS) and a User
Equipment (UE). The BS is a terminal node of a network, which communicates directly with
a UE. Insome cases, a specific operation described as performed by the BS may be performed
by an upper node of the BS.

[34] Namely, it is apparent that, in a network comprised of a plurality of network nodes
including a BS, various operations performed for communication with a UE may be performed
by the BS or network nodes other than the BS. The term ‘BS’ may be replaced with the term
‘fixed station’, ‘Node B’, ‘evolved Node B (eNode B or eNB)’, ‘Access Point (AP)’, etc. The
term ‘relay’ may be replaced with the term ‘Relay Node (RN)’ or ‘Relay Station (RS)’. The
term ‘terminal’ may be replaced with the term ‘UE’, ‘Mobile Station (MS)’, ‘Mobile
Subscriber Station (MSS)’, “‘Subscriber Station (SS)’, etc.

[35] The term “cell”, as used herein, may be applied to transmission and reception
points such as a base station (eNB), sector, remote radio head (RRH) and relay, and may also
be extensively used by a specific transmission/reception point to distinguish between
component carriers.

[36] Specific terms used for the embodiments of the present invention are provided to
help the understanding of the present invention. These specific terms may be replaced with
other terms within the scope and spirit of the present invention.

[37] In some cases, to prevent the concept of the present invention from being



ambiguous, structures and apparatuses of the known art will be omitted, or will be shown in
the form of a block diagram based on main functions of each structure and apparatus. Also,
wherever possible, the same reference numbers will be used throughout the drawings and the
specification to refer to the same or like parts.

[38] The embodiments of the present invention can be supported by standard
documents disclosed for at least one of wireless access systems, Institute of Electrical and
Electronics Engineers (IEEE) 802, 3rd Generation Partnership Project (3GPP), 3GPP Long
Term Evolution (3GPP LTE), LTE-Advanced (LTE-A), and 3GPP2. Steps or parts that are
not described to clarify the technical features of the present invention can be supported by those
documents. Further, all terms as set forth herein can be explained by the standard documents.
[39] Techniques described herein can be used in various wireless access systems such
as Code Division Multiple Access (CDMA), Frequency Division Multiple Access (FDMA),
Time Division Multiple Access (TDMA), Orthogonal Frequency Division Multiple Access
(OFDMA), Single Carrier-Frequency Division Multiple Access (SC-FDMA), etc. CDMA may
be implemented as a radio technology such as Universal Terrestrial Radio Access (UTRA) or
CDMA2000. TDMA may be implemented as a radio technology such as Global System for
Mobile communications (GSM)/General Packet Radio Service (GPRS)/Enhanced Data Rates
for GSM Evolution (EDGE). OFDMA may be implemented as a radio technology such as
IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Evolved-UTRA (E-UTRA) etc.
UTRA is a part of Universal Mobile Telecommunications System (UMTS). 3GPP LTE is a
part of Evolved UMTS (E-UMTS) using E-UTRA. 3GPP LTE employs OFDMA for downlink
and SC-FDMA for uplink. LTE-A is an evolution of 3GPP LTE. WiMAX can be described
by the IEEE 802.16e standard (Wireless Metropolitan Area Network (WirelessMAN)-OFDMA
Reference System) and the IEEE 802.16m standard (WirelessMAN-OFDMA Advanced
System). For clarity, this application focuses on the 3GPP LTE and LTE-A systems. However,

the technical features of the present invention are not limited thereto.

[40] LTE/LTE-A resource structure/channel
[41] With reference to FIG. 1, the structure of a radio frame will be described below.
[42] In a cellular Orthogonal Frequency Division Multiplexing (OFDM) wireless

packet communication system, uplink and/or downlink data packets are transmitted in
subframes. One subframe is defined as a predetermined time period including a plurality of
OFDM symbols. The 3GPP LTE standard supports a type-1 radio frame structure applicable
to Frequency Division Duplex (FDD) and a type-2 radio frame structure applicable to Time
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Division Duplex (TDD).

[43] FIG. 1(a) illustrates the type-1 radio frame structure. A downlink radio frame is
divided into 10 subframes. Each subframe is further divided into two slots in the time domain.
A unit time during which one subframe is transmitted is defined as a Transmission Time
Interval (TTI). For example, one subframe may be 1ms in duration and one slot may be 0.5ms
in duration. A slot includes a plurality of OFDM symbols in the time domain and a plurality
of Resource Blocks (RBs) in the frequency domain. Because the 3GPP LTE system adopts
OFDMA for downlink, an OFDM symbol represents one symbol period. An OFDM symbol
may be referred to as an SC-FDMA symbol or symbol period. An RB is a resource allocation
unit including a plurality of contiguous subcarriers in a slot.

[44] The number of OFDM symbols in one slot may vary depending on a Cyclic Prefix
(CP) configuration. There are two types of CPs: extended CP and normal CP. In the case of
the normal CP, one slot includes 7 OFDM symbols. In the case of the extended CP, the length
of one OFDM symbol is increased and thus the number of OFDM symbols in a slot is smaller
than in the case of the normal CP. Thus when the extended CP is used, for example, 6 OFDM
symbols may be included in one slot. If channel state gets poor, for example, during fast
movement of a UE, the extended CP may be used to further decrease Inter-Symbol Interference
(IS).

[45] In the case of the normal CP, one subframe includes 14 OFDM symbols because
one slot includes 7 OFDM symbols. The first two or three OFDM symbols of each subframe
may be allocated to a Physical Downlink Control CHannel (PDCCH) and the other OFDM
symbols may be allocated to a Physical Downlink Shared Channel (PDSCH).

[46] FIG. 1(b) illustrates the type-2 radio frame structure. A type-2 radio frame
includes two half frames, each having 5 subframes, a Downlink Pilot Time Slot (DWPTS), a
Guard Period (GP), and an Uplink Pilot Time Slot (UpPTS). Each subframe is divided into
two slots. The DWPTS is used for initial cell search, synchronization, or channel estimation at
a UE. The UpPTS is used for channel estimation and acquisition of uplink transmission
synchronization to a UE at an eNB. The GP is a period between an uplink and a downlink,
which eliminates uplink interference caused by multipath delay of a downlink signal. One
subframe includes two slots irrespective of the type of a radio frame.

[47] The above-described radio frame structures are purely exemplary and thus it is to
be noted that the number of subframes in a radio frame, the number of slots in a subframe, or

the number of symbols in a slot may vary.



[48] FIG. 2 illustrates the structure of a downlink resource grid for the duration of one
downlink slot. A downlink slot includes 7 OFDM symbols in the time domain and an RB
includes 12 subcarriers in the frequency domain, which does not limit the scope and spirit of
the present invention. For example, a downlink slot may include 7 OFDM symbols in the case
of the normal CP, whereas a downlink slot may include 6 OFDM symbols in the case of the
extended CP. Each element of the resource grid is referred to as a Resource Element (RE). An
RB includes 12x7 REs. The number of RBs in a downlink slot, NDL depends on a downlink
transmission bandwidth. An uplink slot may have the same structure as a downlink slot.

[49] FIG. 3 illustrates the structure of a downlink subframe. Up to three OFDM
symbols at the start of the first slot in a downlink subframe are used for a control region to
which control channels are allocated and the other OFDM symbols of the downlink subframe
are used for a data region to which a PDSCH is allocated. Downlink control channels used in
the 3GPP LTE system include a Physical Control Format Indicator CHannel (PCFICH), a
Physical Downlink Control CHannel (PDCCH), and a Physical Hybrid automatic repeat
request (HARQ) Indicator CHannel (PHICH). The PCFICH is located in the first OFDM
symbol of a subframe, carrying information about the number of OFDM symbols used for
transmission of control channels in the subframe. The PHICH delivers an HARQ
ACKnowledgment/Negative ACKnowledgment (ACK/NACK) signal in response to an uplink
transmission.  Control information carried on the PDCCH is called Downlink Control
Information (DCI). The DCI transports uplink or downlink scheduling information, or uplink
transmission power control commands for UE groups. The PDCCH delivers information about
resource allocation and a transport format for a Downlink Shared CHannel (DL-SCH), resource
allocation information about an Uplink Shared CHannel (UL-SCH), paging information of a
Paging CHannel (PCH), system information on the DL-SCH, information about resource
allocation for a higher-layer control message such as a Random Access Response transmitted
on the PDSCH, a set of transmission power control commands for individual UEs of a UE
group, transmission power control information, VVoice Over Internet Protocol (\VolP) activation
information, etc. A plurality of PDCCHs may be transmitted in the control region. A UE may
monitor a plurality of PDCCHs. A PDCCH is formed by aggregating one or more consecutive
Control Channel Elements (CCEs). A CCE is a logical allocation unit used to provide a
PDCCH at a coding rate based on the state of a radio channel. A CCE includes a plurality of
RE groups. The format of a PDCCH and the number of available bits for the PDCCH are
determined according to the correlation between the number of CCEs and a coding rate
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provided by the CCEs. An eNB determines the PDCCH format according to DCI transmitted
to a UE and adds a Cyclic Redundancy Check (CRC) to control information. The CRC is
masked by an ldentifier (ID) known as a Radio Network Temporary Identifier (RNTI)
according to the owner or usage of the PDCCH. If the PDCCH is directed to a specific UE,
its CRC may be masked by a cell-RNTI (C-RNTI) of the UE. If the PDCCH is for a paging
message, the CRC of the PDCCH may be masked by a Paging Indicator Identifier (P-RNTI).
If the PDCCH carries system information, particularly, a System Information Block (SIB), its
CRC may be masked by a system information ID and a System Information RNTI (SI-RNTI).
To indicate that the PDCCH carries a Random Access Response in response to a Random
Access Preamble transmitted by a UE, its CRC may be masked by a Random Access-RNTI
(RA-RNTI).

[50] FIG. 4 illustrates the structure of an uplink subframe. An uplink subframe may
be divided into a control region and a data region in the frequency domain. A Physical
Uplink Control CHannel (PUCCH) carrying uplink control information is allocated to the
control region and a Physical Uplink Shared Channel (PUSCH) carrying user data is
allocated to the data region. To maintain the property of a single carrier, a UE does not
transmit a PUSCH and a PUCCH simultaneously. A PUCCH for a UE is allocated to an RB
pair in a subframe. The RBs of the RB pair occupy different subcarriers in two slots. Thus it
is said that the RB pair allocated to the PUCCH is frequency-hopped over a slot boundary.
[51] Reference Signals (RSs)

[52] In a wireless communication system, a packet is transmitted on a radio channel.

In view of the nature of the radio channel, the packet may be distorted during the
transmission. To receive the signal successfully, a receiver should compensate for the
distortion of the received signal using channel information. Generally, to enable the receiver
to acquire the channel information, a transmitter transmits a signal known to both the
transmitter and the receiver and the receiver acquires knowledge of channel information
based on the distortion of the signal received on the radio channel. This signal is called a
pilot signal or an RS.

[53] In the case of data transmission and reception through multiple antennas,
knowledge of channel states between Transmission (Tx) antennas and Reception (Rx)
antennas is required for successful signal reception. Accordingly, an RS should be

transmitted through each Tx antenna.



[54] RSs may be divided into downlink RSs and uplink RSs. In the current LTE
system, the uplink RSs include:

[55] 1) DeModulation-Reference Signal (DM-RS) used for channel estimation for
coherent demodulation of information delivered on a PUSCH and a PUCCH; and

[56] ii) Sounding Reference Signal (SRS) used for an eNB or a network to measure

the quality of an uplink channel in a different frequency.

[57] The downlink RSs are categorized into:

[58] i) Cell-specific Reference Signal (CRS) shared among all UEs of a cell;

[59] ii) UE-specific RS dedicated to a specific UE;

[60] iii) DM-RS used for coherent demodulation of a PDSCH, when the PDSCH is
transmitted;

[61] iv) Channel State Information-Reference Signal (CSI-RS) carrying CSI, when
downlink DM-RSs are transmitted,

[62] v) Multimedia Broadcast Single Frequency Network (MBSFN) RS used for
coherent demodulation of a signal transmitted in MBSFN mode; and

[63] vi) positioning RS used to estimate geographical position information about a
UE.

[64] RSs may also be divided into two types according to their purposes: RS for

channel information acquisition and RS for data demodulation. Since its purpose lies in that
a UE acquires downlink channel information, the former should be transmitted in a broad
band and received even by a UE that does not receive downlink data in a specific subframe.
This RS is also used in a situation like handover. The latter is an RS that an eNB transmits
along with downlink data in specific resources. A UE can demodulate the data by measuring
a channel using the RS. This RS should be transmitted in a data transmission area.

[65] Modeling of MIMO system

[66] FIG. 5 is a diagram illustrating a configuration of a wireless communication

system having multiple antennas.

[67] As shown in FIG. 5(a), if the number of transmit antennas is increased to NT and
the number of receive antennas is increased to NR, a theoretical channel transmission
capacity is increased in proportion to the number of antennas, unlike the case where a
plurality of antennas is used in only a transmitter or a receiver. Accordingly, it is possible to
improve a transfer rate and to remarkably improve frequency efficiency. As the channel

transmission capacity is increased, the transfer rate may be theoretically increased by a
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product of a maximum transfer rate Ro upon utilization of a single antenna and a rate increase

ratio Ri.

[68] [Equation 1]

[69] R, = min(N,, N,)

[70] For instance, in an MIMO communication system, which uses 4 transmit

antennas and 4 receive antennas, a transmission rate 4 times higher than that of a single
antenna system can be obtained. Since this theoretical capacity increase of the MIMO system
has been proved in the middle of 90’s, many ongoing efforts are made to various techniques
to substantially improve a data transmission rate. In addition, these techniques are already
adopted in part as standards for various wireless communications such as 3G mobile
communication, next generation wireless LAN and the like.

[71] The trends for the MIMO relevant studies are explained as follows. First of all,
many ongoing efforts are made in various aspects to develop and research information theory
study relevant to MIMO communication capacity calculations and the like in various channel
configurations and multiple access environments, radio channel measurement and model
derivation study for MIMO systems, spatiotemporal signal processing technique study for
transmission reliability enhancement and transmission rate improvement and the like.

[72] In order to explain a communicating method in an MIMO system in detail,
mathematical modeling can be represented as follows. It is assumed that there are NT
transmit antennas and NR receive antennas.

[73] Regarding a transmitted signal, if there are NT transmit antennas, the maximum
number of pieces of information that can be transmitted is NT. Hence, the transmission

information can be represented as shown in Equation 2.

[74] [Equation 2]
= I
[75] S_ S15S2,".,SNT
[76] Meanwhile, transmit powers can be set different from each other for individual

S],SZ,"

pieces of transmission information » SNT, respectively. If the transmit powers are set

to F- P2 Puorespectively, the transmission information with adjusted transmit powers
can be represented as Equation 3.

[77] [Equation 3]
[78] §:[§1a§2s"'o§NT]T:[Plslopzsza"'aPNTSNT]T

11



[79] In addition, S can be represented as Equation 4 using diagonal matrix P of the

transmission power.

[80] [Equation 4]
P 0 Ts |
P s
S = 2 2 |=Ps
[81] _0 PNT 1LSw, |
[82] Assuming a case of configuring NT transmitted signals *1>72>""">*» which are

actually transmitted, by applying weight matrix W to the information vector 3 having the
adjusted transmit powers, the weight matrix W serves to appropriately distribute the

transmission information to each antenna according to a transport channel state.

X1 X25" " XNy can be expressed by using the vector X as follows.

[83] [Equation 5]
X Wi Wi o Wiy, || 5
Xy Woa  Wn 0 Wy [ 52
X = = . |=Ws§=WPs
X; Wy o Wi 0 Wiy, | S
[84] _xNT | _WNTI WNT2 e WNTNT | _SNT |
[85] In Equation 5, Wi denotes a weight between an i transmit antenna and j™

information. W is also called a precoding matrix.

[86] If the NR receive antennas are present, respective received signals

Yo Yooty yNR of the antennas can be expressed as follows.

[87] [Equation 6]
I S A
[89] If channels are modeled in the MIMO wireless communication system, the

channels may be distinguished according to transmit/receive antenna indexes. A channel from

h

the transmit antenna j to the receive antenna i is denoted by " %. In hu it is noted that the
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indexes of the receive antennas precede the indexes of the transmit antennas in view of the
order of indexes.

[90] FIG. 5(b) is a diagram illustrating channels from the NT transmit antennas to the
receive antenna i. The channels may be combined and expressed in the form of a vector and a
matrix. In FIG. 5(b), the channels from the NT transmit antennas to the receive antenna i can

be expressed as follows.

[91] [Equation 7]
T _
[92] h; = [hil iy, hiNT ]
[93] Accordingly, all channels from the NT transmit antennas to the NR receive

antennas can be expressed as follows.

[94] [Equation 8]
b | [h ke |
hg h21 hzz o thT
H=| _|° -
hiT hil hi2 o hiNT
[95] _h§R i _hNRl hNR2 " hNRNT i
[96] An AWGN (Additive White Gaussian Noise) is added to the actual channels

nl,n2’..

after a channel matrix H. The AWGN ‘P, respectively added to the NR

receive antennas can be expressed as follows.

[97] [Equation 9]
[98] l‘l=[]’ll,n2,“-,l’lNR]T
[99] Through the above-described mathematical modeling, the received signals can be

expressed as follows.
[100] [Equation 10]

_)’1 | _hn hy - thT __xl | _n1 |
Y hy  hy e h’ZNT Xy n,

_ : _ : . : N : Hxin
y Vi hil hiz ok i *

[101] yNR n _hNRl hNR2 o hNRNT i _xNT i nNR |
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[102] Meanwhile, the number of rows and columns of the channel matrix H
indicating the channel state is determined by the number of transmit and receive antennas.
The number of rows of the channel matrix H is equal to the number NR of receive antennas
and the number of columns thereof is equal to the number NR of transmit antennas. That is,
the channel matrix H is an NRxNT matrix.

[103] The rank of the matrix is defined by the smaller of the number of rows and the
number of columns, which are independent from each other. Accordingly, the rank of the
matrix is not greater than the number of rows or columns. The rank rank (H) of the channel

matrix H is restricted as follows.

[104] [Equation 11]
[105] rank(H) < min(N,,, N,)
[106] Additionally, the rank of a matrix can also be defined as the number of non-zero

Eigen values when the matrix is Eigen-value-decomposed. Similarly, the rank of a matrix can
be defined as the number of non-zero singular values when the matrix is singular-value-
decomposed. Accordingly, the physical meaning of the rank of a channel matrix can be the
maximum number of channels through which different pieces of information can be
transmitted.

[107] In this description, “rank” for MIMO transmission refers to the number of paths
capable of independently transmitting a signal at a specific time and using specific frequency
resources and the “number of layers” refers to the number of signal streams transmitted through
each path. In general, since a transmission end transmits layers corresponding in number to the
number of ranks used for signal transmission, the rank has the same meaning as the number of
layers unless stated otherwise.

[108] PSS (primary synchronous signal) / SSS (secondary synchronous signal)

[109] FIG. 6 is a diagram for explaining a PSS and an SSS corresponding to
synchronization signals used for a cell search in LTE/LTE-A system. Before the PSS and the
SSS are explained, a cell search is explained. When a user equipment initially accesses a cell,
the cell search is performed for a case of performing a handover from the currently accessed
cell to a different cell, a case of reselecting a cell or the like. The cell search may include
acquisition of frequency and symbol synchronization for a cell, acquisition of downlink
frame synchronization for a cell and determination of a cell identifier (ID). One cell group

consists of three cell identifiers and there may exist 168 cell groups.
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[110] An eNB transmits a PSS and an SSS to perform a cell search. A user equipments
obtains 5 ms timing of a cell by detecting the PSS and may be able to know a cell identifier
included in a cell group. And, the user equipment is able to know radio frame timing and a
cell group by detecting the SSS.

[111] Referring to FIG. 6, a PSS is transmitted in a 0" and a 5" subframe. More
specifically, the PSS is transmitted on the last ODFM symbol of a first slot of the O™
subframe and the last OFDM symbol of a first slot of the 5" subframe, respectively. And, the
SSS is transmitted on the last but one OFDM symbol of the first slot of the 0" subframe and
the last but one OFDM symbol of the first slot of the 5" subframe, respectively. In particular,
the SSS is transmitted on an OFDM symbol right before an OFDM symbol on which the PSS
is transmitted. The aforementioned transmission timing corresponds to a FDD case. In case of
TDD, the PSS is transmitted on a third symbol of the 1% subframe and a third symbol of a 6"
subframe (i.e., DWPTS) and the SSS is transmitted on the last symbol of a 0™ subframe and
the last symbol of a 5! subframe. In particular, the SSS is transmitted on a symbol preceding
as many as 3 symbols of a symbol on which the PSS is transmitted in the TDD.

[112] The PSS corresponds to a Zadoff-Chu sequence of a length of 63. The PSS is
actually transmitted on 73 center subcarriers (72 subcarriers except a DC subcarrier, i.e., 6
RBs) of a system frequency bandwidth in a manner that 0 is padding to both ends of the
sequence. The SSS consists of a sequence of a length of 62 in a manner that two sequences
each of which has a length of 31 are frequency-interleaved. Similar to the PSS, the SSS is
transmitted on the center 72 subcarriers of the whole system bandwidth.

[113] PBCH (physical broadcast channel)

[114] FIG. 7 is a diagram for explaining PBCH. The PBCH corresponds to a channel

on which system information corresponding to a master information block (MIB) is
transmitted. The PBCH is used to obtain system information after a user equipment obtains
synchronization and a cell identifier via the aforementioned PSS/SSS. In this case, downlink
cell bandwidth information, PHICH configuration information, a subframe number (a system
frame number (SFN)) and the like can be included in the MIB.

[115] As shown in FIG. 7, one MIB transport block is transmitted via a first subframe
in each of 4 consecutive radio frames. More specifically, PBCH is transmitted on first 4
OFDM symbols of a second slot of a Oth subframe in the 4 consecutive radio frames. Hence,
the PBCH configured to transmit a MIB is transmitted with an interval of 40 ms. The PBCH

is transmitted on center 72 subcarriers of a whole bandwidth in frequency axis. The center 72
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subcarriers correspond to 6 RBs corresponding to a smallest downlink bandwidth. This is
intended to make a user equipment decode BCH without any problem although the user
equipment does not know a size of the whole system bandwidth.

[116] Initial Access

[117] FIG. 8 is a diagram illustrating an initial access procedure used in a 3GPP system
and a signal transmission and reception method using physical channels.

[118] When power is turned on or the UE enters a new cell, the UE performs an initial
cell search procedure such as acquisition of synchronization with an eNB (S301). To this end,
the UE may adjust synchronization with the eNB by receiving a PSS and an SSS from the eNB
and acquire information such as a cell identity (ID). Thereafter, the UE may acquire broadcast
information within the cell by receiving a physical broadcast channel (PBCH) from the eNB.
In the initial cell search procedure, the UE may monitor a downlink (DL) channel state by
receiving a downlink reference signal (DL RS).

[119] Upon completion of the initial cell search procedure, the UE may acquire more
detailed system information by receiving a physical downlink control channel (PDCCH) and
receiving a physical downlink shared channel (PDSCH) based on information carried on the
PDCCH (S302).

[120] Meanwhile, if the UE initially accesses the eNB or if radio resources for signal
transmission to the eNB are not present, the UE may perform a random access procedure
(RACH) (S303 to S306) with respect to the eNB. To this end, the UE may transmit a specific
sequence through a physical random access channel (PRACH) as a preamble (S303 and S305)
and receive a response message to the preamble through the PDCCH and the PDSCH
corresponding to the PDCCH (S304 and S306). In the case of a contention-based random
access procedure, the UE may additionally perform a contention resolution procedure.

[121] After performing the above procedures, the UE may receive a PDCCH/PDSCH
(S307) and transmit a physical uplink shared channel (PUSCH)/physical uplink control channel
(PUCCH) (S308), as a general UL/DL signal transmission procedure. Especially, the UE
receives downlink control information (DCI) through the PDCCH. The DCI includes control
information such as resource allocation information for the UE and has different formats
according to use purpose thereof.

[122] Meanwhile, control information that the UE transmits to the eNB on UL or
receives from the eNB on DL includes a DL/UL acknowledgment/negative acknowledgment
(ACK/NACK ) signal, a channel quality indicator (CQI), a precoding matrix index (PMI), a
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rank indicator (RI), and the like. In the 3GPP LTE system, the UE may transmit the control
information such as CQI/PMI/RI through a PUSCH and/or a PUCCH.

[123] I. Synchronization Source of D2D UE

[124] Hereinafter, synchronization acquisition between D2D UEs in D2D

communication will be described based on the above description and the legacy LTE/LTE-A
system. D2D may mean direct communication between UEs and the term D2D may be replaced
with or used interchangeably with the term sidelink. The D2D UE means a UE supporting D2D.
Hereinafter, the term UE may mean a D2D UE unless limited to a legacy UE.

[125] In an OFDM system, if time/frequency synchronization is not acquired,
multiplexing between different UEs may be impossible in an OFDM signal due to inter-cell
interference and thus synchronization is necessary. However, for synchronization acquisition,
it is not efficient for D2D UEs to individually transmit and receive synchronization signals
such that all UEs individually acquire synchronization. Accordingly, in a distributed node
system such as D2D, a specific node may transmit a reference synchronization signal and the
remaining UEs may acquire synchronization. In other words, for D2D signal transmission and
reception, some nodes may periodically transmit D2D synchronization signals (D2DSSs) and
the remaining UEs may acquire synchronization and transmit and receive signals. A node for
transmitting a D2DSS is referred to as a synchronization source. The synchronization source
may become a synchronization reference of different D2D UEs.

[126] The synchronization source may be, for example, an eNB or a D2D UE without
being limited thereto. If the synchronization source is an eNB, a D2DSS transmitted by the
eNB may include a legacy synchronization signal (e.g., Rel-8 PSS/SSS for eNB-to-UE
communication).

[127] A D2D UE in network coverage (hereinafter, referred to as “in_UE”) may operate
as asynchronization source if signaling is received from an eNB or if a predetermined condition
is satisfied. A D2D UE located out of network coverage (hereinafter, referred to as “out_ UE”)
may operate as a synchronization source if signaling is received from a header UE of a D2D
UE cluster or if a predetermined condition is satisfied.

[128] The synchronization source may have various operation types according to
wireless environment. For better understanding, the type of the synchronization source is
divided into ISS, DSS_1 and DSS_2 without being limited thereto.

[129] ® |SS (Independent Synchronization Source)
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[130] An ISS may transmit a D2DSS, a physical D2D synchronization channel
(PD2DSCH) and/or a DMRS of a PD2DSCH independently of synchronization timing of
another synchronization source. The PD2DSCH is a D2D broadcast channel transmitted
through the same subframe as the D2DSS and details of an information element transmitted
through the PD2DSCH will be described below. Since an in_UE generally synchronizes with
an eNB, the ISS may be regarded as an out_UE. A UE operating as a synchronization source
may mean that the UE operates as an ISS if there is no special description (e.g., operation as a
DSS).

[131] A transmission period and resources of a D2DSS/PD2DSCH for an ISS may be

preconfigured or selected from a specific resource pool.

[132] ® DSS 1 (Dependent Synchronization Source Type 1)

[133] A DSS_1 is configured based on synchronization of a mother synchronization
source (MSS). The MSS may be referred to as a synchronization reference. The MSS may be
an ISS or another DSS. The DSS_1 may relay D2DSS timing, D2DSS sequence and PD2DSCH
content of the MSS. Since an in_UE may transmit a D2DSS while synchronizing with an eNB,
if the in_UE operates as a DSS_1, the eNB may operate as an MSS.

[134] e DSS 2 (Dependent Synchronization Source Type 2)

[135] A DSS_2 is configured based on synchronization of an MSS and may replay
D2DSS timing and sequence of the MSS. Unlike the DSS_1, assume that the DSS_2 does not
relay content of a PD2DSCH. If an in_UE operates DSS_2, an eNB may operate as an MSS.

[136] Hereinafter, if there is no special restriction on a DSS, the DSS is interpreted as
including a DSS_1 and a DSS_2.
[137] As described above, the ISS does not necessarily require a synchronization

reference (e.g., MSS) but the DSS requires a synchronization reference. Accordingly, a process
of determining whether to operate as an ISS or a DSS is related to a process of determining
whether another synchronization source is selected as a synchronization reference. For example,
a UE may operate as a DSS upon selecting another synchronization source (e.g., an eNB or a
UE) as a synchronization reference and operate as an ISS upon not selecting another
synchronization source as a synchronization reference. The UE may perform measurement of
another synchronization source and determine whether the result of measurement satisfies a
predetermined condition, as described below, in order to determine whether another

synchronization source is selected as a synchronization reference.
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[138] 1. D2DSS (D2D synchronization signal)
[139] A D2DSS may include a primary D2DSS (PD2DSS) and a secondary D2DSS
(SD2DSS). The term PD2DSS may be replaced with or used interchangeably with the term

primary sidelink synchronization signal (PSSS) and the term SD2DSS may be replaced with
or used interchangeably with the term secondary sidelink synchronization signal (SSSS).
[140] D2D operation may be configured based on an LTE/LTE-A system and a PD2DSS
and an SD2DSS may be generated based on the PSS/SSS of LTE/LTE-A. For example, the
PD2DSS may have a similar/modified/repeated structure of a Zadoff-Chu sequence having a
predetermined length or a PSS. The SD2DSS may have a similar/modified/repeated structure
of an M-sequence or an SSS. More specifically, Equation 12 for generating a PSS sequence of
LTE may be reused to generate the PD2DSS.

[141] [Equation 12]
( — mun(n+l)
4, = e 7z’u(n+6lj(n+2) n=0,1,..30
(1421 e 63 n=3132,...61
[143] In Equation 12, u denotes a root index of a Zadoff-Chu sequence. One of {25, 29,

34} is selected as the root index u of an LTE PSS and a physical cell ID Nip®" is generated
based on the selected value. More specifically, the physical cell ID Nip®" = 3Nip® + Nip®.
Nip® is one of values of 0 to 167 derived from an SSS sequence and Nip® is one of values of
0 to 2 derived from a PSS sequence. Nip®=0,1,2 correspond to root indices {25,29,34},
respectively.

[144] The generated sequence of the LTE PSS is transmitted by an eNB on DL resources.
However, since D2D communication is performed on UL resources, a PD2DSS is transmitted
by a synchronization source on UL resources.

[145] A D2DSS transmitted by a UE operating as a synchronization source includes the

following two types:

[146] e D2DSSue_net: A set of D2DSS sequence(s) transmitted by a UE when the
transmission timing reference is an eNB.

[147] e D2DSSue oon: A set of D2DSS sequence(s) transmitted by a UE when the

transmission timing reference is not an eNB.

[148] Meanwhile, since the ISS is possible only in an out_UE, the ISS transmits one
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D2DSS of the D2DSSue_oon.

[149] Since a DSS having an eNB as an MSS is an in_UE, the DSS transmits one D2DSS
of the D2DSSue_net.
[150] A DSS having another UE as an MSS is an out_UE. If the MSS transmits the

D2DSSue_oon, the DSS also transmits the D2DSSue oon. If the MSS transmits the
D2DSSue_net, the DSS may also relay the D2DSSue_net or transmit the D2DSSue_oon in
order to reflect the network connection state thereof.

[151] The D2DSSue_net may mean a D2DSS in network coverage and the
D2DSSue_oon may mean a D2DSS out of network coverage. The D2DSSue_net and the
D2DSSue_oon may be distinguished based on the root indices of the PD2DSS, which is the
Zadoff-Chu sequence. For example, the root index of the PD2DSS for the D2DSSue_net may
be configured differently with the root index of the PD2DSS for the D2DSSue_oon.

[152] According to one embodiment of the present invention, the root index of the
PD2DSS may be 26 or 37. In addition, within one subframe, two SC-FDMA symbols may be
allocated to transmit the PD2DSS (Hereinafter, referred to as PD2DSS symbols). For example,
SC-FDMA symbols corresponding to indices 1 and 2 may be PD2DSS symbols in the case of
normal CP and SC-FDMA symbols corresponding to indices 0 and 1 may be PD2DSS symbols
in the case of extended CP.

[153] When two PD2DSS symbols are present in one subframe, whether PD2DSS
sequences mapped to the two PD2DSS symbols are equally configured will be described.
[154] According to one embodiment of the present invention, the PD2DSS sequences
mapped to the two PD2DSS symbols may be equal to each other. In other words, a PD2DSS
sequence generated based on any one of the root indices 26 and 37 may be repeatedly
transmitted on the two PD2DSS symbols. At this time, the D2DSSue net and the
D2DSSue_oon may be distinguished through the root index. For example, the root index 26
may correspond to the D2DSSue _net and the root index 37 may correspond to the
D2DSSue_oon.

[155] Meanwhile, a D2D UE for performing synchronization may have a frequency
offset having a carrier frequency +/-10 ppm as a maximum. In D2D operation, if a D2D Tx UE
and a D2D Rx UE are considered, the range of the frequency offset which may occur in a D2D
link may be -20 ppm to 20 ppm. On the assumption of the frequency offset of -20 ppm to 20
ppm, a large frequency offset of 50 kHz or more may occur in the case of Band 7 (UL: 2500 to
2570 MHz) specified as an E-UTRA operation band in RAN4.
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[156] FIG. 9 is a diagram showing a result of simulating detection performance of a
PD2DSS when the same PD2DSS generated by one root index is transmitted on two PD2DSS
symbols. In FIG. 9, (a) shows the result of repeatedly using the root index 26 and (b) shows
the result of repeatedly using the root index 37. Lines indicate different frequency offsets of
0 Hz, 5 Hz and 10 Hz.

[157] As shown in FIG. 9, as the frequency offset increases, detection performance of
the PD2DSS based on autocorrelation may deteriorate. In order to improve detection
performance, a UE which will receive a PD2DSS may predict (pre-compensate for) a
frequency offset and attempt detection. That is, the UE may apply a frequency offset having
a predetermined value to a received signal and then perform autocorrelation. By such
hypothetical detection, detection performance may be improved. However, since a UE
attempts detection at each of the hypothesis levels of various frequency offsets, detection
complexity may increase in proportion to the hypothesis level.

[158] As one method of reducing the hypothesis level, PD2DSSs generated through
different root indices may be mapped to PD2DSS symbols, respectively. In this case, as a
combination of root indices, {26,37} or {37,26} may be used.

[159] According to another embodiment of the present invention, the same PD2DSS
sequence (e.g., the same root index) may be mapped to PD2DSS symbols in the case of in-
coverage and different PD2DSS sequences may be mapped to the PD2DSS symbols in the case
of out-of-coverage. Accordingly, the D2DSSue net and the D2DSSue _oon may be
distinguished depending on whether the PD2DSS sequences of the PD2DSS symbols are equal
to each other.

[160] 111. PD2DSCH(Physical D2D synchronization channel)

[161] A physical D2D synchronization channel (PD2DSCH) may be a broadcast channel,

through which basic system information (e.g. D2D master information block, D2D MIB) that
a D2D UE should know before D2D signal transmission and reception is transmitted. The term
PD2DSCH may be replaced with the term physical sidelink broadcast channel (PSBCH). The
PD2DSCH may be transmitted on the same subframe as a D2DSS.

[162] The system information transmitted through the PD2DSCH may include, for
example, at least one of the bandwidth for D2D communication, a D2D frame number, a D2D
subframe number, UL-DL configuration information in the case of TDD, a CP length,
information on a D2D subframe pattern (e.g., bitmap) and information on a D2D resource pool,

without being limited thereto.

21



[163] For demodulation of a PD2DSCH, a D2D demodulation RS (DMRS) may also be
transmitted. The D2D DMRS may be generated based on some D2D specific parameters (group
hopping, sequence hopping, orthogonal sequence, RS length, the number of layers, antenna
ports, etc.) and may be generated using a method similar to that of a UL DMRS for a PUSCH.
[164] In summary, the synchronization source may transmit a D2DSS (e.g., PD2DSS or
S2D2SS), a PD2DSCH(e.g., system information) and a DMRS for PD2DSCH demodulation
through one subframe, for D2D communication. In the subframe, two symbols may be
allocated to the PD2DSS and two symbols may be allocated to the S2D2SS.

[165] Meanwhile, if the synchronization source transmits a D2DSS for D2D discovery,
a PD2DSCH (e.g., system information) and a DMRS for PD2DSCH demodulation may be

omitted.

[166] V. Measurement for selection of synchronization source type

[167] A method of determining the operation type of a UE as a synchronization source
(e.g., 1SS, DSS_1 and DSS_2) when the UE transmits or relays a D2DSS will be described.
[168] According to one embodiment of the present invention, a UE may operate as a

synchronization source type indicated by signaling from an eNB or a cluster header. A cluster
or a synchronization cluster may be a group of D2D UEs for transmitting the same
synchronization signal and the cluster header may be a D2D UE for providing a reference
synchronization signal to a cluster. The eNB or the cluster header may indicate a reference
node (e.g., an eNB or another UE) of the D2DSS and/or the PD2DSCH, upon signaling a DSS
type to the UE.

[169] According to another embodiment of the present invention, the UE may determine
the synchronization source type thereof according to reception performance of a signal (e.g., a
D2DSS, a PD2DSCH and a PD2DSCH DMRS) received from an eNB, a cluster header or
another synchronization source. For example, the UE may determine whether the UE operates
as an ISS (e.g., whether the UE transmits the D2DSS/PD2DSCH/PD2DSCH DMRS) or as a
DSS (e.g., whether to depend on the received D2DSS/PD2DSCH/PD2DSCH DMRYS)
according to the result of measuring the signal received from the synchronization source. The
synchronization source may be interpreted as being selected by the reception performance (or
received power) of the received signal.

[170] As a measurement metric of the synchronization source, (i) PD2DSCH BLER
(Block Error Rate) or (ii) signal received power (hereinafter, referred to as SRP), e.g., received
power of a D2DSS, received power of a PD2DSCH DMRS or received power of a PD2DSCH
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may be considered. At this time, the received power may be average power of a plurality of
resources used for signal transmission. For example, average power of 6 RBs used for
PD2DSCH DMRS transmission may be measured without being limited thereto. Hereinafter,
embodiments according to measurement metric will be described in greater detail.

[171] e Embodiment of measuring PD2DSCH BLER (Block Error Rate)

[172] As described above, a D2DSS and a PD2DSCH may be multiplexed on the same
subframe. For example, a PD2DSCH may be mapped to a symbol, to which a D2DSS is not
mapped, of symbols of a PRB pair configuring a subframe. In some embodiments, the
transmission periods of the PD2DSCH and the D2DSS may be differently set. In the present
embodiment, as a method of measuring a synchronization source, the BLER of the PD2DSCH
is considered.

[173] When PD2DSCHs received on a plurality of subframes are statistically analyzed,
the PD2DSCH BLER may be more accurately measured but a relatively long time is required
therefor. Accordingly, instead of the method of measuring the PD2DSCH BLER in the plurality
of subframes, a method of acquiring a measurement value capable of estimating the PD2DSCH
BLER only in one or some subframes is proposed.

[174] For example, a signal to interference plus noise ratio (SINR) capable of satisfying
a target BLER is set as a target SINR. For convenience of description, an SINR will be
described without being limited thereto. For example, a method of estimating a PD2DSCH
BLER depending on whether a PD2DSCH is successfully decoded within a predetermined time
or through an RSRP or an RSRQ may be used. Since a PD2DSCH DMRS is used to decode
the PD2DSCH, successfully decoding the PD2DSCH may mean that content of the PD2DSCH
is acquired through the PD2DSCH DMRS.

[175] The UE measures the SINR of a known signal of the PD2DSCH and compares the
measured value with a target SINR. At this time, the known signal may include at least one of
a DMRS of a PD2DSCH, a PD2DSS and an SD2DSS. In another embodiment, the UE may
measure the RSRP or RSRQ of the DMRS of the PD2DSCH and compare the measured value
with a target value.

[176] The UE may consider whether the PD2DSCH is detected (or received) within a
predetermined time, upon measuring the PD2DSCH BLER. If the PD2DSCH is not detected
within a predetermined time window (e.g., a value predetermined by higher layer signaling or
standard), the UE may be defined to operate as an ISS. For example, the predetermined time

may correspond to a subframe on which the D2DSS is transmitted. The UE may consider
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whether the PD2DSCH is detected within the same subframe as the subframe on which the
D2DSS is transmitted. Detection of the PD2DSCH may mean that the PD2DSCH is
successfully decoded. If the PD2DSCH is appropriately received and subjected to CRC check
at a higher layer, the UE may regard the PD2DSCH as being detected.

[177] The PD2DSCH BLER may be estimated through radio link monitoring (RLM) of
the signal (e.g., D2DSS or PD2DSCH) of the synchronization source. For example, if decoding
of the PD2DSCH fails for a predetermined time, the UE may determine that an appropriate
synchronization source is not present or that a synchronization source is present but
synchronization with the synchronization source cannot be maintained due to link instability,
and perform selection of a synchronization source type. The RLM of the D2D link may be
performed similarly to the RLM of a legacy eNB-UE link.

[178] According to the present embodiment, in a radio channel environment having
performance similar to that of a target BLER, it is possible to reduce a ping-pong phenomenon
wherein the state of a UE is continuously switched to various states (e.g. ISS/DSS/No SS). For
example, link quality Tout corresponding to 'PD2DSCH a% BLER (e.g. 10%)" and link quality
Tin corresponding to 'PD2DSCH b% BLER (e.g. 2%)' are set with respect to the UE. If link
quality lower than Tout is maintained for a predetermined time, the state of the UE may be
switched (e.g., from the DSS to the ISS) and, if link quality corresponding to Tin is maintained
for a predetermined time, the current state (e.g., DSS) may be maintained. The detailed
operation of the present embodiment may be similar to the below-described RLF procedure. A
threshold for the PD2DSCH BLER may be set for estimation using a single value and
estimation of an RLM method.

[179] e Embodiment of measuring SRP (Signal Received Power)

[180] As described above, the UE may measure the received power of the D2DSS
received from the synchronization source, the received power of the PD2DSCH or the received
power of the PD2DSCH DMRS.

[181] The received power of the D2DSS may be referred to as a synchronization signal
received power (SSSR). The SSRP may include at least one of primary D2DSS received power
(PSSRP), secondary D2DSS received power (SSSRP) and average D2DSS received power
(ASSRP) or a combination thereof.

[182] The PSSRP is the measurement result of the PD2DSS. If the number of root indices
used for the PD2DSS is equal to or less than 3 and a plurality of synchronization sources is

present near a UE, since the same PD2DSS sequence may be repeatedly received from the
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plurality of synchronization sources, accuracy may deteriorate in measurement of the PD2DSS
of the individual synchronization source.

[183] The SSSRP is the measurement result of the SD2DSS. When the SSSRP is
measured, since a plurality of root indices is present, the problem of the PSSRP that the same
sequence is repeatedly received can be solved. However, if power reduction is applied in order
to reduce the peak to average power ratio (PAPR) of the M sequence, the received power value
may be changed according to the value of the root index used for the SSSRP. In order to solve
this problem, it is necessary to correct the reference value of the SSSRP per root index.

[184] The ASSRP is the average of the measurements of the PD2DSS and the SD2DSS.
Even when the ASSRP is used, similarly to the SSSRP, power reduction of the SD2DSS may
be considered. For example, upon calculating the average, a weight applied to the SD2DSS
may be changed according to the root index of the SD2DSS. Meanwhile, if a power ratio of
the PD2DSS and the SD2DSS is given, the received power value measured with respect to the
SD2DSS may be converted into the level of the PD2DSS and then the average may be
calculated. If the average transmit powers of the PD2DSS and the SD2DSS are respectively 20
dBm and 10 dBm, the average power of the PD2DSS and the SD2DSS may be calculated by
1/2*(PD2DSS received power + 2*SD2DSS received power).

[185] Although the received power values of the PD2DSS and the SD2DSS are averaged
in the above-described embodiment, the present invention is not limited thereto. For example,
the average received power (or average RSRQ or average RSSI) of some or all of the PD2DSS,
the SD2DSS and the PD2DSCH DMRS may be used. According to one embodiment, the
average received power (RSRP) of the PD2DSCH DMRS may be used to select the
synchronization source. The UE may average the received powers of the PD2DSCH DMRSs
at the resources (e.g., 6 RBs), through which the PD2DSCH DMRSs are received.

[186] In addition, according to another embodiment of the present invention, the SRP
may be replaced with reference signal received quality (RSRQ) or may be used to calculate the
RSRQ. For example, the UE may perform signal measurement through the D2DSS or
PD2DSCH DMRS and perform total received signal measurement in the resource region in
which the D2DSS and the PD2DSCH DMRS are transmitted, thereby acquiring RSRQ. Since
interference may be applied to the RSRQ, it is possible to estimate actual link quality. If a
received signal strength indicator (RSSI) including interference is measured in order to
calculate the RSRQ, the UE may measure the RSSI only in the time/frequency resources in
which the D2DSS and the PD2DSCH are transmitted, such that signals transmitted on other
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resources are not included in the RSSI.

[187] In the embodiment of measuring the PD2DSCH BLER, a method of defining a
target SINR capable of satisfying a target BLER and determining whether SINR requirements
are satisfied through SINR measurement was proposed. Similar to this, a target value of a
received power level of the PD2DSCH may be defined. Alternatively, a received power level
capable of satisfying the target BLER may be set as a target PD2DSCH received power and a
UE may compare the measured PD2DSCH received power with the target PD2DSCH received
power.

[188] The method of using the target PD2DSCH received power or the target SINR may
be implemented in a simple manner as compared to the method of directly measuring the BLER.
For example, if the target BLER is 1%, the UE may decode the subframes, on which at least
100 PD2DSCHs are transmitted, and determine whether the target BLER is satisfied based on
the decoded result. In contrast, the method of using the target SINR or the target PD2DSCH
received power may estimate the BLER using the average of the values measured in a relatively
small number of subframes.

[189] V. Selection of synchronization source type using measurement result

[190] Each D2D UE may determine whether to operate as a synchronization source or
the operation type of the UE as the synchronization source if the UE operates as the
synchronization source, based on at least one of the above-described measurement results.
Whether to operate as the synchronization source may be determined by received signal quality
(e.g., signal received power (SRP)). If the UE operates as the synchronization source, the type
(e.g., ISS, DSS) of the synchronization source may be determined by link quality (e.g.,
PD2DSCH BLER or PD2DSCH RLM).

[191] In the below description, assume that the detailed values of the SRP threshold and
the PD2DSCH BLER are predefined. For example, assume that distortion of the measured
value due to SD2DSS power reduction is corrected. The eNB may signal information for
determining the SRP threshold to the UE through higher layer signaling.

[192] In the below description, the UE may be defined to operate as a DSS on the
assumption of signaling from the synchronization source, e.g., signaling indicating that the
synchronization signal of the synchronization source and/or the content of the PD2DSCH is
relayed. For example, although the condition for operation as the DSS is satisfied, if signaling
from the synchronization source is not performed, the UE may not operate as the DSS.

Signaling from the synchronization source may be used to prevent more UEs than necessary
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from operating as the DSS. For convenience of description, although the SRP is focused upon,
the SRP may be replaced with one of the above-described metrics (e.g., RSRP, RSRQ,
PD2DSCH BLER, etc.).

[193] e Embodiment of using SRP condition

[194] According to one embodiment of the present invention, the UE may use only the
SRP condition.

[195] The D2D UE compares the received power of the measured signal with the SRP
threshold. If the received power of the measured signal does not satisfy the SRP threshold or if
a signal is not detected, the UE may operate as a synchronization source (e.g., ISS). In contrast,
if the received power of the measured signal satisfies the SRP threshold, the UE may not
operate as an ISS. If the UE does not operate as the ISS, the UE may transmit the D2DSS and/or
the PD2DSCH of the synchronization source at timing determined based on the D2DSS timing
(e.g., subframe) of the synchronization source.

[196] Meanwhile, if only the SRP threshold is considered, the procedure of the UE may
be simplified. However, whether the PD2DSCH is successfully decoded needs to be considered
in terms of efficiency of UE operation and system performance and clarity of procedure. For
example, if the SRP value is low but interference and noise are relatively low or if the SRP
value is high but interference and noise are relatively high, it may be difficult to define UE
operation using only the SRP. The received power of the measured signal may be greater than
the SRP threshold but the PD2DSCH may not be received (e.g., decoding of the PD2DSCH
fails), or the received power may be less than the SRP threshold but the PD2DSCH may be
decoded.

[197] Accordingly, according to one embodiment of the present invention, only the SRP
measured when the PD2DSCH is successfully decoded may be regarded as being valid, which
will be described in greater detail below.

[198] As an example of the present invention, if one SRP threshold (e.g., threshold=A)
is defined, the UE measures a signal received from a synchronization source synchronizing
therewith and compares the received power value (e.g., SRP=X) of the measured signal with
the SRP threshold. If the received power value of the signal does not satisfy the SRP threshold
(e.g., X<A), the UE operates as an ISS. If the received power value of the signal satisfies the
SRP threshold, the UE may not operate as an ISS/DSS (e.g., according to signaling of the
synchronization source) or may operate as a DSS.

[199] As another embodiment, each UE may report the result of measuring the signal to
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the synchronization source. The report may include information indicating whether another
out_UE is present. For example, if the received power value of the signal does not satisfy the
SRP threshold (e.g., X<A), the UE may omit the report and may operate as an ISS. If the
received power value of the signal satisfies the SRP threshold (e.g., X>A), the UE may report
the measurement result and information indicating whether another out_UE is present to the
synchronization source and receive information indicating whether the UE operates as a DSS
from the synchronization source. This is commonly applicable to the embodiments in which
the UE operates as a DSS.

[200] In the above-described embodiments, the signal, the received power of which is
measured, is not limited to the D2DSS and may be a PD2DSCH DMRS. Measurement of the
received power of the PD2DSCH DMRS may be used in an environment in which a D2D
discovery signal and a D2D communication signal coexist. In a current D2D system, UEs
which perform only a D2D discovery procedure (e.g., UES in network coverage) may transmit
only the D2DSS but may not transmit the PD2DSCH. In addition, the transmission period of
the D2DSS transmitted for the purpose of D2D discovery may be longer than that of the D2DSS
transmitted for the purpose of D2D communication. While any one UE transmits a D2DSS for
the purpose of D2D discovery, another UE may transmit a D2DSS for the purpose of D2D
communication (e.g., located at the same subframe). In a state in which the D2DSS for
discovery and the D2DSS for D2D communication overlap, the result of measuring the
resource region in which the D2DSS signal is transmitted (e.g., the measurement result in the
transmission period of the discovery signal) may be relatively greater than the result of
measuring the resource region in which the PD2DSCH is transmitted. Since the overlapping
D2DSSs are measured, measurement accuracy may be reduced or the measurement result
fluctuating according to the measurement time may be obtained.

[201] Accordingly, the UE (e.g., out_UE) may perform measurement of the signal (e.g.,
the PD2DSCH or PD2DSCH DMRS) transmitted in the resource region of the PD2DSCH
except for the D2DSS in a process of determining whether the UE operates as the
synchronization source.

[202] In another embodiment, the UE may calculate the average of the measurements of
the signal (e.g., PD2DSS/SD2DSS) transmitted in the D2DSS region and the signal (e.g.,
DMRYS) transmitted in the PD2DSCH region and use the average to determine whether the UE
operates as the synchronization source. If the average is calculated, the measurement result

may fluctuate depending on whether a discovery signal is received, but the fluctuation level
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may be reduced.

[203] Replacing the result of measuring the D2DSS with the result of measuring the
PD2DSCH DMRS is applicable to the embodiments of measuring the D2DSS.

[204] e Embodiment of using PD2DSCH quality condition

[205] According to another embodiment, a UE may determine whether to operate a

synchronization source through a PD2DSCH quality threshold. For example, if a PD2DSCH
block error rate (BLER) threshold is satisfied, a D2D UE may not operate as a synchronization
source and, if a PD2DSCH BLER threshold is not satisfied, a D2D UE may operate as an ISS.
[206] Meanwhile, even in this case, if the PD2DSCH BLER threshold is not satisfied
but the received power value of a signal is high, an exceptional operation of a UE may be
defined. For example, although the PD2DSCH BLER condition is not satisfied, if reception of
a D2DSS is possible, a UE may operate as a DSS_2.

[207] The PD2DSCH BLER may be replaced with RSRP, RSRQ, etc. of a reference
signal used for PD2DSCH demodulation (e.g. DMRS, SD2DSS).
[208] As another method of using the PD2DSCH BLER, a UE may perform link

monitoring with respect to a PD2DSCH and determine whether to operate as a synchronization
source according to the result of determining whether a link has failed. For example, the UE
measures the SINR of a PD2DSCH DMRS. As the measurement result, if SINR measurement
which does not satisfy PD2DSCH demodulation requirements appears several times, the UE
may determine that the link has failed and then operate as an ISS. The UE may configure and
use two PD2DSCH BLERs (or SINRs corresponding thereto) as conditions for operation as an
ISS and a DSS. However, operation of the DSS may be performed according to signaling from
the synchronization source. Such a method is commonly applicable to the embodiments of
using the PD2DSCH BLER.

[209] e Embodiment of using single SRP condition & PD2DSCH quality condition
[210] — According to an embodiment of the present invention, an SRP condition (e.g.,
SRP threshold) and a PD2DSCH quality condition (e.g., PD2DSCH BLER threshold) are
defined. For example, operation of a UE for combinations of determinations as to whether the
SRP threshold and the PD2DSCH BLER threshold are satisfied may be defined as follows:
[211] (i) If the SRP threshold is satisfied and the PD2DSCH BLER threshold is not
satisfied, the UE may not operate as a synchronization source or may operate as a DSS_2.
Operation of the DSS_2 may be performed by signaling from an eNB or a cluster header.
[212] (i) If the SRP threshold is satisfied and the PD2DSCH BLER threshold is not
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satisfied, the UE may not operate as a synchronization source or may operate as a DSS_1 or

DSS_2 according to signaling from an eNB or a cluster header.

[213] (iii) If the SRP threshold is not satisfied and the PD2DSCH BLER threshold is not
satisfied, the UE operates as an ISS.
[214] (iv) If the SRP threshold is not satisfied and the PD2DSCH BLER threshold is

satisfied, the UE does not operate as a synchronization source. However, the UE may operate
asa DSS_1 or DSS_2 according to signaling from an eNB or a cluster header.

[215] — According to another embodiment of the present invention, a first threshold may
be set to an SRP threshold (e.g., the RSRP of the D2DSS and/or the PD2DSCH DMRS) and
the second threshold may be set to a signal quality threshold (e.g., the RSRQ of the D2DSS
and/or the demodulation quality or RSRQ of the PD2DSCH), without being limited thereto.
For example, the UE performs signal strength measurement of a D2DSS (e.g., PD2DSS and/or
SD2DSS) (e.g., RSRP and RSRQ) and measurement of demodulation performance metric of a
PD2DSCH (e.g. PD2DSCH BLER and SINR). The threshold of each metric may be signaled
from a synchronization source or may be predefined. Operation of a UE for combinations of
determinations as to whether the thresholds are satisfied is as follows:

[216] (i) If the SRP threshold is satisfied and the PD2DSCH quality threshold is satisfied,
the UE does not operate as a synchronization source.
[217] (ii) If the SRP threshold is satisfied and the PD2DSCH quality threshold is not

satisfied, the UE operates as a DSS_2 (e.g., according to signaling from a synchronization
source) or operates as an ISS.
[218] (iii) If the SRP threshold is not satisfied and the PD2DSCH quality threshold is

satisfied, the UE may operate as a DSS (e.g., according to signaling from a synchronization

source).

[219] (iv) If the SRP threshold is not satisfied and the PD2DSCH quality threshold is not
satisfied, the UE may operate as an ISS.

[220] e Embodiment of using plural SRP conditions & PD2DSCH quality condition
[221] In the embodiment of using the single SRP condition and PD2DSCH quality

condition, since decoding of the PD2DSCH should be attempted regardless of whether the SRP
condition is satisfied, complexity of PD2DSCH decoding may increase.

[222] — In order to reduce a burden due to PD2DSCH decoding, according to an
embodiment of the present invention, a plurality of SRP quality conditions (e.g., SRP
thresholds) and one PD2DSCH quality condition (e.g., a PD2DSCH BLER threshold) may be
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set with respect to a UE. For example, the plurality of SRP thresholds may include an SRP high
limit TH_high and an SRP low limit TH_low. TH_low may mean a threshold for enabling the
UE to operate as an ISS and TH_high may mean a threshold for enabling the UE to operate as
a DSS. If the plurality of SRP thresholds is used, operation of the UE may be defined as follows:

[223] (i) If SRP measurement value < TH_low, the UE operates as an ISS (PD2DSCH
decoding is not necessary).

[224] (i) If TH_low < SRP measurement value < TH_high & PD2DSCH BLER
threshold is not satisfied, the UE may operate as a DSS_2.

[225] (iii) If TH_low < SRP measurement value < TH_high & PD2DSCH BLER
threshold is satisfied, the UE may operate as a DSS_1.

[226] — According to another embodiment, only two SRP thresholds may be used to
determine whether the UE operates as a synchronization source. For example,

[227] (i) If SRP measurement value < TH_low, the UE operates as an ISS.

[228] (ii) If TH_low < SRP measurement value < TH_high, the UE may operate as a
DSS (e.g., according to signaling from a synchronization source)

[229] (iii) If SRP measurement value > Th_high, the UE may not operate as a
synchronization source.

[230] e For in_UE and out_UE

[231] The above-described embodiments of IV and V are applicable to an out_UE and

an in_UE. If the embodiments are applied to an in_UE, a signal format for an in-network may
be used. For example, an SRP may be measurement of a PSS/SSS and/or CRS transmitted by
an eNB and PD2DSCH link monitoring may be replaced with link monitoring of a PDCCH
transmitted by the eNB.

[232] In an embodiment related to operation based on a PD2DSCH BLER threshold, an
in_UE may determine whether to operate as a synchronization source based on a PDCCH
BLER threshold. For example, the in_UE may determine whether to operate as a
synchronization source through a radio link monitoring (RLM) process based on a PDCCH
BLER. The in_UE reports an ‘out-of-sync' indicator to a higher layer if link quality which does
not satisfy PDCCH BLER 10%. The higher layer operates a timer (e.g., T310 timer) when the
‘out-of-sync' indicator is continuously reported predetermined times (e.g., 'N310' times).
Thereafter, if link quality corresponding to PDCCH BLER 2% or less is measured, the in_UE
reports an 'in-sync' indicator to the higher layer. The higher layer stops the timer (e.g., T310
timer) if the indicator is continuously reported predetermined times (e.g., 'N311' times). If the
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timer expires, the in_UE declares link failure (RLF). Before the timer expires, since the in_UE
is regarded as being connected to a network, the in_UE operates a DSS having an eNB as an
MSS. If RLF occurs while the in_UE operates as the DSS and transmits D2DSSue_net, the UE
may not have the eNB as the MSS. Accordingly, if the UE does not have another UE as the
MSS after RLF occurs, the UE may operate as an ISS and transmit D2DSSue_oon.

[233] Meanwhile, if the in_UE is regarded as being connected to the network, the in_UE
performs D2D operation using a D2D resource pool configured by the network. For example,
in a period in which the timers "T311" and 'T301' operate, the in_UE may use a mode 2 resource
pool configured by the network. On the assumption that the in_UE which uses the resource
pool configured by the network is still located in network coverage, the in_UE may operate as
a DSS having an eNB as an MSS and transmit D2DSSue_net. The above-described timers
T311 and T301 are related to an RRC connection re-establishment procedure or a cell
reselection procedure (see 3GPP TS 36.331).

[234] In one embodiment, if the in_UE detects presence of an out_UE in a state of being
connected to the network, a request/notification for operation as a DSS may be transmitted to
the network.

[235] The request/notification for operation as the DSS is applicable to an out UE
belonging to a synchronization cluster. For example, the synchronization cluster may mean a
UE set which includes an existing cellular cell and transmits the same D2DSS or maintains the
same synchronization. If the result of measurement performed by the out_UE belonging to the
synchronization cluster satisfies both or some of the SRP and PD2DSCH and a UE which does
not belong to the synchronization cluster is present, the out UE belonging to the
synchronization cluster may report/request operation as the DSS to/from the synchronization
source of the synchronization cluster. A message for reporting/requesting operation as the DSS
may include the ID of the detected UE. The synchronization source of the synchronization
cluster may whether a relay UE for the detected UE is already present in the synchronization
cluster to accept or reject the request/report for operation as the DSS.

[236] e Measurement validity

[237] In the above-described embodiments, as a criterion for determining that a time
when the UE performs signal measurement is valid or determining that signal measurement
performed by the UE is valid, decoding of a predetermined channel transmitted on the same
subframe as a signal to be measured may be considered. For example, if a predetermined

channel (e.g., PD2DSCH or discovery data) transmitted when measurement of a PD2DSS, an
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SD2DSS, a PD2DSCH DMRS or a discovery signal DMRS (e.g. RSRP, RSRQ, SINR, etc.) is
performed is successfully decoded (e.g., if CRC check of a lower layer is successful and thus
a higher layer may acquire the information element of a PD2DSCH), the UE may determine
that measurement of the PD2DSS, the SD2DSS, the PD2DSCH DMRS or the discovery signal
is valid. For example, the UE may use only the measurement result of the subframe, the
PD2DSCH on which is successfully decoded, (i.e., valid measurement result) among
measurements performed within a predetermined time. The measurement results may be
averaged.

[238] For example, valid RSRP measurement of the PD2DSCH DMRS may mean that
the PD2DSCH associated with the PD2DSCH DMRS is decoded through the PD2DSCH
DMRS to acquire the information element of the PD2DSCH. If the measurement result of the
RSRP of the PD2DSCH DMRS satisfies a threshold or the information element of the
PD2DSCH associated with the PD2DSCH DMRS satisfying the threshold may be acquired,
the UE may select a synchronization source, which has transmitted the PD2DSCH DMRS and
the PD2DSCH, as a synchronization reference and operate as a DSS.

[239] If the measurement result does not satisfy the threshold, as described in the above-
described embodiments, the UE may operate as a synchronization source (e.g., ISS). As another
method, if PD2DSCH decoding has failed for a predetermined time or predetermined times,
this may mean that a D2D link has failed. Alternatively, the two methods may be combined
such that the UE operates as a synchronization source if the measurement result is equal to or
less than a predetermined level or if PD2DSCH decoding (e.g., continuously) has failed for a

predetermined time or predetermined times.

[240] e Stepwise determination of synchronization source operation

[241] A method of determining synchronization source operation may be performed
stepwise.

[242] (1) Process of determining whether signal is successfully detected

[243] The UE estimates link quality through measurement of a received synchronization

signal or a region in which a synchronization signal may be transmitted and determine whether
the synchronization signal has been detected. For example, the RSRQ and SINR (e.g., average
RSRQ and SINR) of the resources in which the synchronization source is transmitted may be
considered as an index for determining whether the PD2DSCH is successfully decoded or as
an evaluation index of a PD2DSCH BLER. Alternatively, the UE may determine whether
decoding is successful by performing decoding of the PD2DSCH. The UE may determine that
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detection of the synchronization signal has failed if the measurement result does not satisfy the
threshold. The UE may operate as an ISS if detection of the synchronization signal has failed
for a predetermined period or predetermined times (e.g., detection of the synchronization signal
continuously fails).

[244] Accordingly, the process (i) may be responsible for determining whether the UE
operates as an ISS in synchronization source operation. The threshold for the process (i) may
be predefined (e.g. PD2DSCH BLER, SINR/RSRQ/RSRP of the synchronization signal or
SINR/RSRQ/RSRP of the DMRS) or may be delivered to the UE through higher layer
signaling.

[245] (ii) Process of determining synchronization source operation using strength of
synchronization signal

[246] The process (ii) is applicable to a synchronization signal satisfying the reference
of the process (i), that is, a successfully detected synchronization signal. The UE may determine
whether the UE operates as a synchronization source based on the strength or RSRP of the
detected synchronization signal. For example, if the RSRP of the detected synchronization
signal satisfies a threshold, the UE may not operate as a synchronization source. In contrast, if
the RSRP of the synchronization signal does not satisfy the threshold, the UE may operate as
a DSS through the decoded PD2DSCH and the sequence of the detected synchronization signal.
[247] According to an embodiment, the UE may unconditionally operate as a DSS if the
RSRP of the synchronization signal satisfies the threshold. According to another embodiment,
the UE may operate as a DSS according to signaling from the eNB or the cluster header. The
UE may transmit the measurement result or information indicating that the condition for
operation as a DSS is satisfied to the eNB or the cluster header, for signaling from the eNB or
the cluster header.

[248] D2D _communication _method according to _embodiments of the present
invention
[249] FIG. 10 is a diagram illustrating a D2D communication method according to an

embodiment of the present invention. Overlapping details will be omitted from the description.
[250] Referring to FIG. 10, the shown D2D communication process includes an in-
coverage procedure and an out-of-coverage procedure of a first UE.

[251] First, the first UE acquires system information for D2D communication from an
eNB (A105). The system information may be broadcast by the eNB. System information block
(SIB) 18 and SIB 19 may include system information for D2D communication. The system
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information may include information on a resource pool for D2D communication and

predetermined parameters.

[252] The first UE transmits information indicating an interest in D2D communication
to the eNB (A110).
[253] When the UE is in coverage, the first UE performs D2D communication with a

second UE based on signaling from the eNB and predetermined parameters (A115). A process
of performing D2D communication may include at least one of transmission and reception of
a D2DSS, transmission and reception of a PD2DSCH, transmission and reception of a
PD2DSCH DMRS, transmission and reception of a D2D data channel and transmission and
reception of a D2D control channel.

[254] Thereafter, assume that the first UE has moved out of coverage. Assume that a
process of, at the first UE, selecting a synchronization reference UE is performed only when
the UE is out of coverage UE. In other words, if the UE is in coverage, since D2D
communication is performed based on signaling and setting of the eNB, the synchronization
reference UE may be required only when the UE is out of coverage.

[255] A first synchronization source and a second synchronization source transmit
D2DSSs, respectively (A120). A subframe on which the D2DSS is transmitted may include a
D2D channel and/or a D2D reference signal. At this time, the D2D channel is a channel for
broadcasting D2D system information and may be a PD2DSCH, for example. The system
information transmitted through the D2D channel may include at least one of the bandwidth
for D2D communication through a D2D channel, a D2D frame number, a D2D subframe
number and uplink (UL)-downlink (DL) configuration information in the case of a time
division duplex (TDD), without being limited thereto. The D2D reference signal may be a
DMRS for demodulation of a D2D channel.

[256] The first UE may detect the D2DSSs of the first synchronization source and the
second synchronization source and measure a D2D reference signal (A125). The D2DSS may
include a PD2DSS and an SD2DSS. The first UE may detect the sequence of the PD2DSS
repeatedly mapped to at least two symbols based on any one of a plurality of root indices for a
Zadoff-Chu sequence. At this time, a first root index of the plurality of root indices may
correspond to in-coverage and a second root index may correspond to out-of-coverage.

[257] Measurement of the D2D reference signal may be measurement of an average of
received powers of resources on which a D2D demodulation reference signal (DMRS) for

demodulation of a D2D channel is transmitted.
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[258] If a predetermined condition is satisfied, the first UE selects a synchronization
reference UE from between the first synchronization source and the second synchronization
source (A130). If the result of measuring the D2D reference signal satisfies a threshold and an
information element of a D2D channel associated with the D2D reference signal satisfying the
threshold is acquired, the predetermined condition may be satisfied.

[259] For example, if the RSRP of the PD2DSCH DMRS exceeds the threshold and the
PD2DSCH is successfully decoded through the PD2DSCH DMRS to receive the information
element of the PD2DSCH, the predetermined condition is satisfied. In contrast, if the RSRP of
the PD2DSCH DMRS does not satisfy the threshold or if decoding of the PD2DSCH has failed,
the synchronization reference UE is not selected. If the synchronization reference UE is
selected, the first UE may perform D2D communication based on the timing of the
synchronization reference UE (e.g., operate as a DSS) and, if the synchronization reference UE
is not selected, the first UE may perform D2D communication at the timing of the first UE
itself (e.g., operate as an ISS).

[260] For convenience of description, assume that the D2D channels and the D2D
reference signals of the first synchronization source and the second synchronization source
satisfy the predetermined condition and the measurement value of the RSRP for the D2D
reference signal of the first synchronization source is greater than that of the RSRP for the
second synchronization source. Accordingly, assume that the first UE selects the first
synchronization source as a synchronization reference UE.

[261] The first synchronization source may periodically transmit the D2DSS, the D2D
channel and/or the D2D reference signal (A135).

[262] The first UE may configure, to the first UE itself, the information element of the
D2D channel received from the first synchronization source which is the synchronization
reference source, for D2D communication.

[263] The first UE may transmit at least one of a D2DSS of the first UE and an
information element of a D2D channel of the first UE, at least part of the D2DSS of the first
UE being configured the same as the D2DSS received from the first synchronization source,
and at least part of the information element of the D2D channel of the first UE being
configured the same as the information element of the D2D channel received from the first
synchronization source which is the synchronization reference UE (A140). For example, the
ID of the D2DSS transmitted by the first UE may be configured the same as the ID of the
D2DSS of the first synchronization source which is the synchronization reference UE.
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[264] If the predetermined condition is not satisfied and thus the synchronization
reference UE is not selected and the first UE is out of coverage, the first UE may select the ID
of the D2DSS and transmit the generated D2DSS through the ID of the selected D2DSS (e.g.,
operate as an ISS). At this time, resources preconfigured by the eNB may be used for
transmission of the D2DSS.

[265] FIG. 11 is a diagram illustrating a method of, at a D2D UE, selecting a
predetermined node according to an embodiment of the present invention. Overlapping details
will be omitted from the description.

[266] In the present embodiment, a method of, at a UE, selecting an arbitrary radio node
will be described. The UE may support D2D communication and a radio node may be a node
supporting relaying (e.g., another D2D UE) or the above-described synchronization reference
UE, without being limited thereto.

[267] First, the UE receives a signal and a channel from the radio node through the same
subframe (B105). The UE measures the received signal. The signal may be the above-described
D2DSS, DMRS or discovery signal, without being limited thereto.

[268] According to an embodiment of the present invention, if the radio node supports
relaying, the discovery signal may include information on a relaying node. The UE may
measure a DMRS for demodulating the discovery signal to measure the radio node (e.g., the
relaying node). Measurement of the DMRS of the discovery signal may be valid when the
discovery signal is successfully decoded as described below. Meanwhile, a discovery
procedure of transmitting a discovery signal and a synchronization procedure of transmitting a
synchronization signal are generally independently performed. Accordingly, after the
synchronization procedure is performed, the discovery procedure is performed. Exceptionally,
for example, if the relaying node is a synchronization source, the synchronization procedure
and the discovery procedure may be simultaneously performed.

[269] According to an embodiment of the present invention, decoding of the channel
transmitted through the same subframe as the measured signal should succeed in order to make
the measurement of the UE valid. For example, if the information element of the channel is
acquired as decoding of the channel is successful, signal measurement may be regarded as
being valid.

[270] Accordingly, the UE attempts to decode the channel transmitted through the same
subframe as the measured signal (B110) and determines that the result of measuring the signal

satisfies a threshold if decoding is successful (B115). If decoding has failed, the signal
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measurement is ignored and a radio node, which has transmitted the signal and the channel, is
not selected.

[271] If the result of measuring the signal satisfies the threshold, the radio node is
selected (B120). If the radio node is a UE supporting relaying, the UE performs communication
through the radio node. In contrast, if the radio node is a synchronization reference of D2D

communication, the UE performs D2D communication based on the radio node.

[272] Configuration of apparatus according to embodiments of the present
invention
[273] FIG. 12 is a diagram showing a transmission point apparatus and a reception point

apparatus according to an embodiment of the present invention. The shown transmission point
device and reception point device may perform the methods of the above-described
embodiments and overlapping details will be omitted from the description.

[274] The transmission point apparatus or the reception point apparatus may operate as
an eNB, arelay, a D2D UE, a D2D synchronization source or a D2D synchronization reference
UE, without being limited thereto.

[275] Referring to FIG. 12, the transmission point apparatus 10 according to the
embodiment of the present invention may include a receiver 11, a transmitter 12, a processor
13, a memory 14 and a plurality of antennas 15. Since the plurality of antennas 15 is used, the
transmission point apparatus may support MIMO transmission/reception. The receiver 11 may
receive a variety of signals, data and information from the UE in uplink. The transmitter 12
may transmit a variety of signals, data and information to the UE in downlink. The processor
13 may control the overall operation of the transmission point apparatus 10.

[276] The processor 13 of the transmission point apparatus 10 according to the
embodiment of the present invention may process operations necessary for the embodiments.
[277] The processor 13 of the transmission point apparatus 10 may process information
received by the transmission point apparatus 10 and information to be transmitted to an external
device and the memory 14 may store the processed information for a predetermined time and
may be replaced by a component such as a buffer (not shown).

[278] Referring to FIG. 12, the UE apparatus 20 according to the present invention may
include a receiver 21, a transmitter 22, a processor 23, a memory 24 and a plurality of antennas
25. Since the plurality of antennas 25 is used, the UE apparatus may support MIMO
transmission/reception. The receiver 25 may receive a variety of signals, data and information

from the eNB in downlink. The transmitter 22 may transmit a variety of signals, data and
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information to the eNB in uplink. The processor 23 may control the overall operation of the
UE apparatus 20.

[279] The processor 23 of the UE apparatus 20 according to the embodiment of the
present invention may process operations necessary for the embodiments.

[280] The processor 23 of the UE apparatus 20 may process information received by the
UE apparatus 20 and information to be transmitted to an external device and the memory 24
may store the processed information for a predetermined time and may be replaced by a
component such as a buffer (not shown).

[281] According to the embodiment of the present invention, if the reception point
apparatus 20 operates as a D2D UE, the receiver 21 receives a D2D synchronization signal
from at least one synchronization source. The processor 23 measures a D2D reference signal
received through the same subframe in which the D2D synchronization signal is received. The
processor 23 selects a synchronization reference UE from at least one synchronization source
depending on whether a predetermined condition is satisfied. If the result of measuring the
D2D reference signal satisfies a threshold and an information element of a D2D channel
associated with the D2D reference signal satisfying the threshold is acquired, the predetermined
condition may be satisfied. The processor 23 may measure an average of received powers of a
plurality of resources, on which a D2D DMRS for demodulation of the D2D channel is
transmitted. The transmitter 22 may transmit at least one of a D2DSS of the D2D UE 20 and
an information element of a D2D channel of the D2D UE 20, at least part of the D2DSS of
the D2D UE 20 being configured the same as the D2DSS received from the the
synchronization reference UE, and at least part of the information element of the D2D
channel of the D2D UE 20 being configured the same as the information element of the D2D
channel received from the synchronization reference UE. If the predetermined condition is
not satisfied and thus the synchronization reference UE is not selected, the D2D UE 20 may
perform D2D communication at the timing thereof. If the predetermined condition is satisfied
and thus the synchronization reference UE is selected, the D2D UE 20 may perform D2D
communication based on the timing of the selected synchronization reference UE. If
predetermined condition is not satisfied and thus the synchronization reference UE is not
selected and the D2D UE 20 is out of coverage, the D2D UE 20 may transmit the D2D
synchronization signal thereof based on the pre-configuration of the eNB. When the D2D UE
20 is changed from out-of-coverage to in-coverage, the D2D UE 20 may perform D2D

communication based on signaling of the eNB.
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[282] In the above-described detailed configuration of the transmission point apparatus
and the UE apparatus, details of the above-described various embodiments of the present
invention may be independently applied or 2 or more embodiments may be applied at the
same time. In this case, overlapping details will be omitted from the description for
simplicity and clarity.

[283] Furthermore, in the description of FIG. 12, the description of the transmission
point apparatus 10 may also be equally applied to a device functioning as a downlink
transmitter or an uplink receiver. The description of the UE apparatus 20 may also be equally
applied to a relay station device functioning as an uplink transmitter or a downlink receiver.
[284] The embodiments of the present invention can be implemented by a variety of
means, for example, hardware, firmware, software, or a combination thereof.

[285] In the case of implementing the present invention by hardware, the present
invention can be implemented with application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable logic
devices (PLDs), field programmable gate arrays (FPGAS), a processor, a controller, a
microcontroller, a microprocessor, etc.

[286] If operations or functions of the present invention are implemented by firmware
or software, the present invention can be implemented in the form of a variety of formats, for
example, modules, procedures, functions, etc. Software code may be stored in a memory unit
so as to be driven by a processor. The memory unit is located inside or outside of the
processor, so that it can communicate with the aforementioned processor via a variety of
well-known parts.

[287] The detailed description of the exemplary embodiments of the present invention
has been given to enable those skilled in the art to implement and practice the invention.
Although the invention has been described with reference to the exemplary embodiments,
those skilled in the art will appreciate that various modifications and variations can be made
in the present invention without departing from the spirit or scope of the invention described
in the appended claims. For example, those skilled in the art may use each construction
described in the above embodiments in combination with each other. Accordingly, the
invention should not be limited to the specific embodiments described herein, but should be
accorded the broadest scope consistent with the principles and novel features disclosed
herein.

[288] The aforementioned embodiments are achieved by combination of structural
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elements and features of the present invention in a predetermined manner. Each of the structural
elements or features should be considered selectively unless specified separately. Each of the
structural elements or features may be carried out without being combined with other structural
elements or features. Additionally, some structural elements and/or features may be combined
with one another to constitute the embodiments of the present invention. The order of
operations described in the embodiments of the present invention may be changed. Some
structural elements or features of one embodiment may be included in another embodiment, or
may be replaced with corresponding structural elements or features of another embodiment.
Moreover, it will be apparent that some claims referring to specific claims may be combined
with other claims referring to the other claims other than the specific claims to constitute the

embodiment or add new claims by means of amendment after the application is filed.

[ Industrial Applicability]

[289] The above-described embodiments of the present invention are applicable to

various mobile communication systems.
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[cLAIMS]

[Claim1] A method of performing device-to-device (D2D) communication by a user

equipment (UE) in a wireless communication system, the method comprising:

detecting a D2D synchronization signal from at least one synchronization source;

measuring a D2D reference signal received through a same subframe in which the
D2D synchronization signal is detected; and

selecting a synchronization reference UE from the at least one synchronization source
depending on whether a predetermined condition is satisfied,

wherein the predetermined condition is satisfied when a result of measuring the D2D
reference signal satisfies a threshold and the UE succeeds in obtaining an information
element of a D2D channel associated with the D2D reference signal satisfying the threshold,
and

wherein when the synchronization reference UE is selected, a D2D synchronization
signal and an information element of a D2D channel to be transmitted by the UE are
determined based on the D2D synchronization signal and the information element of the D2D

channel which are received from the synchronization reference UE.

[Claim 2]  The method according to claim 1, wherein measuring the D2D reference

signal includes measuring an average of received powers of resources, on which a D2D
demodulation reference signal (DMRS) for demodulation of the D2D channel is

transmitted.

[Claim 3] The method according to claim 1, further comprising:

transmitting the D2D synchronization signal of the UE and the information element
of a D2D channel of the UE, at least part of the D2D synchronization signal of the UE
being configured the same as the D2D synchronization signal received from the
synchronization reference UE, and at least part of the information element of the D2D
channel of the UE being configured the same as the information element of the D2D

channel received from the synchronization reference UE.

[Claim 4] The method according to claim 1,
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wherein when the predetermined condition is not satisfied and the synchronization
reference UE is not selected, the UE performs D2D communication at timing of the UE
itself and,

wherein when the predetermined condition is satisfied and the synchronization
reference UE is selected, the UE performs D2D communication based on timing of the

selected synchronization reference UE.

[Claim5]  The method according to claim 1, further comprising:

transmitting, by UE, a D2D synchronization signal of the UE itself based on pre-
configuration of a base station, when the predetermined condition is not satisfied, the

synchronization reference UE is not selected and the UE is out of coverage.

[Claim6] The method according to claim 1, wherein the UE performs D2D

communication based on signaling from a base station when the UE is changed from out-

of-coverage to in-coverage.

[Claim7] A method of performing device-to-device (D2D) communication by a user

equipment (UE) in a wireless communication system, the method comprising:

detecting a D2D synchronization signal from at least one synchronization source;

measuring a D2D reference signal received through a same subframe in which the
D2D synchronization signal is detected; and

selecting a synchronization reference UE from the at least one synchronization
source depending on whether a predetermined condition is satisfied,

wherein the predetermined condition is satisfied when a result of measuring the
D2D reference signal satisfies a threshold and an information element of a D2D channel
associated with the D2D reference signal satisfying the threshold is acquired, and

wherein detecting the D2D synchronization signal includes: detecting a sequence of
a primary D2D synchronization signal (PD2DSS) which is repeatedly mapped to at least

two symbols based on one of a plurality of root indices for a Zadoff-Chu sequence.
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[Claim 8] The method according to claim 7, wherein a first root index of the plurality

of root indices corresponds to in-coverage and a second root index of the plurality of root

indices corresponds to out-of-coverage.

[Claim 9] The method according to claim 1, wherein the information element of the

D2D channel includes a bandwidth for D2D communication broadcasted through the D2D
channel, a D2D frame number, a D2D subframe number and uplink (UL)-downlink (DL)
configuration information in a case of time division duplex (TDD).

[Claim 10] A user equipment (UE) for performing device-to-device (D2D)

communication, the UE comprising:

a receiver configured to receive a D2D synchronization signal from at least one
synchronization source; and

a processor configured to measure a D2D reference signal received through a same
subframe in which the D2D synchronization signal is received and to select a synchronization
reference UE from the at least one synchronization source depending on whether a
predetermined condition is satisfied,

wherein the predetermined condition is satisfied when a result of measuring the D2D
reference signal satisfies a threshold and the processor succeeds in obtaining an information
element of a D2D channel associated with the D2D reference signal satisfying the threshold,
and

wherein when the synchronization reference UE is selected, a D2D synchronization
signal and an information element of a D2D channel to be transmitted by the UE are
determined based on the D2D synchronization signal and the information element of the D2D

channel which are received from the synchronization reference UE.

[Claim 11] The UE according to claim 10, wherein the processor signal measures an

average of received powers of resources, on which a D2D demodulation reference signal
(DMRS) for demodulation of the D2D channel is transmitted.
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[Claim 12] The UE according to claim 10, further comprising a transmitter configured to

transmit the D2D synchronization signal of the UE and the information element of a D2D
channel of the UE, at least part of the D2D synchronization signal of the UE being
configured the same as the D2D synchronization signal received from the synchronization
reference UE, and at least part of the information element of the D2D channel of the UE
being configured the same as the information element of the D2D channel received from

the synchronization reference UE.

[Claim 13] The UE according to claim 10,

wherein when the predetermined condition is not satisfied and the synchronization
reference UE is not selected, the UE performs D2D communication at timing of the UE
itself and,

wherein when the predetermined condition is satisfied and the synchronization
reference UE is selected, the UE performs D2D communication based on timing of the

selected synchronization reference UE.

[Claim 14] The UE according to claim 10, further comprising a transmitter configured to

transmit a D2D synchronization signal of the UE itself based on pre-configuration of a base
station, when the predetermined condition is not satisfied, the synchronization reference UE

is not selected and the UE is out of coverage.

[Claim 15] The UE according to claim 10, wherein the UE performs D2D

communication based on signaling from a base station when the UE is changed from out-

of-coverage to in-coverage.
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