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Description

Technical Field

[0001] The present invention relates to wireless com-
munications, and more particularly, to a method and ap-
paratus for transmitting a device-to-device (D2D) related
message in a wireless communication system.

Background Art

[0002] Universal mobile telecommunications system
(UMTS) is a 3rd generation (3G) asynchronous mobile
communication system operating in wideband code divi-
sion multiple access (WCDMA) based on European sys-
tems, global system for mobile communications (GSM)
and general packet radio services (GPRS). A long-term
evolution (LTE) of UMTS is under discussion by the 3rd
generation partnership project (3GPP) that standardized
UMTS.
[0003] With the advent of a ubiquitous environment,
there is a rapid increase in a demand for receiving a
seamless service anytime anywhere by using equip-
ments. In order to satisfy such a demand, a device-to-
device (D2D) connection technique may be introduced
in a wireless communication system. The D2D connec-
tion technique refers to a technique for transmitting and
receiving data not via a base station (BS) since devices
such as a user equipment (UE) or the like are connected
to each other. That is, one device can communicate with
another device via the BS, and can directly communicate
with another device not via the BS. By using the D2D
connection technique, such an effect as low power con-
sumption, throughput enhancement, etc., can be ob-
tained.
[0004] How a network and UEs should operate for D2D
connection should be specified.
[0005] US 2012/099452 A1 relates to a method for re-
porting a buffer status report, comprising: triggering a
buffer status report (BSR) and obtaining radio resource
information of uplink component carriers in a radio net-
work by a terminal; constructing one or more BSR data
units based on information of a buffer data volume to be
transmitted; and selecting one or more uplink component
carriers from the uplink component carriers with available
radio resources, and sending, on radio resources of the
selected uplink component carrier(s), the BSR data
unit(s) to a network side.
[0006] US 2011/261747 A1 relates to a method for sup-
porting communication via a relay node, the method com-
prising: a relay node receiving WTRU buffer status re-
ports (BSRs) from a plurality of wireless transmit/receive
unit (WTRUs) that are served by the relay node, wherein
the WTRU BSRs indicate uplink buffer status at the
WTRUs; and the relay node sending the WTRU BSRs
to a donor evolved Node B (DeNB).

Summary of Invention

Technical Problem

[0007] The present invention provides a method and
apparatus for transmitting a device-to-device (D2D) re-
lated message in a wireless communication system. The
present invention provides a method for fetching context
of a neighbor device from a network for a D2D connec-
tion. The present invention also provides a method for
transmitting/receiving, by a first mobile device, the D2D
related message including an identity of a second mobile
device to/from the network.

Solution to Problem

[0008] In an aspect, a method for transmitting, by a
first mobile device, a device-to-device (D2D) related
message in a wireless communication system is provid-
ed. The method includes transmitting a D2D related mes-
sage including an identity of a second mobile device,
which is connected with the first mobile device, to a net-
work.
[0009] The method may further include receiving the
identity of the second mobile device from the second mo-
bile device.
[0010] The identity of the second mobile device may
be one of an international mobile subscriber identity (IM-
SI), a system architecture evolution (SAE) temporary mo-
bile subscriber identity (S-TMSI), a slave user equipment
(S-UE) cell radio network temporary identity (S-CRNTI),
and a new UE identity allocated to the second mobile
device.
[0011] The method may further include receiving infor-
mation on a radio communication between the first mo-
bile device and the second mobile device from the net-
work, and transmitting the received information to the
second mobile device.
[0012] The information may include another identity of
the second mobile device, which is allocated by the net-
work and will be used for the radio communication be-
tween the first mobile device and the second mobile de-
vice.
[0013] The information may include at least one of se-
curity parameters used for activating security of the radio
communication between the first mobile device and the
second mobile device, capability of the second mobile
device, quality of service (QoS) parameters used for con-
figuring radio bearers between the first mobile device and
the second mobile device, radio parameters used for con-
figuring the radio bearers between the first mobile device
and the second mobile device, and radio resources allo-
cated to either the first mobile device or the second mo-
bile device for the radio communication between the first
mobile device and the second mobile device.
[0014] The information may include at least one of de-
cision on whether establishment of connection between
the first mobile device and the second mobile device
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should be rejected or not, and decision on release of the
connection between the first mobile device and the sec-
ond mobile device.
[0015] The information may include information related
to one or more neighboring cells.
[0016] The method may further include receiving, from
the second mobile device, a channel quality of radio in-
terface between the first mobile device and the second
mobile device, and transmitting the received channel
quality to the network. The channel quality has been
measured by the second mobile device.
[0017] The method may further include receiving, from
the second mobile device, at least one of a buffer status
report (BSR) and a power headroom report (PHR) of the
second mobile device, and transmitting the received at
least one of PSR and PHR to the network.
[0018] The method may further include receiving, from
the second mobile device, a service type of connection
between the first mobile device and the second mobile
device, and transmitting the received service type to the
network.
[0019] In another aspect, a method for receiving, by a
first mobile device, a device-to-device (D2D) related
message in a wireless communication system is provid-
ed. The method includes receiving a D2D related mes-
sage including an identity of a second mobile device,
which is connected with the first mobile device, from a
network.

Advantageous Effects of Invention

[0020] D2D connection can be established efficiently
between mobile devices.

Brief Description of Drawings

[0021]

FIG. 1 shows a structure of a wireless communica-
tion system.
FIG. 2 is a diagram showing radio interface protocol
architecture for a control plane.
FIG. 3 is a diagram showing radio interface protocol
architecture for a user plane.
FIG. 4 shows an example of a physical channel struc-
ture.
FIG. 5 shows an RRC connection establishment pro-
cedure.
FIG. 6 shows an initial security activation procedure.
FIG. 7 shows an RRC connection reconfiguration
procedure.
FIG. 8 shows a UE capability transfer procedure.
FIG. 9 shows an in-device coexistence (IDC) indica-
tion procedure.
FIG. 10 shows an example of a method for transmit-
ting a D2D related message according to an embod-
iment of the present invention.
FIG. 11 shows an example of a method for receiving

a D2D related message according to an embodiment
of the present invention.
FIG. 12 shows an example of a D2D connection es-
tablishment and data transmission for a UE autono-
mous mode according to an embodiment of the
present invention.
FIG. 13 shows an example of a D2D connection es-
tablishment for an E-UTRAN planned mode accord-
ing to an embodiment of the present invention.
FIG. 14 shows another example of a D2D connection
establishment for an E-UTRAN planned mode ac-
cording to an embodiment of the present invention.
FIG. 15 shows an example of a D2D data transmis-
sion for an E-UTRAN planned mode according to an
embodiment of the present invention.
FIG. 16 shows an example of D2D mobility from an
M-UE to a target eNB in a UE autonomous mode
according to an embodiment of the present inven-
tion.
FIG. 17 shows an example of D2D mobility from an
M-UE to a target eNB in an E-UTRAN planned mode
according to an embodiment of the present inven-
tion.
FIG. 18 shows another example of D2D mobility from
an M-UE to a target eNB in an E-UTRAN planned
mode according to an embodiment of the present
invention.
FIG. 19 is a block diagram showing wireless com-
munication system to implement an embodiment of
the present invention.

Mode for the Invention

[0022] The technology described below can be used
in various wireless communication systems such as code
division multiple access (CDMA), frequency division mul-
tiple access (FDMA), time division multiple access (TD-
MA), orthogonal frequency division multiple access
(OFDMA), single carrier frequency division multiple ac-
cess (SC-FDMA), etc. The CDMA can be implemented
with a radio technology such as universal terrestrial radio
access (UTRA) or CDMA-2000. The TDMA can be im-
plemented with a radio technology such as global system
for mobile communications (GSM)/general packet ratio
service (GPRS)/enhanced data rate for GSM evolution
(EDGE). The OFDMA can be implemented with a radio
technology such as institute of electrical and electronics
engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802.20, evolved UTRA (E-UTRA), etc. IEEE
802.16m is evolved from IEEE 802.16e, and provides
backward compatibility with a system based on the IEEE
802.16e. The UTRA is a part of a universal mobile tele-
communication system (UMTS). 3rd generation partner-
ship project (3GPP) long term evolution (LTE) is a part
of an evolved UMTS (E-UMTS) using the E-UTRA. The
3GPP LTE uses the OFDMA in a downlink and uses the
SC-FDMA in an uplink. LTE-advanced (LTE-A) is an ev-
olution of the LTE.
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[0023] For clarity, the following description will focus
on LTE-A. However, technical features of the present
invention are not limited thereto.
[0024] FIG. 1 shows a structure of a wireless commu-
nication system.
[0025] The structure of FIG. 1 is an example of a net-
work structure of an evolved-UMTS terrestrial radio ac-
cess network (E-UTRAN). An E-UTRAN system may be
a 3GPP LTE/LTE-A system. An evolved-UMTS terrestri-
al radio access network (E-UTRAN) includes a user
equipment (UE) 10 and a base station (BS) 20 which
provides a control plane and a user plane to the UE. The
user equipment (UE) 10 may be fixed or mobile, and may
be referred to as another terminology, such as a mobile
station (MS), a user terminal (UT), a subscriber station
(SS), a wireless device, etc. The BS 20 is generally a
fixed station that communicates with the UE 10 and may
be referred to as another terminology, such as an evolved
node-B (eNB), a base transceiver system (BTS), an ac-
cess point, etc. There are one or more cells within the
coverage of the BS 20. A single cell is configured to have
one of bandwidths selected from 1.25, 2.5, 5, 10, and 20
MHz, etc., and provides downlink or uplink transmission
services to several UEs. In this case, different cells can
be configured to provide different bandwidths.
[0026] Interfaces for transmitting user traffic or control
traffic may be used between the BSs 20. The BSs 20 are
interconnected by means of an X2 interface. The BSs 20
are connected to an evolved packet core (EPC) by means
of an S1 interface. The EPC may consist of a mobility
management entity (MME) 30, a serving gateway (S-
GW), and a packet data network (PDN) gateway (PDN-
GW). The MME has UE access information or UE capa-
bility information, and such information may be primarily
used in UE mobility management. The S-GW is a gate-
way of which an endpoint is an E-UTRAN. The PDN-GW
is a gateway of which an endpoint is a PDN. The BSs 20
are connected to the MME 30 by means of an S1-MME,
and are connected to the S-GW by means of S1-U. The
S1 interface supports a many-to-many relation between
the BS 20 and the MME/S-GW 30.
[0027] Hereinafter, a downlink (DL) denotes commu-
nication from the BS 20 to the UE 10, and an uplink (UL)
denotes communication from the UE 10 to the BS 20. In
the DL, a transmitter may be a part of the BS 20, and a
receiver may be a part of the UE 10. In the UL, the trans-
mitter may be a part of the UE 10, and the receiver may
be a part of the BS 20.
[0028] FIG. 2 is a diagram showing radio interface pro-
tocol architecture for a control plane. FIG. 3 is a diagram
showing radio interface protocol architecture for a user
plane.
[0029] Layers of a radio interface protocol between the
UE and the E-UTRAN can be classified into a first layer
(LI), a second layer (L2), and a third layer (L3) based on
the lower three layers of the open system interconnection
(OSI) model that is well-known in the communication sys-
tem. The radio interface protocol between the UE and

the E-UTRAN can be horizontally divided into a physical
layer, a data link layer, and a network layer, and can be
vertically divided into a control plane which is a protocol
stack for control signal transmission and a user plane
which is a protocol stack for data information transmis-
sion. The layers of the radio interface protocol exist in
pairs at the UE and the E-UTRAN.
[0030] A physical (PHY) layer belonging to the L1 pro-
vides an upper layer with an information transfer service
through a physical channel. The PHY layer is connected
to a medium access control (MAC) layer which is an up-
per layer of the PHY layer through a transport channel.
Data is transferred between the MAC layer and the PHY
layer through the transport channel. The transport chan-
nel is classified according to how and with what charac-
teristics data is transmitted through a radio interface. Be-
tween different PHY layers, i.e., a PHY layer of a trans-
mitter and a PHY layer of a receiver, data is transferred
through the physical channel. The physical channel is
modulated using an orthogonal frequency division mul-
tiplexing (OFDM) scheme, and utilizes time and frequen-
cy as a radio resource.
[0031] The PHY layer uses several physical control
channels. A physical downlink control channel (PDCCH)
reports to a UE about resource allocation of a paging
channel (PCH) and a downlink shared channel (DL-
SCH), and hybrid automatic repeat request (HARQ) in-
formation related to the DL-SCH. The PDCCH can carry
a UL grant for reporting to the UE about resource alloca-
tion of UL transmission. A physical control format indica-
tor channel (PCFICH) reports the number of OFDM sym-
bols used for PDCCHs to the UE, and is transmitted in
every subframe. A physical hybrid ARQ indicator channel
(PHICH) carries an HARQ ACK/NACK signal in response
to UL transmission. A physical uplink control channel
(PUCCH) carries UL control information such as HARQ
ACK/NACK for DL transmission, scheduling request, and
CQI. A physical uplink shared channel (PUSCH) carries
a UL-uplink shared channel (SCH).
[0032] FIG. 4 shows an example of a physical channel
structure.
[0033] A physical channel consists of a plurality of sub-
frames in a time domain and a plurality of subcarriers in
a frequency domain. One subframe consists of a plurality
of symbols in the time domain. One subframe consists
of a plurality of resource blocks (RBs). One RB consists
of a plurality of symbols and a plurality of subcarriers. In
addition, each subframe can use specific subcarriers of
specific symbols of a corresponding subframe for a PD-
CCH. For example, a first symbol of the subframe can
be used for the PDCCH. A transmission time interval
(TTI) which is a unit time for data transmission may be
equal to a length of one subframe.
[0034] A DL transport channel for transmitting data
from the network to the UE includes a broadcast channel
(BCH) for transmitting system information, a paging
channel (PCH) for transmitting a paging message, a DL-
SCH for transmitting user traffic or control signals, etc.
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The system information carries one or more system in-
formation blocks. All system information blocks can be
transmitted with the same periodicity. Traffic or control
signals of a multimedia broadcast/multicast service
(MBMS) are transmitted through a multicast channel
(MCH). Meanwhile, a UL transport channel for transmit-
ting data from the UE to the network includes a random
access channel (RACH) for transmitting an initial control
message, a UL-SCH for transmitting user traffic or control
signals, etc.
[0035] A MAC layer belonging to the L2 provides a
service to a higher layer, i.e., a radio link control (RLC),
through a logical channel. A function of the MAC layer
includes mapping between the logical channel and the
transport channel and multiplexing/de-multiplexing for a
transport block provided to a physical channel on a trans-
port channel of a MAC service data unit (SDU) belonging
to the logical channel. The logical channel is located
above the transport channel, and is mapped to the trans-
port channel. The logical channel can be divided into a
control channel for delivering control region information
and a traffic channel for delivering user region informa-
tion. The logical includes a broadcast control channel
(BCCH), a paging control channel (PCCH), a common
control channel (CCCH), a multicast control channel
(MCCH), a multicast traffic channel (MTCH), etc.
[0036] An RLC layer belonging to the L2 supports re-
liable data transmission. A function of the RLC layer in-
cludes RLC SDU concatenation, segmentation, and re-
assembly. To ensure a variety of quality of service (QoS)
required by a radio bearer (RB), the RLC layer provides
three operation modes, i.e., a transparent mode (TM),
an unacknowledged mode (UM), and an acknowledged
mode (AM). The AM RLC provides error correction by
using an automatic repeat request (ARQ). Meanwhile, a
function of the RLC layer can be implemented with a func-
tional block inside the MAC layer. In this case, the RLC
layer may not exist.
[0037] A packet data convergence protocol (PDCP)
layer belongs to the L2. A function of a packet data con-
vergence protocol (PDCP) layer in the user plane in-
cludes user data delivery, header compression, and ci-
phering. The header compression has a function for de-
creasing a size of an IP packet header which contains
relatively large-sized and unnecessary control informa-
tion, to support effective transmission in a radio section
having a narrow bandwidth. A function of a PDCP layer
in the control plane includes control-plane data delivery
and ciphering/integrity protection.
[0038] A radio resource control (RRC) layer belonging
to the L3 is defined only in the control plane. The RRC
layer takes a role of controlling a radio resource between
the UE and the network. For this, the UE and the network
exchange an RRC message through the RRC layer. The
RRC layer serves to control the logical channel, the trans-
port channel, and the physical channel in association with
configuration, reconfiguration, and release of RBs. An
RB is a logical path provided by the L2 for data delivery

between the UE and the network. The configuration of
the RB implies a process for specifying a radio protocol
layer and channel properties to provide a particular serv-
ice and for determining respective detailed parameters
and operations. The RB can be classified into two types,
i.e., a signaling RB (SRB) and a data RB (DRB). The
SRB is used as a path for transmitting an RRC message
in the control plane. The DRB is used as a path for trans-
mitting user data in the user plane.
[0039] A radio resource state (RRC) state indicates
whether an RRC of a user equipment (UE) is logically
connected to an RRC of a network. When an RRC con-
nection is established between an RRC layer of the UE
and an RRC layer of the network, the UE is in an RRC
connected state (RRC_CONNECTED), and otherwise
the UE is in an RRC idle state (RRC_IDLE). Since the
UE in the RRC_CONNECTED has the RRC connection
established with the network, the network can recognize
the existence of the UE in the RRC_CONNECTED and
can effectively control the UE. Meanwhile, the UE in the
RRC_IDLE cannot be recognized by the network, and a
core network (CN) manages the UE in unit of a tracking
area (TA) which is a larger area than a cell. That is, only
the existence of the UE in the RRC_IDLE is recognized
in unit of a large area, and the UE must transition to the
RRC_CONNECTED to receive a typical mobile commu-
nication service such as voice or data communication.
[0040] When the user initially powers on the UE, the
UE first searches for a proper cell and then remains in
the RRC_IDLE in the cell. When there is a need to es-
tablish an RRC connection, the UE which remains in the
RRC_IDLE may establish the RRC connection with the
RRC of the network through an RRC connection proce-
dure and then may transition to the RRC_CONNECTED.
The UE which remains in the RRC_IDLE may need to
establish the RRC connection with the network when up-
link data transmission is necessary due to a user’s call
attempt or the like or when there is a need to transmit a
response message upon receiving a paging message
from the network.
[0041] A non-access stratum (NAS) layer belongs to
an upper layer of the RRC layer and serves to perform
session management, mobility management, or the like.
To manage mobility of the UE in the NAS layer, two
states, i.e., an EPS mobility management (EMM)-REG-
ISTERED state and an EMM-DEREGISTERED state,
can be defined. The two states are applicable to the UE
and the MME. The UE is initially in the EMM-DEREGIS-
TERED. To access the network, the UE may perform a
process of registering to the network through an initial
attach procedure. If the initial attach procedure is suc-
cessfully performed, the UE and the MME may be in the
EMM-REGISTERED.
[0042] In addition, to manage a signaling connection
between the UE and the EPC, two states, i.e., an EPS
connection management (ECM)-IDLE state and an
ECM-CONNECTED state, can be defined. The two
states are applicable to the UE and the MME. When the

7 8 



EP 3 547 788 B1

6

5

10

15

20

25

30

35

40

45

50

55

UE in the ECM-IDLE establishes an RRC connection with
the E-UTRAN, the UE may be in the ECM-CONNECTED.
When the MME in the ECM-IDLE establishes an S1 con-
nection with the E-UTRAN, the MME may be in the ECM-
CONNECTED. When the UE is in the ECM-IDLE, the E-
UTRAN does not have information on the context of the
UE. Therefore, the UE in the ECM-IDLE can perform a
UE-based mobility related procedure such as cell selec-
tion or cell reselection without having to receive a com-
mand of the network. If a location of the UE in the ECM-
IDLE becomes different from a location known to the net-
work, the UE may report the location of the UE to the
network through a tracking area update procedure. On
the other hand, the mobility of the UE in the ECM-CON-
NECTED may be managed by the command of the net-
work.
[0043] FIG. 5 shows an RRC connection establish-
ment procedure. It may be referred to Section 5.3.3 of
3GPPTS 36.331 V10.5.0 (2012-03). The purpose of this
procedure is to establish an RRC connection. The RRC
connection establishment may involve SRB1 establish-
ment. The RRC connection establishment procedure is
also used to transfer the initial NAS dedicated informa-
tion/ message from the UE to the E-UTRAN. The E-
UTRAN may apply the RRC connection establishment
procedure to establish SRB1 only.
[0044] Referring to FIG. 5, at step S50, the UE trans-
mits an RRC connection request (RRCConnectionRe-
quest) message to the E-UTRAN. At step S51, the E-
UTRAN transmits an RRC connection setup (RRCCo-
nnectionSetup) message to the UE. At step S52, the UE
transmits an RRC connection setup complete (RRCCo-
nnectionSetupComplete) message to the E-UTRAN.
[0045] FIG. 6 shows an initial security activation pro-
cedure. It may be referred to Section 5.3.4 of 3GPP TS
36.331 V10.5.0 (2012-03). The purpose of this procedure
is to activate access stratum (AS) security upon RRC
connection establishment.
[0046] Referring to FIG. 6, at step S60, the E-UTRAN
transmits a security mode command (SecurityMo-
deCommand) message to the UE. At step S61, the UE
transmits a security mode complete (SecurityModeCom-
plete) message to the E-UTRAN.
[0047] FIG. 7 shows an RRC connection reconfigura-
tion procedure. It may be referred to Section 5.3.5 of
3GPP TS 36.331 V10.5.0 (2012-03). The purpose of this
procedure is to modify an RRC connection, e.g. to es-
tablish/modify/release RBs, to perform handover, to set-
up/modify/release measurements, to add/modify/re-
lease secondary cells (SCells). As part of the RRC con-
nection reconfiguration procedure, NAS dedicated infor-
mation may be transferred from the E-UTRAN to the UE.
[0048] Referring to FIG. 7, at step S70, the E-UTRAN
transmits an RRC connection reconfiguration (RRCCo-
nnectionReconfiguration) message to the UE. At step
S71, the UE transmits an RRC connection reconfigura-
tion complete (RRCConnectionReconfigurationCom-
plete) message to the E-UTRAN.

[0049] FIG. 8 shows a UE capability transfer proce-
dure. It may be referred to Section 5.6.3 of 3GPP TS
36.331 V10.5.0 (2012-03). The purpose of this procedure
is to transfer UE radio access capability information from
the UE to the E-UTRAN. If the UE has changed its E-
UTRAN radio access capabilities, the UE shall request
higher layers to initiate the necessary NAS procedures
that would result in the update of UE radio access capa-
bilities using a new RRC connection.
[0050] Referring to FIG. 8, at step S80, the E-UTRAN
transmits a UE capability enquiry (UECapabilityEnquiry)
message to the UE. At step S81, the UE transmits a UE
capability information (UECapabilityInformation) mes-
sage to the E-UTRAN.
[0051] FIG. 9 shows an in-device coexistence (IDC)
indication procedure. The purpose of this procedure is
to inform the E-UTRAN about (a change of) IDC problems
experienced by the UE in RRC_CONNECTED and to
provide the E-UTRAN with information in order to resolve
them.
[0052] Referring to FIG. 9, at step S90, the UE and the
E-UTRAN performs an RRC connection reconfiguration
procedure. At step S91, the UE transmits an in-device
coexistence indication (IndeviceCoexIndication) mes-
sage to the E-UTRAN.
[0053] In 3GPP LTE, a BS needs to know a type of
data and an amount of data which each user wants to
transmit for using uplink radio resources efficiently. For
downlink radio resources, a BS can know an amount of
data need to be transmitted to each user through down-
link, since the data to be transmitted through the downlink
is transferred from an access gateway to the BS. On the
other hand, for uplink radio resources, if a UE does not
inform a BS information on data to be transmitted through
uplink, the BS cannot know how much uplink radio re-
sources are required for each UE. Therefore, for a BS to
allocate uplink radio resources to a UE properly, the UE
is required to provide information for scheduling the up-
link radio resources to the BS.
[0054] Accordingly, if there is data to be transmitted to
a BS, a UE inform the BS that the UE has the data to be
transmitted to the BS, and the BS allocates proper uplink
radio resources to the UE based on the information. This
procedure is called a buffer status reporting (BSR) pro-
cedure.
[0055] In addition, transmit power needs to be properly
regulated in order for a UE to transmit data to a BS. When
the transmit power is too low, the BS may not be able to
correctly receive the data. When the transmit power is
too high, even though the UE can receive data without
any problem, it may act as an interference to another UE
for receiving data. Therefore, the BS needs to optimize
power used in uplink transmission of the UE from a sys-
tem aspect.
[0056] In order for the BS to regulate the transmit power
of the UE, essential information must be acquired from
the UE. For this, power headroom reporting (PHR) of the
UE is used. A power headroom implies power that can
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be further used in addition to the transmit power currently
used by the UE. That is, the power headroom indicates
a difference between maximum possible transmit power
that can be used by the UE and the currently used trans-
mit power. Upon receiving the PHR from the UE, the BS
can determine transmit power used for uplink transmis-
sion of the UE at a next time on the basis of the received
PHR. The determined transmit power of the UE can be
indicated by using a size of a resource block (RB) and a
modulation and coding scheme (MCS), and can be used
when an uplink (UL) grant is allocated to the UE at a next
time. Since radio resources may be wasted if the UE
frequently transmits the PHR, the UE can define a PHR
trigger condition and transmit the PHR only when the
condition is satisfied.
[0057] Device-to-device (D2D) connection is de-
scribed below.
[0058] The D2D connection is a connection between
one master UE (M-UE) and one slave UE (S-UE). That
is, the D2D connection is a direct connection between
UEs. The M-UE may control the D2D connection with the
S-UE autonomously (i.e. UE autonomous mode) or under
full/partial control of an E-UTRAN (i.e. E-UTRAN planned
mode). One M-UE may configure zero, one or more D2D
connections. Different D2D connections may be estab-
lished with different S-UEs.
[0059] The E-UTRAN may configure following two
D2D modes in a cell. Only one D2D mode may be con-
figured for a specific cell, for a specific M-UE, for a specific
S-UE, or for a specific D2D connection between one M-
UE and one S-UE.
[0060] 1) E-UTRAN planned mode: The E-UTRAN (i.e.
eNodeB (eNB) serving the M-UE called ’serving eNB’) is
responsible for maintaining D2D connection (in terms of
radio resource or quality of service (QoS) over D2D con-
nection). The serving eNB has S-UE context for the S-
UE connected to the M-UE. A mobility management en-
tity (MME) connected to the serving eNB has S-UE con-
text for the S-UE connected to the M-UE.
[0061] 2) UE autonomous mode: The M-UE is respon-
sible for maintaining D2D connection (in terms of radio
resource or QoS over D2D connection). The serving eNB
has no S-UE context for the S-UE connected to the M-
UE. The MME connected to the serving eNB may or may
not have S-UE context for the S-UE connected to the M-
UE.
[0062] The S-UE may or may not have an RRC con-
nection with either the serving eNB or another eNB for
both modes.
[0063] In addition, a D2D hybrid mode may be defined.
In the D2D hybrid mode, both the UE autonomous mode
and the E-UTRAN planned mode are used for a single
D2D connection between one M-UE and one S-UE.
Which mode between the UE autonomous and the E-
UTRAN planned mode is used for the D2D connection
may depend on QoS of D2D radio bearers between the
M-UE and the S-UE. For example, a D2D DRB for voice
or video service may be established based on the E-

UTRAN planned mode. A D2D DRB for data download-
ing/uploading service may be established based on the
UE autonomous mode. Semi-persistent scheduling
(SPS) transmissions over the D2D connection may be
configured by the serving eNB in the E-UTRAN Planned
Mode. Which mode between the UE autonomous and E-
UTRAN planned mode is used for the D2D connection
may decided by the serving eNB. When the M-UE makes
a D2D connection with the S-UE, the M-UE may transmit
information about this D2D connection establishment to
the serving eNB. Upon receiving the information from the
M-UE, the serving eNB ma inform the M-UE which mode
should be configured for this D2D connection among the
UE autonomous, the E-UTRAN planned, and the hybrid
mode.
[0064] Hereinafter, it is assumed that the serving eNB
is an eNB serving the M-UE. If the eNB serves the S-UE,
but it does not serve the M-UE, the eNB is clearly written
as ’S-UE serving eNB’ hereinafter. When the S-UE serv-
ing eNB is used to express a certain procedure, ’M-UE
serving eNB’ may be also used.
[0065] Followings are identities used for the D2D con-
nection.

- M-CRNTI: cell radio network temporary identity (C-
RNTI) allocated for the M-UE

- S-CRNTI: C-RNTI allocated for the S-UE
- S-UE identity: The S-UE identity may correspond to

one of an international mobile subscriber identity (IM-
SI), a system architecture evolution (SAE) temporary
mobile subscriber identity (S-TMSI), an S-CRNTI,
and a new UE identity allocated to the SUE. The S-
UE identity may be allocated by the M-UE, the M-
UE serving eNB, the S-UE serving eNB, or an EPC
node such as MME/home location register (HLR).

[0066] Followings are channels used for the D2D con-
nection.

- D2D downlink: a direction from the M-UE to the S-UE
- D2D uplink: a direction from the S-UE to the M-UE
- D-BCCH: D2D downlink broadcast control channel

used over the D2D connection. The M-UE broad-
casts the D-BCCH to one or more S-UEs, e.g. for
delivery of D2D system information or helping an S-
UE detect another UE for the D2D connection.

- D-RACH: D2D uplink random access channel used
over the D2D connection. The M-UE may allocate
radio resources for the D-RACH. The S-UE may
know configuration of the D-RACH by receiving in-
formation on the D-BCCH. The S-UE may transmit
a preamble or message over the D-RACH to the M-
UE, in order to make a connection with the M-UE or
in order to transmit data to the M-UE.

- D-CCCH: D2D uplink/downlink common control
channel used over the D2D connection.

- D-DCCH: D2D uplink/downlink dedicated control
channel used over the D2D connection.
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- D2D RB: radio bearer which is established over the
D2D connection between the M-UE and the S-UE.
A DRB and a SRB may be provided for D2D user
data and D2D control info, respectively.

[0067] A method for transmitting a D2D related mes-
sage according to embodiments of the present invention
is described below.
[0068] FIG. 10 shows an example of a method for
transmitting a D2D related message according to an em-
bodiment of the present invention.
[0069] A first mobile device may be an M-UE of D2D
connection. A second mobile device may be an S-UE
D2D connection. It is assumed that the first mobile device
establishes a connection with a network, and the first
mobile device establishes a connection with the second
mobile device. Also, it is assumed that the network sup-
ports or allows a radio communication between mobile
devices. The first mobile device may receive a D2D re-
lated message from the second mobile device. The D2D
related message may include an identity of the second
device.
[0070] At step S100, the first mobile device transmits
a D2D related message including the identity of the sec-
ond mobile device to a network. At step S110, the first
mobile device receives information on a radio communi-
cation between the first mobile device and the second
mobile device from the network. The first mobile device
may inform the second mobile device of the received
information on the radio communication between the first
mobile device and the second mobile device. The identity
of the second mobile device may be one of an S-CRNTI
or S-UE identity.
[0071] The information on the radio communication be-
tween the first mobile device and the second mobile de-
vice may include at least one of followings:

- Another identity of the second mobile device, which
is allocated by the network and will be used for the
radio communication between the mobile devices

- Security parameters used for activating security of
the radio communication between the mobile devic-
es

- Capability of the second mobile device
- QoS parameters used for (re)configuring radio bear-

ers between the mobile devices
- Radio parameters used for (re)configuring radio

bearers between the mobile devices.
- Radio resources allocated to either the first mobile

device or the second mobile device for the radio com-
munication between the mobile devices

- Decision on whether the mobile devices perform
D2D communication under the network control or not

- Decision on whether establishment of the D2D con-
nection between the mobile devices should be re-
jected or not

- Decision on release of the D2D connection between
the mobile devices

- Decision on selection of time division duplex (TDD)
and frequency division duplex (FDD) over the D2D
connection between the mobile devices

- Decision on selection of broadcast transmission,
multicast transmission and unicast transmission for
the radio communication between the mobile devic-
es

- Information related to one or more neighboring cells
- Measurement configuration that the second mobile

device applies for measuring a channel quality of a
mobile device or a neighboring cell.

[0072] Further, the first mobile device may receive a
channel quality of a radio interface between the mobile
devices from the second mobile device, and may transmit
the received channel quality to the network. The channel
quality may be measured by the second mobile device.
[0073] Further, the first mobile device may receive a
PHR of the second mobile device from the second mobile
device, and may transmit the received PHR to the net-
work.
[0074] Further, the first mobile device may receive a
service type (e.g. voice) of the D2D connection between
the mobile devices from the second mobile device, and
may transmit the received service type to the network.
[0075] FIG. 11 shows an example of a method for re-
ceiving a D2D related message according to an embod-
iment of the present invention.
[0076] At step S200, the first mobile device receives a
D2D related message including the identity of the second
mobile device to a network. The identity of the second
mobile device may be one of an S-CRNTI or S-UE iden-
tity.
[0077] Hereinafter, various embodiments of the
present invention to which embodiments of the present
invention shown in FIG. 10 and FIG. 11 are applied are
described.
[0078] FIG. 12 shows an example of a D2D connection
establishment and data transmission for a UE autono-
mous mode according to an embodiment of the present
invention.

1. A serving eNB may broadcast D2D control infor-
mation on a BCCH or a DCCH. The D2D control
information may include a set of D-BCCH resources
and a set of D2D random access resources including
a set of D2D random access preamble identifiers
(RAPIDs). The M-UE may receive D2D control infor-
mation from the serving eNB.
2. If the M-UE supports D2D connection (as D2D M-
UE), and if the serving eNB broadcasts/transmits the
D2D control information to the M-UE, the M-UE
transmits UE capability information including a D2D
capability of the M-UE to the serving eNB. The D2D
capability may be divided into a D2D master capa-
bility and a D2D slave capability. If a UE supports
the D2D master capability, the UE can operate as
an M-UE. If a UE supports the D2D slave capability,
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the UE can operate as an S-UE. Here, the D2D ca-
pability of the M-UE includes at least the D2D master
capability.
3. The serving eNB may configure one or more UE
for D2D connection via an RRC message on the
BCCH or the DCCH. When the serving eNB config-
ures D2D connection, it may indicate which D2D
mode the UE should operate in, i.e., a UE autono-
mous mode or an E-UTRAN planned mode. It is as-
sumed that the UE autonomous mode is configured.
The RRC message may also include a D2D common
configuration, a D2D discontinuous reception (DRX)
configuration, and D2D security information. The
D2D common configuration may include configura-
tions of common channels used over the D2D con-
nection, such as D-RACH, D-BCCH and D-CCCH.
The D2D DRX configuration may contain a possible
DRX configuration which may be used for one or
more D2D connections. The D2D security informa-
tion may be used for security mode command (SMC)
procedure over the D2D connection.
4. The M-UE broadcasts a control signal on the D-
BCCH by using D-BCCH configuration contained in
the D2D common configuration. Some of D2D com-
mon configuration may be broadcast over the D-
BCCH, hopefully up to the S-UE.
The S-UE may receive the D2D control information
from the serving eNB or another eNB. By using the
D2D control information, the S-UE may detect the
M-UE via the D-BCCH. The S-UE may acquire some
of the D2D common configuration from the D-BCCH,
such as configurations of D-RACH and D-CCCH.
5a. When the S-UE detects the M-UE, an RRC layer
of the S-UE informs this detection to upper layers of
the S-UE. A NAS layer of the S-UE may request the
RRC layer of the S-UE to make a D2D connection.
The S-UE transmits a D2D connection request mes-
sage to the M-UE. The S-UE may indicate ’slave UE
indication’ to the M-UE via the D2D connection re-
quest message (or D2D connection setup complete
message), in order to inform the M-UE that the S-
UE wishes to be connected to the M-UE as a slave
UE.
5b. If the M-UE accepts the D2D connection request
message from the S-UE, the M-UE transmits a D2D
connection setup message to the S-UE.
5c. Then, the S-UE transmits a D2D connection set-
up complete message to the M-UE to finalize the
D2D connection establishment. The D2D connection
setup complete message may contain S-UE’s D2D
capability including at least the slave D2D capability.
The D2D connection setup complete message may
also contain RRC/NAS status that indicates the fol-
lowing S-UE status information.

- Whether or not the S-UE is connected to a radio
access network (RAN), i.e. whether the S-UE is
in RRC_CONNECTED or in RRC_IDLE

- Which type of RAN the S-UE is connected to,
i.e. one of E-UTRAN, UTRAN FDD, UTRAN
TDD, GSM/EDGE radio access network (GER-
AN), CDMA2000 high rate packet data (HRPD),
CDMA2000 1xRTT, and Wi-Fi (IEEE 802 ac-
cess point)

- Identity of a cell which the S-UE is connected to
or camping on

- Whether or not the S-UE is attached to a core
network

- Which type of core network the S-UE is at-
tached, i.e. one of EPC, 3G CS, 3G PS, 2G
GSM, and CDMA2000 CN

- Whether or not the S-UE is registered in any
public land mobile network (PLMN)

- Which type of PLMN the S-UE is registered in,
i.e. one of home PLMN (HPLMN), equivalent
HPLMN (EHPLMN), and visited PLMN
(VPLMN)

- PLMN identity of PLMN which the S-UE is reg-
istered in

6. The M-UE initiates a security mode command pro-
cedure by using the D2D security information, and
a DRB setup procedure for this D2D connection. As
a result of those procedures, the S-UE and the M-
UE are ready for D2D transmission over DRBs over
the secure D2D connection.
7. The M-UE may transmit an IDC indication to co-
ordinate interference between an RRC connection
with the serving eNB and the D2D connection with
the S-UE. The IDC indication may indicate ’D2D de-
vice’ and subframe patterns impacted by the D2D
connection, in order to inform the E-UTRAN which
type of device the M-UE experience D2D interfer-
ence from/to and which subframes the D2D interfer-
ence might occur in.
8. Based on the IDC indication, the serving eNB may
configure the D2D connection by transmitting a D2D
radio resource configuration and a D2D DRX con-
figuration. The M-UE may configure the D2D con-
nection and schedule/grant DL/UL resource over the
D2D connection by using the D2D radio resource
configuration. The M-UE may also configure DRX of
the S-UE (i.e. discontinuous transmission (DTX) of
the M-UE) over the D2D connection or DTX of the
S-UE (i.e. DRX of the M-UE) over the D2D connec-
tion by using the D2D DRX configuration.
9. The M-UE and the S-UE performs D2D data trans-
mission over the D2D connection.

[0079] FIG. 13 shows an example of a D2D connection
establishment for an E-UTRAN planned mode according
to an embodiment of the present invention.

1. A serving eNB may broadcast D2D control infor-
mation on a BCCH or a DCCH. The D2D control
information may include a set of D-BCCH resources
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and a set of D2D random access resources including
a set of D2D RAPIDs. The M-UE and the S-UE may
receive D2D control information from the serving
eNB.
2. If the M-UE supports D2D connection (as D2D M-
UE), and if the serving eNB broadcasts/transmits the
D2D control information to the M-UE, the M-UE
transmits UE capability information including a D2D
capability of the M-UE to the serving eNB. The D2D
capability may be divided into a D2D master capa-
bility and a D2D slave capability. If a UE supports
the D2D master capability, the UE can operate as
an M-UE. If a UE supports the D2D slave capability,
the UE can operate as an S-UE. Here, the D2D ca-
pability of the M-UE includes at least the D2D master
capability.
3. The serving eNB may configure one or more UE
for D2D connection via an RRC message on the
BCCH or the DCCH. When the serving eNB config-
ures D2D connection, it may indicate which D2D
mode the UE should operate in, i.e., a UE autono-
mous mode or an E-UTRAN planned mode. It is as-
sumed that the E-UTRAN planned mode is config-
ured.
The RRC message may also include a D2D common
configuration, and a D2D DRX configuration. The
D2D common configuration may include configura-
tions of common channels used over the D2D con-
nection, such as D-RACH, D-BCCH and D-CCCH.
The D2D DRX configuration may contain a possible
DRX configuration which may be used for one or
more D2D connections.
4. The M-UE broadcasts a control signal on the D-
BCCH by using D-BCCH configuration contained in
the D2D common configuration based on the D2D
control information. Some of D2D common configu-
ration may be broadcast over the D-BCCH, hopefully
up to the S-UE.
The S-UE may receive the D2D control information
from the serving eNB or another eNB. By using the
D2D control information, the S-UE may detect the
M-UE via the D-BCCH. The S-UE may acquire some
of the D2D common configuration from the D-BCCH,
such as configurations of D-RACH and D-CCCH.
5a. When the S-UE detects the M-UE, an RRC layer
of the S-UE informs this detection to upper layers of
the S-UE. A NAS layer of the S-UE may request the
RRC layer of the S-UE to make a D2D connection.
The S-UE transmits a D2D connection request mes-
sage to the M-UE, and receives a D2D connection
setup message from the M-UE.
5b. In the E-UTRAN planned mode, the M-UE may
transfer the received D2D connection request mes-
sage to the serving eNB. Then, if the serving eNB
transmits a D2D connection setup message to the
M-UE, the M-UE transmits the received D2D con-
nection setup message to S-UE.
In addition, the serving eNB may allocate an S-CRN-

TI for this the S-UE via the D2D connection setup
message. That is, a D2D related message including
an identity of the S-UE is transmitted from the serving
eNB to the M-UE, as shown in FIG. 11. The M-UE
uses this S-CRNTI to identify this S-UE in a later
message.
5c. After receiving the D2D connection setup mes-
sage from the M-UE, the S-UE transmits a D2D con-
nection setup complete message to the M-UE to fi-
nalize the D2D connection establishment. The D2D
connection setup complete message may contain a
NAS S-UE initial message as well as an optional
PLMN ID and MME ID.
6. If the NAS S-UE initial message is received from
the S-UE, the M-UE selects an MME for the S-UE
e.g. by using the PLMN ID and the MME ID, and then
transmits the D2D connection setup complete mes-
sage including the NAS S-UE initial message to the
MME via the serving eNB. If the NAS S-UE initial
message is not received from the S-UE via the D2D
connection setup complete message, the M-UE may
configure the UE autonomous mode and then notify
this mode to the serving eNB.
7. The serving eNB (and also the M-UE) receives S-
UE context from the MME. The S-UE context may
contain QoS information, security information, S-UE
capability information, and so on, like normal UE con-
text which is stored in the MME for registered UE.
8. The serving eNB initiates a security mode com-
mand procedure and a DRB setup procedure for this
D2D connection. An SMC message and a D2D con-
nection reconfiguration message are transmitted
from the serving eNB to the S-UE via the M-UE. The
serving eNB uses the S-CRNTI to identify the S-UE
that should receive the SMC message and the D2D
connection reconfiguration message. As a result of
those procedures, the S-UE and the M-UE are ready
for D2D transmission over DRBs over the secure
D2D connection.

[0080] FIG. 14 shows another example of a D2D con-
nection establishment for an E-UTRAN planned mode
according to an embodiment of the present invention.

1. It is assumed that the S-UE is connected to the
S-UE serving eNB and the M-UE is connected to the
M-UE serving eNB. Thus, the S-UE and the M-UE
are in RRC_CONNECTED. The M-UE serving eNB
has M-UE context. The S-UE serving eNB has S-UE
context. The M-UE serving eNB may broadcast D2D
control information that includes a set of D-BCCH
resources and a set of D2D random access resourc-
es including a set of D2D RAPIDs.
2a. eNBs may exchange information about D2D con-
nection. For instance, the M-UE serving eNB may
inform the S-UE serving eNB of the D2D connection
such as information on UEs connected to the M-UE
serving eNB (e.g. list of UE identities) and a D2D
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mode. Likewise, the S-UE serving eNB may inform
the M-UE serving eNB of the D2D connection such
as information on UEs connected to the M-UE serv-
ing eNB (e.g. list of UE identities) and a D2D mode.
2b. eNB may share the exchanged information with
UEs connected to this eNB. The UEs may use this
information to detect neighboring UEs for D2D con-
nection establishment.
3. The serving eNB may configure one or more UE
for D2D connection via an RRC message on the
BCCH or the DCCH. When the serving eNB config-
ures D2D connection, it may indicate which D2D
mode the UE should operate in, i.e., a UE autono-
mous mode or an E-UTRAN planned mode. It is as-
sumed that the E-UTRAN planned mode is config-
ured.
The RRC message may also include a D2D common
configuration, and a D2D DRX configuration. The
D2D common configuration may include configura-
tions of common channels used over the D2D con-
nection, such as D-RACH, D-BCCH and D-CCCH.
The D2D DRX configuration may contain a possible
DRX configuration which may be used for one or
more D2D connections.
4. The M-UE broadcasts a control signal on the D-
BCCH by using D-BCCH configuration contained in
the D2D common configuration based on the D2D
control information. Some of D2D common configu-
ration may be broadcast over the D-BCCH, hopefully
up to the S-UE.
The S-UE may receive the D2D control information
from the serving eNB or another eNB. By using the
D2D control information, the S-UE may detect the
M-UE via the D-BCCH. The S-UE may acquire some
of the D2D common configuration from the D-BCCH,
such as configurations of D-RACH and D-CCCH.
5a. When the S-UE detects the M-UE, an RRC layer
of the S-UE informs this detection to upper layers of
the S-UE. A NAS layer of the S-UE may request the
RRC layer of the S-UE to make a D2D connection.
The S-UE transmits a D2D connection request mes-
sage to the M-UE. The D2D connection request mes-
sage may include an S-UE identity. Then, the S-UE
receives a D2D connection setup message from the
M-UE. The D2D connection setup message may in-
clude an S-CRNTI and an M-UE serving cell ID.
5b. In the E-UTRAN planned mode, the M-UE may
transfer the received D2D connection request mes-
sage including the S-UE identity to the serving eNB.
That is, a D2D related message including an identity
of the S-UE is transmitted from the M-UE to the serv-
ing eNB, as shown in FIG. 10. Then, if the serving
eNB transmits a D2D connection setup message to
the M-UE, the M-UE transmits the received D2D con-
nection setup message to S-UE.
The serving eNB may allocate an S-CRNTI for this
the S-UE via the D2D connection setup message.
That is, a D2D related message including an identity

of the S-UE is transmitted from the serving eNB to
the M-UE, as shown in FIG. 11. The M-UE uses this
S-CRNTI to identify this S-UE in a later message.
5c. After receiving the D2D connection setup mes-
sage from the M-UE, the S-UE transmits a D2D con-
nection setup complete message to the M-UE to fi-
nalize the D2D connection establishment. The D2D
connection setup complete message may contain
an S-UE serving cell ID. The M-UE delivers the re-
ceived D2D connection setup complete message to
the M-UE serving eNB.
6a. If the S-UE serving cell ID is received from the
S-UE via the M-UE, the M-UE serving eNB searches
the S-UE serving eNB for the S-UE by using the S-
UE serving cell ID, and then transmits a D2D UE
context request message to the S-UE serving eNB.
The D2D UE context request message may include
the S-UE identity and the S-UE serving cell ID. If the
S-UE serving cell ID is not received, but a NAS S-
UE initial message is received from the S-UE via the
D2D connection setup complete message, the M-
UE may follow the procedure shown in FIG. 13. If
the S-UE serving cell ID and the NAS S-UE initial
message are not received from the S-UE, the M-UE
may configure the UE autonomous mode and then
notify this mode to the M-UE/S-UE serving eNB.
6b. When the D2D UE context request message is
received from the M-UE serving eNB, the S-UE serv-
ing eNB transmits a D2D UE context response mes-
sage including the S-UE identity and S-UE context
to the M-UE serving eNB. The M-UE serving eNB
may transmit the received S-UE context to the M-
UE. The S-UE context may contain QoS information,
security information, S-UE capability Information,
and so on, like normal UE context which is stored in
an MME for registered UE. The M-UE may receive
the S-UE context from the MME via the M-UE serving
eNB.
7. The serving eNB initiates a security mode com-
mand procedure and a DRB setup procedure for this
D2D connection. An SMC message and a D2D con-
nection reconfiguration message are transmitted
from the serving eNB to the S-UE via the M-UE. The
serving eNB uses the S-CRNTI to identify the S-UE
that should receive the SMC message and the D2D
connection reconfiguration message. As a result of
those procedures, the S-UE and the M-UE are ready
for D2D transmission over DRBs over the secure
D2D connection.

[0081] FIG. 15 shows an example of a D2D data trans-
mission for an E-UTRAN planned mode according to an
embodiment of the present invention. It is assumed that
the M-UE and the S-UE have a D2D connection, and the
M-UE and the serving eNB have an RRC connection.

1. The serving eNB allocates an M-CRNTI and an
S-CRNTI for the M-UE and the SUE, respectively on
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a DCCH. Also, the serving eNB may allocate D2D
radio resources. The M-UE may transmit the M-
CRNTI, the S-CRNTI, and the D2D radio resources
to the S-UE on a D-BCCH or a D-DCCH.
2. The S-UE may report D2D channel status infor-
mation (CSI) to the M-UE in order to inform the M-
UE of channel quality of the D2D connection be-
tween the M-UE and the S-UE such as reference
signal received quality (RSRQ) and reference signal
received power (RSRP). Thus, the M-UE may have
the following types of CSI:

- CSI for RRC connection that the M-UE creates
(CSI for M-UE)

- CSI for D2D DL connection that the S-UE cre-
ates (D2D DL CSI for S-UE)

- CSI for D2D UL connection that the M-UE cre-
ates (D2D UL CSI for M-UE)

3. The M-UE may report the CSI to the serving eNB.
When a physical layer of the M-UE transmits the CSI,
the M-UE indicates the type of CSI, i.e. one of CSI
type described above, to the serving eNB.
If the D2D CSI is transmitted to the serving eNB, the
M-UE may also indicate an S-CRNTI. That is, a D2D
related message including an identity of the S-UE is
transmitted from the M-UE to the serving eNB, as
shown in FIG. 10.
4. A MAC layer of the S-UE may report a BSR or a
PHR to the M-UE, via MAC control element, in order
to inform the M-UE of a buffer status of the S-UE or
a power headroom over the D2D connection. Thus,
the M-UE may have the following types of BSR/PHR:

- BSR/PHR for RRC connection that the M-UE
creates (BSR/PHR for M-UE)

- BSR/PHR for D2D DL connection that the M-UE
creates (D2D DL BSR/PHR for M-UE)

- BSR/PHR for D2D UL connection that the S-UE
creates (D2D UL BSR/PHR for SUE)

5. The M-UE may report the BSR/PHR to the serving
eNB. When a MAC layer of the M-UE transmits the
BSR/PHR, the M-UE indicates the type of BSR/PHR,
i.e. one of BSR/PHR type described above, to the
serving eNB, e.g. in header of a MAC protocol data
unit (PDU) or a MAC control element.
If the D2D BSR/PHR is transmitted to the serving
eNB, the M-UE may also indicate an S-CRNTI, e.g.
in header of the MAC PDU or the MAC control ele-
ment. That is, a D2D related message including an
identity of the S-UE is transmitted from the M-UE to
the serving eNB, as shown in FIG. 10.
6. The serving eNB may grant D2D DL resources to
the M-UE, based on the D2D DL BSR/PHR/CSI with
indication of an M-CRNTI on a PDCCH. The M-UE
performs D2D data transmission by using the grant-
ed D2D DL resources. When the M-UE transmits

D2D DL data to the S-UE, the M-UE may indicate
the S-CRNTI with the granted D2D DL resources on
a D-PDCCH. When the S-CRNTI is indicated in the
D-PDCCH, the S-UE receives the D2D DL data via
the D2D DL resources.
7. The serving eNB may grant D2D UL resources to
the M-UE, based on the D2D UL BSR/PHR/CSI with
indication of the M-CRNTI or the S-CRNTI on the
PDCCH. Then, the M-UE transmits the granted D2D
UL resources to the S-UE by indicating the S-CRNTI
on the D-PDCCH. When the S-UE transmits D2D
UL data to the M-UE, the S-UE may transmit the D2D
UL data via the granted D2D UL resources.

[0082] FIG. 16 shows an example of D2D mobility from
an M-UE to a target eNB in a UE autonomous mode
according to an embodiment of the present invention.

1. The M-UE may configure measurement on neigh-
boring cells or neighboring D2D UEs via a D2D con-
nection reconfiguration message. Based on the D2D
measurement configuration, the S-UE performs
measurement on neighboring cells and then may re-
port measurement results including quality of re-
ceived signals from neighboring cells or neighboring
D2D UEs via a D2D measurement report message.
2. For D2D connection in the UE autonomous mode,
the M-UE may make decision on handover of the S-
UE to the target eNB, e.g. based on the measure-
ment report. If the M-UE makes handover decision,
the M-UE transmits a D2D handover request mes-
sage to the serving eNB.
The D2D handover request message includes a tar-
get cell ID, a D2D configuration used for the D2D
connection between the M-UE and the S-UE, and
an S-UE identity, e.g. S-CRNTI1. That is, a D2D re-
lated message including an identity of the S-UE is
transmitted from the M-UE to the serving eNB, as
shown in FIG. 10.
3. For handover, the serving eNB transmits a hando-
ver required message including the D2D configura-
tion and the S-CRNTI1 to the MME. Then the MME
transmits a handover request to the target eNB. If
the target eNB accepts the handover request, the
target eNB transmits a handover command mes-
sage to the serving eNB via the MME. The handover
command message includes mobility control infor-
mation, an S-UE identity for the D2D connection (S-
CRNTI1) and an S-UE identity allocated by the target
eNB (S-CRNTI2).
The handover command message is transported to
the S-UE via the serving eNB and the M-UE. The M-
UE receives the handover command message from
the serving eNB, and transmits a D2D connection
reconfiguration message to the S-UE. That is, a D2D
related message including an identity of the S-UE is
transmitted from the serving eNB to the M-UE, as
shown in FIG. 11.
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4. After receiving the handover command message,
the S-UE transmits an RRC connection reconfigura-
tion complete (or handover complete) message to
the target eNB. The handover complete message
includes the S-CRNTI2, a D2D mobility indication,
and a NAS initial UE message. The D2D mobility
indication informs the target eNB that this handover
corresponds to D2D handover. The NAS Initial UE
message such as a service request is transported
to the MME. Afterwards, the target eNB performs
security activation via a security mode command
procedure and sets up DRBs.

[0083] FIG. 17 shows an example of D2D mobility from
an M-UE to a target eNB in an E-UTRAN planned mode
according to an embodiment of the present invention.

1. The serving eNB may configure a D2D measure-
ment on neighboring cells or neighboring D2D UEs
via an RRC connection reconfiguration message
transmitted to the M-UE. The D2D measurement
configuration is transferred from the M-UE to the S-
UE.
In addition, the RRC connection reconfiguration
message may include an S-CRNTI1. That is, a D2D
related message including an identity of the S-UE is
transmitted from the serving eNB to the M-UE, as
shown in FIG. 11.
2. Based on the D2D measurement configuration,
the S-UE performs measurement on neighboring
cells and then may report measurement results in-
cluding quality of received signals from neighboring
cells or neighboring D2D UEs via a D2D measure-
ment report message transmitted to the M-UE. The
D2D measurement report message is transported
from the M-UE to the serving eNB.
In addition, the D2D measurement report message
may include the S-CRNTI1. That is, a D2D related
message including an identity of the S-UE is trans-
mitted from the M-UE to the serving eNB, as shown
in FIG. 10.
3. For D2D connection in the E-UTRAN planned
mode, the serving eNB may make decision on
handover of the S-UE to the target eNB, e.g. based
on the measurement report. If the serving eNB
makes handover decision, the serving eNB transmits
a D2D handover request message to the target eNB.
The D2D handover request message includes a tar-
get cell ID, a D2D radio configuration used for the
D2D connection between the M-UE and the S-UE,
and an S-UE identity, e.g. S-CRNTI1.
4. If the target eNB accepts the handover request,
the target eNB transmits a handover command mes-
sage to the serving eNB. The handover command
message includes mobility control information, an S-
UE identity for the D2D connection (S-CRNTI1) and
an S-UE identity allocated by the target eNB (S-
CRNTI2).

The handover command message is transported to
the S-UE via the serving eNB and the M-UE. The
serving eNB transmits an RRC connection reconfig-
uration message to the M-UE, and the M-UE trans-
mits a D2D connection reconfiguration message to
the S-UE. That is, a D2D related message including
an identity of the S-UE is transmitted from the serving
eNB to the M-UE, as shown in FIG. 11.
5. After receiving the D2D connection reconfigura-
tion message, the S-UE transmits an RRC connec-
tion reconfiguration complete (or handover com-
plete) message to the target eNB. The handover
complete message includes the S-CRNTI2, and a
D2D mobility indication. The D2D mobility indication
informs the target eNB that this handover corre-
sponds to D2D handover.

[0084] FIG. 18 shows another example of D2D mobility
from an M-UE to a target eNB in an E-UTRAN planned
mode according to an embodiment of the present inven-
tion.

1. The serving eNB may inform the M-UE of neigh-
boring cell information, such as carrier frequencies
and cell identities of neighboring cells. The M-UE
may share this neighboring cell information with one
or more S-UEs via a BCCH or a DCCH. UEs may
use this information to make connections with eNBs.
2a. If the S-UE finds a suitable cell and should es-
tablish an RRC connection, rather than D2D connec-
tion, the S-UE may transmits a D2D connection re-
lease request message to the M-UE for D2D con-
nection. The D2D connection release request mes-
sage includes information on target frequency/cell
and release cause set to ’mobility’ .
2b. For D2D connection in the E-UTRAN planned
mode, upon reception of the D2D connection release
request message, the M-UE transmits a D2D mobil-
ity request message including the target frequen-
cy/cell information and an S-UE identity to the serv-
ing eNB. That is, a D2D related message including
an identity of the S-UE is transmitted from the M-UE
to the serving eNB, as shown in FIG. 10.
The serving eNB finds the target eNB based on the
target frequency/cell information, and then transmits
a handover request message to the target eNB. The
handover request message includes a D2D radio
configuration used for the D2D connection between
the M-UE and the S-UE, and the S-UE Identity, e.g.
S-CRNTI1.
3. If the target eNB accepts this mobility, the target
eNB transmits a handover request acknowledge
(ACK) message to the serving eNB, and then the
serving eNB transmits a D2D mobility confirm mes-
sage including the S-UE identity to the M-UE. That
is, a D2D related message including an identity of
the S-UE is transmitted from the serving eNB to the
M-UE, as shown in FIG. 11.
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4. After receiving the D2D mobility confirm message
from the serving eNB, the M-UE transmits a D2D
connection release message to the S-UE. The D2D
connection release message may include redirec-
tion information indicating redirected carrier frequen-
cy or redirected cell. The redirection information may
include a target cell ID. The S-UE may perform cell
reselection based on the redirection information.
5. If the S-UE selects a cell, the S-UE may transmit
an RRC connection reestablishment request mes-
sage to the target eNB controlling the selected cell.
The RRC connection reestablishment request mes-
sage or the RRC connection reestablishment com-
plete message may include the S-UE identity and a
reestablishment cause indicating D2D mobility.

[0085] FIG. 19 is a block diagram showing wireless
communication system to implement an embodiment of
the present invention.
[0086] An eNB 800 may include a processor 810, a
memory 820 and a radio frequency (RF) unit 830. The
processor 810 may be configured to implement proposed
functions, procedures and/or methods described in this
description. Layers of the radio interface protocol may
be implemented in the processor 810. The memory 820
is operatively coupled with the processor 810 and stores
a variety of information to operate the processor 810.
The RF unit 830 is operatively coupled with the processor
810, and transmits and/or receives a radio signal.
[0087] A UE 900 may include a processor 910, a mem-
ory 920 and a RF unit 930. The processor 910 may be
configured to implement proposed functions, procedures
and/or methods described in this description. Layers of
the radio interface protocol may be implemented in the
processor 910. The memory 920 is operatively coupled
with the processor 910 and stores a variety of information
to operate the processor 910. The RF unit 930 is opera-
tively coupled with the processor 910, and transmits
and/or receives a radio signal.
[0088] The processors 810, 910 may include applica-
tion-specific integrated circuit (ASIC), other chipset, logic
circuit and/or data processing device. The memories 820,
920 may include read-only memory (ROM), random ac-
cess memory (RAM), flash memory, memory card, stor-
age medium and/or other storage device. The RF units
830, 930 may include baseband circuitry to process radio
frequency signals. When the embodiments are imple-
mented in software, the techniques described herein can
be implemented with modules (e.g., procedures, func-
tions, and so on) that perform the functions described
herein. The modules can be stored in memories 820, 920
and executed by processors 810, 910. The memories
820, 920 can be implemented within the processors 810,
910 or external to the processors 810, 910 in which case
those can be communicatively coupled to the processors
810, 910 via various means as is known in the art.
[0089] In view of the exemplary systems described
herein, methodologies that may be implemented in ac-

cordance with the disclosed subject matter have been
described with reference to several flow diagrams. While
for purposed of simplicity, the methodologies are shown
and described as a series of steps or blocks, it is to be
understood and appreciated that the claimed subject
matter is not limited by the order of the steps or blocks,
as some steps may occur in different orders or concur-
rently with other steps from what is depicted and de-
scribed herein. Moreover, one skilled in the art would
understand that the steps illustrated in the flow diagram
are not exclusive and other steps may be included or one
or more of the steps in the example flow diagram may
be deleted without affecting the scope of the present dis-
closure.

Claims

1. A method performed by a first wireless device in a
wireless communication system, the method com-
prising:

generating at least one of a first type of buffer
status report, BSR, for uplink transmission from
the first wireless device to a network, or a second
type of BSR for device-to-device, D2D, trans-
mission from the first wireless device to a second
wireless device; and
transmitting at least one of the first type of BSR
or the second type of BSR via a media access
control, MAC, protocol data unit, PDU, to the
network,
wherein a header of the MAC PDU informs a
type of BSR among the first type of BSR and the
second type of BSR, and
wherein the first wireless device is configured
with a network planned mode in which the net-
work is responsible for radio resources for the
D2D transmission.

2. The method of claim 1, further comprising receiving
a third type of BSR for a D2D transmission from the
second wireless device to the first wireless device,
via a MAC PDU from the second wireless device.

3. The method of any claims 1 or 2, wherein the header
of the MAC PDU further informs a cell radio network
temporary identity, C-RNTI, allocated for the second
wireless device.

4. The method of any claims of 1 to 3, further comprising
receiving a grant of resources for the D2D transmis-
sion from the first wireless device to the second wire-
less device from the network.

5. The method of claim 4, further comprising receiving
information on a C-RNTI allocated for the first wire-
less device.
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6. The method of claim 4, further comprising performing
the D2D transmission to the second wireless device
based on the received grant of the resources for the
D2D transmission.

7. A first wireless device (900) in a wireless communi-
cation system, comprising:

a memory (920);
a radio frequency, RF, unit (930); and
a processor (910), coupled to the memory (920)
and the RF unit (930), and
configured to:

generate at least one of a first type of buffer
status report, BSR, for uplink transmission
from the first wireless device to a network,
or a second type of BSR for device-to-de-
vice, D2D, transmission from the first wire-
less device to a second wireless device; and
control the RF unit to transmit at least one
of the first type of BSR or the second type
of BSR via a media access control, MAC,
protocol data unit, PDU, to the network,
wherein a header of the MAC PDU informs
a type of BSR among the first type of BSR
and the second type of BSR, and
wherein the first wireless device is config-
ured with a network planned mode in which
the network is responsible for radio resourc-
es for the D2D transmission.

8. The first wireless device (900) of claim 7, wherein
the processor is configured to carry out the method
of any claims 2 to 6.

Patentansprüche

1. Ein Verfahren, das von einem ersten drahtlosen Ge-
rät in einem drahtlosen Kommunikationssystem
durchgeführt wird, wobei das Verfahren umfasst:

Erzeugen mindestens eines von einem ersten
Pufferstatusbericht, BSR, -Typ zur Uplink-Über-
tragung von dem ersten drahtlosen Gerät zu ei-
nem Netzwerk oder einem zweiten BSR-Typs
zur Gerät-zu-Gerät, D2D, -Übertragung von
dem ersten drahtlosen Gerät zu einem zweiten
drahtlosen Gerät; und
Übertragen von mindestens einem des ersten
BSR-Typs oder des zweiten BSR-Typs über ei-
ne Medienzugriffskontrolle, MAC, Protokollda-
teneinheit, PDU, an das Netzwerk,
wobei ein Header der MAC PDU einen BSR-Typ
aus dem ersten BSR-Typ und dem zweiten
BSR-Typ informiert, und
wobei das erste drahtlose Gerät mit einem Netz-

werkplanungsmodus konfiguriert ist, in dem das
Netzwerk für Funkressourcen für die D2D-Über-
tragung verantwortlich ist.

2. Verfahren nach Anspruch 1, ferner umfassend das
Empfangen eines dritten BSR-Typs für eine D2D-
Übertragung von dem zweiten drahtlosen Gerät zu
dem ersten drahtlosen Gerät über eine MAC PDU
von dem zweiten drahtlosen Gerät.

3. Das Verfahren nach einem der Ansprüche 1 oder 2,
wobei der Header der MAC-PDU ferner eine cell ra-
dio network temporary identity, C-RNTI, informiert,
die für das zweite drahtlose Gerät zugewiesen ist.

4. Das Verfahren nach einem der Ansprüche 1 bis 3,
ferner umfassend das Empfangen einer Bewilligung
von Ressourcen für die D2D-Übertragung von dem
ersten drahtlosen Gerät zu dem zweiten drahtlosen
Gerät von dem Netzwerk.

5. Das Verfahren nach Anspruch 4, ferner umfassend
das Empfangen von Informationen über ein C-RNTI,
das für das erste drahtlose Gerät zugewiesen ist.

6. Verfahren nach Anspruch 4, ferner umfassend das
Durchführen der D2D-Übertragung an das zweite
drahtlose Gerät auf der Grundlage der empfangenen
Bewilligung der Ressourcen für die D2D-Übertra-
gung.

7. Ein erstes drahtloses Gerät (900) in einem drahtlo-
sen Kommunikationssystem, umfassend:

einen Speicher (920);
eine Hochfrequenzeinheit, HF, (930; und
einen Prozessor (910), der mit dem Speicher
(920) und der HF-Einheit (930)
gekoppelt und konfiguriert ist:
mindestens einen aus einem ersten Puffersta-
tusbericht, BSR, -Typ zur Uplink-Übertragung
von dem ersten drahtlosen Gerät zu einem Netz-
werk oder einem zweiten BSR-Typs zur Gerät-
zu-Gerät, D2D, -Übertragung von dem ersten
drahtlosen Gerät zu einem zweiten drahtlosen
Gerät zu erzeugen; und
die HF-Einheit zu steuern, mindestens einen
des ersten BSR-Typs oder des zweiten BSR-
Typs über eine Medienzugriffskontrolle, MAC,
Protokolldateneinheit, PDU, an das Netzwerk zu
übertragen,
wobei ein Header der MAC PDU einen BSR-Typ
aus dem ersten BSR-Typ und dem zweiten
BSR-Typ informiert, und
wobei das erste drahtlose Gerät mit einem Netz-
werkplanungsmodus konfiguriert ist, in dem das
Netzwerk für Funkressourcen für die D2D-Über-
tragung verantwortlich ist.
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8. Das erste drahtlose Gerät (900) nach Anspruch 7,
wobei der Prozessor konfiguriert ist, das Verfahren
nach einem der Ansprüche 2 bis 6 durchzuführen.

Revendications

1. Procédé exécuté par un premier dispositif sans fil
dans un système de communication sans fil, le pro-
cédé consistant à :

générer au moins l’un parmi un premier type de
rapport d’état de mémoire tampon, BSR, pour
une transmission en liaison montante du pre-
mier dispositif sans fil à un réseau, et un deuxiè-
me type de BSR pour une transmission de dis-
positif à dispositif, D2D, du premier dispositif
sans fil à un second dispositif sans fil ; et
transmettre l’au moins un parmi le premier type
de BSR et le deuxième type de BSR par l’inter-
médiaire d’une unité de données de protocole,
PDU, de contrôle d’accès au support, MAC, au
réseau,
un en-tête de la PDU MAC informant d’un type
de BSR parmi le premier type de BSR et le
deuxième type de BSR, et
le premier dispositif sans fil étant configuré dans
un mode planifié de réseau dans lequel le ré-
seau est responsable de ressources radio pour
la transmission D2D.

2. Procédé selon la revendication 1, comprenant en
outre la réception d’un troisième type de BSR pour
la transmission D2D à partir du second dispositif
sans fil au premier dispositif sans fil, par l’intermé-
diaire d’une PDU MAC à partir du second dispositif
sans fil.

3. Procédé selon l’une quelconque des revendications
1 ou 2, dans lequel l’en-tête de la PDU MAC informe
en outre d’une identité temporaire de réseau radio
cellulaire, C-RNTI, allouée pour le second dispositif
sans fil.

4. Procédé selon l’une quelconque des revendications
1 à 3, comprenant en outre la réception d’une auto-
risation de ressources pour la transmission D2D du
premier dispositif sans fil au second dispositif sans
fil à partir du réseau.

5. Procédé selon la revendication 4, comprenant en
outre la réception d’informations sur une C-RNTI al-
louée pour le premier dispositif sans fil.

6. Procédé selon la revendication 4, comprenant en
outre la réalisation de la transmission D2D au se-
cond dispositif sur la base de l’autorisation reçue des
ressources pour la transmission D2D.

7. Premier dispositif sans fil (900) dans un système de
communication sans fil, comprenant :

une unité radiofréquence, RF, (930) ; et
un processeur (910) couplé à la mémoire (920)
et à l’unité RF (930), et configuré pour :

générer au moins l’un parmi un premier type
de rapport d’état de mémoire tampon, BSR,
pour une transmission en liaison montante
du premier dispositif sans fil au réseau, ou
un deuxième type de BSR pour une trans-
mission de dispositif à dispositif, D2D, du
premier dispositif sans fil à un second dis-
positif sans fil ; et
amener l’unité RF à transmettre l’au moins
un parmi le premier type de BSR ou le
deuxième type de BSR par l’intermédiaire
d’une unité de données de protocole, PDU,
de contrôle d’accès au support, MAC, au
réseau,
un en-tête de la PDU MAC informant d’un
type de BSR parmi le premier type de BSR
et le deuxième type de BSR, et
le premier dispositif sans fil étant configuré
dans un mode planifié de réseau dans le-
quel le réseau est responsable de ressour-
ces radio pour la transmission D2D.

8. Premier dispositif sans fil (900) selon la revendica-
tion 7, dans lequel le processeur est configuré pour
exécuter le procédé selon l’une quelconque des re-
vendications 2 à 6.
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