US 20170013657A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2017/0013657 A1

JUNG et al.

(43) Pub. Date:

Jan. 12, 2017

(54)

(71)

(72)

@
(22)

(86)

(60)

METHOD FOR DEVICE-TO-DEVICE (D2D)
OPERATION PERFORMED BY TERMINAL
IN WIRELESS COMMUNICATION SYSTEM,
AND TERMINAL USING THE METHOD

Applicant: LG ELECTRONICS INC., Seoul
(KR)

Inventors: Sunghoon JUNG, Seoul (KR);
Hanbyul SEO, Seoul (KR)

61/988,924, filed on May 6, 2014, provisional appli-
cation No. 62/075,813, filed on Nov. 5, 2014.

Publication Classification

Appl. No.: 15/125,893

PCT Filed: Mar. 30, 2015

PCT No.: PCT/KR2015/003129
§ 371 (e)(D),

(2) Date: Sep. 13, 2016

Related U.S. Application Data

Provisional application No. 61/972,113, filed on Mar.
28, 2014, provisional application No. 61/986,124,
filed on Apr. 30, 2014, provisional application No.

(51) Int. CL
HO4W 76/02 (2006.01)
HO4W 76/04 (2006.01)
HO4W 48/16 (2006.01)
HO4W 72/04 (2006.01)
(52) US.CL
CPC ... HO4W 76/023 (2013.01); HO4W 72/0453
(2013.01); HO4W 76/046 (2013.01); HO4W
48/16 (2013.01)
(57) ABSTRACT

Provided are a method for a device-to-device (D2D) opera-
tion performed by a terminal in a wireless communication
system, and a terminal using the method. The method
comprises: the terminal generating D2D band information
which indicates a frequency band supporting the D2D
operation; and transmitting the D2D band information to a

network.

MME/S-GW MME/S-GW
LN
[ t—30
SIS s1/ is1 .
20 20
N X [T
‘\\ / E'UTRAN
BS BS




Patent Application Publication  Jan. 12,2017 Sheet 1 of 20
MME/S-GW MME/S-GW
- —30 “T—30
sl \s1 s1/ ISt .
20 20
N\ X2
> E-UTRAN
BS 20 / BS
X2\ /X2
/
BS

US 2017/0013657 Al



Patent Application Publication

Jan. 12,2017 Sheet 2 of 20

FIG. 2

US 2017/0013657 Al

UE

BS
PDCP PDCP
RLC RLC
MAC MAC
PHY PHY




Patent Application Publication  Jan. 12,2017 Sheet 3 of 20 US 2017/0013657 A1
FIG. 3
UE BS MME

NAS - NAS

RRC - RRC

PDCP —| PDCP

RLC ~1 RLC

MAC - MAC

PHY ~  PHY




Patent Application Publication

SIGNAL
MEASUREMENT

Jan. 12,2017 Sheet 4 of 20 US 2017/0013657 Al
SELECT CONNECTION
~5410

NETWORK (PLMN) AND RADIO
4 COMMUNICATION METHOD (RAT)

/ Initial Cell Selection

~5420

IS NETWORK
REGISTRATION
REQUIRED?

PERFORM NETWORK REGISTRATION
(NAS PROCEDURE) 5430
\ Cell Reselection
~S440
No Yes

IS NEW CELL SELECTED?




Patent Application Publication  Jan. 12,2017 Sheet 5 of 20 US 2017/0013657 A1

FIG. 5

UE NETWORK

RRC CONNECTION REQUEST s510

RRC CONNECTION CONFIGURATION A 5520

COMPLETION OF RRC CONNECTION CONFIGURATION _|

~S530




Patent Application Publication  Jan. 12,2017 Sheet 6 of 20 US 2017/0013657 A1

FIG. 6

UE NETWORK

RRC CONNECTION RECONFIGURATION 5610

COMPLETION OF RRC CONNECTION
RECONFIGURATION

+1~-5620




Patent Application Publication  Jan. 12,2017 Sheet 7 of 20 US 2017/0013657 A1

START) - - - RRC CONNECTION STATE
STOP USING ALL RBS (EXCEPT FORSRBO) | .
AND INITIALIZE AS LAYER ~
|
PERFORM CELL SELECTION L5720
\
DETERMINE WHETHER
SELECTED CELL IS SUITABLE ~S730
IS SUITABLE E-UTRAN CELL NO
SELECTED?
TRANSMIT RRC CONNECTION <740
REESTABLISHMENT REQUEST MESSAGE [~

IS RRC CONNECTION
REESTABLISHMENT MESSAGE
RECEIVED?

NO

ENTER RRC IDLE STATE  }~S750

TRANSMIT RRC CONNECTION
REESTABLISHMENT COMPLETION MESSAGE |~>760

Y

(END )




Patent Application Publication  Jan. 12, 2017 Sheet 8 of 20 US 2017/0013657 A1

FIG. 8

initial cell selection | [—— S801

Camped Normally ~ —— S803 Any cell selection  |—— 5802

cell reselection —— 5804

evaluation process

Camped on any cell [——S805

cell reselection | [ 5806

evaluation process




US 2017/0013657 Al

LDd
|
92d —
IS

o NOLLYITddY uoIPUN 8S0.d | an
< 950id ¢d €Jd WYH904d
- NOLLYDIddY
o nN-4.171 95044
2 ¥d -+ §7d -
r~
S
S
- | Jdi3 Nvd1lN-3 n
m 195 LS NN-317 WY490Yd

NOLLYDIddY

950.d

6 Dl

Patent Application Publication



Patent Application Publication  Jan. 12,2017 Sheet 10 of 20  US 2017/0013657 Al

UE B

UE A

(b)
d

FIG. 10

UEB
/UEB
UE A

(©)

(@)

UE A




Patent Application Publication

FIG. 11

Jan. 12,2017 Sheet 11 of 20

UEA

PDCP

UE B

RLC

PDCP

MAC

RLC

PHY

MAC

PC5

PHY

US 2017/0013657 Al



Patent Application Publication

Jan. 12,2017 Sheet 12 of 20

FIG. 12

UEA

ProSe Protocol

US 2017/0013657 Al

UE B

ProSe Protocol

MAC

MAC

PHY

PC5

PHY




A4IA0ISIA IINNONNY 96

US 2017/0013657 Al

Q1 AV NOILYOITddV OL d3ddviN
3003 NOISSTIdXT IARDTY 6

3504d IDNNONNY 4L

N0 AEAOISIA LVLS 3002 NOISST4d)d 40
QNY 300) NOISSTIXA TUINDY '8 ININTINNONNY L¥V1S e
NGO RIEN0SIA LIVLS L
VY90¥d NOLLYOIddv siafeT
TIEVIVAY-350ig 4doe 3000 NOISS3idia ANV QI 4341 NOLLYDITddy
= NZIML38 T18VL ONIddv JLVENDD 9

300D NOISSIdXT OL ANOdSTY 9

3000

Q1 43IAYT NOILYOINddY dYN 9%

NOISSTdX3 O1

Jan. 12,2017 Sheet 13 of 20

Y313IAVHYd DNIddYIN HINDIY 8§

3003 NOISSTIdX3 IARDTY 9

3000 NOISSTHX3 1SINDH ¥

300D NOISSTHdX3 LSINDTY '€

Janas uonedijddy
Aued-pig 1o Jojesadp

(LS AN TINDDY 2 |
NOILYDINNIAINOD ¥3AVT NOILYDITddY ¥vInOR |
_ _
JENERS siokeT INV4D04d NOLLYDIddY
a501d ddog T1AVIIVAY-3501d

Patent Application Publication

¢l Ol

v-an



US 2017/0013657 Al

Jan. 12, 2017 Sheet 14 of 20

Patent Application Publication

(7 TYNINYL 40 QI WV¥90¥d NOILYDI1ddY)

AY43IA0DSIA 130¥VL OL n_zon__mm_m R4

(€ TYNIWY3L 40 dI WW¥90¥d NOILYDITddV)

A43IN0DSIA ._.m_wm_<.__. OL ANOdS3Y 9¢

(¢ TYNIW¥3L 40 dI WWV¥D0¥d NOILYDITddY)
A43A0DSIA ._.m_wm_7._. OL ANOdS3Y ‘&g

39VSSIN 1SINDIY AYIAODSIA 13IDUVL SLSYDAVOYd | TWNIWYIL 'L

{(Jaquisw-uou)
San

(231970251p)
van

(9319M008IP) (9213M008IP) (1219n0051p)
€an aan 13N

1l DI



Patent Application Publication  Jan. 12,2017 Sheet 15 of 20  US 2017/0013657 A1

FIG. 15

(START)

Y

Generate the UE-capability information

that includes the D2D band information ——5210

indicating the band in which the
D2D operation is supported

Y

Transmit the UE-capability
information to a network

Y

(END )

——S220




Patent Application Publication  Jan. 12,2017 Sheet 16 of 20  US 2017/0013657 Al

FIG. 16
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FIG. 17
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FIG. 18
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METHOD FOR DEVICE-TO-DEVICE (D2D)

OPERATION PERFORMED BY TERMINAL

IN WIRELESS COMMUNICATION SYSTEM,
AND TERMINAL USING THE METHOD

BACKGROUND OF THE INVENTION

[0001] Field of the invention

[0002] The present invention relates to wireless commu-
nications, and more particularly, relates to a method for a
D2D operation performed by a user equipment in a wireless
communication system and a user equipment using the
method.

[0003] Related Art

[0004] In International Telecommunication Union Radio
communication sector (ITU-R), a standardization task for
International Mobile Telecommunication (IMT)-Advanced,
that is, the next-generation mobile communication system
since the third generation, is in progress. IMT-Advanced sets
its goal to support Internet Protocol (IP)-based multimedia
services at a data transfer rate of 1 Gbps in the stop and
slow-speed moving state and of 100 Mbps in the fast-speed
moving state.

[0005] For example, 3¢ Generation Partnership Project
(3GPP) is a system standard to satisfy the requirements of
IMT-Advanced and is preparing for LTE-Advanced
improved from Long Term Evolution (LTE) based on
Orthogonal Frequency Division Multiple Access (OFDMA)/
Single Carrier-Frequency Division Multiple Access (SC-
FDMA) transmission schemes. L'TE-Advanced is one of
strong candidates for IMT-Advanced.

[0006] There is a growing interest in a Device-to-Device
(D22) technology in which devices perform direct commu-
nication. In particular, D2D has been in the spotlight as a
communication technology for a public safety network. A
commercial communication network is rapidly changing to
LTE, but the current public safety network is basically based
on the 2G technology in terms of a collision problem with
existing communication standards and a cost. Such a tech-
nology gap and a need for improved services are leading to
efforts to improve the public safety network.

[0007] The public safety network has higher service
requirements (reliability and security) than the commercial
communication network. In particular, if coverage of cellu-
lar communication is not affected or available, the public
safety network also requires direct communication between
devices, that is, D2D operation.

[0008] D2D operation may have various advantages in
that it is communication between devices in proximity. For
example, D2D UE has a high transfer rate and a low delay
and may perform data communication. Furthermore, in D2D
operation, traffic concentrated on a base station can be
distributed. If D2D UE plays the role of a relay, it may also
play the role of extending coverage of a base station.
[0009] Meanwhile, a user equipment provides a network
with the user-equipment capability information that includes
the information such as the category belonged by its own,
the frequency band supported by its own, and so on. How-
ever, the conventional user-equipment capability informa-
tion does not include the information on what frequency
band the user equipment supports the D2D operation.
Accordingly, there is a difficulty in that a network configures
the frequency band for the D2D operation to the user
equipment.
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SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide a
method for a D2D operation performed by a user equipment
in a wireless communication system and a user equipment
using the method.

[0011] In one aspect, provided is a method for a device-
to-device (D2D) operation performed by a user equipment
(UE) in a wireless communication system. The method
includes generating D2D band information indicating a
frequency band in which the UE supports the D2D operation
and transmitting the D2D band information to a network.
[0012] The D2D band information may be transmitted
with being included in UE-capability information notifying
a capability of the UE.

[0013] The D2D band information may indicate one or
more frequency bands in which the D2D operation is
supported.

[0014] The one or more frequency bands in which the
D2D operation is supported may be indicated through a
separate band list that is different from a frequency band list
in which a cellular communication is supported.

[0015] The one or more frequency bands in which the
D2D operation is supported may be indicated by indicating
whether to support the D2D operation for each band in the
frequency band list in which a cellular communication is
supported.

[0016] The D2D operation may be a D2D communication
or a D2D discovery.

[0017] The D2D band information may include the infor-
mation indicating the frequency bands in which the D2D
communication is supported and the information indicating
the frequency bands in which the D2D discovery is sup-
ported, separately.

[0018] In another aspect, provided is a user equipment
(UE). The UE includes a radio frequency (RF) unit config-
ured to transmit or receive a radio signal and a processor
operatively connected to the RF unit. The processor is
configured to perform: generating D2D band information
indicating a frequency band in which the UE supports the
D2D operation and transmitting the D2D band information
to a network.

[0019] According to the present invention, a user equip-
ment notify the frequency band in which the D2D operation
is supported to a network. Accordingly, the network may
configure an appropriate frequency band for the D2D opera-
tion to the user equipment. Through this procedure, the
wasteful use of radio resource may be prevented by allo-
cating the frequency band in which the user equipment does
not support the D2D operation, as well as the reliability of
the D2D operation is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows a wireless communication system to
which the present invention is applied.

[0021] FIG. 2 is a diagram showing a wireless protocol
architecture for a user plane.

[0022] FIG. 3 is a diagram showing a wireless protocol
architecture for a control plane.

[0023] FIG. 4 is a flowchart illustrating the operation of
UE in the RRC idle state.

[0024] FIG. 5 is a flowchart illustrating a process of
establishing RRC connection.
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[0025] FIG. 6 is a flowchart illustrating an RRC connec-
tion reconfiguration process.

[0026] FIG. 7 is a diagram illustrating an RRC connection
re-establishment procedure.

[0027] FIG. 8 illustrates substates which may be owned by
UE in the RRC_IDLE state and a substate transition process.
[0028] FIG. 9 shows a basic structure for ProSe.

[0029] FIG. 10 shows the deployment examples of types
of UE performing ProSe direct communication and cell
coverage.

[0030] FIG. 11 shows a user plane protocol stack for ProSe
direct communication.

[0031] FIG. 12 shows the PC 5 interface for D2D direct
discovery.

[0032] FIG. 13 is an embodiment of a ProSe discovery
process.

[0033] FIG. 14 is another embodiment of a ProSe discov-
ery process.

[0034] FIG. 15 illustrates a D2D operation method per-

formed by a UE according to an embodiment of the present
invention.

[0035] FIG. 16 exemplifies the UE-capability information
including the D2D band information according to Method
2-a.

[0036] FIG. 17 illustrates another example of the UE-
capability information according to the present invention.
[0037] FIG. 18 illustrates a D2D operation method accord-
ing to another embodiment of the present invention.
[0038] FIG. 19 illustrates a D2D operation method per-
formed by a UE according to the present invention.

[0039] FIG. 20 is a block diagram illustrating a UE in
which the embodiments of the present invention are imple-
mented.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0040] FIG. 1 shows a wireless communication system to
which the present invention is applied. The wireless com-
munication system may also be referred to as an evolved-
UMTS terrestrial radio access network (E-UTRAN) or a
long term evolution (LTE)/LTE-A system.

[0041] The E-UTRAN includes at least one base station
(BS) 20 which provides a control plane and a user plane to
a user equipment (UE) 10. The 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 mobile terminal (MT), 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 terminol-
ogy, such as an evolved node-B (eNB), a base transceiver
system (BTS), an access point, etc.

[0042] The BSs 20 are interconnected by means of an X2
interface. The BSs 20 are also connected by means of an Si
interface to an evolved packet core (EPC) 30, more specifi-
cally, to a mobility management entity (MME) through
S1-MME and to a serving gateway (S-GW) through S1-U.
[0043] The EPC 30 includes an MME, an S-GW, and a
packet data network-gateway (P-GW). The MME has access
information of the UE or capability information of the UE,
and such information is generally used for mobility man-
agement of the UE. The S-GW is a gateway having an
E-UTRAN as an end point. The P-GW is a gateway having
a PDN as an end point.
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[0044] Layers of a radio interface protocol between the
UE and the network can be classified into a first layer (L.1),
a second layer (1.2), 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 system. Among
them, a physical (PHY) layer belonging to the first layer
provides an information transfer service by using a physical
channel, and a radio resource control (RRC) layer belonging
to the third layer serves to control a radio resource between
the UE and the network. For this, the RRC layer exchanges
an RRC message between the UE and the BS.

[0045] FIG. 2 is a diagram showing a wireless protocol
architecture for a user plane. FIG. 3 is a diagram showing a
wireless protocol architecture for a control plane. The user
plane is a protocol stack for user data transmission. The
control plane is a protocol stack for control signal transmis-
sion.

[0046] Referring to FIGS. 2 and 3, a PHY layer provides
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 upper 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 channel is classified accord-
ing to how and with what characteristics data is transferred
through a radio interface.

[0047] Data is moved between different PHY layers, that
is, the PHY layers of a transmitter and a receiver, through a
physical channel. The physical channel may be modulated
according to an Orthogonal Frequency Division Multiplex-
ing (OFDM) scheme, and use the time and frequency as
radio resources.

[0048] The functions of the MAC layer include mapping
between a logical channel and a transport channel and
multiplexing and demultiplexing to a transport block that is
provided through a physical channel on the transport chan-
nel of a MAC Service Data Unit (SDU) that belongs to a
logical channel The MAC layer provides service to a Radio
Link Control (RLC) layer through the logical channel
[0049] The functions of the RLC layer include the con-
catenation, segmentation, and reassembly of an RL.C SDU.
In order to guarantee various types of Quality of Service
(QoS) required by a Radio Bearer (RB), the RLC layer
provides three types of operation mode: Transparent Mode
(TM), Unacknowledged Mode (UM), and Acknowledged
Mode (AM). AM RLC provides error correction through an
Automatic Repeat Request (ARQ).

[0050] The RRC layer is defined only on the control plane.
The RRC layer is related to the configuration, reconfigura-
tion, and release of radio bearers, and is responsible for
control of logical channels, transport channels, and PHY
channels. An RB means a logical route that is provided by
the first layer (PHY layer) and the second layers (MAC
layer, the RLC layer, and the PDCP layer) in order to transfer
data between UE and a network.

[0051] The function of a Packet Data Convergence Pro-
tocol (PDCP) layer on the user plane includes the transfer of
user data and header compression and ciphering. The func-
tion of the PDCP layer on the user plane further includes the
transfer and encryption/integrity protection of control plane
data.

[0052] What an RB is configured means a process of
defining the characteristics of a wireless protocol layer and
channels in order to provide specific service and configuring
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each detailed parameter and operating method. An RB can
be divided into two types of a Signaling RB (SRB) and a
Data RB (DRB). The SRB is used as a passage through
which an RRC message is transmitted on the control plane,
and the DRB is used as a passage through which user data
is transmitted on the user plane.

[0053] If RRC connection is established between the RRC
layer of UE and the RRC layer of an E-UTRAN, the UE is
in the RRC connected state. If not, the UE is in the RRC idle
state.

[0054] A downlink transport channel through which data
is transmitted from a network to UE includes a broadcast
channel (BCH) through which system information is trans-
mitted and a downlink shared channel (SCH) through which
user traffic or control messages are transmitted. Traffic or a
control message for downlink multicast or broadcast service
may be transmitted through the downlink SCH, or may be
transmitted through an additional downlink multicast chan-
nel (MCH). Meanwhile, an uplink transport channel through
which data is transmitted from UE to a network includes a
random access channel (RACH) through which an initial
control message is transmitted and an uplink shared channel
(SCH) through which user traffic or control messages are
transmitted.

[0055] Logical channels that are placed over the transport
channel and that are mapped to the transport channel include
a broadcast control channel (BCCH), a paging control
channel (PCCH), a common control channel (CCCH), a
multicast control channel (MCCH), and a multicast traffic
channel (MTCH).

[0056] The physical channel includes several OFDM sym-
bols in the time domain and several subcarriers in the
frequency domain. One subframe includes a plurality of
OFDM symbols in the time domain. An RB is a resources
allocation unit, and includes a plurality of OFDM symbols
and a plurality of subcarriers. Furthermore, each subframe
may use specific subcarriers of specific OFDM symbols
(e.g., the first OFDM symbol) of the corresponding sub-
frame for a physical downlink control channel (PDCCH),
that is, an L1/L2 control channel. A Transmission Time
Interval (TTI) is a unit time for subframe transmission.
[0057] The RRC state of UE and an RRC connection
method are described below.

[0058] The RRC state means whether or not the RRC layer
of UE is logically connected to the RRC layer of the
E-UTRAN. A case where the RRC layer of UE is logically
connected to the RRC layer of the E-UTRAN is referred to
as an RRC connected state. A case where the RRC layer of
UE is not logically connected to the RRC layer of the
E-UTRAN is referred to as an RRC idle state. The
E-UTRAN may check the existence of corresponding UE in
the RRC connected state in each cell because the UE has
RRC connection, so the UE may be effectively controlled. In
contrast, the E-UTRAN is unable to check UE in the RRC
idle state, and a Core Network (CN) manages UE in the RRC
idle state in each tracking area, that is, the unit of an area
greater than a cell. That is, the existence or non-existence of
UE in the RRC idle state is checked only for each large area.
Accordingly, the UE needs to shift to the RRC connected
state in order to be provided with common mobile commu-
nication service, such as voice or data.

[0059] When a user first powers UE, the UE first searches
for a proper cell and remains in the RRC idle state in the
corresponding cell. The UE in the RRC idle state establishes

Jan. 12, 2017

RRC connection with an E-UTRAN through an RRC con-
nection procedure when it is necessary to set up the RRC
connection, and shifts to the RRC connected state. A case
where UE in the RRC idle state needs to set up RRC
connection includes several cases. For example, the cases
may include a need to send uplink data for a reason, such as
a call attempt by a user, and to send a response message as
aresponse to a paging message received from an E-UTRAN.
[0060] A Non-Access Stratum (NAS) layer placed over
the RRC layer performs functions, such as session manage-
ment and mobility management.

[0061] In the NAS layer, in order to manage the mobility
of UE, two types of states: EPS Mobility Management-
REGISTERED (EMM-REGISTERED) and EMM-
DEREGISTERED are defined. The two states are applied to
UE and the MME. UE is initially in the EMM-DEREGIS-
TERED state. In order to access a network, the UE performs
a process of registering it with the corresponding network
through an initial attach procedure. If the attach procedure is
successfully performed, the UE and the MME become the
EMM-REGISTERED state.

[0062] In order to manage signaling connection between
UE and the EPC, two types of states: an EPS Connection
Management (ECM)-IDLE state and an ECM-CON-
NECTED state are defined. The two states are applied to UE
and the MME. When the UE in the ECM-IDLE state
establishes RRC connection with the E-UTRAN, the UE
becomes the ECM-CONNECTED state. The MME in the
ECM-IDLE state becomes the ECM-CONNECTED state
when it establishes S1 connection with the E-UTRAN.
When the UE is in the ECM-IDLE state, the E-UTRAN does
not have information about the context of the UE. Accord-
ingly, the UE in the ECM-IDLE state performs procedures
related to UE-based mobility, such as cell selection or cell
reselection, without a need to receive a command from a
network. In contrast, when the UE is in the ECM-CON-
NECTED state, the mobility of the UE is managed in
response to a command from a network. If the location of the
UE in the ECM-IDLE state is different from a location
known to the network, the UE informs the network of its
corresponding location through a tracking area update pro-
cedure.

[0063] System information is described below.

[0064] System information includes essential information
that needs to be known by UE in order for the UE to access
a BS. Accordingly, the UE needs to have received all pieces
of system information before accessing the BS, and needs to
always have the up-to-date system information. Further-
more, the BS periodically transmits the system information
because the system information is information that needs to
be known by all UEs within one cell. The system informa-
tion is divided into a Master Information Block (MIB) and
a plurality of System Information Blocks (SIBs).

[0065] The MIB may include the limited number of
parameters which are the most essential and are most
frequently transmitted in order to obtain other information
from a cell. UE first discovers an MIB after downlink
synchronization. The MIB may include information, such as
a downlink channel bandwidth, a PHICH configuration, an
SFN supporting synchronization and operating as a timing
reference, and an eNB transmission antenna configuration.
The MIB may be broadcasted on a BCH.

[0066] SystemInformationBlockTypel (SIB1) of included
SIBs is included in a “SystemInformationBlockTypel” mes-
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sage and transmitted. Other SIBs other than the SIB1 are
included in a system information message and transmitted.
The mapping of the SIBs to the system information message
may be flexibly configured by a scheduling information list
parameter included in the SIBI1. In this case, each SIB is
included in a single system information message. Only SIBs
having the same scheduling required value (e.g. period) may
be mapped to the same system information message. Fur-
thermore, SystemInformationBlockType2 (SIB2) is always
mapped to a system information message corresponding to
the first entry within the system information message list of
a scheduling information list. A plurality of system infor-
mation messages may be transmitted within the same period.
The SIB1 and all of the system information messages are
transmitted on a DL-SCH.

[0067] In addition to broadcast transmission, in the
E-UTRAN, the SIB1 may be channel-dedicated signaling
including a parameter set to have the same value as an
existing set value. In this case, the SIB1 may be included in
an RRC connection re-establishment message and transmit-
ted.

[0068] The SIBI1 includes information related to UE cell
access and defines the scheduling of other SIBs. The SIB1
may include information related to the PLMN identifiers,
Tracking Area Code (TAC), and cell ID of a network, a cell
barring state indicative of whether a cell is a cell on which
UE can camp, a required minimum reception level within a
cell which is used as a cell reselection reference, and the
transmission time and period of other SIBs.

[0069] The SIB2 may include radio resource configuration
information common to all types of UE. The SIB2 may
include information related to an uplink carrier frequency
and uplink channel bandwidth, an RACH configuration, a
page configuration, an uplink power control configuration, a
sounding reference signal configuration, a PUCCH configu-
ration supporting ACK/NACK transmission, and a PUSCH
configuration.

[0070] UE may apply a procedure for obtaining system
information and for detecting a change of system informa-
tion to only a PCell. In an SCell, when the corresponding
SCell is added, the E-UTRAN may provide all types of
system information related to an RRC connection state
operation through dedicated signaling. When system infor-
mation related to a configured SCell is changed, the
E-UTRAN may release a considered SCell and add the
considered SCell later. This may be performed along with a
single RRC connection re-establishment message. The
E-UTRAN may set a value broadcast within a considered
SCell and other parameter value through dedicated signal-
ing.

[0071] UE needs to guarantee the validity of a specific
type of system information. Such system information is
called required system information. The required system
information may be defined as follows.

[0072] If UE is in the RRC_IDLE state: the UE needs
to have the valid version of the MIB and the SIB1 in
addition to the SIB2 to SIB8. This may comply with the
support of a considered RAT.

[0073] If UE is in the RRC connection state: the UE
needs to have the valid version of the MIB, SIB1, and
SIB2.

[0074] In general, the validity of system information may
be guaranteed up to a maximum of 3 hours after being
obtained.
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[0075] In general, service that is provided to UE by a
network may be classified into three types as follows.
Furthermore, the UE differently recognizes the type of cell
depending on what service may be provided to the UE. In the
following description, a service type is first described, and
the type of cell is described.

[0076] 1) Limited service: this service provides emer-
gency calls and an Earthquake and Tsunami Warning System
(ETWS), and may be provided by an acceptable cell.
[0077] 2) Suitable service: this service means public ser-
vice for common uses, and may be provided by a suitable
cell (or a normal cell).

[0078] 3) Operator service: this service means service for
communication network operators. This cell may be used by
only communication network operators, but may not be used
by common users.

[0079] In relation to a service type provided by a cell, the
type of cell may be classified as follows.

[0080] 1) An acceptable cell: this cell is a cell from which
UE may be provided with limited service. This cell is a cell
that has not been barred from a viewpoint of corresponding
UE and that satisfies the cell selection criterion of the UE.
[0081] 2) A suitable cell: this cell is a cell from which UE
may be provided with suitable service. This cell satisfies the
conditions of an acceptable cell and also satisfies additional
conditions. The additional conditions include that the suit-
able cell needs to belong to a Public Land Mobile Network
(PLMN) to which corresponding UE may access and that the
suitable cell is a cell on which the execution of a tracking
area update procedure by the UE is not barred. If a corre-
sponding cell is a CSG cell, the cell needs to be a cell to
which UE may access as a member of the CSG.

[0082] 3) A barred cell: this cell is a cell that broadcasts
information indicative of a barred cell through system
information.

[0083] 4) A reserved cell: this cell is a cell that broadcasts
information indicative of a reserved cell through system
information.

[0084] FIG. 4 is a flowchart illustrating the operation of
UE in the RRC idle state. FIG. 4 illustrates a procedure in
which UE that is initially powered on experiences a cell
selection process, registers it with a network, and then
performs cell reselection if necessary.

[0085] Referring to FIG. 4, the UE selects Radio Access
Technology (RAT) in which the UE communicates with a
Public Land Mobile Network (PLMN), that is, a network
from which the UE is provided with service (S410). Infor-
mation about the PLMN and the RAT may be selected by the
user of the UE, and the information stored in a Universal
Subscriber Identity Module (USIM) may be used.

[0086] The UE selects a cell that has the greatest value and
that belongs to cells having measured BS and signal inten-
sity or quality greater than a specific value (cell selection)
(S420). In this case, the UE that is powered off performs cell
selection, which may be called initial cell selection. A cell
selection procedure is described later in detail. After the cell
selection, the UE receives system information periodically
by the BS. The specific value refers to a value that is defined
in a system in order for the quality of a physical signal in
data transmission/reception to be guaranteed. Accordingly,
the specific value may differ depending on applied RAT.
[0087] If network registration is necessary, the UE per-
forms a network registration procedure (S430). The UE
registers its information (e.g., an IMSI) with the network in
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order to receive service (e.g., paging) from the network. The
UE does not register it with a network whenever it selects a
cell, but registers it with a network when information about
the network (e.g., a Tracking Area Identity (TAI)) included
in system information is different from information about
the network that is known to the UE.

[0088] The UE performs cell reselection based on a ser-
vice environment provided by the cell or the environment of
the UE (S440). If the value of the intensity or quality of a
signal measured based on a BS from which the UE is
provided with service is lower than that measured based on
a BS of a neighboring cell, the UE selects a cell that belongs
to other cells and that provides better signal characteristics
than the cell of the BS that is accessed by the UE. This
process is called cell reselection differently from the initial
cell selection of the No. 2 process. In this case, temporal
restriction conditions are placed in order for a cell to be
frequently reselected in response to a change of signal
characteristic. A cell reselection procedure is described later
in detail.

[0089] FIG. 5 is a flowchart illustrating a process of
establishing RRC connection.

[0090] UE sends an RRC connection request message that
requests RRC connection to a network (S510). The network
sends an RRC connection establishment message as a
response to the RRC connection request (S520). After
receiving the RRC connection establishment message, the
UE enters RRC connected mode.

[0091] The UE sends an RRC connection establishment
complete message used to check the successful completion
of the RRC connection to the network (S530).

[0092] FIG. 6 is a flowchart illustrating an RRC connec-
tion reconfiguration process. An RRC connection reconfigu-
ration is used to modify RRC connection. This is used to
establish/modify/release RBs, perform handover, and set
up/modify/release measurements.

[0093] A network sends an RRC connection reconfigura-
tion message for modifying RRC connection to UE (S610).
As a response to the RRC connection reconfiguration mes-
sage, the UE sends an RRC connection reconfiguration
complete message used to check the successful completion
of the RRC connection reconfiguration to the network
(S620).

[0094] Hereinafter, a public land mobile network (PLMN)
is described.
[0095] The PLMN is a network which is disposed and

operated by a mobile network operator. Each mobile net-
work operator operates one or more PLMNs. Each PLMN
may be identified by a Mobile Country Code (MCC) and a
Mobile Network Code (MNC). PLMN information of a cell
is included in system information and broadcasted.

[0096] In PLMN selection, cell selection, and cell rese-
lection, various types of PLMNs may be considered by the
terminal.

[0097] Home PLMN (HPLMN): PLMN having MCC and
MNC matching with MCC and MNC of a terminal IMSI.
[0098] Equivalent HPLMN (EHPLMN): PLMN serving
as an equivalent of an HPLMN.

[0099] Registered PLMN (RPLMN): PLMN successfully
finishing location registration.

[0100] Equivalent PLMN (EPLMN): PLMN serving as an
equivalent of an RPLMN.

[0101] Each mobile service consumer subscribes in the
HPLMN. When a general service is provided to the terminal
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through the HPLMN or the EHPLMN, the terminal is not in
a roaming state. Meanwhile, when the service is provided to
the terminal through a PLMN except for the HPLMN/
EHPLMN, the terminal is in the roaming state. In this case,
the PLMN refers to a Visited PLMN (VPLMN).

[0102] When UE is initially powered on, the UE searches
for available Public Land Mobile Networks (PLMNs) and
selects a proper PLMN from which the UE is able to be
provided with service. The PLMN is a network that is
deployed or operated by a mobile network operator. Each
mobile network operator operates one or more PLMNs.
Each PLMN may be identified by Mobile Country Code
(MCC) and Mobile Network Code (MNC). Information
about the PLMN of a cell is included in system information
and broadcasted. The UE attempts to register it with the
selected PLMN. If registration is successful, the selected
PLMN becomes a Registered PLMN (RPLMN). The net-
work may signalize a PLMN list to the UE. In this case,
PLMNs included in the PLMN list may be considered to be
PLMNs, such as RPLMNs. The UE registered with the
network needs to be able to be always reachable by the
network. If the UE is in the ECM-CONNECTED state
(identically the RRC connection state), the network recog-
nizes that the UE is being provided with service. If the UE
is in the ECM-IDLE state (identically the RRC idle state),
however, the situation of the UE is not valid in an eNB, but
is stored in the MME. In such a case, only the MME is
informed of the location of the UE in the ECM-IDLE state
through the granularity of the list of Tracking Areas (TAs).
A single TA is identified by a Tracking Area Identity (TAI)
formed of the identifier of a PLMN to which the TA belongs
and Tracking Area Code (TAC) that uniquely expresses the
TA within the PLMN.

[0103] Thereafter, the UE selects a cell that belongs to
cells provided by the selected PLMN and that has signal
quality and characteristics on which the UE is able to be
provided with proper service.

[0104] The following is a detailed description of a proce-
dure of selecting a cell by a terminal.

[0105] When power is turned-on or the terminal is located
in a cell, the terminal performs procedures for receiving a
service by selecting/reselecting a suitable quality cell.

[0106] A terminal in an RRC idle state should prepare to
receive a service through the cell by always selecting a
suitable quality cell. For example, a terminal where power is
turned-on just before should select the suitable quality cell
to be registered in a network. If the terminal in an RRC
connection state enters in an RRC idle state, the terminal
should selects a cell for stay in the RRC idle state. In this
way, a procedure of selecting a cell satisfying a certain
condition by the terminal in order to be in a service idle state
such as the RRC idle state refers to cell selection. Since the
cell selection is performed in a state that a cell in the RRC
idle state is not currently determined, it is important to select
the cell as rapid as possible. Accordingly, if the cell provides
a wireless signal quality of a predetermined level or greater,
although the cell does not provide the best wireless signal
quality, the cell may be selected during a cell selection
procedure of the terminal.

[0107] A method and a procedure of selecting a cell by a
terminal in a 3GPP LTE is described with reference to 3GPP
TS 36.304 V8.5.0 (2009-03) “User Equipment (UE) proce-
dures in idle mode (Release 8)”.
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[0108] A cell selection process is basically divided into
two types.
[0109] The first is an initial cell selection process. In this

process, UE does not have preliminary information about a
wireless channel. Accordingly, the UE searches for all
wireless channels in order to find out a proper cell. The UE
searches for the strongest cell in each channel Thereafter, if
the UE has only to search for a suitable cell that satisfies a
cell selection criterion, the UE selects the corresponding
cell.

[0110] Next, the UE may select the cell using stored
information or using information broadcasted by the cell.
Accordingly, cell selection may be fast compared to an
initial cell selection process. If the UE has only to search for
a cell that satisfies the cell selection criterion, the UE selects
the corresponding cell. If a suitable cell that satisfies the cell
selection criterion is not retrieved though such a process, the
UE performs an initial cell selection process.

[0111] The cell selection criterion may be defined as below
equation 1.

Srxlev>0 AND Squal>0 [Equation 1]
[0112] where:

Srx1ev=0, v meas(Qrxtevmint Qrxtevminogsed —Pc0m=

pensation

Squal=Q -(Q, - +0 . N

[0113] Here, the variables in the equation 1 may be defined

as below table 1.

TABLE 1

Srxlev Cell selection RX level value (dB)
Squal Cell selection quality value (dB)
Measured cell RX level value (RSRP)

Qptevmeas

Qguatmeas Measured cell quality value (RSRQ)

Q,xtevmin Minimum required RX level in the cell (dBm)

Qguatmin Minimum required quality level in the cell (dB)

Q xtevminogser Offset to the signalled Q, ;.. taken into account in the
Srxlev evaluation as a result of a periodic search for a
higher priority PLMN while camped normally in a
VPLMN

Quatminagset Offset to the signalled Q_, ., taken into account in the

Squal evaluation as a result of a periodic search for a
higher priority PLMN while camped normally in a
VPLMN

Pcompensation max(Pziix — Ppoyerciass 0) (dB)

Prasax Maximum TX power level an UE may use when
transmitting on the uplink in the cell (dBm) defined as
Pragax in [TS 36.101]

P oowerClass Maximum RF output power of the UE (dBm) according
to the UE power class as defined in [TS 36.101]

[0114] Signalled values, i.e., Q tevminogser and Q uatminog

set, may be applied to a case where cell selection is evaluated
as a result of periodic search for a higher priority PLMN
during a UE camps on a normal cell in a VPLMN. During
the periodic search for the higher priority PLMN as
described above, the UE may perform the cell selection
evaluation by using parameter values stored in other cells of
the higher priority PLMN.

[0115] After the UE selects a specific cell through the cell
selection process, the intensity or quality of a signal between
the UE and a BS may be changed due to a change in the
mobility or wireless environment of the UE. Accordingly, if
the quality of the selected cell is deteriorated, the UE may
select another cell that provides better quality. If a cell is
reselected as described above, the UE selects a cell that
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provides better signal quality than the currently selected cell.
Such a process is called cell reselection. In general, a basic
object of the cell reselection process is to select a cell that
provides UE with the best quality from a viewpoint of the
quality of a radio signal.

[0116] In addition to the viewpoint of the quality of a radio
signal, a network may determine priority corresponding to
each frequency, and may inform the UE of the determined
priorities. The UE that has received the priorities preferen-
tially takes into consideration the priorities in a cell rese-
lection process compared to a radio signal quality criterion.
[0117] As described above, there is a method of selecting
or reselecting a cell according to the signal characteristics of
a wireless environment. In selecting a cell for reselection
when a cell is reselected, the following cell reselection
methods may be present according to the RAT and frequency
characteristics of the cell.

[0118] Intra-frequency cell reselection: UE reselects a
cell having the same center frequency as that of RAT,
such as a cell on which the UE camps on.

[0119] Inter-frequency cell reselection: UE reselects a
cell having a different center frequency from that of
RAT, such as a cell on which the UE camps on

[0120] Inter-RAT cell reselection: UE reselects a cell
that uses RAT different from RAT on which the UE
camps

[0121] The principle of a cell reselection process is as
follows.
[0122] First, UE measures the quality of a serving cell and

neighbor cells for cell reselection.

[0123] Second, cell reselection is performed based on a
cell reselection criterion. The cell reselection criterion has
the following characteristics in relation to the measurements
of a serving cell and neighbor cells.

[0124] Intra-frequency cell reselection is basically based
on ranking. Ranking is a task for defining a criterion value
for evaluating cell reselection and numbering cells using
criterion values according to the size of the criterion values.
A cell having the best criterion is commonly called the
best-ranked cell. The cell criterion value is based on the
value of a corresponding cell measured by UE, and may be
a value to which a frequency offset or cell offset has been
applied, if necessary.

[0125] Inter-frequency cell reselection is based on fre-
quency priority provided by a network. UE attempts to camp
on a frequency having the highest frequency priority. A
network may provide frequency priority that will be applied
by UEs within a cell in common through broadcasting
signaling, or may provide frequency-specific priority to each
UE through UE-dedicated signaling. A cell reselection pri-
ority provided through broadcast signaling may refer to a
common priority. A cell reselection priority for each terminal
set by a network may refer to a dedicated priority. If
receiving the dedicated priority, the terminal may receive a
valid time associated with the dedicated priority together. If
receiving the dedicated priority, the terminal starts a validity
timer set as the received valid time together therewith. While
the valid timer is operated, the terminal applies the dedicated
priority in the RRC idle mode. If the valid timer is expired,
the terminal discards the dedicated priority and again applies
the common priority.

[0126] For the inter-frequency cell reselection, a network
may provide UE with a parameter (e.g., a frequency-specific
offset) used in cell reselection for each frequency.
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[0127] For the intra-frequency cell reselection or the inter-
frequency cell reselection, a network may provide UE with
a Neighboring Cell List (NCL) used in cell reselection. The
NCL includes a cell-specific parameter (e.g., a cell-specific
offset) used in cell reselection.

[0128] For the intra-frequency or inter-frequency cell rese-
lection, a network may provide UE with a cell reselection
black list used in cell reselection. The UE does not perform
cell reselection on a cell included in the black list.

[0129] Ranking performed in a cell reselection evaluation
process is described below.

[0130] A ranking criterion used to apply priority to a cell
is defined as in Equation 2.

Rs=Qmeas,s+Chyst, Rn=0meas,s—Qoffset

[0131] In this case, Rs is the ranking criterion of a serving
cell, Rn is the ranking criterion of a neighbor cell, Qmeas,s
is the quality value of the serving cell measured by UE,
Qmeas,n is the quality value of the neighbor cell measured
by UE, Qhyst is the hysteresis value for ranking, and Qoffset
is an offset between the two cells.
[0132] In Intra-frequency, if UE receives an offset “Qoft-
sets,n” between a serving cell and a neighbor cell,
Qoffset=Qoflsets,n. If UE does not Qoffsets,n, Qoffset=0.
[0133] In Inter-frequency, if UE receives an offset “Qoft-
sets,n” for a corresponding cell, Qoffset=Qoffsets,n+Qfre-
quency. If UE does mnot receive “Qoffsets,n”,
Qoffset=Qfrequency.
[0134] If the ranking criterion Rs of a serving cell and the
ranking criterion Rn of a neighbor cell are changed in a
similar state, ranking priority is frequency changed as a
result of the change, and UE may alternately reselect the
twos. Qhyst is a parameter that gives hysteresis to cell
reselection so that UE is prevented from to alternately
reselecting two cells.
[0135] UE measures RS of a serving cell and Rn of a
neighbor cell according to the above equation, considers a
cell having the greatest ranking criterion value to be the
best-ranked cell, and reselects the cell.
[0136] Inaccordance with the criterion, it may be checked
that the quality of a cell is the most important criterion in cell
reselection. If a reselected cell is not a suitable cell, UE
excludes a corresponding frequency or a corresponding cell
from the subject of cell reselection.
[0137] A Radio Link Failure (RLF) is described below.
[0138] UE continues to perform measurements in order to
maintain the quality of a radio link with a serving cell from
which the UE receives service. The UE determines whether
or not communication is impossible in a current situation
due to the deterioration of the quality of the radio link with
the serving cell. If communication is almost impossible
because the quality of the serving cell is too low, the UE
determines the current situation to be an RLF.
[0139] If the RLF is determined, the UE abandons main-
taining communication with the current serving cell, selects
a new cell through cell selection (or cell reselection) pro-
cedure, and attempts RRC connection re-establishment with
the new cell.
[0140] In the specification of 3GPP LTE, the following
examples are taken as cases where normal communication is
impossible.
[0141] A case where UE determines that there is a
serious problem in the quality of a downlink commu-
nication link (a case where the quality of a PCell is

[Equation 2]
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determined to be low while performing RL.M) based on
the radio quality measured results of the PHY layer of
the UE

[0142] A case where uplink transmission is problematic
because a random access procedure continues to fail in
the MAC sublayer.

[0143] A case where uplink transmission is problematic
because uplink data transmission continues to fail in the
RLC sublayer.

[0144] A case where handover is determined to have
failed.
[0145] A case where a message received by UE does not

pass through an integrity check.
[0146] An RRC connection re-establishment procedure is
described in more detail below.
[0147] FIG. 7 is a diagram illustrating an RRC connection
re-establishment procedure.
[0148] Referring to FIG. 7, UE stops using all the radio
bearers that have been configured other than a Signaling
Radio Bearer (SRB) #0, and initializes a variety of kinds of
sublayers of an Access Stratum (AS) (S710). Furthermore,
the UE configures each sublayer and the PHY layer as a
default configuration. In this process, the UE maintains the
RRC connection state.
[0149] The UE performs a cell selection procedure for
performing an RRC connection reconfiguration procedure
(S720). The cell selection procedure of the RRC connection
re-establishment procedure may be performed in the same
manner as the cell selection procedure that is performed by
the UE in the RRC idle state, although the UE maintains the
RRC connection state.
[0150] After performing the cell selection procedure, the
UE determines whether or not a corresponding cell is a
suitable cell by checking the system information of the
corresponding cell (S730). If the selected cell is determined
to be a suitable E-UTRAN cell, the UE sends an RRC
connection re-establishment request message to the corre-
sponding cell (S740).
[0151] Meanwhile, if the selected cell is determined to be
a cell that uses RAT different from that of the E-UTRAN
through the cell selection procedure for performing the RRC
connection re-establishment procedure, the UE stops the
RRC connection re-establishment procedure and enters the
RRC idle state (S750).
[0152] The UE may be implemented to finish checking
whether the selected cell is a suitable cell through the cell
selection procedure and the reception of the system infor-
mation of the selected cell. To this end, the UE may drive a
timer when the RRC connection re-establishment procedure
is started. The timer may be stopped if it is determined that
the UE has selected a suitable cell. If the timer expires, the
UE may consider that the RRC connection re-establishment
procedure has failed, and may enter the RRC idle state. Such
a timer is hereinafter called an RLF timer. In LTE spec TS
36.331, a timer named “T311” may be used as an RLF timer.
The UE may obtain the set value of the timer from the
system information of the serving cell.
[0153] If an RRC connection re-establishment request
message is received from the UE and the request is accepted,
a cell sends an RRC connection re-establishment message to
the UE.
[0154] The UE that has received the RRC connection
re-establishment message from the cell reconfigures a PDCP
sublayer and an RL.C sublayer with an SRB1. Furthermore,
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the UE calculates various key values related to security
setting, and reconfigures a PDCP sublayer responsible for
security as the newly calculated security key values. Accord-
ingly, the SRB1 between the UE and the cell is open, and the
UE and the cell may exchange RRC control messages. The
UE completes the restart of the SRB1, and sends an RRC
connection re-establishment complete message indicative of
that the RRC connection re-establishment procedure has
been completed to the cell (S760).

[0155] Incontrast, if the RRC connection re-establishment
request message is received from the UE and the request is
not accepted, the cell sends an RRC connection re-estab-
lishment reject message to the UE.

[0156] If the RRC connection re-establishment procedure
is successfully performed, the cell and the UE perform an
RRC connection reconfiguration procedure. Accordingly,
the UE recovers the state prior to the execution of the RRC
connection re-establishment procedure, and the continuity of
service is guaranteed to the upmost.

[0157] FIG. 8 illustrates substates which may be owned by
UE in the RRC_IDLE state and a substate transition process.
[0158] Referring to FIG. 8, UE performs an initial cell
selection process (S801). The initial cell selection process
may be performed when there is no cell information stored
with respect to a PLMN or if a suitable cell is not discovered.
[0159] If a suitable cell is unable to be discovered in the
initial cell selection process, the UE transits to any cell
selection state (S802). The any cell selection state is the state
in which the UE has not camped on a suitable cell and an
acceptable cell and is the state in which the UE attempts to
discover an acceptable cell of a specific PLMN on which the
UE may camp. If the UE has not discovered any cell on
which it may camp, the UE continues to stay in the any cell
selection state until it discovers an acceptable cell.

[0160] If a suitable cell is discovered in the initial cell
selection process, the UE transits to a normal camp state
(S803). The normal camp state refers to the state in which
the UE has camped on the suitable cell. In this state, the UE
may select and monitor a paging channel based on infor-
mation provided through system information and may per-
form an evaluation process for cell reselection.

[0161] If a cell reselection evaluation process (S804) is
caused in the normal camp state (S803), the UE performs a
cell reselection evaluation process (S804). If a suitable cell
is discovered in the cell reselection evaluation process
(S804), the UE transits to the normal camp state (S803)
again.

[0162] If an acceptable cell is discovered in the any cell
selection state (S802), the UE transmits to any cell camp
state (S805). The any cell camp state is the state in which the
UE has camped on the acceptable cell.

[0163] In the any cell camp state (S805), the UE may
select and monitor a paging channel based on information
provided through system information and may perform the
evaluation process (S806) for cell reselection. If an accept-
able cell is not discovered in the evaluation process (S806)
for cell reselection, the UE transits to the any cell selection
state (S802).

[0164] Now, a device-to-device (D2D) operation is
described. In 3GPP LTE-A, a service related to the D2D
operation is called a proximity service (ProSe). Now, the
ProSe is described. Hereinafter, the ProSe is the same
concept as the D2D operation, and the ProSe and the D2D
operation may be used without distinction.
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[0165] The ProSe includes ProSe direction communica-
tion and ProSe direct discovery. The ProSe direct commu-
nication is communication performed between two or more
proximate UEs. The UEs may perform communication by
using a protocol of a user plane. A ProSe-enabled UE
implies a UE supporting a procedure related to a require-
ment of the ProSe. Unless otherwise specified, the ProSe-
enabled UE includes both of a public safety UE and a
non-public safety UE. The public safety UE is a UE sup-
porting both of a function specified for a public safety and
a ProSe procedure, and the non-public safety UE is a UE
supporting the ProSe procedure and not supporting the
function specified for the public safety.
[0166] ProSe direct discovery is a process for discovering
another ProSe-enabled UE adjacent to ProSe-enabled UE. In
this case, only the capabilities of the two types of ProSe-
enabled UE are used. EPC-level ProSe discovery means a
process for determining, by an EPC, whether the two types
of ProSe-enabled UE are in proximity and notifying the two
types of ProSe-enabled UE of the proximity
[0167] Hereinafter, for convenience, the ProSe direct com-
munication may be referred to as D2D communication, and
the ProSe direct discovery may be referred to as D2D
discovery.
[0168] FIG. 9 shows a basic structure for ProSe.
[0169] Referring to FIG. 9, the basic structure for ProSe
includes an E-UTRAN, an EPC, a plurality of types of UE
including a ProSe application program, a ProSe application
server (a ProSe APP server), and a ProSe function.
[0170] The EPC represents an E-UTRAN core network
configuration. The EPC may include an MME, an S-GW, a
P-GW, a policy and charging rules function (PCRF), a home
subscriber server (HSS) and so on.
[0171] The ProSe APP server is a user of a ProSe capa-
bility for producing an application function. The ProSe APP
server may communicate with an application program
within UE. The application program within UE may use a
ProSe capability for producing an application function.
[0172] The ProSe function may include at least one of the
followings, but is not necessarily limited thereto.

[0173] Interworking via a reference point toward the

3rd party applications
[0174] Authorization and configuration of UE for dis-
covery and direct communication

[0175] Enable the functionality of EPC level ProSe
discovery

[0176] ProSe related new subscriber data and handling
of data storage, and also handling of the ProSe identi-
ties

[0177] Security related functionality

[0178] Provide control towards the EPC for policy

related functionality

[0179] Provide functionality for charging (via or out-
side of the EPC, e.g., offline charging)

[0180] A reference point and a reference interface in the
basic structure for ProSe are described below.

[0181] PC1: a reference point between the ProSe appli-
cation program within the UE and the ProSe applica-
tion program within the ProSe APP server. This is used
to define signaling requirements in an application
dimension.

[0182] PC2: a reference point between the ProSe APP
server and the ProSe function. This is used to define an
interaction between the ProSe APP server and the
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ProSe function. The update of application data in the
ProSe database of the ProSe function may be an
example of the interaction.

[0183] PC3: a reference point between the UE and the
ProSe function. This is used to define an interaction
between the UE and the ProSe function. A configura-
tion for ProSe discovery and communication may be an
example of the interaction.

[0184] PC4: a reference point between the EPC and the
ProSe function. This is used to define an interaction
between the EPC and the ProSe function. The interac-
tion may illustrate the time when a path for 1:1 com-
munication between types of UE is set up or the time
when ProSe service for real-time session management
or mobility management is authenticated.

[0185] PCS: a reference point used for using control/
user plane for discovery and communication, relay, and
1:1 communication between types of UE.

[0186] PC6: a reference point for using a function, such
as ProSe discovery, between users belonging to differ-
ent PLMNSs.

[0187] SGi: this may be used to exchange application
data and types of application dimension control infor-
mation.

[0188]

[0189] ProSe direct communication is communication
mode in which two types of public safety UE can perform
direct communication through a PC 5 interface. Such com-
munication mode may be supported when UE is supplied
with services within coverage of an E-UTRAN or when UE
deviates from coverage of an E-UTRAN.

[0190] FIG. 10 shows the deployment examples of types
of UE performing ProSe direct communication and cell
coverage.

[0191] Referring to FIG. 10(a), types of UE A and B may
be placed outside cell coverage. Referring to FIG. 10(4), UE
A may be placed within cell coverage, and UE B may be
placed outside cell coverage. Referring to FIG. 10(c), types
of UE A and B may be placed within single cell coverage.
Referring to FIG. 10(d), UE A may be placed within
coverage of a first cell, and UE B may be placed within
coverage of a second cell.

[0192] ProSe direct communication may be performed
between types of UE placed at various positions as in FIG.
10.

[0193] Meanwhile, the following IDs may be used in
ProSe direct communication.

[0194] A source layer-2 ID: this ID identifies the sender of
a packet in the PC 5 interface.

[0195] A destination layer-2 ID: this ID identifies the
target of a packet in the PC 5 interface.

[0196] An SA L1 ID: this ID is the ID of scheduling
assignment (SA) in the PC 5 interface.

[0197] FIG. 11 shows a user plane protocol stack for ProSe
direct communication.

[0198] Referring to FIG. 11, the PC 5 interface includes a
PDCH, RLC, MAC, and PHY layers.

[0199] In ProSe direct communication, HARQ feedback
may not be present. An MAC header may include a source
layer-2 ID and a destination layer-2 1D.

<ProSe Direct Communication>
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[0200] <Radio Resource Assignment for ProSe Direct
Communication>

[0201] ProSe-enabled UE may use the following two types
of mode for resource assignment for ProSe direct commu-
nication.

[0202] 1. Mode 1

[0203] Mode 1 is mode in which resources for ProSe
direct communication are scheduled by an eNB. UE needs
to be in the RRC_CONNECTED state in order to send data
in accordance with mode 1. The UE requests a transmission
resource from an eNB. The eNB performs scheduling
assignment and schedules resources for sending data. The
UE may send a scheduling request to the eNB and send a
ProSe Buffer Status Report (BSR). The eNB has data to be
subjected to ProSe direct communication by the UE based
on the ProSe BSR and determines that a resource for
transmission is required.

[0204] 2. Mode 2

[0205] Mode 2 is mode in which UE directly selects a
resource. UE directly selects a resource for ProSe direct
communication in a resource pool. The resource pool may
be configured by a network or may have been previously
determined.

[0206] Meanwhile, if UE has a serving cell, that is, if the
UE is in the RRC_CONNECTED state with an eNB or is
placed in a specific cell in the RRC_IDLE state, the UE is
considered to be placed within coverage of the eNB.
[0207] IfUE is placed outside coverage, only mode 2 may
be applied. If the UE is placed within the coverage, the UE
may use mode 1 or mode 2 depending on the configuration
of an eNB.

[0208] If another exception condition is not present, only
when an eNB performs a configuration, UE may change
mode from mode 1 to mode 2 or from mode 2 to mode 1.
[0209] <ProSe Direct Discovery>

[0210] ProSe direct discovery refers to a procedure that is
used for ProSe-enabled UE to discover another ProSe-
enabled UE in proximity and is also called D2D direct
discovery. In this case, E-UTRA radio signals through the
PC 5 interface may be used. Information used in ProSe
direct discovery is hereinafter called discovery information.

[0211] FIG. 12 shows the PC 5 interface for D2D direct
discovery.
[0212] Referring to FIG. 12, the PC 5 interface includes an

MAC layer, a PHY layer, and a ProSe Protocol layer, that is,
a higher layer. The higher layer (the ProSe Protocol) handles
the permission of the announcement and monitoring of
discovery information. The contents of the discovery infor-
mation are transparent to an access stratum (AS). The ProSe
Protocol transfers only valid discovery information to the
AS for announcement.

[0213] The MAC layer receives discovery information
from the higher layer (the ProSe Protocol). An IP layer is not
used to send discovery information. The MAC layer deter-
mines a resource used to announce discovery information
received from the higher layer. The MAC layer produces an
MAC protocol data unit (PDU) for carrying discovery
information and sends the MAC PDU to the physical layer.
An MAC header is not added.

[0214] In order to announce discovery information, there
are two types of resource assignment.

[0215] 1. Type 1

[0216] The type 1 is a method for assigning a resource for
announcing discovery information in a UE-not-specific
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manner. An eNB provides a resource pool configuration for
discovery information announcement to types of UE. The
configuration may be signaled through the SIB.

[0217] UE autonomously selects a resource from an indi-
cated resource pool and announces discovery information
using the selected resource. The UE may announce the
discovery information through a randomly selected resource
during each discovery period.

[0218] 2. Type 2

[0219] The type 2 is a method for assigning a resource for
announcing discovery information in a UE-specific manner.
UE in the RRC_CONNECTED state may request a resource
for discovery signal announcement from an eNB through an
RRC signal. The eNB may announce a resource for discov-
ery signal announcement through an RRC signal. A resource
for discovery signal monitoring may be assigned within a
resource pool configured for types of UE.

[0220] An eNB 1) may announce a type 1 resource pool
for discovery signal announcement to UE in the RRC_IDLE
state through the SIB. Types of UE whose ProSe direct
discovery has been permitted use the type 1 resource pool
for discovery information announcement in the RRC_IDLE
state. Alternatively, the eNB 2) announces that the eNB
supports ProSe direct discovery through the SIB, but may
not provide a resource for discovery information announce-
ment. In this case, UE needs to enter the RRC_CON-
NECTED state for discovery information announcement.
[0221] An eNB may configure that UE has to use a type 1
resource pool for discovery information announcement or
has to use a type 2 resource through an RRC signal in
relation to UE in the RRC_CONNECTED state.

[0222] FIG. 13 is an embodiment of a ProSe discovery
process.
[0223] Referring to FIG. 13, it is assumed that UE A and

UE B have ProSe-enabled application programs managed
therein and have been configured to have a “friend’ relation
between them in the application programs, that is, a rela-
tionship in which D2D communication may be permitted
between them. Hereinafter, the UE B may be represented as
a “friend’ of the UE A. The application program may be, for
example, a social networking program. ‘3GPP Layers’ cor-
respond to the functions of an application program for using
ProSe discovery service, which have been defined by 3GPP.
[0224] Direct discovery between the types of UE A and B
may experience the following process.

[0225] 1. First, the UE A performs regular application
layer communication with the APP server. The communi-
cation is based on an Application Program Interface (API).
[0226] 2. The ProSe-enabled application program of the
UE A receives a list of application layer IDs having a
‘friend’ relation. In general, the application layer ID may
have a network access ID form. For example, the application
layer ID of the UE A may have a form, such as
“adam@example.com.”

[0227] 3. The UE A requests private expressions code for
the user of the UE A and private representation code for a
friend of the user.

[0228] 4. The 3GPP layers send a representation code
request to the ProSe server.

[0229] 5. The ProSe server maps the application layer IDs,
provided by an operator or a third party APP server, to the
private representation code. For example, an application
layer 1D, such as adam@example.com, may be mapped to
private representation code, such as
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“GTERS543$#2FSJ67DFSF.” Such mapping may be per-
formed based on parameters (e.g., a mapping algorithm, a
key value and so on) received from the APP server of a
network.

[0230] 6. The ProSe server sends the types of derived
representation code to the 3GPP layers. The 3GPP layers
announce the successful reception of the types of represen-
tation code for the requested application layer ID to the
ProSe-enabled application program. Furthermore, the 3GPP
layers generate a mapping table between the application
layer 1D and the types of representation code.

[0231] 7. The ProSe-enabled application program requests
the 3GPP layers to start a discovery procedure. That is, the
ProSe-enabled application program requests the 3GPP lay-
ers to start discovery when one of provided ‘friends’ is
placed in proximity to the UE A and direct communication
is possible. The 3GPP layers announces the private repre-
sentation code (i.e., in the above example,
“GTERS543$#2FSJ67DFSF”, that is, the private representa-
tion code of adam@example.com) of the UE A. This is
hereinafter called ‘announcement’. Mapping between the
application layer 1D of the corresponding application pro-
gram and the private representation code may be known to
only ‘friends” which have previously received such a map-
ping relation, and the ‘friends’ may perform such mapping.
[0232] 8. It is assumed that the UE B operates the same
ProSe-enabled application program as the UE A and has
executed the aforementioned 3 to 6 steps. The 3GPP layers
placed in the UE B may execute ProSe discovery.

[0233] 9. When the UE B receives the aforementioned
‘announce’ from the UE A, the UE B determines whether the
private representation code included in the ‘announce’ is
known to the UE B and whether the private representation
code is mapped to the application layer ID. As described the
8 step, since the UE B has also executed the 3 to 6 steps, it
is aware of the private representation code, mapping
between the private representation code and the application
layer ID, and corresponding application program of the UE
A. Accordingly, the UE B may discover the UE A from the
‘announce’ of the UE A. The 3GPP layers announce that
adam@example.com has been discovered to the ProSe-
enabled application program within the UE B.

[0234] In FIG. 13, the discovery procedure has been
described by taking into consideration all of the types of UE
A and B, the ProSe server, the APP server and so on. From
the viewpoint of the operation between the types of UE A
and B, the UE A sends (this process may be called announce-
ment) a signal called announcement, and the UE B receives
the announce and discovers the UE A. That is, from the
aspect that an operation that belongs to operations per-
formed by types of UE and that is directly related to another
UE is only step, the discovery process of FIG. 13 may also
be called a single step discovery procedure.

[0235] FIG. 14 is another embodiment of a ProSe discov-
ery process.
[0236] InFIG. 14, types of UE 1 to 4 are assumed to types

of UE included in specific group communication system
enablers (GCSE) group. It is assumed that the UE 1 is a
discoverer and the types of UE 2, 3, and 4 are discoveree.
UE 5 is UE not related to the discovery process.

[0237] The UE 1 and the UE 2-4 may perform a next
operation in the discovery process.

[0238] First, the UE 1 broadcasts a target discovery
request message (may be hereinafter abbreviated as a dis-
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covery request message or M1) in order to discover whether
specific UE included in the GCSE group is in proximity. The
target discovery request message may include the unique
application program group ID or layer-2 group ID of the
specific GCSE group. Furthermore, the target discovery
request message may include the unique ID, that is, appli-
cation program private ID of the UE 1. The target discovery
request message may be received by the types of UE 2, 3, 4,
and 5.

[0239] The UE 5 sends no response message. In contrast,
the types of UE 2, 3, and 4 included in the GCSE group send
a target discovery response message (may be hereinafter
abbreviated as a discovery response message or M2) as a
response to the target discovery request message. The target
discovery response message may include the unique appli-
cation program private ID of UE sending the message.

[0240] An operation between types of UE in the ProSe
discovery process described with reference to FIG. 14 is
described below. The discoverer (the UE 1) sends a target
discovery request message and receives a target discovery
response message, that is, a response to the target discovery
request message. Furthermore, when the discoveree (e.g.,
the UE 2) receives the target discovery request message, it
sends a target discovery response message, that is, a
response to the target discovery request message. Accord-
ingly, each of the types of UE performs the operation of the
2 step. In this aspect, the ProSe discovery process of FIG. 14
may be called a 2-step discovery procedure.

[0241] In addition to the discovery procedure described in
FIG. 14, if the UE 1 (the discoverer) sends a discovery
conform message (may be hereinafter abbreviated as an
M3), that is, a response to the target discovery response
message, this may be called a 3-step discovery procedure.

[0242] Hereinafter, the operations that are assumed to be
applied to the UE to which the present invention is applied
will be described.

[0243] <The D2D Communication in the RRC Idle State>

[0244] With respect to the D2D transmission within a cell
in the RRC idle state, a network may control whether the
D2D transmission is allowed. The network may allow the
D2D transmission by the UE in the RRC idle state within a
specific cell, that is, the D2D transmission in mode 2. In this
case, the network may notify whether to support the D2D
transmission in mode 2 to the UE, for example, through the
broadcasted system information in the specific cell. When
the UE fails to receive the system information, the UE may
regard the D2D transmission in the RRC idle state is not
allowed within the cell.

[0245] In relation to the D2D reception within the cell in
the RRC idle state, as far as the D2D signal reception is
allowed by the network, the network is not required to
control the D2D signal reception. That is, whether to receive
the D2D signal may be determined by the UE. Regardless of
whether to support the D2D transmission in the RRC idle
state within a specific cell, the UE may receive the D2D
signal.

[0246] <The D2D Communication in the RRC Connected
State>
[0247] When a UE is in the RRC connected state, the D2D

transmission of the UE is allowed only in the case that the
UE has the valid D2D configuration that may be applicable
in the RRC connected state. For this reason, a network may
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provide the D2D configuration for the UE through the RRC
connection reconfiguration message that includes the D2D
configuration.

[0248] That is, the UE in the RRC connected state is
allowed to perform the D2D transmission only in the case
that the network provides the D2D configuration for the UE.
The D2D configuration may be provided through the dedi-
cated signal for the UE.

[0249] The reception of D2D signal in the RRC connected
state may be determined by the UE since the network allows
the D2D signal. That is, the reception of the D2D signal is
allowed regardless of whether the UE is provided with the
D2D configuration through the dedicated signal.

[0250] <Mode Configuration>

[0251] A network may configure for the UE which mode
is available to operate or which mode should be appropriate
to operate from mode 1 or mode 2, and it is referred to as the
mode configuration. In this case, the signaling for the mode
configuration may use the high layer signal such as the RRC
or the low layer signal such as the physical layer signal.
Since the mode configuration is not performed frequently
nor sensitive to the latency, the RRC signal may be used.
[0252] Only mode 2 may be applied to the UE in the RRC
idle state. On the other hand, both of mode 1 and mode 2
may be applied to the UE in the RRC connected state. That
is, the selection/configuration between mode 1 and mode 2
is required only for the UE in the RRC connected state.
Accordingly, the dedicated RRC signaling may be used for
the mode configuration.

[0253] Meanwhile, in the mode configuration, the avail-
able option is to be selected between mode 1 and mode 2, or
to be selected among mode 1, mode 2 and mode 1 & 2.
When mode 1 & 2 is configured, the network schedules the
resource for the D2D transmission, and the UE may perform
the D2D transmission using the scheduled resource. In
addition, the UE may also perform the D2D transmission by
selecting a specific resource within the resource pool.
[0254] The network may configure one among mode 1,
mode 2 and mode 1 & 2 to the UE through the dedicated
RRC signaling.

[0255] <Resource Pool Configuration and Signaling>
[0256] In considering the aspect of the D2D signal trans-
mission of UE, when the UE configured in mode 1 performs
the D2D transmission, the UE is scheduled with the resource
for the D2D transmission from a network. Accordingly, the
UE is not required to know the resource pool for the D2D
transmission. When the UE configured in mode 2 performs
the D2D transmission, the UE should know the resource
pool for the D2D transmission.

[0257] In considering the aspect of the D2D signal recep-
tion of UE, in order for a UE to receive the D2D transmis-
sion in mode 1 by another UE, the UE should know the
mode 1 reception resource pool. Herein, the mode 1 recep-
tion resource pool may be the union of resource pools that
is used for the D2D transmission in mode 1 of a serving cell
and a neighboring cell. In order for the UE to receive the
D2D transmission in mode 2 by another UE, the UE should
know the mode 2 reception resource pool. Herein, the mode
2 reception resource pool may be the union of resource pools
that is used for the D2D transmission in mode 2 of a serving
cell and a neighboring cell.

[0258] For the resource pool 1 of mode 1, the UE is not
required to know the mode 1 transmission resource pool.
This is because the mode 1 D2D transmission is scheduled
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by a network. However, in order for a specific UE to receive
the mode 1 D2D transmission from other UE, the specific
UE should know the mode 1 transmission resource pool of
other UEs. In order for the specific UE to receive the mode
1 D2D transmission in the RRC idle state, it may be required
for a cell to broadcast the information indicating the mode
1 reception resource pool. This information may be appli-
cable for both of the RRC idle state and the RRC connected
state.

[0259] When a specific cell wants to allow the mode 1
D2D reception for the UE in the cell, the information
indicating the mode 1 reception resource pool may be
broadcasted. The mode 1 reception resource pool informa-
tion may be applicable for both of the RRC idle state and the
RRC connected state.

[0260] In order that the mode 2 D2D transmission is
allowed/enabled for the UE in the RRC idle state, it is
required to notify the resource pool that is available to use
for the mode 2 D2D transmission in the RRC idle state to the
UE. For this, the cell may broadcast the resource pool
information. That is, when a specific cell wants to allow the
D2D transmission for the UE in the RRC idle state, the
specific cell may broadcast the resource pool information
that represents the resource pool that may be applied to the
D2D transmission in the RRC idle state through the system
information.

[0261] Similarly, in order that the mode 2 D2D reception
is allowed/enabled for the UE in the RRC idle state, it is
required to notify the resource pool that is available to use
for the mode 2 D2D reception in the RRC idle state to the
UE. For this, the cell may broadcast the reception resource
pool information that represents the reception resource pool.
[0262] That is, when a specific cell wants to allow the
D2D reception by the UE in the RRC idle state, the specific
cell may broadcast the resource pool information that rep-
resents the resource pool that may be applied to the D2D
reception in the RRC idle state through the system infor-
mation.

[0263] The resource pool information that represents the
resource pool that may be applied to the D2D transmission
in the RRC idle state may also be applied for the mode 2
D2D transmission in the RRC connected state. When a
network configures the mode 2 operation for a specific UE
through a dedicated signal, it may be implemented to
provide the resource pool that is the same as the broadcasted
resource pool. Otherwise, it may be regarded that the
broadcasted resource pool may be applicable for both of the
D2D transmission and the D2D reception in the RRC
connected state. As far as the UE is configured in mode 2,
it may be regarded that the broadcasted resource pool may
be valid in the RRC connected state. That is, so far as other
resource is not indicated by the dedicated signaling, the
broadcasted mode 2 D2D resource pool information may
also be used for the mode 2 D2D communication.

[0264] It is not necessarily required to notify the resource
pool information through the dedicated signal for the spe-
cific UE in the network coverage. In the case of notifying the
resource pool information through dedicated signaling, the
optimization may be available by decreasing the monitoring
resource for the specific UE. However, such an optimization
may require the complex network cooperation between
cells.

[0265] Hereinafter, the
described.

present invention will be
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[0266] A UE may support the conventional cellular com-
munication (i.e., the communication between a UE and a
network, and may be referred to as the normal operation)
and the D2D operation simultaneously in the same fre-
quency band according to UE’s capability. Otherwise, a UE
may support the conventional normal operation and the D2D
operation simultaneously in different frequency bands
respectively according to UE’s capability. That is, according
to UE’s capability, a UE may support the normal operation
and the D2D operation simultaneously in the same fre-
quency band or different frequency bands respectively.
[0267] AUE is signaling the information notifying its own
capability to a network, and the information is referred to as
the UE-capability information. However, according to the
UE-capability information based on the existing standard, a
UE notifies the frequency band only for supporting the
normal operation, that is, the operation by the cellular
communication. Accordingly, there is a problem that a
network is unable to know in what frequency band the UE
supports the D2D operation, and in what frequency band (or
a combination of frequency bands) the UE support the
normal operation and the D2D operation simultaneously.
Hereinafter, the frequency band is briefly referred to as a
band. Hereinafter, the EUTRA is exemplified as the network
in the cellular communication, but not limited thereto. As far
as there is no special mention, the D2D operation includes
the D2D communication and the D2D discovery, and
includes a transmission and a reception in the aspect of
transmission/reception.

[0268] FIG. 15 illustrates a D2D operation method per-
formed by a UE according to an embodiment of the present
invention.

[0269] Referring to FIG. 15, a UE generates the UE-
capability information that includes the D2D band informa-
tion indicating the frequency band in which the D2D opera-
tion is supported (step, S210), and transmits the
UE-capability information to a network (step, S220).
[0270] That is, in order to notify the frequency band or the
band combination (BC) in which the normal operation and
the D2D operation are supported, the UE may notify the
D2D band information indicating the bands (band combi-
nation) that support the D2D operation. The D2D band
information may be transmitted to the network with being
included in the UE-capability information.

[0271] The bands indicated by the D2D band information
may be the bands in which the UE may support the normal
operation and the D2D operation in the same time. For
example, while the UE transmits the D2D band information
including the list that indicates the bands supporting the
D2D operation, the UE may also transmits the list that
indicates the bands supporting the normal operation sepa-
rately. In this case, the band that is collectively indicated by
the list that indicates the bands supporting the D2D opera-
tion and the list that indicates the bands supporting the
normal operation becomes the band in which the normal
operation and the D2D operation are supported simultane-
ously. Otherwise, the D2D band information may include
the list that is directly indicating the bands in which the
normal operation and the D2D operation are supported
simultaneously.

[0272] Meanwhile, when the UE supports the carrier
aggregation, the UE may undergo the carrier aggregation
and provide the list of the bands in which the normal
operation is supported and the bands in which the D2D
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operation is supported (the list may be provided with respect
to each of the bands in which the normal operation is
supported and the bands in which the D2D operation is
supported with undergoing the carrier aggregation, respec-
tively, or one list may be provided for the both bands). Each
of the frequency bands of the list or each of the combination
of the frequency bands represents the frequency band in
which the normal operation and the D2D operation may be
performed simultaneously. Hereinafter, for the convenience
of description, the expression that a UE simply supports
band X means that the UE supports the conventional cellular
communication (normal operation) for band X. The case of
supporting the D2D operation for band X will be mentioned
separately.

[0273] Itis assumed that the UE may support band A, band
B and band C, and also support the carrier aggregation (CA)
that uses two bands for downlink and a band for uplink. In
the case that the carrier aggregation is not currently config-
ured for the UE, the band supported by the UE is the list
including {A}, {B} and {C} when it is expressed by a list.
[0274] In the case that the carrier aggregation is currently
configured for the UE, the UE is required to notify the
combination supported by the UE among various combina-
tions of bands A, B and C to the network. In the case of the
carrier aggregation using two bands for downlink and a band
for uplink, there may be various combinations as following
table.

TABLE 2

Band combination =~ Meaning

{{A, B}, A} Support downlink through bands A and B,
support uplink through band A

{{A, B}, B} Support downlink through bands A and B,
support uplink through band B

{{A, B}, C} Support downlink through bands A and B,
support uplink through band C

{{A, C}, A} Support downlink through bands A and C,
support uplink through band A

{{A, C}, C} Support downlink through bands A and C,
support uplink through band C

{{A, C}, B} Support downlink through bands A and C,
support uplink through band B

{{B, C}, B} Support downlink through bands B and C,
support uplink through band B

{{B, C}, C} Support downlink through bands B and C,
support uplink through band C

{{B, C}, A} Support downlink through bands B and C,

support uplink through band A
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[0275] In the case that a UE supports all of the band
combinations shown in Table 2, the UE is required to notify
all of the band combinations shown in Table 2 to a network,
and may transmit the list including all of the band combi-
nations shown in Table 2 to the network.

[0276] Meanwhile, in the case that the UE also supports
the D2D operation, the UE is required to notify the band in
which the D2D operation is supported in addition to the
bands supported by the UE/the band combination in which
the carrier aggregation is supported.

[0277] First, in the case that the UE does not support the
carrier aggregation or the carrier aggregation is not config-
ured, but supports the D2D operation only, the band sup-
ported by the UE or the band in which the D2D operation is
supported may be indicated as the scheme shown in the table
below. Since the carrier aggregation is not supported or not
configured, the D2D operation is supported through a carrier
(cell), not through a plurality of carriers (cells).

TABLE 3

Band combination Meaning

{A, AD2D)} Support band A, Support band A for the D2D
operation

{A, B(D2D)} Support band A, Support band B for the D2D
operation

{A, C(D2D)} Support band A, Support band C for the D2D
operation

{B, A(D2D)} Support band B, Support band A for the D2D
operation

{B, B(D2D)} Support band B, Support band B for the D2D
operation

{B, C(D2D)} Support band B, Support band C for the D2D
operation

{C, A(D2D)} Support band C, Support band A for the D2D
operation

{C, B(D2D)} Support band C, Support band B for the D2D
operation

{C, C(D2D)} Support band C, Support band C for the D2D
operation

[0278] In the case that a UE supports the D2D operation

through a plurality of bands (i.e., in the case that a UE
supports the D2D operation through a plurality of bands
while the UE performs the cellular communication through
a single band, simultaneously), the band supported by the
UE or the band in which the D2D operation is supported
may be indicated as following table.

TABLE 4

Band combination

Meaning

{A, {A(D2D), B(D2D)}}
{A, {A(D2D), C(D2D)}}
{A, {B(D2D), C(D2D)}}
{A, {A(D2D), B(D2D), C(D2D) }}
{B, {A(D2D), B2D)}}
{B, {A(D2D), c(D2DY}}
{B, {B(D2D). C(D2D)}}

Support band A, Support bands A and B for
the D2D operation

Support band A, Support bands A and C for
the D2D operation

Support band A, Support bands B and C for
the D2D operation

Support band A, Support bands A, B and C
for the D2D operation

Support band B, Support bands A and B for
the D2D operation

Support band B, Support bands A and C for
the D2D operation

Support band B, Support bands B and C for
the D2D operation



US 2017/0013657 Al Jan. 12, 2017

14

TABLE 4-continued

Band combination Meaning

{B, {A(D2D), BD2D), C(D2D) }}
{C, {A(D2D), B2D)}}
{C, {A(D2D), c(D2D)}}
{C, {B(D2D), C(D2D)}}
{C, {A(D2D), B(D2D), C(D2D) }}

for the D2D operation
the D2D operation
the D2D operation
the D2D operation

for the D2D operation

Support band B, Support bands A, B and C
Support band C, Support bands A and B for
Support band C, Support bands A and C for
Support band C, Support bands B and C for

Support band C, Support bands A, B and C

[0279] When a UE supports the carrier aggregation,
together with the band combinations in which the carrier
aggregation is supported, the UE may also notify the band
combinations in which the D2D operation is supported.

[0280] For example, in the case that the carrier aggrega-
tion using two bands for downlink and a band for uplink is
configured for the UE that supports the carrier aggregation
and the UE supports the D2D operation through a band, the
UE may indicate the band combinations as shown in the
table below.

TABLE 5

Band combination Meaning

{{A, B}, A, A(D2D)} Support downlink through bands A and B,
Support the D2D operation in band A
together with the carrier aggregation
supporting uplink through band A

{{A, B}, A, B(D2D)} Support downlink through bands A and B,
Support the D2D operation in band B
together with the carrier aggregation
supporting uplink through band A

{{A, B}, A, C(D2D)} Support downlink through bands A and B,
Support the D2D operation in band C
together with the carrier aggregation
supporting uplink through band A

{{A, B}, B, A(D2D)} Support downlink through bands A and B,
Support the D2D operation in band A
together with the carrier aggregation
supporting uplink through band B

{{A, B}, B, B(D2D)} Support downlink through bands A and B,
Support the D2D operation in band B
together with the carrier aggregation
supporting uplink through band B

{{A, B}, B, C(D2D)} Support downlink through bands A and B,
Support the D2D operation in band C
together with the carrier aggregation
supporting uplink through band B

{{A, C}, A, A(D2D)} Support downlink through bands A and C,
Support the D2D operation in band A
together with the carrier aggregation
supporting uplink through band A

TABLE 5-continued

Band combination

Meaning

{{A, C}, A, C(D2D)}

{{a, ¢, ¢, AD2D)}

{{a, ¢, ¢, BD2D)}

{{a, ¢, ¢, cDaDy}

{{B, C}, A, A(D2D)}

{{B, C}, A, BD2D)}

{{B, C}, A, C(D2D)}

{{B, C}, C, AD2D)}

{{B, C}, C, BD2D)}

{{B, C}, C, CD2D)}

Support downlink through bands A and C,
Support the D2D operation in band C
together with the carrier aggregation
supporting uplink through band A

Support downlink through bands A and C,
Support the D2D operation in band A
together with the carrier aggregation
supporting uplink through band C

Support downlink through bands A and C,
Support the D2D operation in band B
together with the carrier aggregation
supporting uplink through band C

Support downlink through bands A and C,
Support the D2D operation in band C
together with the carrier aggregation
supporting uplink through band C

Support downlink through bands B and C,
Support the D2D operation in band A
together with the carrier aggregation
supporting uplink through band A

Support downlink through bands B and C,
Support the D2D operation in band B
together with the carrier aggregation
supporting uplink through band A

Support downlink through bands B and C,
Support the D2D operation in band C
together with the carrier aggregation
supporting uplink through band A

Support downlink through bands B and C,
Support the D2D operation in band A
together with the carrier aggregation
supporting uplink through band C

Support downlink through bands B and C,
Support the D2D operation in band B
together with the carrier aggregation
supporting uplink through band C

Support downlink through bands B and C,
Support the D2D operation in band C
together with the carrier aggregation
supporting uplink through band C

[0281]

Meanwhile, in the case that the carrier aggregation

{{A, C}, A, B(D2D)}

Support downlink through bands A and C,
Support the D2D operation in band B
together with the carrier aggregation
supporting uplink through band A

using two bands for downlink and a band for uplink is
configured for the UE that supports the carrier aggregation
and the UE supports the D2D operation through a plurality
of bands, the UE may indicate the band combinations as
shown in the table below.

TABLE 6

Band combination

Meaning

{{A. B}, A, {A(D2D). BD2D)}}

Support downlink through bands A and B,
Support the D2D operation in bands A and B
together with the carrier aggregation
supporting uplink through band A
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TABLE 6-continued
Band combination Meaning
{{A, B}, A, {A(D2D). C(D2D)}} Support downlink through bands A and B,

Support the D2D operation in bands A and C
together with the carrier aggregation
supporting uplink through band A

{{A, B}, A, {B(D2D), C(D2D)}} Support downlink through bands A and B,
Support the D2D operation in bands B and C
together with the carrier aggregation
supporting uplink through band A

{{A, B}, A, {A(D2D). BD2D), C(D2D)}}  Support downlink through bands A and B,
Support the D2D operation in bands A, B and
C together with the carrier aggregation
supporting uplink through band A

{{A, B}, B, {A(D2D). BO2D)}} Support downlink through bands A and B,
Support the D2D operation in bands A and B
together with the carrier aggregation
supporting uplink through band B

{{A, B}, B, {A(D2D). C(D2D)}} Support downlink through bands A and B,
Support the D2D operation in bands A and C
together with the carrier aggregation
supporting uplink through band B

{{A, B}, B, {B(D2D), C(D2D)}} Support downlink through bands A and B,
Support the D2D operation in bands B and C
together with the carrier aggregation
supporting uplink through band B

{{A, B}, B, {A(D2D), BD2D), C(D2D)}}  Support downlink through bands A and B,
Support the D2D operation in bands A, B and
C together with the carrier aggregation
supporting uplink through band B

{{A, C}, A, {A(D2D). BO2D)}} Support downlink through bands A and C,
Support the D2D operation in bands A and B
together with the carrier aggregation
supporting uplink through band A

{{A, C}, A, {A(D2D). C(D2D)}} Support downlink through bands A and C,
Support the D2D operation in bands A and C
together with the carrier aggregation
supporting uplink through band A

{{A, C}, A, {B(D2D), C(D2D Support downlink through bands A and C,
Support the D2D operation in bands B and C
together with the carrier aggregation
supporting uplink through band A

{{A, C}, A, {A(D2D), B(D2D), C(D2D)}}  Support downlink through bands A and C,
Support the D2D operation in bands A, B and
C together with the carrier aggregation
supporting uplink through band A

{{A, C}, C, {A(D2D). BO2D)}} Support downlink through bands A and C,
Support the D2D operation in bands A and B
together with the carrier aggregation
supporting uplink through band C

{{A, C}, C, {A(D2D), C(D2D)}} Support downlink through bands A and C,
Support the D2D operation in bands A and C
together with the carrier aggregation
supporting uplink through band C

{{A, C}, C, {B(D2D), C(D2D)}} Support downlink through bands A and C,
Support the D2D operation in bands B and C
together with the carrier aggregation
supporting uplink through band C

{{A, C}, C, {A(D2D), B(D2D), C(D2D)}}  Support downlink through bands A and C,
Support the D2D operation in bands A, B and
C together with the carrier aggregation
supporting uplink through band C

{{B, C}, A, {A(D2D), B(D2D)}} Support downlink through bands B and C,
Support the D2D operation in bands A and B
together with the carrier aggregation
supporting uplink through band A

{{B, C}, A, {A(D2D), C(D2D)}} Support downlink through bands B and C,
Support the D2D operation in bands A and C
together with the carrier aggregation
supporting uplink through band A

{{B, C}, A, {B(D2D), C(D2D)}} Support downlink through bands B and C,
Support the D2D operation in bands B and C
together with the carrier aggregation
supporting uplink through band A
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TABLE 6-continued
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Band combination Meaning

{{B, C}, A, {A(D2D), B(D2D), C(D2D)}}

Support downlink through bands B and C,

Support the D2D operation in bands A, B and
C together with the carrier aggregation

supporting uplink through band A
Support downlink through bands B and C,

{{B. C}. C. {AD2D). BDDI}}

Support the D2D operation in bands A and B
together with the carrier aggregation

supporting uplink through band C
Support downlink through bands B and C,

{{B. C}. C. {AD2D). C(D2DI}}

Support the D2D operation in bands A and C
together with the carrier aggregation

supporting uplink through band C
Support downlink through bands B and C,

{{B. C}, C, {B(D2D), C(D2D)}}

Support the D2D operation in bands B and C
together with the carrier aggregation

supporting uplink through band C
Support downlink through bands B and C,

{{B, C}, C {A(D2D), B(D2D), C(D2D)}}

Support the D2D operation in bands A, B and
C together with the carrier aggregation

supporting uplink through band C

[0282] As described by reference to Tables 3 to 6, a UE
also notifies the bands in which the D2D operation is
supported together with the bands in which the cellular
communication is supported.

[0283] According to the present invention, as a method for
notifying the bands in which the D2D operation is sup-
ported, one of the following three methods may be used.
[0284] <Method 1-a>

[0285] When a UE notifies the list of bands in which the
cellular communication, that is, the normal operation is
supported to a network, the UE may indicate whether each
of'the bands in the list supports the D2D operation (Yes/No).
This method has an advantage of decreasing the signaling
size used for indicating the band information in which the
D2D operation is supported, but has a disadvantage of
failing to indicate the band in which the D2D operation is
supported only.

[0286] <Method 1-b>

[0287] When a UE notifies the list of bands in which the
cellular communication, that is, the normal operation is
supported to a network, the UE notifies the list supporting
the D2D operation independent of the list to the network.
This method has an advantage of indicating the band in
which only the D2D operation is supported but the cellular
communication is not supported. However, the method has
a disadvantage that the signaling size is relatively greater
than that of Method 1-a.

[0288] <Method 1-c>

[0289] This is the method of taking the advantages of
Method 1-a and Method 1-b only. When a UE notifies the list
of the bands in which the cellular communication is sup-
ported to a network using Method 1-a, the UE indicates
whether each of the bands in the list supports the D2D
operation (Yes/No). In the case that there is a band in which
only the D2D operation is supported but the cellular com-
munication is not supported, the UE notifies the band with
a separate list additionally using Method 1-b.

[0290] Meanwhile, the D2D operation includes the D2D
communication and the D2D discovery. As a method for a
UE to notify the band in which each of the D2D operations,
there are following two methods.

[0291] <Method 2-a> A UE may separately notify the
band in which the D2D communication is supported and the
band in which the D2D discovery is supported.

[0292] FIG. 16 exemplifies the UE-capability information
including the D2D band information according to Method
2-a.

[0293] Referring to FIG. 16, the UE-capability informa-
tion includes the D2D band information. The D2D band
information includes the list (referred to as ‘commSupport-
edBands’) indicating the bands in which the D2D commu-
nication is supported and the list (referred to as ‘discSup-
portedBands’) indicating the bands in which the D2D
discovery is supported, separately.

[0294] For example, it is assumed that a UE supports the
operation of the D2D communication in band J and the D2D
discovery in band K. In this case, the UE includes band J in
‘commSupportedBands’ and includes band K in ‘discSup-
portedBands’.

[0295] <Method 2-b>

[0296] Different from Method 2-a, according to Method
2-b, a UE may notify the band in which the D2D operation
is available, that is, the available band in which the D2D
communication and the D2D discovery are supported col-
lectively, not separately. For example, it is assumed that a
UE supporting the carrier aggregation using two bands
(bands X and Y) for downlink and a band (band X) for
uplink supports the D2D communication and the D2D
discovery simultaneously in band J. In this case, the UE may
interpret that the D2D band information includes band J, and
the network that receives it may interpret that both of the
D2D communication and the D2D discovery are supported
in band J. The UE-capability information forwards the
information of {{band X for downlink, band Y for down-
link}, {band X for uplink, band J for the D2D operation}}
to the network.

[0297] Using the method described above, a UE may
forward the D2D band information to a network. Mean-
while, when considering the possibility that the cellular
communication (normal operation) and the D2D operation
are occurred at the same time, simultaneously, the UE may
be required to provide the information on whether the
simultaneous performance of the normal operation and the
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D2D operation is supported to the network. In the case that
the UE does not support the simultaneous performance of
the normal operation and the D2D operation, a BS may be
required to adjust the scheduling of the normal operation or
to restrict the D2D operation such that the simultaneous
performance does not occur. When the UE is able to perform
the normal operation in band A and perform the D2D
operation in band B simultaneously, but the UE is unable to
perform the normal operation in band C and perform the
D2D operation in band D simultaneously, the BS may
perform the mobility procedure (e.g., the handover) such
that the UE performs the normal operation in band A. In
order to notify the information on whether the UE supports
the simultaneous performance of the normal operation and
the D2D operation to the network, the following method
may be used.

[0298] <Method 3-a>

[0299] When a UE notifies the list of the band or the band
combination in which the normal operation is supported to
a network, the UE indicates whether the simultaneous per-
formance of the D2D operation is supported in each band of
the list (Yes/No).

[0300] The UE may notify the capability for the D2D
operation of the UE to the network using only one method
among Method 3-a and a series of Method 1 (Methods 1-a,
1-b and 1-c) or separately using method 3-a and the series of
Method 1. As an example of using only one method among
Method 3-a and a series of Method 1, the UE is available to
use only one between Method 3-a and Method 1-a. In this
case, the notification that the UE supports the D2D operation
in a specific band means that the simultaneous performance
of the normal operation and the D2D operation is available.
As an embodiment of separately using method 3-a and a
series of Method 1, the UE is available to separately use
Method 3-a and Method 1-a. In this case, for the band
notified by the UE that the D2D operation is supported using
Method 1-a, additionally, the UE may separately indicate
whether the simultaneous performance of the normal opera-
tion and the D2D operation is available in the band using
Method 3-a.

[0301] <Method 3-b>

[0302] When a UE notifies the list of the band/the band
combination in which the cellular communication (normal
operation) is supported to a network, the UE notifies each
entry in the list, that is, the D2D band information indicating
that the simultaneous performance of the D2D operation is
available for each of the band/the band combination.

[0303] The D2D band information indicating that the
simultaneous performance is available may be expressed by
a band list. Otherwise, the D2D band information indicating
that the simultaneous performance is available may be
expressed by the bitmap indicating whether the UE supports
the simultaneous performance for each of the bands included
in the band list in which the D2D operation is supported
using the series of Method 1. The number of bit of the
bitmap may be identical to the number of the band in which
the UE supports the D2D operation using the series of
Method 1.

[0304] As an example according to Method 3-b, a UE may
notify the band in which the D2D operation is supported as
the D2D resource band list indicating {A, B, C} to a
network, and the UE may additionally indicate the bitmap of

Jan. 12, 2017

which length is 3 while indicating the combination ({A, B})
of band A and band B as a combination in which the carrier
aggregation is available. Each bit of the bitmap indicates
whether to support each band of the D2D resource band list.
In the case that the UE indicates 100 by the bitmap for the
band combination {A, B} in which the UE indicates the
carrier aggregation is available, this information means that
the UE supports the simultaneous operation including the
carrier aggregation operation using the band combination
{A, B } and the D2D operation in the band A. Similarly, in
the case that the UE indicates 110 by the bitmap for the band
combination {A, B} in which the UE indicates the carrier
aggregation is available, this information means that the UE
supports the simultaneous operation including the carrier
aggregation operation using the band combination {A, B }
and the D2D operation in the band A, and the UE supports
the simultaneous operation including the carrier aggregation
operation using the band combination {A, B } and the D2D
operation in the band B.

[0305] FIG. 17 illustrates another example of the UE-
capability information according to the present invention.

[0306] Referring to FIG. 17, the UE-capability informa-
tion may further include the D2D support band information
(‘commSupportedBandsPerBC’) for each band combination
in addition to the D2D band information that is described by
reference to FIGS. 15 and 16.

[0307] The D2D support band information for each band
combination may indicate the frequency band in which the
cellular communication (normal operation) that a UE per-
forms with a network and the D2D operation that the UE
performs with another UE is simultaneously supported in the
band combination (BC) including two or more frequency
bands for the cellular communication.

[0308] Forexample, in Table 5 above, the UE may deliver
the information such as {{A,B }, A, A(D2D)} to the net-
work, which notifies that the D2D operation is supported in
band A together with the carrier aggregation supporting
downlink through bands A and B and uplink through band A
to the network. In this case, the UE indicates band A as the
frequency band in which the cellular communication and the
D2D operation are simultaneously supported for the band
combination including bands A and B. In this case, the UE
may notify that the cellular communication and the D2D
operation are simultaneously supported in band A for the
band combination including bands A and B through the D2D
support band information for each band combination.

[0309] The frequency band in which the cellular commu-
nication that is performed with the network and the D2D
operation that is performed with another UE are simultane-
ously supported may be included in the list of the frequency
bands in which the D2D operation is supported. The list may
indicate one or more frequency bands.

[0310] The UE may provide the bitmap which is mapped
to each of the frequency bands in the frequency band list
including one or more frequency bands in which the D2D
operation is supported. Through the bitmap, the UE may
indicate the frequency band in which the cellular commu-
nication that is performed with the network and the D2D
operation that is performed with another UE are simultane-
ously supported.

[0311] For example, in the case that a specific bit of the
bitmap is 1, it means that the cellular communication and the
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D2D operation are simultaneously supported in the fre-
quency band that is mapped to the specific bit. This has been
described in Method 3-b.

[0312] More particularly, the D2D support band informa-
tion for each band combination may represent the bands in
which the simultaneous reception of the signal (e.g., signal
by the EUTRA) by the cellular communication and the
signal by the D2D communication performed by the UE is
supported for a specific band combination (BC).

[0313] In the case that the UE supports the simultaneous
transmission of the signal by the EUTRA and the signal by
the D2D communication (the parameter notifying this is
referred to as ‘commSimultancousTx’, and the UE may
notify that the UE supports the simultaneous transmission
through the parameter), the D2D support band information
for each band combination (‘commSupportedBandsPerBC”)
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may also represent the bands in which the UE supports the
simultaneous transmission of the signal by the EUTRA and
the signal by the D2D communication for a specific band
combination.

[0314] That is, basically, the D2D support band informa-
tion for each band combination represents the bands (recep-
tion bands) in which the UE supports the simultaneous
reception of the signal by the EUTRA and the signal by the
D2D communication. In the case that the UE notifies that the
UE supports the simultaneous transmission of the signal by
the EUTRA and the signal by the D2D communication, it is
represented that the UE also supports the simultaneous
transmission of the signal by the EUTRA and the signal by
the D2D communication in the reception bands.

[0315] The table below represents a particular example of
the UE-capability information which is described by refer-
ence to FIG. 15 to FIG. 17.

TABLE 7
-- ASN1START
UE-EUTRA-Capability ::= SEQUENCE {
accessStratumRelease AccessStratumRelease,
ue-Category INTEGER (1..5),
pdep-Parameters PDCP-Parameters,
phyLayerParameters PhyLayerParameters,
rf-Parameters RF-Parameters,
measParameters MeasParameters,
I
nonCriticalExtension UE-EUTRA-Capability-v920-1Es OPTIONAL
}
RF-Parameters ::= SEQUENCE {
supportedBandListEUTRA SupportedBandListEUTRA
¥
SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF
BandCombinationParameters-r10
SupportedBandCombination-v12xy ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF
BandCombinationParameters-v12xy
BandCombinationParameters-v12xy ::= SEQUENCE {
de-Support-r12 SEQUENCE {
supported-r12 SEQUENCE {
asynchronous-r12 ENUMERATED {supported} OPTIONAL,
supportedCellGrouping-r12 BIT STRING (SIZE (1..15)) OPTIONAL
} OPTIONAL
I
supportedNAICS-2CRS-AP-r12 BIT STRING (SIZE (1..maxNAICS-Entries-r12)) OPTIONAL,
commSupportedBandsPerBC-r12 BIT STRING (SIZE (1.. maxBands)) OPTIONAL,
¥
Prose-Parameters-r12 ::= SEQUENCE {
commSimultaneousTx-r12 ENUMERATED {supported} OPTIONAL,
commSupportedBands-r12 FreqBandIndicatorListEUTRA-r12 OPTIONAL,
discSupportedBands-r12 ProseSupportedBandInfoList-r12 OPTIONAL,
discScheduledResourceAlloc-r12 ENUMERATED {supported} OPTIONAL,
disc-UE-SelectedResourceAlloc-r12 ENUMERATED {supported} OPTIONAL,
disc-SLSS-r12 ENUMERATED {supported} OPTIONAL,
discSupportedProc-r12 ENUMERATED {n50, n400} OPTIONAL

}

ProseSupportedBandInfoList-r12 ::=

ProseSupportedBandInfo-r12

ProseSupportedBandInfo-r12 ::=
support-r12

}

FreqBandIndicatorListEUTRA-r12 ::=

SEQUENCE (SIZE (1..maxBands)) OF

SEQUENCE {
ENUMERATED {supported} OPTIONAL

SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicator-r11
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[0316] Referring to Table 7 above, the UE-capability
information includes the information included in the con-
ventional UE-capability information such as the category of
UE (‘ue-Category’), the physical layer parameter (‘phyLay-
erParamters’), the radio frequency parameter (‘rf-param-
eters’), and so on. The radio frequency parameter includes
‘supportedBandListEUTRA’, which represents the bands
(the EUTRA bands) in which the cellular communication is
supported.

[0317] Meanwhile, the UE-capability information
includes the additional parameters according to the present
invention. The additional parameters are in relation to the
D2D operation, and include the D2D band information and
the D2D support band information for each band combina-
tion described above.

[0318] The D2D band information may be, for example,
‘commSupportedBands’, ‘discSupportedBands’ in Table 7
above.

[0319] ‘commSupportedBands’ indicates the bands in
which the UE supports the D2D communication. When
‘commSupportedBands’ indicates a plurality of bands, the
plurality of bands may configure the band combination.
‘commSupportedBands” may be provided in the bitmap
form. Each bit of the bitmap that configures ‘commSupport-
edBands’ may correspond to each band included in ‘sup-
portedBandListEUTRA’. That is, the first bit of the bitmap
that configures ‘commSupportedBands’ may correspond to
the first band included in ‘supportedBandListEUTRA’.
When the value of a specific bit in the bitmap that configures
‘commSupportedBands’ is 1, which indicates that the band
corresponding to ‘supportedBandListEUTRA’ is the band in
which the D2D communication is supported. Otherwise,
‘commSupportedBands’ may be provided in the list sepa-
rately from ‘supportedBandListEUTRA’.

[0320] “discSupportedBands’ indicates the bands in which
the UE supports the D2D discovery. ‘discSupportedBands’
may be provided in the list form that includes the bands in
which the operation for the D2D discovery is supported.

[0321] That is, as shown in Table 7 above, the D2D band
information notifies the band in which the UE supports the
D2D communication and the band in which the D2D dis-
covery is supported.

[0322] The D2D support band information for each band
combination may be ‘commSupportedBandsPerBC’ in Table
7 above. ‘commSupportedBandsPerBC’ represents the
bands in which the UE supports the simultaneous reception
of the signal by the EUTRA and the signal by the D2D
communication for a specific band combination (BC). In the
case that the UE supports the simultaneous transmission of
the signal by the EUTRA and the signal by the D2D
communication (‘commSimultaneousTx’ may notifies the
support of the simultaneous transmission, which will be
described below), ‘commSupportedBandsPerBC” also rep-
resents the bands in which the UE supports the simultaneous
transmission of the signal by the EUTRA and the signal by
the D2D communication. That is, ‘commSupportedBand-
sPerBC’ represents the bands (reception bands) in which the
UE supports the simultaneous reception of the signal by the
EUTRA and the signal by the D2D communication. In the
case of notifying that the UE supports the simultaneous
transmission of the signal by the EUTRA and the signal by
the D2D communication, which represents that the UE also

Jan. 12, 2017

supports the simultaneous transmission of the signal by the
EUTRA and the signal by the D2D communication in the
reception bands.

[0323] In Table 7 above, ‘commSimultaneousTx’ notifies
whether the UE supports the simultaneous transmission of
the signal by the EUTRA and the signal by the D2D
communication in the entire bands of the band combination
notified to support the D2D operation by the UE.

[0324] FIG. 18 illustrates a D2D operation method accord-
ing to another embodiment of the present invention.
[0325] Referring to FIG. 18, a UE generates the D2D
support band information for each band combination that
indicates the frequency band in which the UE simultane-
ously supports the cellular communication performed with a
network and the D2D operation performed with another UE
in the band combination that is configured with two or more
frequency bands (step, S310).

[0326] The UE transmits the D2D support band informa-
tion for each band combination to the network (step, S320).
[0327] Meanwhile, the UE may further include the addi-
tional information except the D2D band information and the
D2D support band information for each band combination in
the UE-capability information.

[0328] For example, the UE may notify whether the full
duplex operation is supported between the band for the D2D
operation and other band for the cellular operation with
respect to the band for the D2D operation.

[0329] Herein, the full duplex operation means, between
signal band A for the D2D operation and other band B for the
cellular operation, the operation that the UE may accurately
receive the D2D signal transmitted by another UE through
band A while the UE transmits signal for the cellular
communication through band B.

[0330] The UE may notify the band for the cellular
communication that may be operated in the full duplex for
the specific band in which the D2D operation is supported.
That is, the UE may notity the band for the corresponding
cellular communication that may operate in the full duplex
for each band in which the D2D operation is supported.
[0331] Otherwise, the UE may notify whether the full
duplex operation is supported in a first band for the D2D
operation and a second band for the D2D operation. Herein,
the first band and the second band are different bands with
each other. For example, in the case that the UE may receive
the D2D communication signal transmitted by another UE in
band A simultaneously, while the UE transmits the signal for
the D2D communication in band B, it may be that the UE
supports the full duplex for the D2D operation in bands A
and B. In this case, the UE may provide the information
notifying that the UE supports the full duplex for the D2D
operation for bands A and B with a network.

[0332] Or, the UE may list the bands that may duplex the
D2D operation and notify it to the network.

[0333] The UE may notify whether only the half duplex is
supported in the band for the D2D operation and the band for
the cellular communication to the network. Herein, the half
duplex means the operation scheme, in the case that the D2D
operation is performed in a specific band, the cellular
communication is not supported in the other band. On the
contrary, according to the scheme, in the case that the
cellular communication is performed in a specific band, the
D2D operation is not supported in the other band.

[0334] For example, while a UE is transmitting the signal
for the D2D communication in band B, the UE is unable to
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receive the signal by the cellular communication in band A.
This is because the signal for the D2D communication in
band B influences on the receiver of the UE that is tuned to
band A. This is also referred to as the self-interference. That
is, the UE that supports the half duplex only is unable to
perform the signal transmission in a specific band and the
signal reception in the other band simultaneously owing to
the self-interference.

[0335] Such a UE is required to notify the band in which
the D2D operation is supported in the half duplex together
with the band for the cellular communication. In the above
example, when the UE notify band A to the network, the UE
may notify that the UE supports the D2D operation in the
half duplex scheme only in band B.

[0336] The UE may notify that only the half duplex
operation is supported in the first band for the D2D operation
and the second band for the D2D operation. Herein, the first
band and the second band are different bands with each
other.

[0337] For example, in the case that the UE is unable to
receive the D2D communication signal transmitted by
another UE in band A simultaneously, while the UE trans-
mits the signal for the D2D communication in band B, it may
be that the UE supports the half duplex only for the D2D
operation in bands A and B. Since the signal for the D2D
communication transmitted in band B by the UE self-
interferences on the receiver of the UE that is tuned to band
A, the UE is unable to receive the D2D communication
signal transmitted by another UE in band B.

[0338] In this case, the UE may provide the information
notifying that the UE supports the full duplex for the D2D
operation for bands A and B with a network. In the above
example, when the UE notifies band A in which the D2D
operation is supported to the network, the UE may notify the
D2D operation is supported in the half duplex scheme only
in band B to the network (of course, on the contrary, when
the UE notifies band B in which the D2D operation is
supported to the network, the UE may notify the D2D
operation is supported in the half duplex scheme only in
band B to the network.).

[0339] In the description above, the example that the UE
explicitly notifies the duplex scheme which is supported by
the UE in the UE-capability information, but not limited
thereto. That is, the duplex scheme which is supported by the
UE may not be explicitly notified in the UE-capability
information.

[0340] As such, in the case that the information on the
duplex scheme which is explicitly supported is not included
in the UE-capability information, the network may regard
that the UE supports the full duplex or the half duplex for all
of the band combinations notified by the UE. For example,
as far as there is no explicit information that only the half
duplex is supported for a specific band combination in the
UE-capability information, the network may regard that the
full duplex is supported for all of the combinations except
the specific band combination among the band combination
notified by the UE (Or, as far as there is no explicit
information that only the full duplex is supported for a
specific band combination in the UE-capability information,
the network may regard that the full duplex is supported for
all of the combinations except the specific band combination
among the band combination notified by the UE.).

[0341] FIG. 19 illustrates a D2D operation method per-
formed by a UE according to the present invention.
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[0342] Referring to FIG. 19, UE 1 provides the UE-
capability information with a network (step, S401). The
UE-capability information may include the D2D band infor-
mation and the D2D support band information for each band
combination described above.

[0343] The network provides the D2D configuration infor-
mation with UE 1 (step, S402). Since the network may know
the D2D band supported by UE 1 according to the UE-
capability information, the network may configure a proper
band to UE 1 for the D2D operation. When the network
provides UE 1 with the D2D configuration information, the
network may perform the procedure (e.g., the handover or
exchanging a secondary cell, etc.) for moving the serving
frequency of the UE to other band according to the UE-
capability information.

[0344] UE 1 performs the D2D configuration based on the
D2D configuration information (step, S403).

[0345] UE 1 performs the D2D operation with UE 2 (step,
S404). Although it is not shown in FIG. 19, UE 2 may also
exchange the UE-capability information and the D2D con-
figuration information with the network before performing
the D2D operation.

[0346] FIG. 20 is a block diagram illustrating a UE in
which the embodiments of the present invention are imple-
mented.

[0347] Referring to FIG. 20, a UE 1100 includes a pro-
cessor 1110, a memory 1120 and a radio frequency (RF) unit
1130. The processor 1110 implements the proposed func-
tions, processes and/or methods. For example, the processor
1110 generates the D2D band information indicating the
frequency band in which the D2D operation is supported,
and transmits the D2D band information to the network. The
D2D band information may include the information indi-
cating the frequency bands in which the D2D communica-
tion is supported and the information indicating the fre-
quency band in which the D2D discovery is supported,
separately.

[0348] The RF unit 1130 is connected to the processor
1110 and sends and receives radio signals.

[0349] The processor may include Application-Specific
Integrated Circuits (ASICs), other chipsets, logic circuits,
and/or data processors. The memory may include Read-
Only Memory (ROM), Random Access Memory (RAM),
flash memory, memory cards, storage media and/or other
storage devices. The RF unit may include a baseband circuit
for processing a radio signal. When the above-described
embodiment is implemented in software, the above-de-
scribed scheme may be implemented using a module (pro-
cess or function) which performs the above function. The
module may be stored in the memory and executed by the
processor. The memory may be disposed to the processor
internally or externally and connected to the processor using
a variety of well-known means.

What is claimed is:

1. A method for a device-to-device (D2D) operation
performed by a user equipment (UE) in a wireless commu-
nication system, the method comprising:

generating D2D band information indicating a frequency

band in which the UE supports the D2D operation; and
transmitting the D2D band information to a network.

2. The method of claim 1, wherein the D2D band infor-
mation is transmitted with being included in UE-capability
information notifying a capability of the UE.
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3. The method of claim 1, wherein the D2D band infor-
mation indicates one or more frequency bands in which the
D2D operation is supported.

4. The method of claim 3, wherein the one or more
frequency bands in which the D2D operation is supported is
indicated through a separate band list that is different from
a frequency band list in which a cellular communication is
supported.

5. The method of claim 3, wherein the one or more
frequency bands in which the D2D operation is supported is
indicated by indicating whether to support the D2D opera-
tion for each band in the frequency band list in which a
cellular communication is supported.

6. The method of claim 1, wherein the D2D operation is
a D2D communication or a D2D discovery.

7. The method of claim 6, wherein the D2D band infor-
mation includes the information indicating the frequency
bands in which the D2D communication is supported and
the information indicating the frequency bands in which the
D2D discovery is supported, separately.

8. A user equipment (UE), the UE comprising:

a radio frequency (RF) unit configured to transmit or

receive a radio signal; and

a processor operatively connected to the RF unit,

wherein the processor is configured to perform:

generating D2D band information indicating a frequency
band in which the UE supports a D2D operation; and
transmitting the D2D band information to a network.
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9. The UE of claim 8, wherein the D2D band information
is transmitted with being included in UE-capability infor-
mation notifying a capability of the UE.

10. The UE of claim 8, wherein the D2D band information
indicates one or more frequency bands in which the D2D
operation is supported.

11. The UE of claim 10, wherein the one or more
frequency bands in which the D2D operation is supported is
indicated through a separate band list that is different from
a frequency band list in which a cellular communication is
supported.

12. The UE of claim 10, wherein the one or more
frequency bands in which the D2D operation is supported is
indicated by indicating whether to support the D2D opera-
tion for each band in the frequency band list in which a
cellular communication is supported.

13. The UE of claim 8, wherein the D2D operation is a
D2D communication or a D2D discovery.

14. The UE of claim 13, wherein the D2D band informa-
tion includes the information indicating the frequency bands
in which the D2D communication is supported and the
information indicating the frequency bands in which the
D2D discovery is supported, separately.
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