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CONNECTION ESTABLISHMENT METHOD
AND APPARATUS FORMTC UE

This Application1s a 33 U.S.C. §371 National Stage Entry
of International Application No. PCT/KR2013/000775, filed
Jan. 30, 2013 and claims the benefit of U.S. Provisional
Application No. 61/592,516, filed Jan. 30, 2012, all of which

are 1ncorporated by reference 1n their entirety herein.

TECHNICAL FIELD

The present invention relates to wireless communication
and, more particularly, to a connection establishment method
for Machine Type Communication (IMTC) User Equipment
(UE) and an apparatus using the same.

BACKGROUND ART

With the development of wireless communication technol-
ogy, various types of wireless communication systems other
than common communication between a user and a base
station appear.

Machine Type Communication (MTC) 1s one type of data
communication including one or more entities that do not
require an interaction with a human being. That 15, MTC
refers to a concept in which not User Equipment (UE) used by
a human being, but a machine apparatus performs communi-
cation over a network.

The features of MTC UE are different from those of com-
mon UE. First, the number of pieces of MTC UE covered by
a base station 1s much larger than that of pieces of common
UE. The number of pieces of MTC UE covered by one base
station can be hundreds to several thousands. Second, the size
of data transmitted or recerved by MTC UE are much smaller
than that by common UE. Furthermore, the type of the data 1s
limited.

Meanwhile, 3™ Generation Partnership Project (3GPP)
Long Term Evolution (L'TE) 1s an improved type of a Univer-

sal Mobile Telecommunication System (UM'TS) and intro-
duced as 3GPP release 8. 3GPP LTE uses Orthogonal Fre-

quency Division Multiple Access (OFDMA) 1n downlink and
uses Single Carrier-Frequency Division Multiple Access
(SC-FDMA) 1n uplink. 3GPP LTE-advanced (LTE-A), that
1s, an evolved type of 3GPP LTE, is recently being discussed.

Cell searches and connection establishment 1n an LTE sys-
tem and an LTE-A system are performed based on Primary
Synchronization Signal (PSS)/Secondary Synchromization
Signal (SSS) and random access. A conventional cell search
and connection establishment procedure defined in the LTE
system and the LTE-A system 1s performed based on common
UE. MTC UE 1s expected to have lower specifications than

common UE, so a cell search and connection establishment
procedure for MTC UE need to be newly defined.

DISCLOSURE

Technical Problem

An object of the present invention 1s to provide a cell search
method for Machine Type Communication (MTC) User
Equipment (UE) and UE operating 1n a limited coverage and
an apparatus using the same.

Another object of the present mvention 1s to provide a
connection establishment method for MTC UE and UE oper-
ating 1n a limited coverage and an apparatus using the same.

Technical Solution

In an aspect, a connection establishment method for a
Machine Type Communication (MTC) User Equipment (UE)
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2

1in a wireless communication system 1s provided. The method
comprises steps of: a MTC UE recerving system information

from at least one neighbor Base Station (BS), the MTC UE

determining at least one candidate BS based on the system
information, the MTC UE determining a last BS based on an
intensity of a signal from the at least one candidate BS, and
the MTC UE sending a random access preamble to the last
BS. The system information includes information regarding
whether or not the at least one BS supports MTC UE. The at
least one candidate BS supports the MTC UE.

The system information may include an MTC subirame
pattern index indicative of a subirame 1n which the random
access preamble 1s transmitted.

The random access preamble may be an MTC-dedicated
preamble. The random access preamble may be transmitted in
a bandwidth narrower than a bandwidth 1n which the system
information 1s received. The system information may be
received 1n a bandwidth of 20 MHz, and the random access
preamble may be transmitted 1n a bandwidth narrower than 20
MHz.

The system information may be received via a physical
broadcast channel (PBCH), and the random access preamble
may be transmitted via a physical random access channel
(PRACH).

The last BS may be a BS having a strongest intensity of a
signal, from among the at least one candidate BS.

The last BS may be a BS first searched for from among the
at least one candidate BS in each of which the intensity of the
signal 1s greater than a predetermined threshold.

In another aspect, a Machine Type Communication (MTC)
User Equipment (UE) 1n a wireless communication system 1s
provided. The UE comprises a Radio Frequency (RF) unit
configured to transmit and recerve radio signals and a proces-
sor connected to the RF unit. The processor 1s configured to:
receive system information from at least one neighbor Base
Station (BS), determine at least one candidate BS based on
the system information, determine a last BS based on an
intensity of a signal from the at least one candidate BS, and
send a random access preamble to the last BS. The system
information includes information regarding whether or not
the at least one BS supports MTC UE. The at least one
candidate BS supports the MTC UE.

Advantageous Elfects

Machine Type Communication (MTC) UE having low
specifications can etficiently perform cell searches and con-

nection establishment.
The power of MTC UE can be saved.

DESCRIPTION OF DRAWINGS

FIG. 1 shows the structure of a radio frame in 3GPP LTE.

FIG. 2 shows an example of a resource grid for one down-
link slot.

FIG. 3 shows the structure of a downlink subirame.

FIG. 4 shows an example 1n which a reference signal and a
control channel 1n a DL subirame of 3GPP LTE.

FIG. 5 shows an example of a subiframe having an
enhanced Physical Downlink Control Channel (ePDCCH).

FIG. 6 shows the structure of an uplink subirame.

FIG. 7 shows an example of the structure of a subirame of
a single carrier system and a carrier aggregation system.

FIG. 8 shows an example of the structure of a subirame of
a 3GPP LTE-A system in which cross-carrier scheduling 1s
performed by using a CIF.
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FI1G. 91s a flowchart illustrating a random access procedure
in 3GPP LTE.

FI1G. 10 shows an example of a random access response.

FI1G. 11 shows a neighbor cell search and connection estab-
lishment scenario for MTC UE 1in accordance with an
embodiment of the present invention.

FIG. 12 1s a flowchart illustrating a connection establish-
ment method for MTC UE 1n accordance with an embodi-
ment of the present invention.

FIG. 13 1s a block diagram of a wireless communication
system 1n which the embodiments of the present invention are
implemented.

MODE FOR INVENTION

The following technologies can be used 1n a variety of
wireless communication systems, such as Code Division
Multiple Access (CDMA), Frequency Division Multiple
Access (FDMA), Time Division Multiple Access (TDMA),
Orthogonal Frequency Division Multiple Access (OFDMA),
and Single Carrier Frequency Division Multiple Access (SC-
FDMA). CDMA can be implemented using radio technology,
such as Universal Terrestrial Radio Access (UTRA) or
CDMA2000. TDMA can be implemented using radio tech-
nology, such as Global System for Mobile communications
(GSM)/General Packet Radio Service (GPRS)/Enhanced
Data rates for GSM Evolution (EDGE). OFDMA can be
implemented using radio technology, such as Institute of
Electrical and Electronics Engineers (IEEE) 802.11 (Wi-F1),
IEEE 802.16 (WiMAX), IEEE 802.20, or Evolved UTRA
(E-UTRA). IEEE 802.16m 15 the evolution of IEEE 802.16e,
and 1t provides backward compatibility with systems based
on IEEE 802.16¢. UTRA 1s part of a Universal Mobile Tele-
communications System (UMTS). 3" Generation Partner-
ship Project (3GPP) Long Term Evolution (L'TE) 1s part of an
Evolved UMTS (E-UMTS) using evolved UMTS Terrestrial
Radio Access (E-UTRA), and it adopts OFDMA 1n downlink
and adopts SC-FDMA in uplink. LTE-Advanced (LTE-A) 1s
the evolution of 3GPP LTE.

User Equipment (UE) can be fixed or mobile and can also
be called another terminology, such as a Mobile Station (MS),
a Mobile Terminal (MT), a User Terminal (UT), a Subscriber
Station (SS), a wireless device, a Personal Digital Assistant
(PDA), a wireless modem, or a handheld device.

A Base Station (BS) commonly refers to a fixed station
communicating with UE. The BS can also be called another
terminology, such as an evolved-NodeB (eNB), a Base Trans-
ceiver System (B'TS), or an access point.

Hereinafter, the application of the present invention based
on 3GPP LTE based on 3GPP release 8 1s described. This
application 1s 1illustrative, and the present imnvention can be
applied to a variety of wireless communication networks.
LTE heremaftter refers to LTE and/or LTE-A.

FIG. 1 shows the structure of a radio frame 1n 3GPP LTE.

For the structure, reference can be made to Section S of a
3% Generation Partnership Project (3GPP) TS 36.211
V10.3.0 (2011-09) “Technical Specification Group Radio
Access Network; Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical channels and modulation (Release 10)”.

Referring to FI1G. 1, the radio frame includes 10 subirames.
One subirame includes two contiguous slots. The slots within

the radio frame are assigned slot numbers #0 to #19. The time
that 1s taken to send one subirame 1s called a Transmission
Time Interval (1TI). The T'TI may be a scheduling unit for
data transmission. For example, the length of one radio frame
may be 10 ms, the length of one subiframe may be 1 ms, and
the length of one slot may be 0.5 ms.
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One slot includes a plurality of Orthogonal Frequency
Division Multiplexing (OFDM) symbols 1n a time domain
and includes a plurality of subcarriers 1n a frequency domain.
The OFDM symbol 1s for representing one symbol period
because 3GPP LTE uses OFDMA 1n downlink and may be

called another terminology depending on multiple access
methods. For example, 11 SC-FDMA 1s used as an uplink

multiple access scheme, an OFDM symbol may be called an
SC-FDMA symbol. A Resource Block (RB) 1s a resource
allocation unit, and the RB includes a plurality of contiguous
subcarriers 1n one slot.

The structure of the radio frame shown 1n FIG. 1 1s only an
example. Accordingly, the number of subiframes included in a
radio frame, the number of slots included in a subirame, or the
number of OFDM symbols included 1n a slot can be changed
in various ways. In 3GPP LTE, one slot 1s defined to include

7 OFDM symbols 1n a normal Cyclic Prefix (CP), and one slot
1s defined to include 6 OFDM symbols in an extended CP.

FIG. 2 shows an example of a resource grid for one down-
link slot.

The downlink slot includes a plurality of OFDM symbols
in a time domain and includes an Ny, number of RBs 1n a
frequency domain. The number of RBs N, included 1n a
downlink slot depends on a downlink transmission bandwidth
configured 1n a cell. For example, 1n an LTE system, the
number of RBs N, may be any one of 6 to 110. One RB
includes a plurality of subcarriers 1n a frequency domain. An
uplink slot may have the same structure as the downlink slot.

Each element on a resource grid 1s referred to as a Resource
Element (RE). The RE on the resource grid can be 1dentified
by an index pair (k1) withuin a slot. Here, k (k=0, . . . ,
N, -x12-1) 1s a subcarrier index within a frequency domain,
and 1 (1=0, . .., 6)1s an OFDM symbol index within a time
domain.

In the present invention, one RB is illustrated as including,
7x12 REs, including 7 OFDM symbols in a time domain and
12 subcarriers 1 a frequency domain, but the number of
OFDM symbols and the number of subcarriers within an RB
are not limited thereto. The number of OFDM symbols and
the number of subcarriers can be changed in various ways
depending on the length of a CP, frequency spacing, eftc.

FIG. 3 shows the structure of a downlink subirame.

The downlink (DL) subirame 1s divided into a control
region and a data region 1n a time domain. The control region
includes a maximum of former 3 OFDM symbols 1n a first slot
within the DL subirame, but the number of OFDM symbols
included 1n the control region may be changed. Control chan-
nels different from a physical downlink control channel (PD-
CCH) are allocated to the control region, and PDSCHs are
allocated to the data region.

Control mnformation transmitted through a PDCCH 1s
called Downlink Control Information (DCI). DCI can include
information about the resource allocation of a PDSCH (this 1s
also called a DL grant), the resource allocation of a PUSCH
(this 1s also called an UL grant), a set of transmit power
control commands for each UE within a specific UE group,
and/or the activation of a Voice over Internet Protocol (VoIP).

A BS determines a PDCCH format based on DCI to be
transmitted to UE, attaches a Cyclic Redundancy Check
(CRC) to the DCI, and masks a unique 1dentifier (this 1s also
called a Radio Network Temporary Identifier (RN'T1)) the
CRC depending on the owner or use of a PDCCH.

If the PDCCH 1s a PDCCH {for specific UE, an identifier
unique to the UE, for example, a Cell-RNTI (C-RN'TT) can be
masked to the CRC. If the PDCCH 1s a PDCCH {for a paging
message, a paging instruction identifier, for example, a Pag-
ing-RNTI (P-RNTI) can be masked to the CRC. If the
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PDCCH 1s a PDCCH {for a System Information Block (SIB),
a system information identifier, for example, a System Infor-

mation-RNTIT (SI-RNTT) can be masked to the CRC. A Ran-
dom Access-RNTI (RA-RNTI) can be masked to the CRC 1n
order to indicate a random access response, that 1s, a response
to the transmission of a random access preamble. A Transmit

Power Control-RNTI (TPC-RNTI) 1s masked to the CRC 1n
order to 1indicate a TPC order for a plurality of UFE:s.

A control region within a subirame includes a plurality of
Control Channel Elements (CCEs). The CCE 1s a logical
allocation unit used to provide a PDCCH with a coding rate

depending on the state of a radio channel, and corresponds to
a plurality of Resource Element Groups (REGs). The REG
includes a plurality of REs. The format of a PDCCH and the

number of bits of an available PDCCH are determined
depending on association between the number of CCEs and a
coding rate provided by the CCFE:s.

One REG includes 4 REs, and one CCE includes 9 REGs.
In order to configure one PDCCH, {1, 2, 4, 8} CCEs may be
used. Each of the elements of {1, 2, 4, 8} is called a CCE
aggregation level.

The number of CCEs used for transmission of a PDDCH 1s
determined by a BS depending on a channel condition. For

example, UE having a good DL channel condition may use
one CCE for transmission of a PDCCH. UE having a poor DL
channel condition may use 8 CCEs for transmission of a
PDCCH.

A control channel including one or more CCEs 1s mapped
to physical resources, after interleaving 1s performed 1n unit
of an REG and cyclic shiit based on a cell identifier (ID) 1s
then performed.

Meanwhile, UE 1s unable to know that 1ts own PDCCH 1s
transmitted using what CCE aggregation level or what DCI
format 1n which place within a control region. Since a plural-
ity of PDCCHs can be transmitted within one subframe, UE
monitors the plurality of PDCCHs for every subirame. Here,
the term ‘monitoring” means that the UE attempts to decode
the PDCCH depending on a PDCCH format.

In 3GPP LTE, 1n order to reduce a load resulting {rom blind
decoding, a search space 1s used. The search space may be
called a monitoring set of CCEs for a PDCCH. UE monitors
a PDCCH within a search space.

A search space 1s classified mto a common search space
and a UE-specific search space. The common search space 1s
a space where a PDCCH having common control information
1s searched for. The common search space includes 16 CCEs
having a CCE 1index 0 to a CCE mdex 15 and supports a
PDCCH having a {4, 8} CCE aggregation level. However, a
PDCCH (DCI formats O and 1A) that carries UE-specific
information may also be transmitted 1n the common search
space. The UE-specific search space supports a PDCCH hav-
ing ad{l, 2,4, 8} CCE aggregation level.

Table 1 below 1ndicates the number of PDCCH candidates
monitored by UE.

L.L

TABLE 1
Search Space Aggregation Size [iIn  Number of PDCCH
Type level L CCELs] candidates DCI formats
UE-specific 1 6 6 0,1, 1A, 1B,
2 12 6 1D, 2, 2A
4 8 2
8 16 2
Common 4 16 4 0, 1A, 1C,
8 16 2 3/3A
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The si1ze of a search space 1s determined by Table 1, and the
starting position of the search space 1s differently defined 1n a
common search space and a UE-specific search space. A
starting position of the common search space 1s fixed irre-

spective of a subirame, whereas a starting position of the
UE-specific search space can be different in each subirame
depending on a UE 1dentifier (e.g., C-RNTI), a CCE aggre-
gation level and/or a slot number within a radio frame. If the
starting position of a UE-specific search space 1s within a
common search space, the UE-specific search space and the
common search space may overlap with each other.

In an aggregation level Le{1, 2, 4, 8}, a search space S,
1s defined as a set of PDCCH candidates. A CCE correspond-
ing to the PDCCH candidates m of the search space S, is
given as follows.

L{(Y+m")mod |Ngep /L4 [Equation 1]

In Equation 1, i=0, 1, . . ., L-1, m=0, . . ., M¥*’-1, and
N ez 18 a total number of CCEs that can be used for trans-
mission of a PDCCH within a control region of a subiframe k.
The control region includes a set of CCEs numbered from O to
Neegi—1. M%) is the number of PDCCH candidates in a CCE
aggregation level L 1n a given search space.

If a Carnier Indicator Field (CIF) 1s configured for UE,
m'=m+M“%n_ n.1s a value ot the CIF. If a CIF 1s not
configured for UE, m'=m.

In a common search space, Y, 1s set to 2 aggregation levels
and 1s configured as O when L.=4 and L=S8.

In a UE-specific search space having an aggregation level

L, a parameter Y, 1s defined as follows.

Y;{:(A'Yk_l)mﬂd D

In Equation 2, Y _ ;=N pA-=0, A=39827, D=65337, k=tloor
(n/2), and n_ 1s a slot number within a radio frame.

When UE monitors a PDCCH based on a C-RNTI, a DCI
format and a search space to be monitored are determined
depending on transmission mode of a PDSCH. The following

table shows an example of the PDCCH monitoring for which
a C-RNTI 1s configured.

[Equation 2]

TABLE 2
Trans- Transmission scheme of
mission DCI PDSCH corresponding to
mode format Search Space PDCCH
Mode 1 DCI Common and  Single-antenna port, port O
format 1A UE specific
by C-RNTI
DCI UE specific Single-antenna port, port O
format1l by C-RNTI
Mode 2 DCI Common and  Transmit diversity
format 1A UE specific
by C-RNTI
DCI UE specific Transmit diversity
format1l by C-RNTI
Mode 3 DCI Common and  Transmuit diversity
format 1A UE specific
by C-RNTI
DCI UE specific Cyclic Delay Diversity (CDD) or
format 2A by C-RNTI Transmit diversity
Mode 4 DCI Common and  Transmut diversity
format 1A UE specific
by C-RNTI
DCI UE specific Closed-loop spatial multiplexing
format2 by C-RNTI
Mode 5 DCI Common and  Transmut diversity
format 1A UE specific
by C-RNTI
DCI UE specific Multi-user Multiple Input Multiple
format 1D by C-RNTI Output (MU-MIMO)
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TABLE 2-continued

Trans- Transmission scheme of
mission DCI PDSCH corresponding to
mode format Search Space  PDCCH
Mode 6 DCI Common and  Transmuit diversity
format 1A UE specific
by C-RNTI
DCI UE specific Closed-loop spatial multiplexing
format 1B by C-RNTI using a single transmuission layer
Mode 7 DCI Common and  If the number of PBCH antenna
format 1A UE specific ports 1s one, Single-antenna port,
by C-RNTI port O 1s used, otherwise Transmit
diversity
DCI UE specific Single-antenna port, port 5
format1l by C-RNTI
Mode 8 DCI Common and  If the number of PBCH antenna
format 1A UE specific ports 1s one, Single-antenna port,
by C-RNTI port O 1s used, otherwise Transmit
diversity
DCI UE specific Dual layer transmission, port 7

format 2B by C-RNTI and ¥ or single-antenna port, port

7 or ¥

The use of a DCI format 1s classified as in the following
table.

TABLE 3
DCI format Contents
DCIformat O  Used for PUSCH scheduling
DCIformat1  Used for the scheduling of one PDSCH codeword
DCI format 1A  Used for compact scheduling of one PDSCH codeword

and a random access procedure

Used for compact scheduling of one PDSCH codeword
having precoding information

Used for the very compact scheduling of one PDSCH
codeword

Used for compact scheduling of one PDSCH codeword
having precoding and power offset information

DCI format 1B

DCI format 1C

DCI format 1D

DCIlformat2  Used for PDSCH scheduling of UEs set in closed-loop
spatial multiplexing mode

DCI format 2A  Used for PDSCH scheduling of UEs set in open-loop
spatial multiplexing mode

DCIformat3  Used for transmission of a TPC command for a PUCCH
and a PUSCH having 2-bit power adjustments

DCI format 3A  Used for transmission of a TPC command for a PUCCH

and a PUSCH having 1-bit power adjustment

FI1G. 4 shows an example 1n which a reference signal and a
control channel 1n a DL subirame of 3GPP LTE.

A control region includes former 3 OFDM symbols, and a
data region 1n which a PDSCH is transmitted includes the
remaining OFDM symbols.

A Physical Control Format Indicator Channel, a Physical
Hybrid-ARQ Indicator Channel and/or a PDCCH are trans-
mitted in the control region. The CFI of the PCFICH indicates
the 3 OFDM symbols. A region other than resources through
which the PCFICH and/or the PHICH within the control
region are transmitted becomes a PDCCH region 1n which a
PDCCH 1s monitored.

A Physical Control Format Indicator Channel (PCFICH), a
Physical Hybrid-ARQ Indicator Channel (PHICH) and/or a
PDCCH are transmitted in the control region. The CFI of the
PCFICH indicates the 3 OFDM symbols. A region other than

resources through which the PCFICH and/or the PHICH

within the control region are transmitted becomes a PDCCH
region in which a PDCCH i1s monitored.

Various types of reference signals are also transmitted 1n
the subirame.

A Cell-specific Reference Signal (CRS) can be recerved all
pieces of UEs within a cell and 1s transmitted over the entire
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DL band. In FIG. 4, ‘R0’ 1s a Resource FElement (RE) in which
a CRS for a first antenna port 1s transmitted, ‘R1” 1s an RE 1n
which a CRS for a second antenna port 1s transmitted, ‘R2’1s
an RE 1n which a CRS for a third antenna port 1s transmitted,
and ‘R3’1s an RE 1n which a CRS for a fourth antenna port is

transmitted.
An RS sequence r, , (m) for a CRS 1s defined as follows.

2 e(m) + L 1 — |Equation 3]

V2

1
— (1 -

V2

2-c(Zm+ 1))

Fi ns (m) =

In Equation 3, m=0, 1, , 2N =1, N .- 15 a
maximum number of RBs, ns 1s a slot number within a radio
frame, and 1 1s an OFDM symbol number within a slot.

A pseudo-random sequence c(1) 1s defined by the following
Gold sequence having a length of 31.

c(n)=x (n+Nc)+x5(n+Nc))mod 2
X (n+31)=(x;(#+3)+x,(x))mod 2

X5 (r+31)=(x5(7+3 )+x5 (142 )+X5(1+1 ) +x5(x))mod 2 [Equation 4]

In Equation 4, Nc=1600, and a first m-sequence 1s 1nitial-
1zed to x,(0)=1, x,(n)=0, m=1, 2, ..., 30.
A second m-sequence 1s 1111tlahzed to c. . =2"(7(ns+1)+l+

Ir2il

1)(2N~'f€z D+1)+2N’:E’Z ~+N»at the start of each OFDM sym-
bol N°¢?__ is the Physical Cell Identity (PCI) ofa cell. N.,=1
in a normal CP, and N _..=0 1n an extended CP.

Furthermore, a UE-specific Reference Signal (URS) can
be transmitted. A CRS 1s transmitted 1n the entire region of a
subiframe, whereas an URS 1s transmitted within the data
region of a subiframe and used to demodulate a corresponding
PDSCH. In FIG. 4, ‘R5’ indicates an RE 1n which an URS 1s
transmitted. The URS 1s also called a Dedicated Reference
Signal (DRS) or a Demodulation Reference Signal (DM-RS).

The URS 1s transmitted only in an RB to which a corre-
sponding PDSCH 1s mapped. In FIG. 4, although R5 15 1ndi-
cated 1n regions other than a region 1n which a PDSCH 1s
transmitted, this 1s for indicating the location of an RE to
which an URS 1s mapped.

The URS 1s used by only UE that recetves a corresponding,
PDSCH. An RS sequence r, (m) for UE 1s given in Equation
3. Here, m=0, 1, ..., 12Nppgcz r5—1, and Nppeer z5 18 the
number of RBs used for corresponding PDSCH transmission.
A pseudo-random sequence generator 1s 1nitialized to ¢, . =
(floor(ns/2)+ (2N, +1)2'°+11, -, at the start of each sub-
frame. ny-r1s the 1dentifier of UE.

An URS can be transmitted through a single antenna, but
may be transmitted through multiple antennas. If an URS 1s
transmitted through multiple antennas, a pseudo-random
sequence generator 1s 1nitialized to c, . =(floor(ns/2)+1)
(2N _+1)2'°4n.,, at the start of each subframe. n.,, is
a parameter obtained from a DL grant (e.g., DCI format 2B or
2C) related to PDSCH transmission.

An URS supports Multiple Input Multiple Output (MIMO)
transmission. An RS sequence for an URS can be spread as
the following spread sequence depending on an antenna port
or a layer.

TABLE 4
Layer [w(0) w(l) w(2) w(3)]
1 +1 +1 +1 +
2 +1 -1+1 -
3 +1 +1 +1 +
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TABLE 4-continued

Layer [w(0) w(l) w(2) w(3)]
4 +1 -1 +1 -
5 +1 +1 -1 -
6 -1 -1+1+
7 +1 -1-1+
8 -1 +1 +1 -

A layer can be defined as an information path to a precoder.
A rank 1s the number of non-zero eigenvalues of an MIMIO
channel matrix and 1s equal to the number of layers or the
number of spatial streams. A layer can correspond to an
antenna port for classitying URSs and/or a spread sequence
applied to an URS.

Meanwhile, a PDCCH 1s monitored 1n a limited region
called a control region within a subframe, and a CRS trans-
mitted 1n entire band 1s used to demodulate the PDCCH. As
the type of control information 1s diversified and the amount
of control information 1s increased, the flexibility of sched-
uling using only an existing PDCCH 1s low. Furthermore, in
order to reduce a load due to CRS transmission, an enhanced
physical downlink control channel (ePDCCH) 1s being intro-
duced.

FIG. § shows an example of a subirame having an
enhanced Physical Downlink Control Channel (ePDCCH).

The subirame can include 0 or one PDCCH region 410 and
0 or more ePDCCH regions 420 and 430.

UE monitors an ePDCCH 1n the ePDCCH regions 420 and
430. The PDCCH region 410 1s located within former 4
OFDM symbols within a subframe, whereas the ePDCCH
regions 420 and 430 can be flexibly scheduled in OFDM
symbols after the PDCCH region 410.

One or more ePDCCH regions 420 and 430 may be
assigned to UE, and the UE can monitor an ePDCCH 1n the
assigned ePDCCH regions 420 and 430.

A BS can inform UE of information about the number/
position/size of the ePDCCH regions 420 and 430 and/or a
subirame 1n which an ePDCCH will be momitored through an
RRC message.

In the PDCCH region 410, a PDCCH can be demodulated
based on a CRS. In the ePDCCH regions 420 and 430, a
demodulation (DM) RS not a CRS can be defined 1n order to
demodulate an ePDCCH. An associated DM RS can be trans-
mitted 1n corresponding ePDCCH regions 420 and 430.

An RS sequence r, (m) for the associated DM RS 1s the
same as Equation 3. Here, m=0, 1, ..., 12N, .—1,and N, . 1s
a maximum number of RBs. A pseudo-random sequence
generator can be 1nitialized to ¢,  =(floor(ns/2)+1)
(2N_orccrr JD+1)216+11€ roccm.scrp at the start of each sub-
trame. ns 1s a slot number within a radio frame, N,z 5077 718
a cell index related to a corresponding ePDCCH region, and
N, ppeca.scrp 18 @ parameter given from higher layer signal-
ng.

Each of the ePDCCH regions 420 and 430 can be used in
scheduling for a different cell. For example, an ePDCCH
within the ePDCCH region 420 can carry scheduling infor-
mation for a first cell, and an ePDCCH within the ePDCCH
region 430 can carry scheduling information for a second cell.

When ePDCCHs are transmitted through multiple anten-
nas 1n the ePDCCH regions 420 and 430, the same precoding
as that of an ePDCCH can be applied to DM RSs within the
cPDCCH regions 420 and 430.

As compared that a PDCCH uses a CCE as a transmission
resource unit, a transmission resource unit for an ePDCCH 1s
called an enhanced Control Channel Element (eCCE). An

aggregation level can be defined as a resource unit for moni-
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toring an ePDCCH. For example, assuming that 1 eCCE 1s a
minimum resource for an ePDCCH, an aggregation level
[L={1, 2,4, 8, 16} can be defined.

FIG. 6 shows the structure of an uplink subirame.

The uplink subiframe can be divided into a control region
and a data region 1n a frequency domain. A physical uplink
control channel (PUCCH) in which UL control information 1s
transmitted 1s allocated to the control region. A physical

uplink shared channel (PUSCH) 1n which data 1s transmaitted

1s allocated to the data region.

A PUCCH ifor each UE 1s allocated in the form of a
Resource Block (RB) pair in a subiframe. RBs belonging to an
RB pair occupy different subcarriers 1n a first slot and a
second slot, respectively. A frequency occupied by RBs that
belong to an RB pair allocated to a PUCCH 1s changed on the
basis of a slot boundary. This 1s said that the RB pair allocated
to the PUCCH has been frequency-hopped 1n the slot bound-
ary. UE can obtain a frequency diversity gain by transmitting
UL control information through different subcarriers in
accordance with time. m 1s a location 1index indicative of the
location of alogical frequency domain of an RB pair allocated
to a PUCCH within a subframe.

UL control information transmitted on a PUCCH 1ncludes
a hybrid automatic repeat request (HARQ) acknowledgement
(ACK), a Channel Quality Indicator (CQI) indicative of a DL
channel condition, and a Scheduling Request (SR) indicative
of an UL radio resource allocation request.

Meanwhile, as a need for a higher data throughput 1s
increasing, a Carrier Aggregation (CA) supporting a plurality
of cells can be used in 3GPP LTE-A. A CA may also be called
another terminology, such as a bandwidth aggregation. A CA
means that a wireless communication system configures a
wideband by aggregating one or more carriers each having a
smaller bandwidth than the target wideband 1n order to sup-
port the wideband. Target carriers for the one or more carriers
may use a bandwidth used 1n an existing system without
change for the purpose of backward compatibility with the
existing system. For example, 3GPP LTE supports band-
widths 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, and 20
MHz, and 3GPP LTE-A can configure a wideband o1 20 MHz
or higher using only the bandwidths of a 3GPP LTE system.
Or, a wideband may be configured by defining new band-
widths without using the bandwidths of an existing system.

A plurality of BSs and pieces of UE can communicate with
one another through a maximum of 5 cells. The 5 cells can
correspond to a maximum bandwidth of 100 MHz. That 1s, a
CA environment indicates a case where specific UE has 2 or
more configured serving cells (hereinafter referred to as
‘cells’) having different carrier frequencies. The carrier ire-
quency indicates the center frequency of a cell.

A cell indicates a combination of DL resources and
optional UL resources. That 1s, a cell must include DL
resources and may optionally include UL resources com-
bined with the DL resources. The DL resources may be DL
Component Carriers (CCs). The UL resources can be UL
CCs. It specific UE has one configured serving cell, the spe-
cific UE can have one DL CC and one UL CC. If specific UE
has two or more cells, the specific UE may have the number
of DL CCs equal to the number of cells and the number of UL
CCs smaller than or equal to the number of cells. That 1s, 11 a
CA 1s supported 1n current 3GPP LTE-A, the number of DL
CCs may be always greater than or equal to the number of UL
CCs. In releases after 3GPP LTE-A, however, a CA 1n which
the number of DL CCs 1s smaller than the number of UL CCs

may be supported.
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Linkage between a carrier frequency of a DL CC and a
carrier frequency of an UL CC can be indicated by system
information transmitted on the DL CC. The system informa-
tion can be System Information Block type2 (SIB2).

FI1G. 7 shows an example of the structure of a subframe of >
a single carrier system and a CA system.

FI1G. 7(a) shows a single carrier system. It 1s assumed that
a system bandwidth of FIG. 7(a) 1s 20 MHz. Since the number

of carriers 1s 1, each of the bandwidth of'a DL, CC transmitted

by a BS and the bandwidth of an UL CC transmitted by UE 1s
20 MHz. The BS performs DL transmaission through the DL

CC, and the UE performs UL transmission through the UL

CC.
FI1G. 7(b) shows a CA system. It 1s assumed that a system
bandwidth of FIG. 7(b) 1s 60 MHz. A DL bandwidth consists
of a DL CC A, a DL CC B, and a DL CC C each having a
bandwidth of 20 MHz. An UL bandwidth consists of an UL
CCA,an UL CCB, and an UL CC C each having a bandwidth
of 20 MHz. A BS performs DL transmission through the DL »g
CC A, the DL CC B, and the DL CC C, and UE performs UL
transmission through the UL CC A, the UL CC B, and the UL
CC C. Each of the DL CCA and the UL CC A, the DL CCB
and the UL CC B, and the DL CCC and the UL CC C can
correspond to each other. 25
As a CA environment 1s introduced, cross-carrier schedul-
ing can be applied. A PDCCH on a specific DL CC can
schedule a PDSCH on any one of a plurality of DL CCs or
schedule a PUSCH on any one of a plurality of UL CCs
through cross-carrier scheduling. For the cross-carrier sched- 30
uling, a Carrier Indicator Field (CIF) can be defined. The CIF
can be included 1 a DCI format transmitted on a PDCCH.
Whether or not the CIF 1s present within a DCI format can be
indicated by a hu gher layer semi- statlcally or UE-specifically.

When cross-carrier scheduling 1s performed, the CIF can 35

indicate a DL CC in which a PDSCH 1s scheduled or an UL
CC 1in which a PUSCH 1s scheduled. The CIF may be fixed 3
bits and may be present at a fixed position 1rrespective of the

s1ze of a DCI format. If a CIF 1s not present 1n a DCI format,
a PDCCH on a specific DL CC may schedule aPDSCH onthe 40

same DL CC or may schedule a PUSCH on an UL CC that 1s
SIB2-connected to the specific DL CC.

If cross-carrier scheduling 1s performed using a CIF, a BS
can allocate a PDCCH monitoring DL CC aggregation 1n
order to reduce the complexity of blind decoding by UE. The 45

PDCCH momtoring DL CC aggregation corresponds to some
of all DL CCs, and the UE performs blind decoding on only a

PDCC within the PDCCH monitoring DL CC aggregation.
That1s, in order to schedule a PDSCH and/ora PUSCH to UE,

a BS can send a PDCCH through only DL CCs within a 50
PDCCH monitoring DL CC aggregation. The PDCCH moni-
toring DL CC aggregation can be configured UE-specifically,
UE group-specifically or cell-specifically.

FIG. 8 shows an example of the structure of a subirame of

a 3GPP LTE-A system that 1s subject to cross-carrier sched- 55
uling through a CIF.

Referring to FIG. 8, the first DL CC of three DL CCs 1s
configured as a PDCCH monitoring DL CC. If cross-carrier
scheduling 1s not performed, each DL CCs schedules a
PDSCH by sending each PDCCH. If cross-carrier scheduling 60
1s performed, only the first DL CC configured as the PDCCH
monitoring DL CC transmits a PDCCH. The PDCCH trans-
mitted on the first DL CC schedules not only the PDSCH of
the first DL CC, but also the PDSCHs of a second DL CC and
a third DL CC by using a CIF. The second DL CC and the third 65
DL CCnot configured as a PDCCH monitoring DL CC do not
transmit PDCCHs.
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Furthermore, UE can transmit UL control information,
such as Channel State Information (CSI) received, detected,
or measured from one or more DL CCs or an ACK/NACK
signal, to a BS through one predetermined UL CC. The CSI
can mclude a CQI, a Precoding Matrix Indicator (PMI), a
Rank Indicator (RI) and so on. For example, when UE needs
to transmit ACK/NACK signals for data received from a
plurality of DL CCs, the UE can multiplex or bundle the
plurality of ACK/NACK signals for the datarecerved from the

respective DL CCs and transmit the multiplexed or bundled
ACK/NACK signal to a BS through the PUCCH of one UL

CC. A case where the transmission of an ACK/NACK signal
for a DL CC 1s necessary in 3GPP LTE includes the following
three cases.

1) An ACK/NACK signal for the transmission of a PDSCH

indicated by a corresponding PDCCH 1n a subiframe n-k can
be transmitted 1n a subframe n. keK, wherein K 1s M element
sets 1k, k., . .., Kk, , } depending on the subframe n and an

UL/DL conﬁguratlon This case corresponds to a case where
an ACK/NACK signal for a common PDSCH 1s transmitted.

2)An ACK/NACK signal for the PDCCH of a subframen-k
indicative of the release of DL Semi-Persistent Scheduling
(SPS) can be transmitted 1n a subiframe n. keK, wherein K 1s

M element sets {k0,k1,...,k,, , } depending on the subframe
n and an UL/DL configuration. An ACK/NACK signal for a

PDCCH indicative of the activation of the DL SPS 1s not
transmuitted.

3) An ACK/NACK signal for the transmission of a PDSCH
without a corresponding PDCCH 1n a subirame n-k can be
transmittedina subframe n. keK, wherein K 1s M element sets
k., ki, . . ., k,.,} depending on the subframe n and an
UL/DL configuration. This case corresponds to a case where
an ACK/NACK signal for DL SPS 1s transmitted.

In the above description, K 1s called a bundling window.
That 1s, the bundling window refers to one or more DL sub-
frames corresponding to an ACK/NACK signal 1n one UL
subframe. In an FDD system, M=1 and K={ kO}={ 4}.

Meanwhile, with the development of wireless communi-
cation technology, various types of wireless communication
systems other than common communication between a user
and a BS are emerging.

Machine Type Communication (MTC) 1s one type of data
communication including one or more entities that do not
require an interaction with a human being. That 15, MTC
refers to a concept in which not User Equipment (UE) used by
a human being, but a machine apparatus performs communi-
cation over a network. A machine apparatus used in MTC 1s
called MTC UE.

The features of MTC UE are different from those of com-
mon UE. For example, the MTC UE has the following fea-
tures.

(1) Once deployed, MTC UE directly performs communi-
cation with a BS without an interaction with a human being.
Accordingly, a communication pattern of the MTC UE can be
predicted and 1s more static than that of communication
between a user and a BS.

(2) An activation communication period in which MTC UE
and a BS exchange data 1s rarely present. Furthermore, the
s1ze of data exchanged between MTC UE and a BS within an
activation communication period i1s very small, and the type
of data 1s also limited.

(3) MTC UE has a limited use of a battery. Accordingly, an
cificient energy management mechanism 1s necessary.

(4) In general, MTC UE 1s fixedly deployed at one place
and thus 1s not moved. A pattern 1n which MTC UE having
mobility moves 1s previously determined.
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Cell searches and connection establishment in an LTE sys-
tem and an L'TE-A system are performed based on a Primary
Synchronization Signal (PSS)/Secondary Synchronization
Signal (SSS) and random access. Existing cell search and
connection establishment procedures defined in an LTE sys-
tem and an LTE-A system are performed based on common
UE. It may be 1deal that MTC UE performs the same cell
search mechanism as common UE 1n coexistence with the
common UE, but the MTC UE 1s expected to have lower
specifications than the common UE. Accordingly, the MTC
UE may have a difficulty in performing the same cell search
and connection establishment procedure as existing cell
search and connection establishment procedure. Further-
more, since MTC UE has a limited use of a battery, 1t 1s
important for the MTC UE to access a network using mini-
mum energy when the MTC UE 1s powered on or the MTC
UE returns from saving mode. Accordingly, 1t 1s necessary to
newly define a cell search procedure and a connection estab-
lishment procedure for MTC UE.

MTC UE 1s chietly described hereinaiter for convenience
of description, but a person having ordinary skill 1n the art to
which the present invention pertains can readily apply the
technical spirit of the present invention to common UE. For
example, the technical spirit of the present invention can also
be applied to UE having low specifications, such as UE hav-
ing a narrower bandwidth through which data 1s transmitted
than common UE or UE operating in a limited coverage.

FI1G. 91s a flowchart illustrating a random access procedure
in 3GPP LTE. The random access procedure 1s used for UE to
obtain UL synchromization with a BS or to receirve UL radio
resources allocated thereto. RRC connection 1s 1nitialized
through the random access procedure.

UE recerves a root mdex and a physical random access
channel (PRACH) configuration imndex from a BS. 64 candi-
date random access preambles defined by a Zadoii-Chu (ZC)
sequence are present 1n each cell, and the root index 1s a
logical index used by the UE 1n order to generate the 64
candidate random access preambles.

The transmission of the random access preamble 1s limited
to a specific time and frequency resources in each cell. The
PRACH configuration index indicates a specific preamble
format and a specific subframe 1n which the random access
preamble can be transmitted.

The UE transmits a randomly selected random access pre-
amble to the BS at step S910. The UE selects one of the 64
candidate random access preambles. The UE selects a corre-
sponding subirame based on the PRACH configuration
index. The UE transmits the selected random access preamble
in the selected subirame.

In response to the random access preamble, the BS trans-
mits a Random Access Response (RAR) to the UE at step
5920. The random access response 1s detected through two
steps. First, the UE detects a PDCCH masked as a Random
Access-RINTT (RA-RNTI). Next, the UE receives a random
access response within a Medium Access Control (MAC)
Protocol Data Unit (PDU) on a PDSCH 1ndicated by a DL
grant on the detected PDCCH.

FIG. 10 shows an example of a random access response.

Therandom access response can include a Timing Advance
Command (TAC), a UL grant, and a temporary C-RNTT.

The TAC 1s information about a timing alignment value
sent from a BS to UE 1n order to maintain UL timing align-
ment. The UE updates UL transmission timing based on the
timing alignment value. After the UL timing alignment 1s
updated, the UE 1nitiates or restarts a timing alignment timer.
Only when the timing alignment timer operates, the UE can
perform UL transmission.
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An UL grant 1s UL resources used for transmission of a
scheduling message.

Referring back to FIG. 9, the UE transmits a scheduled
message to the BS 1n response to an UL grant within the
random access response at step S930.

Meanwhile, as described above, the number of random
access preamble sequences available in a current LTE system
1s limited. Accordingly, 1f the number of UEs trying to per-
form random access procedures 1s increased, there 1s a higher
possibility that the random access procedure of the UEs may
collide against each other. Accordingly, there 1s proposed a
physical broadcast channel (PBCH) and a random access
preamble for MTC UE so thatthe MTC UE does not atfect the
goodput, latency, and Quality of Service (QoS) of existing UE
and MTC UE having lower specifications than common UE
can efficiently perform a cell search procedure and an con-
nection establishment procedure.

(1) Information Regarding Whether or not MTC UE 1s
Supported 1s Included in a PBCH

For example, a BS informs system information through the

PBCH. Here, the BS may inform information regarding

whether or not the BS supports MTC UE through the
PBCH.

For example, the BS may define a field indicating whether
or not it supports MTC UE and send the field through the

PBCH.
For example, the BS may transmit an MTC subirame pat-
tern index through the PBCH. The MTC subirame pat-

tern mndex 1s an index newly defined for MTC UE that
does not comply with the cell connection procedure of
LTE lease 8-10. The MTC UE transmaits a random access
preamble based on the MTC subirame pattern index.
That 1s, the MTC subirame pattern index indicates a
subirame 1 which the MTC UE transmits the random
access preamble.

For another example, a BS may inform information regard-
ing whether or not the BS supports MTC UE using a
method of decoding a PBCH.

For example, the BS may broadcast an additional PBCH 1n
addition to an existing PBCH. The additional PBCH can

be transmitted 1n a resource region different from a
resource region 1n which the existing PBCH 1s transmiut-
ted.

MTC UE may be configured to preferentially attempt con-
nection to a cell which supports MTC UE or may be

configured to attempt connection to only a cell which
supports M1C ULE.

(2) Use of a Dedicated Random Access Preamble for MTC
UE
As described above, the number of random access pre-
amble sequences available 1n an LTE system 1s limited.
Accordingly, influence on existing UE can be reduced
because the dedicated random access preamble for MTC

UE 1s used.

Furthermore, 1f MTC UE has different capabilities from
existing UE, 1t 1s preferred that a BS knows correspond-
ing UE 1s MTC UE 1n order to provide suitable service to
the MTC UE. The BS can know that the corresponding
UE 1s MTC UE based on a recetved dedicated random
access preamble for the MTC UE.

The BS can determine whether or not to attempt connec-
tion to the MTC UE based on the recetved dedicated
random access preamble for the MTC UE. The BS may
determine whether or not to accept the request of the
MTC UE depending on 1ts capabilities.
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(3) Other Methods

MTC UE may obtain information regarding whether or not
a BS supports MTC UE based on signaling performed
betore the M'TC UE obtains system information through
a PBCH.

For example, a BS may change a period and/or a resource
region 1 which PSS/SSS are transmitted. MTC UE may
determine whether or not a corresponding BS supports
MTC UE based on a period and/or a resource region in
which PSS/SSS are detected, a cell ID obtained through
the PSS/SSS or the like.

For example, a BS may change a periodic and/or a resource
region 1n which a CRS/CSI-RS 1s transmitted. MTC UE
may determine whether or not a corresponding BS sup-

ports MTC UE based on a period and/or a resource
region 1n which a CRS/CSI-RS 1s detected.

FIG. 11 shows a neighbor cell search and establishment
scenar1io of MTC UE 1n accordance with an embodiment of
the present invention.

The MTC UE receives a PSS/SSS from a BS at step S1110.
The MTC UE performs a synchronization procedure with the
BS based on the PSS/SSS. The MTC UE detects the SSS and
detects radio frame timing and obtains a cell ID based on the
detected SSS. The MTC UE detects the PSS and detects slot
timing and obtains a physical layer ID based on the detected
PSS.

The MTC UE receives system information from a first BS
through a PBCH at step S1120. As described above, the
PBCH may include information regardmg whether or not the
first BS supports MTC UE. In the scenario of FIG. 11, 1t 1s
assumed that the first BS supports MTC UE.

The MTC UE transmits a random access preamble to the
first BS at step S1130. As described above, the random access
preamble may be a dedicated random access preamble for
MTC UE.
In response to the random access preamble, the first BS
transmits a random access response to the MTC UE at step
S1140. In response to the random access response, the MTC
UE can transmit a scheduled message to the first BS based on
an UL grant within the random access response.

Meanwhile, neighbor cell searches may be performed
dependmg on the necessity of MTC UE and/ora BS. It MTC
UE 1s fixed, nelghbor cell searches can be performed only at
the request of a serving BS. Referring back to FIG. 11, the first
BS transmits a message, indicating that the MTC UE should
perform neighbor cell searches, to the MTC UE at step S1150.

The MTC UE recerves pieces of system information from
second and third BSs through respective PBCHs at step
S1160. The PBCHs can include pieces of information regard-
ing whether or not the second and the third BSs support MTC
UE. In the scenario of FIG. 11, 1t 1s assumed that the second
BS does not support MTC U. E and the third BS supports
MTC UE.

The M'TC UE transmits a random access preamble to a BS
supporting MTC UE. That 1s, 1n the scenario of FIG. 11, the
MTC UE transmits a random access preamble to the third BS
at step S1170. The random access preamble may be a dedi-
cated random access preamble for MTC UE.

In response to the random access preamble, the third BS
transmits a random access response to the MTC UE at step
S1180. In response to the random access response, the MTC
UE can transmit a scheduled message to the third BS based on
an UL grant within the random access response.

In accordance with the atforementioned scenario, MTC UE
canrecerve a PBCH including information regarding whether
or not a corresponding BS supports MTC UE, select BS(s)
supporting MTC UE from a plurality of BSs as candidate
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BS(s). If the number of candidate BSs 1s plural, the MTC UE
can select a first cell satistying a threshold value during mitial
setup, thereby being capable of simplifying the cell selection
and reducing energy consumption.

Meanwhile, as described above, 1n response to the dedi-
cated random access preamble received from the MTC UE,
the BS may determine whether or not to accept the request of
the M'TC UE depending on 1ts capabilities. For example, in
the scenario of FIG. 11, 11 the capabilities of the third BS are
limited, the third BS can inform the MTC UE that the third BS
no longer supports the MTC UE through the random access
response. In this case, the MTC UE searches for and selects
another BS capable of supporting the MTC UE.

FIG. 12 1s a flowchart illustrating a connection establish-
ment method for MTC UE 1n accordance with an embodi-
ment of the present invention.

The MTC UE recerves system mformation from at least
one neighbor BS through a PBCH at step S1210. As described
above, the system information can include information
regarding whether or not a BS supports MTC UE.

For example, the system information can include a field
indicating whether or not the BS supports MTC UE.

For example, the system information can include an MTC
subirame pattern index. The MTC subirame pattern index
indicates a subirame in which the MTC UE transmits a ran-
dom access preamble.

The MTC UE performs cell searches based on the system
information. The MTC UE determines one or more BSs sup-
porting MTC UE, from a plurality of BSs, as candidate BSs at
step S1220.

The MTC UE determines the last BS of the one or more
candidate BSs at step S1230. The MTC UE may determine
the last BS based on the intensity of the DL signal of a
candidate BS.

For example, the MTC UE may determine a candidate BS
having the greatest intensity ol a DL signal as the last BS.

For example, the MTC UE may determine a candidate BS,
first searched for from among candidate BSs 1n each of which
the intensity of a DL signal 1s greater a specific threshold
value, as the last BS. Accordingly, the cell selection can be
simplified, and energy consumed by MTC UE can be
reduced.

The MTC UE transmits random access preamble to the last
BS at step S1240. The random access preamble can be an
MTC-dedicated preamble transmitted 1n a narrower band-
width than a random access preamble transmitted by existing
UE.

For example, existing UE transmits a random access pre-
amble using a 20-MHz bandwidth, whereas MTC UE can
transmit a random access preamble using a bandwidth nar-
rower than the 20-MHz bandwidth. That 1s, the MTC UE can
transmit a random access preamble through a PRACH con-
figured to a bandwidth narrower than the 20-MHz bandwidth.
In contrast, a PBCH 1n which system information 1s recerved
1s configured to the 20-MHz bandwidth.

If an MTC subirame pattern index is received at step
S1210, the MTC UE transmits a random access preamble 1n a
subirame 1ndicated by the MTC subframe pattern index.

Through the aforementioned method, a BS can rapidly
inform MTC UE of information regarding whether or not the
BS supports MTC UE, and the MTC UE can search for a BS
to be accessed thereto rapidly and efficiently based on the
information. Furthermore, the BS can obtain information
regarding the specifications of UE from the MTC UE, for
example, information regarding whether or not the MTC UE
has lower specifications than common UE so that the corre-
sponding MTC UE can use specific resources and codes.
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Meanwhile, the present mnvention also proposes a Radio
Resource Management (RRM) method and a channel mea-
surement/estimation method for MTC UE 1n an LTE system.
In accordance with a method to be described later, an RRM
method and a channel measurement/estimation method
defined 1n an existing L'TE system can be more simplified.

In order to implement cheap hardware having low com-
plexity, 1t 1s expected that MTC UE will use a single rank, 1
Radio Access Technology (RAT), Single Input Single Output
(SISO) or Multiple Input Multiple Output (MIMO) support-
ing only transmuit diversity. That 1s, it 1s expected that MTC
UE will support only transmission mode 1 or 2 defined 1n an
LTE system. Accordingly, MTC UE does not need to use
MIMO-related parameters, such as a PMI, a Precoding Type
Indicator (PTT), and an RI.

Furthermore, MTC UE may transmit and receive data
intermittently and use only a limited bandwidth. It MTC U.
has a long sleep cycle, the MTC UE enters an RRC_IDL
state whenever the sleep cycle 1s started and occasionally
wakes up 1n order to process paging data or UL data that are
pending. Whenever the MTC UE wakes up, a random access
procedure 1s performed; the MTC UE chietly uses aperiodic
CSI triggered by a random access response grant.

It 1s preferred by taking the atorementioned features into
consideration; MTC UE IMO-related

L (L

do not transmit MI
parameters, such asa PMI, a PT1, and an RI and aperiodic CSI

reports a wideband CQI. The following table shows a
changed PUSCH CSI report mode.

TABL.

L1

D

[Table] CQI and PMI Feedback Types
for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI  Single PMI  Multiple PMI

PUSCH Wideband Mode 1-0 Mode 1-2
CQI (wideband CQI)
Feedback UL Selected Mode 2-0 Mode 2-2
Type (subband CQI)

Higher Layer- Mode 3-0  Mode 3-1

configured

(subband CQI)

Transmission mode 1: Modes 1-0, 2-0, 3-0
Transmission mode 2: Modes 1-0, 2-0, 3-0

Mode 1-0 (wideband feedback): MTC UE can report one
wideband CQI calculated by assuming transmission
through a set S subband.

Furthermore, MTC UE may not perform a periodic CSI
report although the periodic CSI report has been configured.
That 1s, the MTC UE may be configured to perform a CSI
report only when itrecerves an aperiodic CSIreport froma BS
through a paging message. If the aperiodic CSI report 1s
received through the paging message, the MTC UE can per-
torm a CSIreport along with the transmission of ACK/NACK
to the paging message or UL transmission triggered by the
paging message although an additional CSI request 1s not
present. If both the transmission of ACK/NACK and the CSI
report are performed, PUCCH format 2 series can be used. In
this case, the MTC UE may assume that CSI 1s multiplexed
with the ACK/NACK and transmitted through a specific
PUSCH.

Meanwhile, in an LTE system, a moving pattern and a
traffic pattern have been designed by chiefly taking a dynamic
user into consideration. In contrast, MTC UE 1s characterized
in that the M'TC UE has a specific moving pattern or the MTC
UE 1s fixed to the same place like a smart metering or highway
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traffic monitoring MTC device. Furthermore, MTC UE 1s
characterized in that 1t performs periodic data transmission. I
MTC UE 1s fixed, a channel condition i1s not suddenly
changed for a long time. Accordingly, it 1s preferred that a
measurement report be performed at a long interval. In this
case, MTC UE can maintain RRC_Connected mode having a
long DRX cycle and estimate a channel using a periodic CSI
measurement report.

Furthermore, the present ivention proposes a new trans-
mission mode for UE having a static and intermaittent trans-
mission pattern, for example, M'TC UE.

Transmission mode 10: single BS antenna mode having
features of static channel estimation/measurement
report

By configuring a new transmission mode, a BS and UE can
expect that a measurement report result will be similar to a
previous measurement report result except a specific situation
(e.g., the occurrence of interference from a neighbor cell).
Accordingly, 1 a measurement report result 1s suddenly
changed, UE and a BS can 1nstruct to check “whether or not
the location of the UE has been changed or whether or not
there 1s an unexpected change” Here, fixed UE can periodi-
cally perform a CSI report in RRC_Connected mode and may
report only the CQI of a selected subband.

Furthermore, by configuring a new transmission mode,
fixed UE can be used for various purposes. Since channel
estimation for fixed UE 1s stable, the channel estimation can
be used to detect a change 1n the physical location of the fixed
UE. That 1s, a physical security/monitoring capability can be
provided to the fixed UE. In accordance with the method,
there 1s an advantage 1n that the consumption of the battery of
UE can be reduced as compared with a scheme such as a
(Global Positioning System (GPS), a location detection tech-
nology based on a network used to detect a physical location.

FIG. 13 1s a block diagram of a wireless communication
system 1n which the embodiments of the present invention are
implemented.

A BS 50 1ncludes aprocessor 51, amemory 52, and a Radio
Frequency (RF) umit 53. The memory 52 1s connected to the
processor 51 and configured to store various pieces of infor-
mation for driving the processor 51. The RF umit 33 1s con-
nected to the processor 51 and configured to transmit and/or
receive radio signals. The processor 51 implements the pro-
posed functions, processes, and/or methods. In the aforemen-
tioned embodiments, the operation of the BS can be imple-
mented by the process 51.

UE 60 1ncludes a processor 61, a memory 62, and an RF
unit 63. The memory 62 1s connected to the processor 61 and
configured to store various pieces ol information for driving
the processor 61. The RF unit 63 1s connected to the processor
61 and configured to transmit and/or receive radio signals.
The processor 61 implements the proposed functions, pro-
cesses, and/or methods. In the atorementioned embodiments,
the operation of the UE can be implemented by the process
61.

The processor may 1include Application-Specific Inte-
grated Circuits (ASICs), other chipsets, logic circuits and
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. When the embodiment 1s implemented 1n soitware,
the above scheme may be implemented into a module (pro-
cess or function) that performs the above functions. The mod-
ule may be stored 1n the memory and executed by the proces-
sor. The memory may be placed inside or outside the
processor and functionally coupled to the processor by a
variety of well-known means.
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In the above exemplary system, although the methods have
been described based on the flowcharts 1n the form of a series
of steps or blocks, the present mnvention 1s not limited to the
sequence of the steps, and some of the steps may be per-
formed 1n a different order from that of other steps or may be
performed simultaneous to other steps. Furthermore, those
skilled 1n the art will understand that the steps shown 1n the
flowchart are not exclusive and the steps may include addi-
tional steps or that one or more steps 1n the tlowchart may be

deleted without atffecting the scope of the present invention.

The mvention claimed 1s:
1. A connection establishment method for a Machine Type
Communication (MTC) User Equipment (UE) 1n a wireless
communication system, comprising:
receiving, by a M'TC UE, system information from at least
one neighbor Base Station (BS) through a physical
broadcast channel (PBCH), the system information
including information indicating whether or not the at
least one BS supports MTC UE;

determining, by the MTC UE, at least one candidate BS
based on the system information, the at least one candi-
date BS supporting the M'TC UE;

determining, by the MTC UE, a su1table BS from the at
least one candidate BS, wherein the suitable BS 1s deter-
mined based on the intensity of a downlink signal trans-
mitted from each of the at least one candidate BS; and

sending, by the MTC UE, a random access preamble to the
suitable BS.,

wherein the system information mcludes an MTC sub-

frame pattern mdex indicative of a subiframe 1n which
the random access preamble 1s transmitted,

wherein the random access preamble 1s an MTC-dedicated

preamble transmitted through a physical random access
channel (PRACH),

wherein the M TC-dedicated preamble 1s used only for the

MTC UE, and

wherein the bandwidth of the PR ACH 1s narrower than the

bandwidth of the PBCH.

2. The method of claim 1, wherein:

the system information 1s recerved 1 a bandwidth of 20

MHz, and

the random access preamble 1s transmitted 1n a bandwidth

narrower than 20 MHz.
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3. The method of claim 1, wherein the suitable BS 1s a BS
having a strongest intensity of a signal, from among the at
least one candidate BS.

4. The method of claim 1, wherein the suitable BS 1s a BS
first searched for from among the at least one candidate BS 1n
cach of which the intensity of the signal 1s greater than a

predetermined threshold.

5. A Machine Type Communication (MTC) User Equip-
ment (UE) 1n a wireless communication system, comprising;:
a Radio Frequency (RF) unit configured to transmit and
receive radio signals; and
a processor connected to the RF unit, the processor 1s
configured to:
recerve system information from at least one neighbor Base
Station (BS) through a physical broadcast channel
(PBCH), the system information including information

indicating whether or not the at least one BS supports
MTC UE;

determine at least one candidate BS based on the system
information, the at least one candidate BS supporting the
MTC UE;

determine a suitable BS from the at least one candidate BS,
wherein the suitable BS 1s determined based on the
intensity of a downlink signal transmitted from each of
the at least one candidate BS; and

send a random access preamble to the suitable BS,
wherein the system information includes an MTC sub-
frame pattern index indicative of a subirame 1n which
the random access preamble 1s transmitted,
wherein the random access preamble 1s an MTC-dedicated
preamble transmitted through a physical random access
channel (PRACH),
wherein the MTC-dedicated preamble 1s used only for the
MTC UE, and
wherein the bandwidth of the PRACH 1s narrower than the
bandwidth of the PBCH.
6. The UE of claim 5, wherein:
the system information 1s received i1n a bandwidth of 20
MHz, and
the random access preamble 1s transmitted 1n a bandwidth
narrower than 20 MHz.
7. The UE of claim 5, wherein the suitable BS 1s a BS
having a strongest intensity of a signal, from among the at
least one candidate BS.
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