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(57) ABSTRACT

Provided are a method and device for allocating wireless
resources in a wireless communication system. The wireless
resource allocating method comprises allocating a machine
type communication (MTC)-dedicated wireless resource and
a general wireless resource, and communicating with at least
one MTC device through the MTC-dedicated wireless
resource. Herein, the MTC-dedicated wireless resource sup-
ports only the communication with the at least one MTC
device, and the MTC-dedicated wireless resource and the
general wireless resource may be different from each other.
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METHOD AND DEVICE FOR ALLOCATING
WIRELESS RESOURCES FOR A MACHINE
TYPE COMMUNICATION DEVICE IN A
WIRELESS COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to wireless communi-
cations, and more particularly, to a method and apparatus for
allocating a radio resource for a machine type communication
(MTC) device in a wireless communication system.

[0003] 2. Related Art

[0004] Recently, there are various scenarios which employ
machine-type communication (MTC). The MTC is one type
of data communication including one or more entities not
requiring human interactions. That is, the MTC refers to the
concept of communication based on a network such as the
existing GSM/EDGE radio access network (GERAN), uni-
versal mobile telecommunication system (UMTS), 3 gen-
eration partnership project (3GPP) long-term evolution
(LTE), or the like used by a machine device instead of a
mobile station (MS) used by a user. The machine device used
in the MTC can be called an MTC device. There are various
MTC devices such as a vending machine, a machine of mea-
suring a water level at a dam, etc. That is, the MTC is widely
applicable in various fields. The MTC device has a feature
different from that of a typical MS. Therefore, a service
optimized to the MTC may differ from a service optimized to
human type communication (HTC) communication. In com-
parison with a current mobile network communication ser-
vice, the MTC can be characterized as a different market
scenario, data communication, less costs and efforts, a poten-
tially great number of MSs for communication, wide service
areas, low traffic per MS, etc. When the MTC device is
employed, there is a high possibility that a great number of
MTC devices having the same function and the same traffic
feature are concurrently employed by one user or service
provider. In addition, there is a high possibility that the MTC
device periodically generates and transmits a relatively small
amount of data. There is also high possibility that the MTC
device operates as a fixed device which does not move once it
is deployed.

[0005] Meanwhile, at present, a cell-based wireless com-
munication system has been designed for the purpose of
effectively supporting an HTC device. For example, a physi-
cal (PHY) and media access control (MAC) layer of a 3GPP
LTE/LTE-advanced (A) or institute of electrical and electron-
ics engineers (IEEE) 802.16-based radio communication sys-
tem is designed to transmit and receive data randomly gener-
ated between HTC devices having mobility. Therefore, the
conventional wireless communication system may be very
ineffective in terms of supporting a great number of MTC
devices.

[0006] Accordingly, there is a need for a method of effec-
tively allocating a radio resource to an MTC device while
maintaining compatibility with the conventional wireless
communication system to the maximum extent possible.

SUMMARY OF THE INVENTION

[0007] The present invention provides a method and appa-
ratus for allocating a radio resource for a machine type com-
munication (MTC) device in a wireless communication sys-
tem. In particular, the present invention provides a method for
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allocating a radio resource for an MTC device differently
from a radio resource for a human type communication
(HTC) device.

[0008] Inanaspect,amethod forallocating aradio resource
in a wireless communication system is provided. The method
includes allocating a machine type communication (MTC)-
dedicated radio resource and a normal radio resource, and
communicating with at least one MTC device through the
MTC-dedicated radio resource. The MTC-dedicated radio
resource supports communication with only the at least one
MTC device, and the MTC-dedicated radio resource and the
normal radio resource are different radio resources.

[0009] The MTC-dedicated radio resource may include at
least one MTC-dedicated component carrier (CC), and the
normal radio resource may include at least one normal CC.
[0010] Information on the at least one MTC-dedicated CC
may be transmitted through a higher layer.

[0011] At least any one of a physical downlink control
channel (PDCCH) transmission type, a transmission period
of'a channel state information reference signal (CSI-RS), and
a transmission time interval (TTI) in the at least one MTC-
dedicated CC may be configured differently from that of the
at least one normal CC.

[0012] Inthe PDCCH transmission type in the at least one
MTC-dedicated CC, an interleaving type PDCCH and a non-
interleaving type PDCCH may be multiplexed and transmit-
ted.

[0013] The TTI in the at least one MTC-dedicated CC may
be longer than 1 ms.

[0014] The MTC-dedicated radio resource and the normal
radio resource may be multiplexed in a time division multi-
plexing (TDM) manner, and the MTC-dedicated radio
resource may include at least one MTC-dedicated subframe.
[0015] The at least one MTC-dedicated subframe may be a
multicast broadcast single frequency network (MBSFN) sub-
frame.

[0016] Information on the at least one MTC-dedicated sub-
frame may be transmitted through a higher layer or a broad-
cast channel (BCH) configured only for the MTC device.

[0017] The MTC-dedicated radio resource and the normal
radio resource may be multiplexed in a frequency division
multiplexing (FDM) manner, and the MTC-dedicated radio
resource may include an MTC-dedicated frequency domain.
[0018] The MTC-dedicated frequency domain may include
atleast one physical resource block (PRB) or at least one PRB
group including multiple PRBs.

[0019] The MTC-dedicated frequency domain may include
a specific frequency partition.

[0020] In another aspect, an apparatus for a wireless com-
munication system is provided. The apparatus includes a
radio frequency (RF) unit for transmitting or receiving a radio
signal, and a processor coupled to the RF unit, and configured
for allocating a machine type communication (MTC)-dedi-
cated radio resource and a normal radio resource, and com-
municating with at least one MTC device through the MTC-
dedicated radio resource. The MTC-dedicated radio resource
supports communication with only the at least one MTC
device, and the MTC-dedicated radio resource and the normal
radio resource are different radio resources.

[0021] According to the present invention, a radio resource

can be effectively allocated for a machine type communica-
tion (MTC) device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 shows a wireless communication system.
[0023] FIG. 2 shows the structure of a radio frame in 3GPP
LTE.

[0024] FIG. 3 shows an example of a resource grid of a

single downlink slot.

[0025] FIG. 4 shows the structure of a downlink subframe.
[0026] FIG. 5 shows the structure of an uplink subframe.
[0027] FIG. 6 shows the structure of a radio frame in IEEE
802.16m.

[0028] FIG. 7 shows an example of a transmitter and a

receiver which constitute a carrier aggregation system.
[0029] FIG. 8 and FIG. 9 show other examples of a trans-
mitter and a receiver which constitute a carrier aggregation
system.

[0030] FIG. 10 shows an example of a communication sce-
nario for MTC.
[0031] FIG. 11 shows the proposed resource allocation

method according to an embodiment of the present invention.
[0032] FIG. 12 is a block diagram showing wireless com-
munication system to implement an embodiment of the
present invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0033] The following technique may be used for various
wireless communication systems such as code division mul-
tiple access (CDMA), a frequency division multiple access
(FDMA), time division multiple access (IDMA), orthogonal
frequency division multiple access (OFDMA), single carrier-
frequency division multiple access (SC-FDMA), and the like.
The CDMA may be implemented as a radio technology such
as universal terrestrial radio access (UTRA) or CDMA2000.
The TDMA may be implemented as a radio technology such
as a global system for mobile communications (GSM)/gen-
eral packet radio service (GPRS)/enhanced data rates for
GSM evolution (EDGE). The OFDMA may be implemented
by a radio technology such as institute of electrical and elec-
tronics engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, E-UTRA (evolved UTRA), and the
like. IEEE 802.16m, an evolution of IEEE 802.16e, provides
backward compatibility with a system based on IEEE 802.
16e. The UTRA is part of a universal mobile telecommuni-
cations system (UMTS). 3GPP (3rd generation partnership
project) LTE (long term evolution) is part of an evolved
UMTS (E-UMTS) using the E-UTRA, which employs the
OFDMA in downlink and the SC-FDMA in uplink. LTE-A
(advanced) is an evolution of 3GPP LTE.

[0034] Hereinafter, for clarification, LTE-A or IEEE 802.
16 will be largely described, but the technical concept of the
present invention is not meant to be limited thereto.

[0035] FIG. 1 shows a wireless communication system.
[0036] The wireless communication system 10 includes at
least one base station (BS) 11. Respective BSs 11 provide a
communication service to particular geographical areas 15a,
154, and 15¢ (which are generally called cells). Each cell may
be divided into a plurality of areas (which are called sectors).
A user equipment (UE) 12 may be fixed or mobile and may be
referred to by other names such as MS (mobile station), MT
(mobile terminal), UT (user terminal), SS (subscriber sta-
tion), wireless device, PDA (personal digital assistant), wire-
less modem, handheld device. The BS 11 generally refers to
a fixed station that communicates with the UE 12 and may be
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called by other names such as eNB (evolved-NodeB), BTS
(base transceiver system), access point (AP), etc.

[0037] In general, a UE belongs to one cell, and the cell to
which a UE belongs is called a serving cell. A BS providing a
communication service to the serving cell is called a serving
BS. The wireless communication system is a cellular system,
so a different cell adjacent to the serving cell exists. The
different cell adjacent to the serving cell is called a neighbor
cell. A BS providing a communication service to the neighbor
cellis called a neighbor BS. The serving cell and the neighbor
cell are relatively determined based on a UE.

[0038] This technique can be used for downlink or uplink.
In general, downlink refers to communication from the BS 11
to the UE 12, and uplink refers to communication from the
UE 12 to the BS 11. In downlink, a transmitter may be part of
the BS 11 and a receiver may be part of the UE 12. In uplink,
a transmitter may be part of the UE 12 and a receiver may be
part of the BS 11.

[0039] The wireless communication system may be any
one of a multiple-input multiple-output (MIMO) system, a
multiple-input single-output (MISO) system, a single-input
single-output (SISO) system, and a single-input multiple-
output (SIMO) system. The MIMO system uses a plurality of
transmission antennas and a plurality of reception antennas.
The MISO system uses a plurality of transmission antennas
and a single reception antenna. The SISO system uses a single
transmission antenna and a single reception antenna. The
SIMO system uses a single transmission antenna and a plu-
rality of reception antennas. Hereinafter, a transmission
antenna refers to a physical or logical antenna used for trans-
mitting a signal or a stream, and a reception antenna refers to
a physical or logical antenna used for receiving a signal or a
stream.

[0040] FIG. 2 shows the structure of a radio frame in 3GPP
LTE.
[0041] It may be referred to Paragraph 5 of “Technical

Specification Group Radio Access Network; Evolved Univer-
sal Terrestrial Radio Access (E-UTRA); Physical channels
and modulation (Release 8)” to 3GPP (3rd generation part-
nership project) TS 36.211 V8.2.0 (2008-03). Referring to
FIG. 2, the radio frame includes 10 subframes, and one sub-
frame includes two slots. The slots in the radio frame are
numbered by #0 to #19. A time taken for transmitting one
subframe is called a transmission time interval (TTT). The TTI
may be a scheduling unit for a data transmission. For
example, a radio frame may have a length of 10 ms, a sub-
frame may have a length of 1 ms, and a slot may have a length
of 0.5 ms.

[0042] One slot includes a plurality of orthogonal fre-
quency division multiplexing (OFDM) symbols in a time
domain and a plurality of subcarriers in a frequency domain.
Since 3GPP LTE uses OFDMA in downlink, the OFDM
symbols are used to express a symbol period. The OFDM
symbols may be called by other names depending on a mul-
tiple-access scheme. For example, when a single carrier fre-
quency division multiple access (SC-FDMA) is in use as an
uplink multi-access scheme, the OFDM symbols may be
called SC-FDMA symbols. A resource block (RB), aresource
allocation unit, includes a plurality of continuous subcarriers
in a slot. The structure of the radio frame is merely an
example. Namely, the number of subframes included in a
radio frame, the number of slots included in a subframe, or the
number of OFDM symbols included in a slot may vary.
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[0043] 3GPP LTE defines that one slot includes seven
OFDM symbols in a normal cyclic prefix (CP) and one slot
includes six OFDM symbols in an extended CP.

[0044] The wireless communication system may be
divided into a frequency division duplex (FDD) scheme and a
time division duplex (TDD) scheme. According to the FDD
scheme, an uplink transmission and a downlink transmission
are made at different frequency bands. According to the TDD
scheme, an uplink transmission and a downlink transmission
are made during different periods of time at the same fre-
quency band. A channel response of the TDD scheme is
substantially reciprocal. This means that a downlink channel
response and an uplink channel response are almost the same
in a given frequency band. Thus, the TDD-based wireless
communication system is advantageous in that the downlink
channel response can be obtained from the uplink channel
response. In the TDD scheme, the entire frequency band is
time-divided for uplink and downlink transmissions, so a
downlink transmission by the BS and an uplink transmission
by the UE can be simultaneously performed. Ina TDD system
in which an uplink transmission and a downlink transmission
are discriminated in units of subframes, the uplink transmis-
sion and the downlink transmission are performed in different
subframes.

[0045] FIG. 3 shows an example of a resource grid of a
single downlink slot.

[0046] A downlink slotincludes a plurality of OFDM sym-
bols in the time domain and N; number of resource blocks
(RBs) in the frequency domain. The N number of resource
blocks included in the downlink slot is dependent upon a
downlink transmission bandwidth set in a cell. For example,
in an LTE system, N, may be any one of 60 to 110. One
resource block includes a plurality of subcarriers in the fre-
quency domain. Anuplink slot may have the same structure as
that of the downlink slot.

[0047] Each element on the resource grid is called a
resource element. The resource elements on the resource grid
can be discriminated by a pair of indexes (k1) in the slot.
Here, k (k=0, . . ., Ng5zx12-1) is a subcarrier index in the
frequency domain, and 1 is an OFDM symbol index in the
time domain.

[0048] Here, it is illustrated that one resource block
includes 7x12 resource elements made up of seven OFDM
symbols in the time domain and twelve subcarriers in the
frequency domain, but the number of OFDM symbols and the
number of subcarriers in the resource block are not limited
thereto. The number of OFDM symbols and the number of
subcarriers may vary depending on the length of a cyclic
prefix (CP), frequency spacing, and the like. For example, in
case of a normal CP, the number of OFDM symbols is 7, and
in case of an extended CP, the number of OFDM symbols is 6.
One of 128, 256, 512, 1024, 1536, and 2048 may be selec-
tively used as the number of subcarriers in one OFDM sym-
bol.

[0049] FIG. 4 shows the structure of a downlink subframe.

[0050] A downlink subframe includes two slots in the time
domain, and each of the slots includes seven OFDM symbols
in the normal CP. First three OFDM symbols (maximum four
OFDM symbols with respect to a 1.4 MHz bandwidth) of a
first slot in the subframe corresponds to a control region to
which control channels are allocated, and the other remaining
OFDM symbols correspond to a data region to which a physi-
cal downlink shared channel (PDSCH) is allocated.

Jul. 11,2013

[0051] The PDCCH may carry a transmission format and a
resource allocation of a downlink shared channel (DL-SCH),
resource allocation information of an uplink shared channel
(UL-SCH), paging information on a PCH, system informa-
tion on a DL-SCH, a resource allocation of an higher layer
control message such as a random access response transmit-
ted via a PDSCH, a set of transmission power control com-
mands with respect to individual UEs in a certain UE group,
an activation of a voice over internet protocol (VoIP), and the
like. A plurality of PDCCHs may be transmitted in the control
region, and a UE can monitor a plurality of PDCCHs. The
PDCCHs are transmitted on one or an aggregation of a plu-
rality of consecutive control channel elements (CCE). The
CCE is a logical allocation unit used to provide a coding rate
according to the state of a wireless channel. The CCE corre-
sponds to a plurality of resource element groups. The format
of'the PDCCH and an available number of bits of the PDCCH
are determined according to an associative relation between
the number of the CCEs and a coding rate provided by the
CCEs.

[0052] The BS determines a PDCCH format according to a
DClI to be transmitted to the UE, and attaches a cyclic redun-
dancy check (CRC) to the DCI. A unique radio network
temporary identifier (RNTT) is masked on the CRC according
to the owner or the purpose of the PDCCH. In case of a
PDCCH for a particular UE, a unique identifier, e.g., a cell-
RNTTI (C-RNTI), of the UE, may be masked on the CRC. Or,
in case of a PDCCH for a paging message, a paging indication
identifier, e.g., a paging-RNTI (P-RNTI), may be masked on
the CRC. In case of a PDCCH for a system information block
(SIB), a system information identifier, e.g., a system infor-
mation-RNTI (SI-RNTI), may be masked on the CRC. In
order to indicate a random access response, i.e., a response to
a transmission of a random access preamble of the UE, a
random access-RNTI (RA-RNTI) may be masked on the
CRC.

[0053] FIG. 5 shows the structure of an uplink subframe.
[0054] An uplink subframe may be divided into a control
region and a data region in the frequency domain. A physical
uplink control channel (PUCCH) for transmitting uplink con-
trol information is allocated to the control region. A physical
uplink shared channel (PUCCH) for transmitting data is allo-
cated to the data region. If indicated by a higher layer, the user
equipment may support simultaneous transmission of the
PUCCH and the PUSCH.

[0055] The PUCCH for one UE is allocated in an RB pair.
RBs belonging to the RB pair occupy different subcarriers in
each of a 1 slot and a 2"“ slot. A frequency occupied by the
RBs belonging to the RB pair allocated to the PUCCH
changes at a slot boundary. This is called that the RB pair
allocated to the PUCCH is frequency-hopped at a slot bound-
ary. Since the UE transmits UL control information over time
through different subcarriers, a frequency diversity gain can
be obtained. In the figure, m is a location index indicating a
logical frequency-domain location of the RB pair allocated to
the PUCCH in the subframe.

[0056] Uplink control information transmitted on the
PUCCH may include a HARQ ACK/NACK, a channel qual-
ity indicator (CQI) indicating the state of a downlink channel,
a scheduling request (SR) which is an uplink radio resource
allocation request, and the like.

[0057] The PUSCH is mapped to a uplink shared channel
(UL-SCH), a transport channel. Uplink data transmitted on
the PUSCH may be a transport block, a data block for the
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UL-SCH transmitted during the TTI. The transport block may
be user information. Or, the uplink data may be multiplexed
data. The multiplexed data may be data obtained by multi-
plexing the transport block for the UL-SCH and control infor-
mation. For example, control information multiplexed to data
may include a CQI, a precoding matrix indicator (PMI), an
HARQ, a rank indicator (RI), or the like. Or the uplink data
may include only control information.

[0058] FIG. 6 shows the structure of a radio frame in IEEE
802.16m.
[0059] Referring to FIG. 6, a superframe (SF) includes a

superframe header (SFH) and four frames F0, F1, F2, and F3.
Each frame may have the same length in the SF. Although it is
shown that each SF has a length of 20 milliseconds (ms) and
each frame has a length of 5 ms, the present invention is not
limited thereto. A length of the SF, the number of frames
included in the SF, the number of SFs included in the frame,
or the like can change variously. The number of SFs included
in the frame may change variously according to a channel
bandwidth and a cyclic prefix (CP) length.

[0060] One frame includes 8 subframes SF0, SF1, SF2,
SF3, SF4, SES, SF6, and SF7. Each subframe can be used for
uplink or downlink transmission. One subframe includes a
plurality of orthogonal frequency division multiplexing
(OFDM) symbols in a time domain, and includes a plurality
of subcarriers in a frequency domain. An OFDM symbol is
for representing one symbol period, and can be referred to as
other terminologies such as an OFDM symbol, an SC-FDMA
symbol, etc., according to a multiple access scheme. The
subframe can consist of 5, 6, 7, or 9 OFDMA symbols. How-
ever, this is for exemplary purposes only, and thus the number
of OFDMA symbols included in the subframe is not limited
thereto. The number of OFDMA symbols included in the
subframe may change variously according to a channel band-
width and a CP length. A subframe type may be defined
according to the number of OFDMA symbols included in the
subframe. For example, it can be defined such that a type-1
subframe includes 6 OFDMA symbols, a type-2 subframe
includes 7 OFDMA symbols, a type-3 subframe includes 5
OFDMA symbols, and atype-4 subframe includes 9 OFDMA
symbols. One frame may include subframes each having the
same type. Alternatively, one frame may include subframes
each having a different type. That is, the number of OFDMA
symbols included in each subframe may be identical or dif-
ferent in one frame. Alternatively, the number of OFDMA
symbols included in at least one subframe of one frame may
be different from the number of OFDMA symbols of the
remaining subframes of the frame.

[0061] A superframe header (SFH) may carry an essential
system parameter and system configuration information. The
SFH may be located in a first subframe of a superframe. The
SFH may occupy last 5 OFDMA symbols of the first sub-
frame. The SFH can be classified into a primary-SFH
(P-SFH) and a secondary-SFH (S-SFH). The P-SFH may be
transmitted in every superframe. Information transmitted on
the S-SFH may be classified into three sub-packets, i.e., an
S-SFH SP1, an S-SFH SP2, and an S-SFH SP3. Each sub-
packet can be transmitted periodically with a different period.
Information transmitted in the S-SFH SP1, the S-SFH SP2,
and the S-SFH SP3 may have different importance from one
another. The S-SFH SP1 may be transmitted with a shortest
period, and the S-SFH SP3 may be transmitted with a longest
period. The S-SFH SP1 includes information on network
re-entry. The S-SFH SP1 may be transmitted at every 40 ms.
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The S-SFH SP2 includes information on initial network entry
and network discovery. The S-SFH SP2 may be transmitted at
every 80 ms. The S-SFH SP3 includes other important system
information. The S-SFH SP3 may be transmitted at every 160
ms or 320 ms.

[0062] A carrier aggregation (CA) system implies a system
that configures a wideband by aggregating one or more car-
riers having a bandwidth smaller than that of a target wide-
band when the wireless communication system intends to
support the wideband. The CA system can also be referred to
as other terms such as a bandwidth aggregation system, or the
like. The carrier aggregation system can be divided into a
contiguous carrier aggregation system in which carriers are
contiguous to each other and a non-contiguous carrier aggre-
gation system in which carriers are separated from each other.
In the contiguous carrier aggregation system, a frequency
spacing may exist between respective carriers. A carrier
which is a target when aggregating one or more carriers can
directly use a bandwidth that is used in the legacy system in
order to provide backward compatibility with the legacy sys-
tem. For example, a 3¢ generation partnership project
(3GPP) long-term evolution (LTE) system can support a
bandwidth of 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz,
and 20 MHz, and a 3GPP LTE-A system can configure a
wideband of 20 MHz or higher by using only the bandwidth
of'the 3GPP LTE system. Alternatively, the wideband can be
configured by defining a new bandwidth without having to
directly use the bandwidth of the legacy system.

[0063] In the carrier aggregation system, a user equipment
(UE) can transmit or receive one or multiple carriers simul-
taneously according to capacity. An LTE-A UE can transmit
or receive the multiple carriers simultaneously. An LTE Rel-8
UE can transmit or receive only one carrier when each of
carriers constituting the carrier aggregation system is com-
patible with an LTE Rel-8 system. Therefore, when the num-
ber of carriers used in an uplink (UL) is equal to the number
of carriers used in a downlink (DL), it is necessary to config-
ure such that all component carriers (CCs) are compatible
with the LTE Rel-8 system.

[0064] Inorder to efficiently use multiple carriers, the mul-
tiple carriers can be managed by media access control
(MAC). In order to transmit/receive the multiple carriers,
both a transmitter and a receiver must be able to transmit/
receive the multiple carriers.

[0065] FIG. 7 shows an example of a transmitter and a
receiver which constitute a carrier aggregation system.
[0066] In the transmitter of FIG. 7(a), one MAC transmits
and receives data by managing and operating all of n carriers.
This is also applied to the receiver of FIG. 7(5). From the
perspective of the receiver, one transport block and one
HARQ entity may exist per CC. A UE can be scheduled
simultaneously for multiple carriers. The carrier aggregation
system of FIG. 7 can apply both to a contiguous carrier
aggregation system and a non-contiguous carrier aggregation
system. The respective carriers managed by one MAC do not
have to be contiguous to each other, which results in flexibil-
ity in terms of resource management.

[0067] FIG. 8 and FIG. 9 show other examples of a trans-
mitter and a receiver which constitute a carrier aggregation
system.

[0068] In the transmitter of FIG. 8(a) and the receiver of
FIG. 8(b), one MAC manages only one carrier. That is, the
MAC and the carrier are 1:1 mapped. In the transmitter of
FIG. 9(a) and the receiver of FIG. 9(b), a MAC and a carrier
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are 1:1 mapped for some carriers, and regarding the remain-
ing carriers, one MAC controls multiple carriers. That is,
various combinations are possible based on a mapping rela-
tion between the MAC and the carrier.

[0069] The carrier aggregation system of FIG. 7 to FIG. 9
includes n carriers. The respective carriers may be contiguous
to each other or may be separated from each other. The carrier
aggregation system can apply both to a UL and a DL.. In a
TDD system, each carrier is configured to be able to perform
UL transmission and DL transmission. In an FDD system,
multiple carriers can be used by dividing them fora UL and a
DL. In a typical TDD system, the number of CCs used in the
UL is equal to that used in the DL, and each carrier has the
same bandwidth. The FDD system can configure an asym-
metric carrier aggregation system by allowing the number of
carriers and the bandwidth to be different between the UL and
the DL.

[0070] Meanwhile, the concept of a cell can be applied in
the LTE-A system. The cell is an entity configured by com-
bining at least one unit of DL resources and selectively
included UL resources from the perspective of a UE. That is,
one cell must include at least one unit of DL resources, but
may not include UL resources. The one unit of DL resources
may be one DL, CC. A linkage between a carrier frequency of
a DL resource and a carrier frequency of a UL resource can be
indicated by an SIB2 transmitted using the DL resource.
[0071] A cell type can be classified according to an alloca-
tion method. First, the number of cells allocated to an entire
system may be fixed. For example, the number of cells allo-
cated to the entire system may be 8. All or some of the cells
allocated to the entire system may be allocated by radio
resource control (RRC) signaling of a higher layer. The cell
allocated by the RRC signaling is called a configured cell.
That is, the configured cell may imply a cell allocated to be
usably by the system among the cells allocated to the entire
system. All or some of the configured cells may be allocated
by media access control (MAC) signaling. The cell allocated
by the MAC signaling can be called an activated cell. Among
the configured cells, the remaining cells other than the acti-
vated cell can be called a deactivated cell. All or some of the
activated cells are allocated to the UE by using [.1/L.2 signal-
ing. The cell allocated by using the 1.1/1.2 signaling can be
called a scheduled cell. The scheduling cell can receive data
through a PDSCH by using a DL resource in a cell, and can
transmit data through a PUSCH by using a UL resource.
[0072] Machine-type communication (MTC) is one type of
data communication including one or more entities not
requiring human interactions. An MTC device denotes a
mobile station (MS) installed for the MTC. The MTC device
may communicate with an MTC server or another MTC
device. An MTC feature denotes a network function that
optimizes a network used by a machine-to-machine (M2M)
device. The MTC server communicates with the network, and
is an entity that communicates with the MTC device through
the network. The MTC server may have an interface that is
accessible by an MTC user. The MTC server provides a
service for the MTC user. The MTC user uses the service
provided by the MTC server. An MTC subscriber is an entity
that has a contractual relation with a network operator to
provide a service to one or more MTC devices. An MTC
group denotes a group of MTC devices that share one or more
MTC features and that belong to the same MTC subscriber.
The MTC subscriber and the MTC group may be used with-
out distinction.
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[0073] FIG. 10 shows an example of a communication sce-
nario for MTC.
[0074] Referring to FIG. 10, an MTC device 110 is con-

nected to a network, i.e., a network 130, together with a
legacy MS 120. An MTC server 140 receives information of
the MTC device 110 through the network 130, and provides
the information to an MTC user 150. The MTC server 140
may be directly connected to the network 130, or may be
connected to the network 130 through an Internet protocol
(IP). The aforementioned structure is for exemplary purposes
only, and thus may change in various forms. For example, the
MTC device 110 may directly communicate with another
MTC without the use of the MTC server 140. If the MTC
device 110 is deployed on the network 130, a traffic load may
increase in the network 130 according to a traffic feature of
the MTC device 110. This may cause a problem of deterio-
rating a service for the legacy MS 120. Therefore, in order to
decrease the traffic load caused by the MTC device 110,
resource allocation of the MTC device 110 needs to be man-
aged flexibly according to a traffic feature and/or a current
network congestion.

[0075] The MTC canbe employed in 3GPP LTE-A or IEEE
802.16. In order for the MTC device to operate in the existing
network, a service requirement different from that of the
legacy MS is required. The service requirement includes a
common service requirement and a specific service require-
ment. MTC service requirements of 3GPP LTE-A may be
found in the section 7 of 3GPP TS 22.368 V10.0.0 (2010-03)
«37? Generation Partnership Project; Technical Specification
Group Services and System Aspects; Service requirements
for Machine-Type Communications (MTC); Stage 1 (Release
10)”. A service requirement of the MTC of IEEE 802.16 is
under discussion in IEEE 802.16p. Although the following
description focuses on the MTC employed by the 3GPP LTE-
A, the present invention is not limited thereto.

[0076] Since MTC devices can exist for various fields, the
same feature is not required in all MTC devices. That is,
system optimization does not have to be suitable for all MTC
devices. An MTC feature is defined to provide a structure for
optimization of different systems. Such an MTC feature may
be provided on a subscription basis. In addition, the MTC
feature may be activated individually. The specific service
requirement of the MTC feature includes low mobility, time
controlled, time tolerant, MTC monitoring, offline indication,
priority alarm message (PAM), extra low power consump-
tion, secure connection, etc.

[0077] A feature ofthe MTC device is different from that of
a human type communication (HTC) device, and the conven-
tional wireless communication system optimized for the HTC
device may be ineffective in terms of supporting the MTC
device. Accordingly, for the MTC device, there is a need for
a method of allocating a dedicated radio resource different
from a radio resource allocated to the HTC device.

[0078] Hereinafter, the proposed resource allocation
method for the MTC device will be described.

[0079] 1) Component carrier (CC)-based dedicated
resource allocation

[0080] Ifa system bandwidth includes multiple CCs, a BS
can allocate at least one CC to an MTC-dedicated radio
resource. That is, if a DL and a UL consist of two or more
CCs, any cell or BS can allocate one or more CCs that can be
used by only the MTC device. The CC supports only the MTC
device, and the conventional HTC resource cannot access to
the CC. Any MTC device can be directly connected to the BS
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through the allocated MTC-dedicated CC. That is, the MTC
device can perform network entry/re-entry through the MTC-
dedicated CC.

[0081] When allocating the MTC-dedicated CC, various
methods can be applied to allow only the MTC device to be
able to access to the MTC-dedicated CC. The BS can block
the access of the HTC device by using a primary/secondary
synchronization channel (P/S-SCH) for only the MTC
device. Alternatively, itis also possible to allow only the MTC
device to be able to decode a physical broadcast channel
(PBCH) by configuring cyclic redundancy check (CRC)
masking bits of the PBCH in a MTC-specific manner. The
HTC device cannot decode the PBCH and thus cannot access
to the BS through the MTC-dedicated CC. In IEEE 802.16,
the PBCH may be an SFH.

[0082] Alternatively, the MTC device can be connected to
the MTC-dedicated CC by using carrier switching after being
connected to the BS through a normal CC instead of the
MTC-dedicated CC. By not transmitting the P/S-SCH
through the MTC-dedicated CC, the BS can disable a UE to
perform the network entry/re-entry through the MTC-dedi-
cated CC, or by not transmitting the PBCH while transmitting
the P/S-SCH through the MTC-dedicated CC, the BS can
block the access of all UEs. In this case, the MTC device can
perform the network entry through another CC, and can
receive information on the MTC-dedicated CC through UE-
specific higher layer signaling. Alternatively, information on
the MTC-dedicated CC can be received through cell-specific
higher layer signaling for only the MTC device. As such, if
the MTC-dedicated CC is present, the MTC device can
request the BS to perform carrier switching to the MTC-
dedicated CC, or the BS can request a specific MTC device to
perform the carrier switching to the MTC-dedicated CC.
Alternatively, the BS and the MTC device can communica-
tion with each other by using a CA method in which an
MTC-dedicated CC is added to a normal CC.

[0083] In case of allocating the MTC-dedicated CC, a
PDCCH (in case of IEEE 802.16, MAP) transmission type, a
transmission period of a channel state information reference
signal (CSI-RS) (in case of IEEE 802.16, a pilot or a
midamble) for channel estimation, a TTI size, or the like in the
MTC-dedicated CC can be configured differently from that of
the normal CC.

[0084] In case of PDCCH transmission, an interleaving-
based PDCCH and a non-interleaving-based PDCCH can be
transmitted by being multiplexed in a time division multi-
plexing (TDM) or frequency division multiplexing (FDM)
manner. In a case where whether to interleave the PDCCH is
determined in a TDM manner, the PDCCH can be transmitted
in a specific subframe by being interleaved in the conven-
tional resource element group (REG) unit, and the PDCCH
can be transmitted in other subframes without being inter-
leaved in the REG unit. In a case where whether to interleave
the PDCCH is determined in an FDM manner, an interleav-
ing-type PDCCH can be transmitted in a specific frequency
domain (or a group of a physical resource block (PRB)), and
a non-interleaving-type PDCCH can be transmitted in
another frequency domain. Alternatively, whether to inter-
leave the PDCCH can be determined in a UE-specific manner,
and the BS can transmit the PDCCH according to the deter-
mination result. Non-interleaving-type PDCCH transmission
can be performed through aggregation according to a payload
size of the PDCCH by using a basic unit of a PRB or a
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sub-PRB (i.e., a subcarrier set consisting of a factor of 12 such
as 6 subcarriers, 4 subcarriers, etc.).

[0085] The transmission period of the CSI-RS in the MTC-
dedicated CC can be configured to be longer than a transmis-
sion period of a CSI-RS transmitted in a normal CC. In
addition, the TTI in the MTC-dedicated CC can also be con-
figured to be much longer such as 2 subframes (2 ms), 3
subframes (3 ms), etc., rather than 1 subframe (1 ms). The TTI
or the transmission period of the CSI-RS in the MTC-dedi-
cated CC can be signaled to the MTC device in a cell-specific
manner or can be signaled in a UE-specific manner. The MTC
device may perform blind decoding of a PDCCH on the basis
of'the configured TT1, and can transmit a PUSCH on the basis
of the configured TTI. For example, if the TTI of the MTC-
dedicated CC is configured to 2 ms, 28 OFDM symbols can
constitute one subframe on the basis of a normal cyclic prefix
(CP). In this case, the PDCCH can be transmitted using N
(=1,2,3 or 4) OFDM symbols, and the PDSCH can be trans-
mitted using 28-N OFDM symbols. Alternatively, the TTI can
be configured in any unit. For example, 1 TTI can be config-
ured to 2.5 ms. In addition, when transmitting a demodulation
reference signal (DMRS), a DMRS located in a specific
OFDM symbol in the conventional DMRS pattern can be
punctured to decrease a DMRS overhead, or a new DRMS
pattern can be defined.

[0086] Meanwhile, a control signal may be frequently
received and decoded according to a feature of the MTC
device. In particular, a complexity of blind decoding of a
PDCCH received by the MTC device may increase. As such,
in order to decrease a complexity of decoding and the number
of times of receiving the control signal of the MTC device, a
new PDCCH transmission method can be applied instead of
the conventional PDCCH transmission method. That is, the
new PDCCH transmission method can be applied other than
blind decoding. For example, the BS and the MTC device can
explicitly or implicitly share a PDCCH location or a decoding
method. Alternatively, if a type of data transmitted to the
MTC device has a fixed format such as time-controlled traffic,
the control signal can be transmitted in a network entry pro-
cess without having to transmit the PDCCH, or the control
signal can be transmitted using system information such as a
PBCH or the like. Alternatively, an additional PDCCH may
not be transmitted once PDCCH transmission is performed.

[0087] 2) TDM-based dedicated resource allocation

[0088] A BS can allocate a specific subframe to an MTC-
dedicated subframe in a time domain. When any subframe is
allocated to the MTC-dedicated subframe, a structure of the
subframe can be modified to be different from the conven-
tional subframes, and an HTC device cannot communicate
with the BS through the subframe. However, in case of a
subframe in which an RS or a P/S-SCH or a PBCH exists,
transmission of the RS or the channel can be supported to
support backward compatibility with the MTC device. In
addition, transmission of an ACK/NACK signal can also be
supported to minimize an impact acting on hybrid automatic
repeat request (HARM) timing. Alternatively, the subframe in
which the RS or the P/S-SCH or the PBCH exist cannot be
configured as an MTC-dedicated subframe, and any one of
the remaining subframes can be configured to the MTC-
dedicated subframe. Meanwhile, to support backward com-
patibility with the HTC device, a multicast broadcast single
frequency network (MBSFN) subframe of the HTC device
can be configured to the MTC-dedicated subframe.
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[0089] Configuration information of the MTC-dedicated
subframe can be transmitted to each MTC device through
higher-layer signaling, and can be transmitted through a P/S-
SCH or PBCH configured only for the MTC device. In this
case, the MTC device can receive the P/S-SCH or the PBCH
through the MTC-dedicated subframe, or can receive the
P/S-SCH or the PBCH through a normal subframe in com-
mon with the HTC device or can receive only a control signal
and data through the MTC-dedicated subframe. When only
the control signal and data are received through the MTC-
dedicated subframe, additional system information can be
transmitted through the MTC-dedicated subframe. Alloca-
tion of the MTC-dedicated subframe may change periodi-
cally or non-periodically, and information thereon can be
transmitted to the MTC device through higher-layer signal-
ing.

[0090] Alternatively, in order to minimize an impact on the
conventional HTC device, the HTC device can operate on the
basis of the conventional frame structure, and the MTC
device can operate on the basis of a virtual structure. As
described above, the virtual structure may include whether to
accept access of only the MTC device in a specific subframe,
whether to transmit and receive a control signal in the specific
subframe, whether to transmit and receive data of the specific
subframe, etc. Information on the virtual structure may be
transmitted to each MTC device through higher-layer signal-
ing or through a PBCH configured only for the MTC device.

[0091] 3) FDM-based dedicated resource allocation

[0092] A BS canallocate a specific frequency domain as an
MTC-dedicated frequency domain. The MTC-dedicated fre-
quency domain can be allocated in a unit of a PRB or a PRB
group including multiple PRBs. Alternatively, if an entire
system bandwidth is split into multiple frequency partitions
due to such a reason as fractional frequency reuse (FFR), a
specific frequency partition can be allocated as the MTC-
dedicated frequency domain. If an MTC-dedicated radio
resource is allocated in an FDM manner, the PDCCH can be
transmitted in the same manner as the conventional method.
However, when a DMRS is transmitted for transmission of a
PDSCH or a PUSCH, a DMRS located in a specific OFDM
symbol in the conventional DMRS pattern can be punctured
to decrease a DMRS overhead, or a new DRMS pattern can be
defined. In addition, the MTC-dedicated PDCCH for the
MTC device can be multiplexed with the existing PDCCH in
a TDM, FDM, or TDM/FDM hybrid manner.

[0093] According to the method described above, a radio
resource only for the MTC device can be allocated. The
proposed resource allocation method can be applied differ-
ently to a DL, and a UL. For example, a TDM-based MTC-
dedicated resource can be allocated in the DL, and an FDM-
based MTC-dedicated resource can be allocated in the UL.
Meanwhile, although it is described that the proposed
resource allocation method is applied to the allocation of the
radio resource for the MTC device, the present invention is
not limited thereto. That is, the present invention is also
applicable for UEs having other features in addition to the
MTC device. For example, the present invention can be
applied to allocate a dedicated radio resource for a fixed UE
having no mobility. The present invention can also be applied
to allocate a dedicated radio resource for a UE requiring low
power consumption.

[0094] FIG. 11 shows the proposed resource allocation
method according to an embodiment of the present invention.
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[0095] In step S100, a BS allocates an MTC-dedicated
radio resource and a normal radio resource. In step S110, the
BS communicates with at least one MTC device through the
MTC-dedicated radio resource. In this case, the MTC-dedi-
cated radio resource may support communication with only
the at least one MTC device, and the MTC-dedicated radio
resource and the normal radio resource may be different radio
resources.

[0096] FIG. 12 is a block diagram showing wireless com-
munication system to implement an embodiment of the
present invention.

[0097] A BS 800 may include a processor 810, a memory
820 and a radio frequency (RF) unit 830. The processor 810
may be configured to implement proposed functions, proce-
dures and/or methods described in this description. Layers of
the radio interface protocol may be implemented in the pro-
cessor 810. The memory 820 is operatively coupled with the
processor 810 and stores a variety of information to operate
the processor 810. The RF unit 830 is operatively coupled
with the processor 810, and transmits and/or receives a radio
signal.

[0098] A user equipment 900 may include a processor 910,
a memory 920 and a RF unit 930. The processor 910 may be
configured to implement proposed functions, procedures and/
or methods described in this description. Layers of the radio
interface protocol may be implemented in the processor 910.
The memory 920 is operatively coupled with the processor
910 and stores a variety of information to operate the proces-
sor 910. The RF unit 930 is operatively coupled with the
processor 910, and transmits and/or receives a radio signal.
[0099] The processors 810, 910 may include application-
specific integrated circuit (ASIC), other chipset, logic circuit
and/or data processing device. The memories 820, 920 may
include read-only memory (ROM), random access memory
(RAM), flash memory, memory card, storage medium and/or
other storage device. The RF units 830, 930 may include
baseband circuitry to process radio frequency signals. When
the embodiments are implemented in software, the tech-
niques described herein can be implemented with modules
(e.g., procedures, functions, and so on) that perform the func-
tions described herein. The modules can be stored in memo-
ries 820, 920 and executed by processors 810, 910. The
memories 820,920 can be implemented within the processors
810, 910 or external to the processors 810, 910 in which case
those can be communicatively coupled to the processors 810,
910 via various means as is known in the art.

[0100] Inview of the exemplary systems described herein,
methodologies that may be implemented in accordance with
the disclosed subject matter have been described with refer-
ence to several flow diagrams. While for purposed of simplic-
ity, the methodologies are shown and described as a series of
steps or blocks, it is to be understood and appreciated that the
claimed subject matter is not limited by the order of the steps
or blocks, as some steps may occur in different orders or
concurrently with other steps from what is depicted and
described herein. Moreover, one skilled in the art would
understand that the steps illustrated in the flow diagram are
not exclusive and other steps may be included or one or more
of the steps in the example flow diagram may be deleted
without affecting the scope and spirit of the present disclo-
sure.

[0101] What has been described above includes examples
of'the various aspects. It is, of course, not possible to describe
every conceivable combination of components or methodolo-



US 2013/0176995 Al

gies for purposes of describing the various aspects, but one of
ordinary skill in the art may recognize that many further
combinations and permutations are possible. Accordingly,
the subject specification is intended to embrace all such alter-
nations, modifications and variations that fall within the spirit
and scope of the appended claims.

What is claimed is:

1. A method for allocating a radio resource in a wireless
communication system, the method comprising:

allocating a machine type communication (MTC)-dedi-

cated radio resource and a normal radio resource; and
communicating with at least one MTC device through the
MTC-dedicated radio resource,
wherein the MTC-dedicated radio resource supports com-
munication with only the at least one MTC device, and
wherein the MTC-dedicated radio resource and the normal
radio resource are different radio resources.

2. The method of claim 1, wherein the MTC-dedicated
radio resource includes at least one MTC-dedicated compo-
nent carrier (CC), and

wherein the normal radio resource includes at least one

normal CC.

3. The method of claim 2, wherein information on the at
least one MTC-dedicated CC is transmitted through a higher
layer.

4. The method of claim 2, wherein at least any one of a
physical downlink control channel (PDCCH) transmission
type, a transmission period of a channel state information
reference signal (CSI-RS), and a transmission time interval
(TTI) in the at least one MTC-dedicated CC is configured
differently from that of the at least one normal CC.

5. The method of claim 4, wherein in the PDCCH trans-
mission type in the at least one MTC-dedicated CC, an inter-
leaving type PDCCH and a non-interleaving type PDCCH are
multiplexed and transmitted.

6. The method of claim 4, wherein the TTI in the at least
one MTC-dedicated CC is longer than 1 ms.
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7. The method of claim 1, wherein the MTC-dedicated
radio resource and the normal radio resource are multiplexed
in a time division multiplexing (TDM) manner, and

wherein the MTC-dedicated radio resource includes at

least one MTC-dedicated subframe.

8. The method of claim 7, wherein the at least one MTC-
dedicated subframe is a multicast broadcast single frequency
network (MBSFN) subframe.

9. The method of claim 7, wherein information on the at
least one MTC-dedicated subframe is transmitted through a
higher layer or a broadcast channel (BCH) configured only
for the MTC device.

10. The method of claim 1, wherein the MTC-dedicated
radio resource and the normal radio resource are multiplexed
in a frequency division multiplexing (FDM) manner, and

wherein the MTC-dedicated radio resource includes an

MTC-dedicated frequency domain.

11. The method of claim 10, wherein the MTC-dedicated
frequency domain includes at least one physical resource
block (PRB) or at least one PRB group including multiple
PRBs.

12. The method of claim 10, wherein the MTC-dedicated
frequency domain includes a specific frequency partition.

13. An apparatus for a wireless communication system, the
apparatus comprising:

a radio frequency (RF) unit for transmitting or receiving a

radio signal; and

a processor coupled to the RF unit, and configured for:

allocating a machine type communication (MTC)-dedi-

cated radio resource and a normal radio resource; and
communicating with at least one MTC device through the
MTC-dedicated radio resource,
wherein the MTC-dedicated radio resource supports com-
munication with only the at least one MTC device, and
wherein the MTC-dedicated radio resource and the normal
radio resource are different radio resources.
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