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FIG. 5 
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FIG. 10 
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FIG. 11A 
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RECEPTION METHOD OF MITC DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to mobile communi 
cation 
0003 2. Related Art 
0004) 3GPP (3rd Generation Partnership Project) LTE 
(Long Term Evolution) that is an advancement of UMTS 
(Universal Mobile Telecommunication System) is being 
introduced with 3GPP release 8. In 3GPP LTE, OFDMA 
(orthogonal frequency division multiple access) is used for 
downlink, and SC-FDMA (single carrier-frequency division 
multiple access) is used for uplink. The 3GPP LTE adopts 
MIMO (multiple input multiple output) having maximum 
four antennas. Recently, a discussion of 3GPP LTE-A (LTE 
Advanced) which is the evolution of the 3GPP LTE is in 
progress. 
0005. As set forth in 3GPP TS 36.211 V10.4.0, the physi 
cal channels in 3GPP LTE may be classified into data chan 
nels such as PDSCH (physical downlink shared channel) and 
PUSCH (physical uplink shared channel) and control chan 
nels such as PDCCH (physical downlink control channel), 
PCFICH (physical control format indicator channel), PHICH 
(physical hybrid-ARQ indicator channel) and PUCCH 
(physical uplink control channel). 
0006 Meanwhile, in recent years, communication, i.e., 
machine type communication (MTC), occurring between 
devices or between a device and a server without a human 
interaction, i.e., a human intervention, is actively under 
research. The MTC refers to the concept of communication 
based on an existing wireless communication network used 
by a machine device instead of a user equipment (UE) used by 
a U.S. 

0007 Since the MTC has a feature different from that of a 
normal UE, a service optimized to the MTC may differ from 
a service optimized to human-to-human communication. In 
comparison with a current mobile network communication 
service, the MTC can be characterized as a different market 
scenario, data communication, less costs and efforts, a poten 
tially great number of MTC devices, wide service areas, low 
traffic for each MTC device, etc. 
0008. However, the MTC device must be able to be manu 
factured with a low unit cost to achieve a high distribution 
rate. As one method of decreasing a manufacturing unit cost, 
communication performance of the MTC device may be 
decreased to be lower than that required in LTE/LTE-A. As 
one exemplary method for decreasing the communication 
performance, a bandwidth may be reduced to be lower than 
that supported by the normal UE for LTE/LTE-A. 
0009. However, transmission/reception based on LTE/ 
LTE-A may not be smoothly performed if the bandwidth is 
reduced as described above. 

SUMMARY OF THE INVENTION 

0010. Accordingly, the disclosure of the specification has 
been made in an effort to solve the problem. 
0011. In order to achieve the aforementioned purpose, the 
present specification provides a reception method in a 
machine type communication (MTC) device. The method 
may comprise: receiving a control channel through an entire 
system bandwidth on first and second orthogonal frequency 
division multiplexing (OFDM) symbols of a subframe; and 
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determining whether to receive a data channel only at a 
reduced bandwidth in comparison with the system bandwidth 
from a third symbol of the subframe. If the control channel is 
not continued up until the third symbol of the subframe, the 
data channel may be received on the reduced bandwidth in 
comparison with the system bandwidth from the third symbol 
of the subframe. 
0012. If the control channel is continued up until the third 
symbol of the subframe, the control channel may be received 
up until the third symbol through the entire system bandwidth 
without having to reduce the bandwidth. 
0013 The determining may be performed when informa 
tion regarding the number of OFDM symbols in which the 
control channel exists is not received. 
0014. In the receiving of the control channel, a reference 
signal may be detected by decoding the entire system band 
width on the first and second OFDM symbols. 
0015. When the data channel is received on a bandwidth 
reduced in comparison with the system bandwidth from the 
third symbol, the reference signal may be detected by decod 
ing only the reduced bandwidth. 
0016 For a channel state information (CSI) report, a mea 
Surement may be performed by decoding an additional band 
other than abandwidth at which the data channel is received. 
0017. The method may further comprise: receiving infor 
mation regarding the additional band. 
0018. The additional band may be separated by a specific 
offset from the bandwidth at which the data channel is 
received, or is adjacent to both sides or one side thereof. 
0019. The method may further comprise: feeding back to 
a base station a channel quality indicator (COI) for a specific 
number of Sub-bands exhibiting the best performance among 
bandwidths at which the data channel is received. 
0020. In order to achieve the aforementioned purpose, the 
present specification provides a machine type communica 
tion (MTC) device. The MTC device may comprise: a trans 
ceiver; and a controller for controlling the transceiver, for 
receiving a control channel through an entire system band 
width on first and second orthogonal frequency division mul 
tiplexing (OFDM) symbols of a subframe, and for determin 
ing whether to receive a data channel only at a reduced 
bandwidth in comparison with the system bandwidth from a 
third symbol of the subframe. If the control channel is not 
continued up until the third symbol of the subframe, the 
controller may control the transceiver to receive the data 
channel on the reduced bandwidth in comparison with the 
system bandwidth from the third symbol of the subframe. 
0021. According to the disclosure of the specification, the 
problem in the related art is solved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 illustrates a wireless communication system. 
0023 FIG. 2 illustrates the architecture of a radio frame 
according to frequency division duplex (FDD) of 3rd genera 
tion partnership project (3GPP) long term evolution (LTE). 
0024 FIG. 3 illustrates the architecture of a downlink 
radio frame according to time division duplex (TDD) in 3GPP 
LTE. 
0025 FIG. 4 illustrates an example resource grid for one 
uplink or downlink slot in 3GPP LTE. 
0026 FIG. 5 illustrates the architecture of a downlink 
subframe. 
0027 FIG. 6 illustrates a subframe having an enhanced 
physical downlink control channel (EPDCCH). 
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0028 FIG. 7 illustrates the architecture of an uplink sub 
frame in 3GPP LTE. 
0029 FIG. 8 illustrates an example of comparison 
between a single carrier system and a carrier aggregation 
system. 
0030 FIG.9 exemplifies cross-carrier scheduling in a car 
rier aggregation System. 
0031 FIG. 10 shows an example of a pattern in which a 
cell-specific reference signal (CRS) is mapped to a resource 
block (RB) when a base station uses one antenna port. 
0032 FIG. 11a illustrates an example of machine type 
communication (MTC). 
0033 FIG. 11b illustrates an example of cell coverage 
extension for an MTC device. 
0034 FIG. 12 illustrates an example in which abandwidth 
of a data channel is reduced according to one disclosure of the 
present specification. 
0035 FIG. 13 illustrates an example of a CRS transmitted 
through 4 antenna ports according to one disclosure of the 
present specification. 
0036 FIG. 14 illustrates an example of a frequency loca 
tion of a bundle of physical downlink shared channels (PD 
SCHs). 
0037 FIG. 15 illustrates an example of subframes in 
which a sub-band channel quality indicator (COI) measure 
ment is performed. 
0038 FIG. 16 shows an example of a region in which a 
sub-band CQI measurement is performed. 
0039 FIG. 17 is a block diagram illustrating a wireless 
communication system according to one disclosure of the 
present specification. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0040. Hereinafter, based on 3rd Generation Partnership 
Project (3GPP) long term evolution (LTE) or 3GPP LTE 
advanced (LTE-A), the present invention will be applied. This 
is just an example, and the present invention may be applied 
to various wireless communication systems. Hereinafter, 
LTE includes LTE and/or LTE-A. 
0041. The technical terms used herein are used to merely 
describe specific embodiments and should not be construed 
as limiting the present invention. Further, the technical terms 
used herein should be, unless defined otherwise, interpreted 
as having meanings generally understood by those skilled in 
the art but not too broadly or too narrowly. Further, the tech 
nical terms used herein, which are determined not to exactly 
represent the spirit of the invention, should be replaced by or 
understood by Such technical terms as being able to be exactly 
understood by those skilled in the art. Further, the general 
terms used herein should be interpreted in the context as 
defined in the dictionary, but not in an excessively narrowed 
a. 

0042. The expression of the singular number in the speci 
fication includes the meaning of the plural number unless the 
meaning of the singular number is definitely different from 
that of the plural number in the context. In the following 
description, the term include or have may represent the 
existence of a feature, a number, a step, an operation, a com 
ponent, a part or the combination thereof described in the 
specification, and may not exclude the existence or addition 
of another feature, another number, another step, another 
operation, another component, another part or the combina 
tion thereof. 

May 5, 2016 

0043. The terms first and second are used for the pur 
pose of explanation about various components, and the com 
ponents are not limited to the terms first and second. The 
terms first and second are only used to differentiate one 
component from another component. For example, a first 
component may be named as a second component without 
deviating from the scope of the present invention. 
0044. It will be understood that when an element or layer 

is referred to as being “connected to’ or “coupled to another 
element or layer, it can be directly connected or coupled to the 
other element or layer or intervening elements or layers may 
be present. In contrast, when an element is referred to as being 
“directly connected to’ or “directly coupled to another ele 
ment or layer, there are no intervening elements or layers 
present. 
0045. Hereinafter, exemplary embodiments of the present 
invention will be described in greater detail with reference to 
the accompanying drawings. In describing the present inven 
tion, for ease of understanding, the same reference numerals 
are used to denote the same components throughout the draw 
ings, and repetitive description on the same components will 
be omitted. Detailed description on well-known arts which 
are determined to make the gist of the invention unclear will 
be omitted. The accompanying drawings are provided to 
merely make the spirit of the invention readily understood, 
but not should be intended to be limiting of the invention. It 
should be understood that the spirit of the invention may be 
expanded to its modifications, replacements or equivalents in 
addition to what is shown in the drawings. 
0046. As used herein, base station generally refers to a 
fixed station that communicates with a wireless device and 
may be denoted by other terms such as eNB (evolved 
NodeB), BTS (base transceiver system), or access point. 
0047. As used herein, user equipment (UE) may be sta 
tionary or mobile, and may be denoted by other terms such as 
device, wireless device, terminal, MS(mobile station), 
UT(user terminal), SS(subscriber station), MT(mobile termi 
nal) and etc. 
0048 FIG. 1 Shows a Wireless Communication System. 
0049 Referring to FIG. 1, the wireless communication 
system includes at least one base station (BS) 20. Respective 
BSS 20 provide a communication service to particular geo 
graphical areas 20a, 20b, and 20c (which are generally called 
cells). 
0050. The UE generally belongs to one cell and the cell to 
which the terminal belong is referred to as a serving cell. A 
base station that provides the communication service to the 
serving cell is referred to as a serving BS. Since the wireless 
communication system is a cellular system, another cell that 
neighbors to the serving cell is present. Another cell which 
neighbors to the serving cell is referred to a neighbor cell. A 
base station that provides the communication service to the 
neighbor cell is referred to as a neighbor BS. The serving cell 
and the neighbor cell are relatively decided based on the UE. 
0051. Hereinafter, a downlink means communication 
from the base station 20 to the terminal 10 and an uplink 
means communication from the terminal 10 to the base sta 
tion 20. In the downlink, a transmitter may be a part of the 
base station 20 and a receiver may be a part of the terminal 10. 
In the uplink, the transmitter may be a part of the terminal 10 
and the receiver may be a part of the base station 20. 
0.052 Meanwhile, the wireless communication system 
may be any one of a multiple-input multiple-output (MIMO) 
system, a multiple-input single-output (MISO) system, a 
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single-input single-output (SISO) system, and a single-input 
multiple-output (SIMO) system. The MIMO system uses a 
plurality of transmit antennas and a plurality of receive anten 
nas. The MISO system uses a plurality of transmit antennas 
and one receive antenna. The SISO system uses one transmit 
antenna and one receive antenna. The SIMO system uses one 
transmit antenna and one receive antenna. Hereinafter, the 
transmit antenna means a physical or logical antenna used to 
transmit one signal or stream and the receive antenna means 
a physical or logical antenna used to receive one signal or 
Stream. 

0053 Meanwhile, the wireless communication system 
may be generally divided into a frequency division duplex 
(FDD) type and a time division duplex (TDD) type. Accord 
ing to the FDD type, uplink transmission and downlink trans 
mission are achieved while occupying different frequency 
bands. According to the TDD type, the uplink transmission 
and the downlink transmission are achieved at different time 
while occupying the same frequency band. A channel 
response of the TDD type is substantially reciprocal. This 
means that a downlink channel response and an uplink chan 
nel response are approximately the same as each other in a 
given frequency area. Accordingly, in the TDD based wireless 
communication system, the downlink channel response may 
be acquired from the uplink channel response. In the TDD 
type, since an entire frequency band is time-divided in the 
uplink transmission and the downlink transmission, the 
downlink transmission by the base station and the uplink 
transmission by the terminal may not be performed simulta 
neously. In the TDD system in which the uplink transmission 
and the downlink transmission are divided by the unit of a 
Subframe, the uplink transmission and the downlink transmis 
sion are performed in different subframes. 
0054 Hereinafter, the LTE system will be described in 
detail. 

0055 FIG. 2 Shows a Downlink Radio Frame Structure 
According to FDD of 3rd Generation Partnership Project 
(3GPP) Long Term Evolution (LTE). 
0056. The radio frame of FIG. 2 may be found in the 
section 5 of 3GPP TS 36.211 V10.4.0 (2011-12) “Evolved 
Universal Terrestrial Radio Access (E-UTRA); Physical 
Channels and Modulation (Release 10). 
0057 Referring to FIG. 2, the radio frame consists of 10 
subframes. One subframe consists of two slots. Slots included 
in the radio frame are numbered with slot numbers 0 to 19. A 
time required to transmit one subframe is defined as a trans 
mission time interval (TTI). The TTI may be a scheduling unit 
for data transmission. For example, one radio frame may have 
a length of 10 milliseconds (ms), one subframe may have a 
length of 1 ms, and one slot may have a length of 0.5 ms. 
0058. The structure of the radio frame is for exemplary 
purposes only, and thus the number of subframes included in 
the radio frame or the number of slots included in the sub 
frame may change variously. 
0059 Meanwhile, one slot may include a plurality of 
OFDM symbols. The number of OFDM symbols included in 
one slot may vary depending on a cyclic prefix (CP). 
0060 FIG. 3 Shows an Example of a Resource Grid for 
One Uplink or Downlink Slot in 3GPP LTE. 
0061 For this, 3GPP TS 36.211 V10.4.0 (2011-12) 
“Evolved Universal Terrestrial Radio Access (E-UTRA): 
Physical Channels and Modulation (Release 8), Ch. 4 may 
be referenced, and this is for TDD (time division duplex). 
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0062. The radio frame includes 10 sub-frames indexed 0 to 
9. One sub-frame includes two consecutive slots. The time for 
one sub-frame to be transmitted is denoted TTI (transmission 
time interval). For example, the length of one sub-frame may 
be 1 ms, and the length of one slot may be 0.5 ms. 
0063. One slot may include a plurality of OFDM (orthogo 
nal frequency division multiplexing) symbols in the time 
domain. The OFDM symbol is merely to represent one sym 
bol period in the time domain since 3GPP LTE adopts 
OFDMA (orthogonal frequency division multiple access) for 
downlink (DL), and thus, the multiple access scheme or name 
is not limited thereto. For example, OFDM symbol may be 
denoted by other terms such as SC-FDMA (single carrier 
frequency division multiple access) symbol or symbol period. 
0064. By way of example, one slot includes seven OFDM 
symbols. However, the number of OFDM symbols included 
in one slot may vary depending on the length of CP (cyclic 
prefix). According to 3GPP TS 36.211 V8.7.0, one slot, in the 
normal CP includes seven OFDM symbols, and in the 
extended CP includes six OFDM symbols. 
0065 Resource block (RB) is a resource allocation unit 
and includes a plurality of sub-carriers in one slot. For 
example, if one slot includes seven OFDM symbols in the 
time domain and the resource block includes 12 sub-carriers 
in the frequency domain, one resource block may include 
7x12 resource elements (REs). 
0066. Sub-frames having index #1 and index #6 are 
denoted special sub-frames, and includea DwPTS (Downlink 
Pilot Time Slot: DwPTS), a GP (Guard Period) and an UpPTS 
(Uplink Pilot Time Slot). The DwPTS is used for initial cell 
search, synchronization, or channel estimation in a terminal. 
The UpPTS is used for channel estimation in the base station 
and for establishing uplink transmission sync of the terminal. 
The GP is a period for removing interference that arises on 
uplink due to a multi-path delay of a downlink signal between 
uplink and downlink. 
0067. In TDD, a DL (downlink) sub-frame and a UL (Up 
link) co-exist in one radio frame. Table 1 shows an example of 
configuration of a radio frame. 

TABLE 1 

UL-DL Switch 
Configu- point pe- Subframe index 

raiton riodicity 0 1 2 3 4 5 6 7 8 9 

O 5 ms D S U U U D S U U U 
1 5 ms D S U U D D S U U D 
2 5 ms D S U D D D S U D D 
3 10 ms D S U U U D. D. D. D D 
4 10 ms D S U U D. D. D. D. D D 
5 10 ms D S U D. D. D. D. D. D D 
6 5 ms D S U U U D S U U D 

D denotes a DL sub-frame, “U” a UL sub-frame, and Sa special sub-frame. 

When receiving a UL-DL configuration from the base station, 
the terminal may be aware of whether a sub-frame is a DL 
Sub-frame or a UL Sub-frame according to the configuration 
of the radio frame. 
0068. The DL (downlink) sub-frame is split into a control 
region and a data region in the time domain. The control 
region includes up to three first OFDM symbols in the first 
slot of the sub-frame. However, the number of OFDM sym 
bols included in the control region may be changed. A 
PDCCH and other control channels are assigned to the con 
trol region, and a PDSCH is assigned to the data region. 
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0069 FIG. 4 Illustrates an Example Resource Grid for 
One Uplink or Downlink Slot in 3GPP LTE. 
0070 Referring to FIG. 4, the uplink slot includes a plu 
rality of OFDM (orthogonal frequency division multiplex 
ing) symbols in the time domain and N resource blocks 
(RBs) in the frequency domain. For example, in the LTE 
system, the number of resource blocks (RBs), i.e., N, may 
be one from 6 to 110. 

0071. Here, by way of example, one resource block 
includes 7x12 resource elements that consist of seven OFDM 
symbols in the time domain and 12 sub-carriers in the fre 
quency domain. However, the number of Sub-carriers in the 
resource block and the number of OFDM symbols are not 
limited thereto. The number of OFDM symbols in the 
resource block or the number of Sub-carriers may be changed 
variously. In other words, the number of OFDM symbols may 
be varied depending on the above-described length of CP. In 
particular, 3GPP LTE defines one slot as having seven OFDM 
symbols in the case of CP and six OFDM symbols in the case 
of extended CP. 
0072 OFDM symbol is to represent one symbol period, 
and depending on system, may also be denoted SC-FDMA 
symbol, OFDM symbol, or symbol period. The resource 
block is a unit of resource allocation and includes a plurality 
of sub-carriers in the frequency domain. The number of 
resource blocks included in the uplink slot, i.e., N, is 
dependent upon an uplink transmission bandwidth set in a 
cell. Each element on the resource grid is denoted resource 
element. 

0.073 Meanwhile, the number of sub-carriers in one 
OFDM symbol may be one of 128, 256, 512, 1024, 1536, and 
2O48. 

0074. In 3GPP LTE, the resource grid for one uplink slot 
shown in FIG. 4 may also apply to the resource grid for the 
downlink slot. 

0075 FIG. 5 Illustrates the Architecture of a Downlink 
Sub-Frame. 

0076. In FIG.5, assuming the normal CP, one slot includes 
seven OFDM symbols, by way of example. However, the 
number of OFDM symbols included in one slot may vary 
depending on the length of CP (cyclic prefix). That is, as 
described above, according to 3GPP TS 36.211 V 10.4.0, one 
slot includes seven OFDM symbols in the normal CP and six 
OFDM symbols in the extended CP. 
0077 Resource block (RB) is a unit for resource allocation 
and includes a plurality of sub-carriers in one slot. For 
example, if one slot includes seven OFDM symbols in the 
time domain and the resource block includes 12 sub-carriers 
in the frequency domain, one resource block may include 
7x12 resource elements (REs). 
0078. The DL (downlink) sub-frame is split into a control 
region and a data region in the time domain. The control 
region includes up to first three OFDM symbols in the first 
slot of the sub-frame. However, the number of OFDM sym 
bols included in the control region may be changed. A 
PDCCH (physical downlink control channel) and other con 
trol channels areassigned to the control region, and a PDSCH 
is assigned to the data region. 
0079. The physical channels in 3GPP LTE may be classi 
fied into data channels such as PDSCH (physical downlink 
shared channel) and PUSCH (physical uplink shared chan 
nel) and control channels such as PDCCH (physical downlink 
control channel), PCFICH (physical control format indicator 
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channel), PHICH (physical hybrid-ARQ indicator channel) 
and PUCCH (physical uplink control channel). 
0080. The PCFICH transmitted in the first OFDM symbol 
of the sub-frame carries CIF (control format indicator) 
regarding the number (i.e., size of the control region) of 
OFDM symbols used for transmission of control channels in 
the sub-frame. The wireless device first receives the CIF on 
the PCFICH and then monitors the PDCCH. 
0081. Unlike the PDCCH, the PCFICH is transmitted 
through a fixed PCFICH resource in the sub-frame without 
using blind decoding. 
I0082. The PHICH carries an ACK (positive-acknowledge 
ment)/NACK (negative-acknowledgement) signal for a UL 
HARO (hybrid automatic repeat request). The ACK/NACK 
signal for UL (uplink) data on the PUSCH transmitted by the 
wireless device is sent on the PHICH. 
I0083. The PBCH (physical broadcast channel) is transmit 
ted in the first four OFDM symbols in the second slot of the 
first sub-frame of the radio frame. The PBCH carries system 
information necessary for the wireless device to communi 
cate with the base station, and the system information trans 
mitted through the PBCH is denoted MIB (master informa 
tion block). In comparison, System information transmitted 
on the PDSCH indicated by the PDCCH is denoted SIB 
(system information block). 
I0084. The PDCCH may carry activation of VoIP (voice 
over internet protocol) and a set of transmission power con 
trol commands for individual UEs in some UE group, 
resource allocation of an higher layer control message such as 
a random access response transmitted on the PDSCH, system 
information on DL-SCH, paging information on PCH, 
resource allocation information of UL-SCH (uplink shared 
channel), and resource allocation and transmission format of 
DL-SCH (downlink-shared channel). A plurality of PDCCHs 
may be sent in the control region, and the terminal may 
monitor the plurality of PDCCHs. The PDCCH is transmitted 
on one CCE (control channel element) or aggregation of some 
consecutive CCEs. The CCE is a logical allocation unit used 
for providing a coding rate per radio channel's state to the 
PDCCH. The CCE corresponds to a plurality of resource 
element groups. Depending on the relationship between the 
number of CCEs and coding rates provided by the CCEs, the 
format of the PDCCH and the possible number of PDCCHs 
are determined. 

I0085. The control information transmitted through the 
PDCCH is denoted downlink control information (DCI). The 
DCI may include resource allocation of PDSCH (this is also 
referred to as DL (downlink) grant), resource allocation of 
PUSCH (this is also referred to as UL (uplink) grant), a set of 
transmission power control commands for individual UEs in 
some UE group, and/or activation of VoIP (Voice over Inter 
net Protocol). 
0086. The base station determines a PDCCH format 
according to the DCI to be sent to the terminal and adds a CRC 
(cyclic redundancy check) to control information. The CRC 
is masked with a unique identifier (RNTI; radio network 
temporary identifier) depending on the owner or purpose of 
the PDCCH. In case the PDCCH is for a specific terminal, the 
terminals unique identifier, such as C-RNTI (cell-RNTI), 
may be masked to the CRC. Or, if the PDCCH is for a paging 
message, a paging indicator, for example, P-RNTI (paging 
RNTI) may be masked to the CRC. If the PDCCH is for a 
system information block (SIB), a system information iden 
tifier. SI-RNTI (system information-RNTI), may be masked 
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to the CRC. In order to indicate a random access response that 
is a response to the terminals transmission of a random 
access preamble, an RA-RNTI (random access-RNTI) may 
be masked to the CRC. 
I0087. In 3GPP LTE, blind decoding is used for detecting a 
PDCCH. The blind decoding is a scheme of identifying 
whether a PDCCH is its own control channel by demasking a 
desired identifier to the CRC (cyclic redundancy check) of a 
received PDCCH (this is referred to as candidate PDCCH) 
and checking a CRC error. The base station determines a 
PDCCH format according to the DCI to be sent to the wireless 
device, then adds a CRC to the DCI, and masks a unique 
identifier (this is referred to as RNTI (radio network tempo 
rary identifier) to the CRC depending on the owner or purpose 
of the PDCCH. 
0088 A control region in a subframe includes a plurality 
of control channel elements (CCEs). The CCE is a logical 
allocation unit used to provide the PDCCH with a coding rate 
depending on a radio channel State, and corresponds to a 
plurality of resource element groups (REGs). The REG 
includes a plurality of resource elements. According to an 
association relation of the number of CCEs and the coding 

Transmission 
Ole 

Mode 1 

rate provided by the CCEs, a PDCCH format and the number 
of bits of an available PDCCH are determined. 

0089. One REG includes 4 REs. One CCE includes 9 
REGs. The number of CCEs used to configure one PDCCH 
may be selected from a set {1,2,4,8}. Each element of the set 
{1, 2, 4,8} is referred to as a CCE aggregation level. 
0090. The BS determines the number of CCEs used in 
transmission of the PDCCH according to a channel state. For 
example, a wireless device having a good DL channel state 
can use one CCE in PDCCH transmission. A wireless device 
having a poor DL channel state can use 8 CCEs in PDCCH 
transmission. 
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0091. A control channel consisting of one or more CCES 
performs interleaving on an REG basis, and is mapped to a 
physical resource after performing cyclic shift based on a cell 
identifier (ID). 
0092. Meanwhile, a UE is unable to know that the PDCCH 
of its own is transmitted on which position within control 
region and using which CCE aggregation level or DCI format. 
Since a plurality of PDCCHs may be transmitted in one 
subframe, the UE monitors a plurality of PDCCHs in every 
subframe. Here, the monitoring is referred to try to decode the 
PDCCH by the UE according to the PDCCH format. 
(0093. In 3GPP LTE, in order to decrease the loadowing to 
the blind decoding, a search space is used. The search space 
may be referred to a monitoring set of CCE for the PDCCH. 
The UE monitors the PDCCH within the corresponding 
search space. 
0094. When a UE monitors the PDCCH based on the 
C-RNTI, the DCI format and the search space which is to be 
monitored are determined according to the transmission 
mode of the PDSCH. The table below represents an example 
of the PDCCH monitoring in which the C-RNTI is setup. 

TABLE 2 

Transmission mode of PDSCH according 
DCI forma Search space to PDCCH 

DCI format 1A Common an Single antenna port, port O 
OE-specific 

DCI forma OE-specific Single antenna port, port O 
DCI format 1A Common an Transmission diversity 

OE-specific 
DCI forma OE-specific Transmission diversity 
DCI format 1A Common an Transmission diversity 

OE-specific 
DCI format 2A UE-specific CDD (Cyclic Delay Diversity) or 

Transmission diversity 
DCI format 1A Common an Transmission diversity 

OE-specific 
DCI format 2 OE-specific Closed-loop spatial multiplexing 
DCI format 1A Common an Transmission diversity 

OE-specific 
DCI format 1D UE-specific MU-MIMO(Multi-user Multiple Input 

Multiple Output) 
DCI format 1A Common an Transmission diversity 

OE-specific 
DCI format 1B UE-Specific Closed-loop spatial multiplexing 
DCI format 1A Common an Single antenna port, port 0 if the number 

OE-specific of PBCH transmission port is 1, otherwise 
Transmission diversity 

DCI forma OE-specific Single antenna port, port 5 
DCI format 1A Common an Single antenna port, port 0 if the number 

OE-specific of PBCH transmission port is 1, otherwise 
Transmission diversity 

DCI format 2B UE-Specific Dual layer transmission (port 7 or 8), or 
single antenna port, port 7 or 8 

0.095 A usage of the DCI format is classified as shown in 
the following table. 

TABLE 3 

DCI format Contents 

DCI format 0 Used for PUSCH scheduling 
DCI format 1 Used for scheduling one PDSCH codeword 
DCI format 1A 

DCI format 1B 

Used for compact scheduling of one PDSCH 
codeword and random access procedure 
Used for compact scheduling of one PDSCH 
codeword including precoding information 
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TABLE 3-continued 

DCI format Contents 

DCI format 1C Used for very compact scheduling of one 
PDSCH codeword 

DCI format 1D Used for precoding and compact scheduling 
of one PDSCH codeword including power offset 
information 
Used for PDSCH scheduling UEs setup as 
closed-loop spatial multiplexing 

DCI format 2A Used for PDSCH scheduling UEs setup as 
open-loop spatial multiplexing 
Used for transmitting PUCCH having 2 bit 
power adjustments and TPC command of PUSCH 

DCI format 3A Used for transmitting PUCCH having 1 bit 
power adjustments and TPC command of PUSCH 

DCI format 2 

DCI format 3 

0096. The uplink channels include a PUSCH, a PUCCH, 
an SRS (Sounding Reference Signal), and a PRACH (physi 
cal random access channel). 
0097. Meanwhile, the PDCCH is monitored in an area 
restricted to the control region in the subframe, and a CRS 
transmitted in a full band is used to demodulate the PDCCH. 
As a type of control data is diversified and an amount of 
control data is increased, Scheduling flexibility is decreased 
when using only the existing PDCCH. In addition, in order to 
decrease an overhead caused by CRS transmission, an 
enhanced PDCCH (EPDCCH) is introduced. 
0098 FIG. 6 Illustrates a Subframe Having an EPDCCH. 
0099. A subframe may include a zero or one PDCCH 
region or Zero or more EPDCCH regions. 
0100. The EPDCCH regions are regions in which a wire 
less device monitors an EPDCCH. The PDCCH region is 
located in up to four front OFDM symbols of a subframe, 
while the EPDCCH regions may flexibly be scheduled in 
OFDM symbols after the PDCCH region. 
0101 One or more EPDCCH regions may be designated 
for the wireless device, and the wireless devices may monitor 
an EPDCCH in the designated EPDCCH regions. 
0102) The number/location/size of the EPDCCH regions 
and/or information on a subframe for monitoring an EPD 
CCH may be provided by a base station to a wireless device 
through an RRC message or the like. 
(0103) In the PDCCH region, a PDCCH may be demodu 
lated based on a CRS. In the EPDCCH regions, a demodula 
tion (DM) RS may be defined, instead of a CRS, for demodu 
lation of an EPDCCH. An associated DM RS may be 
transmitted in the corresponding EPDCCH regions. 
0104. The respective EPDCCH regions may be used for 
scheduling of different cells. For example, an EPDCCH in the 
EPDCCH region may carry scheduling information for a 
primary cell, and an EPDCCH in the EPDCCH region may 
carry Scheduling information for a secondary cell. 
0105. When an EPDCCH is transmitted through multiple 
antennas in the EPDCCH regions, the same precoding as that 
for the EPDCCH may be applied to a DMRS in the EPDCCH 
regions. 
0106 A PDCCH uses a CCE as a transmission resource 
unit, and a transmission resource unit for an EPDCCH is 
referred to as an enhanced control channel element (ECCE). 
An aggregation level may be defined as a resource unit for 
monitoring an EPDCCH. For example, when 1 ECCE is a 
minimum resource for an EPDCCH, an aggregation level 
may be defined as L= {1, 2, 4, 8, 16}. 
0107 As illustrated, it is characterized that the EPDCCH 

is transmitted in the existing PDSCH region, and can obtain a 
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beam forming gain and a spatial diversity gain according to a 
transmission type. Further, since the EPDCCH transmits con 
trol information, higher reliability than data transmission is 
requierd, and to satisfy this, the concept of an aggregation 
level or the like is used to decrease a coding rate. Since a high 
aggregation level can decrease the coding rate, it is possible to 
increase demodulation accuracy. However, there is a disad 
Vantage in that performance is decreased due to an increase in 
resources in use. 
(0.108 FIG. 7 Illustrates the Architecture of an Uplink Sub 
Frame in 3GPP LTE. 
0109 Referring to FIG. 7, the uplink sub-frame may be 
separated into a control region and a data region in the fre 
quency domain. The control region is assigned a PUCCH 
(physical uplink control channel) for transmission of uplink 
control information. The data region is assigned a PUSCH 
(physical uplink shared channel) for transmission of data (in 
Some cases, control information may also be transmitted). 
0110. The PUCCH for one terminal is assigned in resource 
block (RB) pair in the sub-frame. The resource blocks in the 
resource block pair take up different sub-carriers in each of 
the first and second slots. The frequency occupied by the 
resource blocks in the resource block pair assigned to the 
PUCCH is varied with respect to a slot boundary. This is 
referred to as the RB pair assigned to the PUCCH having been 
frequency-hopped at the slot boundary. 
0111. The terminal may obtain a frequency diversity gain 
by transmitting uplink control information through different 
Sub-carriers over time. m is a location index that indicates a 
logical frequency domain location of a resource block pair 
assigned to the PUCCH in the sub-frame. 
0112 The uplink control information transmitted on the 
PUCCH includes an HARQ (hybrid automatic repeat 
request), an ACK (acknowledgement)/NACK (non-acknowl 
edgement), a COI (channel quality indicator) indicating a 
downlink channel state, and an SR (scheduling request) that is 
an uplink radio resource allocation request. 
0113. The PUSCH is mapped with a UL-SCH that is a 
transport channel. The uplink data transmitted on the PUSCH 
may be a transport block that is a data block for the UL-SCH 
transmitted for 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 multiplexing the 
transport block for the UL-SCH and control information. For 
example, the control information multiplexed with the data 
may include a COI, a PMI (precoding matrix indicator), an 
HARO, and an RI (rank indicator). Or, the uplink data may 
consist only of control information. 
0114. A carrier aggregation system is now described. 
0115 FIG. 8 Illustrates an Example of Comparison 
Between a Single Carrier System and a Carrier Aggregation 
System. 
0116 Referring to FIG. 8, there may be various carrier 
bandwidths, and one carrier is assigned to the terminal. On the 
contrary, in the carrier aggregation (CA) system, a plurality of 
component carriers (DLCCA to C, UL CCA to C) may be 
assigned to the terminal. Component carrier (CC) means the 
carrier used in then carrier aggregation system and may be 
briefly referred as carrier. For example, three 20 MHZ com 
ponent carriers may be assigned so as to allocate a 60 MHZ 
bandwidth to the terminal. 
0117 Carrier aggregation systems may be classified into a 
contiguous carrier aggregation system in which aggregated 
carriers are contiguous and a non-contiguous carrier aggre 
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gation system in which aggregated carriers are spaced apart 
from each other. Hereinafter, when simply referring to a car 
rier aggregation system, it should be understood as including 
both the case where the component carrier is contiguous and 
the case where the control channel is non-contiguous. 
0118 When one or more component carriers are aggre 
gated, the component carriers may use the bandwidth adopted 
in the existing system for backward compatibility with the 
existing system. For example, the 3GPP LTE system supports 
bandwidths of 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz 
and 20 MHz, and the 3GPP LTE-A system may configure a 
broadband of 20 MHz or more only using the bandwidths of 
the 3GPP LTE system. Or, rather than using the bandwidths of 
the existing system, new bandwidths may be defined to con 
figure a wide band. 
0119 The system frequency band of a wireless communi 
cation system is separated into a plurality of carrier frequen 
cies. Here, the carrier frequency means the cell frequency of 
a cell. Hereinafter, the cell may mean a downlink frequency 
resource and an uplink frequency resource. Or, the cell may 
refer to a combination of a downlink frequency resource and 
an optional uplink frequency resource. Further, in the general 
case where carrier aggregation (CA) is not in consideration, 
one cell may always have a pair of an uplink frequency 
resource and a downlink frequency resource. 
0120 In order for packet data to be transmitted/received 
through a specific cell, the terminal should first complete a 
configuration on the specific cell. Here, the configuration 
means that reception of system information necessary for 
data transmission/reception on a cell is complete. For 
example, the configuration may include an overall process of 
receiving common physical layer parameters or MAC (media 
access control) layers necessary for data transmission and 
reception or parameters necessary for a specific operation in 
the RRC layer. A configuration-complete cell is in the state 
where, once when receiving information indicating packet 
data may be transmitted, packet transmission and reception 
may be immediately possible. 
0121 The cell that is in the configuration complete state 
may be left in an activation or deactivation state. Here, the 
“activation” means that data transmission or reception is 
being conducted or is in ready state. The terminal may moni 
tor or receive a control channel (PDCCH) and a data channel 
(PDSCH) of the activated cell in order to identify resources 
(possibly frequency or time) assigned thereto. 
0122 The “deactivation” means that transmission or 
reception of traffic data is impossible while measurement or 
transmission/reception of minimal information is possible. 
The terminal may receive system information (SI) necessary 
for receiving packets from the deactivated cell. In contrast, 
the terminal does not monitor or receive a control channel 
(PDCCH) and data channel (PDSCH) of the deactivated cell 
in order to identify resources (probably frequency or time) 
assigned thereto. 
0123 Cells may be classified into primary cells and sec 
ondary cells, serving cells. 
0124. The primary cell means a cell operating at a primary 
frequency. The primary cell is a cell where the terminal con 
ducts an initial connection establishment procedure or con 
nection re-establishment procedure with the base station or is 
a cell designated as a primary cell during the course of han 
dover. 
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0.125. The secondary cell means a cell operating at a sec 
ondary frequency. The secondary cell is configured once an 
RRC connection is established and is used to provide an 
additional radio resource. 
0.126 The serving cell is configured as a primary cell in 
case no carrier aggregation is configured or when the terminal 
cannot offer carrier aggregation. In case carrier aggregation is 
configured, the term 'serving cell denotes a cell configured 
to the terminal and a plurality of serving cells may be 
included. One serving cell may consist of one downlink com 
ponent carrier or a pair of downlink component carrier, 
uplink component carrier. A plurality of serving cells may 
consist of a primary cell and one or more of all the secondary 
cells. 
0127. As described above, the carrier aggregation system, 
unlike the single carrier system, may support a plurality of 
component carriers (CCs), i.e., a plurality of serving cells. 
0128 Such carrier aggregation system may support cross 
carrier scheduling. The cross-carrier Scheduling is a schedul 
ing scheme that may conduct resource allocation of a PUSCH 
transmitted through other component carriers than the com 
ponent carrier basically linked to a specific component carrier 
and/or resource allocation of a PDSCH transmitted through 
other component carriers through a PDCCH transmitted 
through the specific component carrier. In other words, the 
PDCCH and the PDSCH may be transmitted through differ 
ent downlink CCs, and the PUSCH may be transmitted 
through an uplink CC other than the uplink CC linked to the 
downlink CC where the PDCCH including a UL grant is 
transmitted. As such, the system Supporting cross-carrier 
scheduling needs a carrier indicator indicating a DLCC/UL 
CC through which a PDSCH/PUSCH is transmitted where 
the PDCCH offers control information. The field including 
such carrier indicator is hereinafter denoted carrier indication 
field (CIF). 
0129. The carrier aggregation system Supporting cross 
carrier Scheduling may contain a carrier indication field (CIF) 
in the conventional DCI (downlink control information) for 
mat. In the cross-carrier scheduling-Supportive carrier aggre 
gation system, for example, an LTE-A System, may have 3 
bits expanded due to addition of the CIF to the existing DCI 
format (i.e., the DCI format used in the LTE system), and the 
PDCCH architecture may reuse the existing coding method 
or resource allocation method (i.e., CCE-based resource 
mapping). 
I0130 FIG.9 Exemplifies Cross-Carrier Scheduling in the 
Carrier Aggregation System. 
I0131 Referring to FIG. 9, the base station may configure 
a PDCCH monitoring DL CC (monitoring CC) set. The 
PDCCH monitoring DLCC set consists of some of all of the 
aggregated DLCCs, and if cross-carrier scheduling is con 
figured, the user equipment performs PDCCH monitoring/ 
decoding only on the DLCCs included in the PDCCH moni 
toring DLCC set. In other words, the base station transmits a 
PDCCH for PDSCH/PUSCH that is subject to scheduling 
only through the DLCCs included in the PDCCH monitoring 
DL CC set. The PDCCH monitoring DLCC set may be 
configured UE-specifically, UE group-specifically, or cell 
specifically. 
(0132 FIG.9 illustrates an example in which three DLCCs 
(DLCCA, DL CCB, and DLCCC) are aggregated, and DL 
CCA is set as a PDCCH monitoring DLCC. The user equip 
ment may receive a DL grant for the PDSCH of DLCCA, DL 
CC B, and DL CCC through the PDCCH of DL CCA. The 
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DCI transmitted through the PDCCH of DLCCA contains a 
CIF so that it may indicate which DLCC the DCI is for. 
0.133 Meanwhile, various reference signals (RSs) are 
transmitted in a subframe. 
0134. In general, a reference signal (RS) is transmitted as 
a sequence. Any sequence may be used as a sequence used for 
an RS sequence without particular restrictions. The RS 
sequence may be a phase shift keying (PSK)-based computer 
generated sequence. Examples of the PSK include binary 
phase shift keying (BPSK), quadrature phase shift keying 
(QPSK), etc. Alternatively, the RS sequence may be a con 
stant amplitude Zero auto-correlation (CAZAC) sequence. 
Examples of the CAZAC sequence include a Zadoff-Chu 
(ZC)-based sequence, a ZC sequence with cyclic extension, a 
ZC sequence with truncation, etc. Alternatively, the RS 
sequence may be a pseudo-random (PN) sequence. Examples 
of the PN sequence include an m-sequence, a computer gen 
erated sequence, a Gold sequence, a Kasami sequence, etc. In 
addition, the RS sequence may be a cyclically shifted 
Sequence. 
0135 A downlink reference signal (RS) can be classified 
into a cell-specific RS (CRS), a Multimedia Broadcast and 
multicast Single Frequency Network (MBSFN) RS, a UE 
specific RS (URS), a positioning RS (PRS), and a channel 
state information (CSI) RS (CSI-RS). The CRS is an RS 
transmitted to all UEs in a cell. The CRS can be used in 
channel measurement for a COI feedback and in channel 
estimation for a PDSCH. The MBSFNRS can be transmitted 
in a subframe allocated for MBSFN transmission. The URS is 
an RS received by a specific UE or a specific UE group in the 
cell, and can also be called a demodulation RS (DM-RS). The 
DM-RS is primarily used in data demodulation of a specific 
UE or a specific UE group. The PRS may be used for location 
estimation of the UE. The CSI-RS is used in channel estima 
tion for a PDSCH of an LTE-AUE. The CRI-RS is relatively 
sparsely arranged in a frequency domain or a time domain. 
The CSI-RS can be punctured in a data region of a normal 
Subframe or an MBSFN Subframe. 
0.136 FIG. 10 Shows an Example of a Pattern in which a 
CRS is Mapped to an RB when a BS Uses One Antenna Port. 
0137 Referring to FIG. 10, RO denotes an RE to which a 
CRS transmitted using an antenna port number 0 of a BS is 
mapped. 
0138 
follows. 

An RS sequence r for a CRS is defined as 

(m) 1 (1 - 2. c(2n)) -- i. 1 (1 - 2. c(2n + 1)) Equation 1 (iii) - 2 - CAii - 2 - CAii 
i. V2 JV, 

0139 Herein, m=0, 1, . . . , 2N-1. N is the 
maximum number of RBS. nS is a slot number in a radio 
frame. 1 is an OFDM symbol index in a slot. 
0140. A pseudo-random sequence c(i) is defined by a 
length-31 gold sequence as follows. 

0141 Herein, Nc-1600, and a first m-sequence is initial 
ized as x(0)=1, x (n)=0, m=1, 2, . . . , 30. A second m-se 
quence is initialized as c. 2"(7(ns+1)+1+1)(2N",+1)+ iaid 

Equation 2 

May 5, 2016 

2N'-N at a start of each OFDM symbol. N', is a 
physical cell identifier (PCI). N-1 in a normal CP case, and 
N=0 in an extended CP case. 
0142. The CRS is transmitted in all downlink subframes in 
a cell supporting PDSCH transmission. The CRS may be 
transmitted on antenna ports 0 to 3. The CRS may be defined 
only for Af-15 kHz. 
I0143 A pseudo-random sequencer, (m) generated from 
a seed value based on a cell identity (ID) is subjected to 
resource mapping to a complex-valued modulation symbol 
a', as shown in Equation 3 below. 

0144. Herein, n denotes a slot number in one radio frame, 
p denotes an antenna port, and 1 denotes an OFDM symbol 
number in a slot. k denotes a Subcarrier index. 1 and k are 
expressed by the following equation. 

Equation 3 

k = 6m + (v + vshift)modo Equation 4 

- - if p e {0, 1} 
1 if p e {2,3} 

m = 0, 1,... , 2. NRE - 1 
m = m + NSE'' - NR; 

O if p = 0 and l = 0 Equation 5 
3 if p = 0 and l + () 
3 if p = 1 and l = 0 
O if p = 1 and li () 

3 (nmod2) if p = 2 
3 + 3 (nmod2) if p = 3 

0145. In the above equation, p denotes an antenna port, 
and n denotes a slot number 0 or 1. 
I0146) k has 6 shifted indices according to a cell ID (N'- 
i). Accordingly, cells having cell IDS 0, 6, 12, etc., which are 
a multiple of 6, transmit a CRS in the same subframe position 
k. 
0.147. In the above equation, 1 is determined according to 
the antenna port p, and a possible value for 1 is 0, 4, 7, 11. 
Accordingly, the CRS is transmitted on symbols 0, 4, 7, and 
11. 
0.148. A resource element (RE) allocated to a CRS of one 
antenna port cannot be used in transmission of another 
antenna port, and must be set to 0 (zero). Further, in a multi 
cast-broadcast single frequency network (MBSFN) sub 
frame, the CRS is transmitted only in a non-MBSFN region. 
0149. Hereinafter, MTC will be described. 
(O150 FIG. 11a Illustrates an Example of Machine Type 
Communication (MTC). 
0151. The MTC refers to information exchange performed 
between MTC devices 100 via a BS 200 without human 
interactions or information exchange performed between the 
MTC device 100 and an MTC server 700 via the BS. 
0152 The MTC server 700 is an entity for communicating 
with the MTC device 100. The MTC server 700 executes an 
MTC application, and provides an MTC-specific service to 
the MTC device. 
0153. The MTC device 100 is a wireless device for pro 
viding the MTC, and may be fixed or mobile. 
0154) A service provided using the MTC is differentiated 
from an existing communication service requiring human 
intervention, and its service range is various, such as tracking, 
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metering, payment, medical field services, remote control 
ling, etc. More specifically, examples of the service provided 
using the MTC may include reading a meter, measuring a 
water level, utilizing a Surveillance camera, inventory report 
ing of a vending machine, etc. 
O155 The MTC device is characterized in that a transmis 
sion data amount is Small and uplink/downlink data transmis 
sion/reception occurs sometimes. Therefore, it is effective to 
decrease a unit cost of the MTC device and to decrease battery 
consumption according to a low data transmission rate. The 
MTC device is characterized of having a small mobility, and 
thus is characterized in that a channel environment does 
almost not change. 
0156 FIG. 11b Illustrates an Example of Cell Coverage 
Extension for an MTC Device. 
0157 Recently, it is considered to extend cell coverage of 
a BS for an MTC device 100, and various schemes for extend 
ing the cell coverage are under discussion. 
0158 Meanwhile, when the MTC device 100 performs an 
initial access to a specific cell, the MTC device 100 receives 
master information block (MIB), system information block 
(SIB) information, and radio resource control (RRC) param 
eters from the cell. 
0159. However, when the cell coverage is extended, if the 
BS transmits a PDSCH including an SIB and a PDCCH 
including scheduling information for the PDSCH to the MTC 
device located in the coverage extension region as if it is 
transmitted to a normal UE, the MTC device has a difficulty 
in receiving the SIB. 
0160. In order to solve the aforementioned problem, the 
BS may repetitively transmit the PDSCH and the PDCCH to 
the MTC device 100 located in the coverage extension region 
on several Subframes (e.g., bundle subframes). 
0161. On the other hand, a maximum system bandwidth 
supported by the normal UE is 20 MHz. However, the MTC 
device 100 is expected to have low performance to increase a 
distribution rate with a low cost, and thus the bandwidth of 20 
MHz may not be fully supported. For example, in order to 
decrease a manufacturing unit cost, the MTC device 100 may 
be manufactured to support only a bandwidth of up to 1.4 
MHz, 3 MHz, or 5 MHz. 
0162. A method of reducing a downlink bandwidth may be 
as follows. 
(0163 Option 1: A bandwidth is reduced for both of an RF 
and a baseband. 
0164. Option 2: A bandwidth of a baseband is reduced for 
both of a data channel and a control channel. 
0.165 Option 3: Only abandwidth of a baseband for a data 
channel is reduced, and a bandwidth of a baseband for a 
control channel is maintained. 
0166 A method of reducing an uplink bandwidth may be 
as follows. 
(0167 Option 1: A bandwidth is reduced for both of an RF 
and a baseband. 
0168 Option 2: A bandwidth is not reduced. 
0169. Among the aforementioned options, the option 2 or 
the option 3 may be preferably used for a downlink in order to 
decrease a manufacturing unit cost of the MTC device 100. 
However, when the bandwidth is reduced as described above, 
the MTC device 100 may not smoothly operate when using 
only a method of a legacy LTE A System. 
(0170 <Disclosures of the Present Specification> 
0171 Accordingly, disclosures of the present specifica 
tion are aiming at providing a method of Solving the afore 
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mentioned problems. Specifically, the disclosures of the 
present specification propose methods of smoothly operating 
the MTC device 100 when a bandwidth of a downlink data 
channel supported by the MTC device 100 is reduced to 
decrease a manufacturing unit cost. In particular, hereinafter, 
it is described an operation method to be performed by the 
MTC device on a PDCCH, a PDSCH, a physical multicast 
channel (PMCH), and a TDD special subframe when a band 
width of a data channel is reduced. 

0172 <PDCCH> 
0173 First, the following description is mainly about an 
operation to be performed by the MTC device to receive a 
PDCCH when the bandwidth of the downlink data channel is 
reduced. Although the following description focuses on the 
PDCCH for convenience of explanation, the content 
described below is also applicable to an ePDCCH. 
0.174 As shown in FIG. 12, a downlink control channel 
(i.e., PDCCH) can be transmitted through an entire system 
bandwidth to achieve a low-cost MTC device, whereas a 
bandwidth of a data channel (i.e., PDSCH) can be reduced to 
a smaller value than the system bandwidth. In this case, the 
following operation may be performed for PDCCH transmis 
sion for the low-cost MTC device. 

0.175. As described above one time, a next-generation sys 
tem considers a method of repetitively transmitting (i.e., bun 
dling transmission) a channel such as a PDSCH, a PDCCH, or 
the like when cell coverage is extended for the MTC device. 
In this case, an existing channel such as a PCFICH, a PHICH, 
or the like may not be transmitted for the MTC device. As 
such, in order for the MTC device not to necessarily receive 
the PCFICH, the number of OFDM symbols on which the 
PDCCH is transmitted may be always set to 3 symbols. Alter 
natively, information regarding the number of OFDM sym 
bols on which the PDCCH is transmitted may be reported to 
the MTC device through a PSS/SSS or through a PBCH, 
instead of the existing PCFICH. In addition, also in case of an 
MTC device which is not located in a cell coverage extension 
region, it is assumed that an entire system bandwidth to be 
assumed for data buffering is used to store resource elements 
across an entire band on first three OFDM symbols in a 
normal CP case, and is used to store resource elements for 6 
PRBs or a reduced data bandwidth on the remaining OFDM 
symbols. In addition, when the entire band is assumed for first 
several OFDM symbols, information regarding the number of 
OFDM symbols may be signaled through a higher layer, or 
may be reported to the MTC device through a PBCH or the 
like, or may be predetermined in association with a cell ID so 
as to be known to the MTC device without additional signal 
ing. In addition, when the MTC device performs a cell search, 
it may be unconditionally assumed that the number of OFDM 
symbols on which the entire system band is used is 0. There 
fore, the MTC device may perform buffering only on data of 
a resource element for 6 PRBs. 

0176 Meanwhile, similarly to a legacy LTE-A system, the 
number of OFDM symbols on which the PDCCH is transmit 
ted may dynamically change, and may be reported to the 
MTC device through a PCFICH. In this case, the MTC device 
may attempt to receive a channel or a signal through an entire 
system bandwidth in an OFDM symbol region in which the 
PDCCH is transmitted, and may attempt reception only 
through a reduced bandwidth of a data channel on OFDM 
symbols after transmission of the PDCCH ends. 
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0177. As can be seen from FIG. 13, the MTC device needs 
to receive a CRS of up to 4 antenna ports in the entire system 
bandwidth in order to receive the PDCCH. 
0178. In this case, in order for the MTC device to receive 
a CRS of 4 transmission antenna ports, at least first two 
OFDM symbols must be received. However, for example, if 
the PDCCH is received only on one OFDM symbol as shown 
in FIG. 13, when the MTC device operates with a reduced 
bandwidth at which a data channel is received from a third 
OFDM symbol on which transmission of a PDSCH starts, the 
MTC device cannot receive the CRS through the 4 antenna 
ports in an entire system bandwidth region for receiving the 
PDCCH. 
0179 Therefore, the present specification proposes to 
regulate a reception bandwidth as follows, when it is required 
that an MTC device receives a control channel through an 
entire region of a system band and receives a data channel 
through a reduced bandwidth. 
0180 First, the MTC device may receive a channel/signal 
through an entire system bandwidth irrespective of the num 
ber of PDCCH symbols on first two OFDM symbols. 
0181. Next, the MTC device operates at an entire system 
bandwidth on a symbol on which a PDCCH is continuously 
received among symbols after the first two OFDM symbols, 
and operates at a reduced bandwidth of a data channel on 
symbols on which a PDSCH is not received. 
0182. On the other hand, downlink control information 
(DCI) included in the PDCCH may have several formats as 
described above one time. Among them, a DCI format 0 and 
a DCI format 1A include a resource block assignment field, 
and a length of the resource block assignment field is deter 
mined on the basis of a system bandwidth. A detailed descrip 
tion thereof is as follows. 
0183. When the MTC device receives the DCI format 0 or 
the DCI format 1A on the PDCCH, a length of a resource 
block assignment field of the DCI format 0 or the DCI format 
1A is predetermined according to the following equation. 

0184. In the equation above, N' denotes a downlink 
bandwidth, and is expressed by the number of RBs. 
0185. Since N' denotes the number of RBs of a system 
bandwidth, the number of bits of the DCI format 1A may be 
set to be equal to the number of bits of the DCI format 0. In 
order for the number of bits of the DCI format 1A to have the 
same number of bits of the DCI format 0, Zero padding may be 
performed on a DCI format having a smaller number of bits. 
As such, in order to make the number of bits of the DCI format 
1A equal to the number of bits of the DCI format 0, the 
number of bits of the DCI format 1A is denoted by N. 1A 
long when the Zero padding is performed on the DCI format 
1A, and the number of bits is denoted by N 0 long when the 
Zero padding is performed on the DCI format 0. In this case, 
N 1. A long and N 0 long have the same value. 
0186. However, as described above, the bandwidth of the 
data channel may be reduced to a value Smaller than the 
system bandwidth. Therefore, if N' is improved to indi 
cate the number of RBs of a bandwidth at which the data 
channel can be transmitted unlike the conventional method, 
the number of bits of the DCI format 1A and the number of 
bits of the DCI format 0 may not be set to be equal to each 
other. However, if N' is improved to indicate the number 
of RBs of the bandwidth at which the data channel can be 
transmitted as described above, a size of the resource block 

Equation 6 

May 5, 2016 

assignment field of the DCI format 1A may be decreased, and 
thus a length of the DCI format 1A for the MTC device may 
differ from a length of the DCI format 0. In this case, Zero 
padding performed to compulsively make the number of bits 
of the DCI format 1A equal to the number of bits of the DCI 
format 0 may cause an overhead. When the Zero padding is 
not performed, the number of bits of the DCI format 1A is 
denoted by N. 1A short, and the number of bits of the DCI 
format 0 is denoted by N 0 short. 
0187 Consequently, one disclosure of the present specifi 
cation proposes to apply N' for determining the length of 
the resource block assignment field when the MTC device 
receives the DCI format 1A, not as the number of RBs of the 
bandwidthat which the data channel can be transmitted but as 
the number of RBs of the system bandwidth. That is, one 
disclosure of the present specification proposes that the MTC 
device assumes that the number of bits of the DCI format 1A 
is always equal to N 1A long. Further, one disclosure of the 
present specification proposes that the MTC device assumes 
that the number of bits of the DCI format 0 is always equal to 
N 0 long. 
0188 Alternatively, in order to receive a PDCCH trans 
mitted on a CSS, the MTC device may interpret N' not as 
the number of RBs of the bandwidthat which the data channel 
can be transmitted but as the number of RBs of the system 
bandwidth, and as to a PDCCH transmitted on a USS, may 
interpret N' as the number of RBs of the bandwidth at 
which the data channel can be transmitted in a downlink 
environment. 
(0189 Alternatively, the MTC device may interpret N'- 
not as the number of RBs of the bandwidth at which the data 
channel can be transmitted but as the number of RBs of the 
system bandwidth in a PDCCH received by using SI-RNTI 
(or cell-common RNTI, e.g., RA-RNTI, P-RNTI, SI-RNTI), 
and may interpret N' as the number of RBS of the band 
width at which the data channel can be transmitted in a down 
link environment in a PDCCH received by using C-RNTI (or 
different UE-specific RNTI). That is, one disclosure of the 
present specification proposes that the MTC device of which 
the bandwidth capable of receiving the data channel is 
reduced to a value smaller than the system bandwidth 
assumes that the number of bits of the DCI format 1A is equal 
to N 1A long in the PDCCH received on the CSS, and the 
number of bits of the DCI format 1A is equal to N 1A short 
in the PDCCH transmitted on the USS. Further, when the 
MTC device of which the bandwidth capable of receiving the 
data channel is reduced to the value Smaller than the system 
bandwidth, if the PDCCH is received on the CSS, the MTC 
device may assume that the number of bits of the DCI format 
0 is equal to N 0 long, and if the PDCCH is received on the 
USS, the MTC device may assume that the number of bits of 
the DCI format 0 is equal to N 0 short. In other words, when 
a BS transmits the DCI format 1A on the CSS to an MTC 
device located in a coverage extension region among several 
MTC devices, N' may be determined to denote the num 
ber of RBs of the system bandwidth, and in order to make the 
number of bits of the DCI format 1A equal to the number of 
bits of the DCI format 0, Zero padding may be performed on 
a DCI format having a smaller number of bits so that the 
number of bits of the DCI format 1A is N 1A long. Further, 
if the BS transmits the DCI format 0 on the CSS to the MTC 
device located in the coverage extension region among the 
several MTC devices, in order to make the number of bits of 
the DCI format 1A equal to the number of bits of the DCI 
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format 0, Zero padding may be performed on the DCI formats 
having the small number of bits so that the number of bits of 
the DCI format 0 is N 0 long. Further, when the BS transmits 
the DCI format 1A on the USS to the MTC device located in 
the coverage extension region, Na' may denote the number 
of RBs of the bandwidth at which the data channel can be 
transmitted, and the number of bits may be determined to 
N 1A short without having to perform Zero padding on the 
DCI format 1A. Further, when the BS transmits the DCI 
format 0 on the USS to the MTC device located in the cover 
age extension region, the number of bits may be determined to 
N 0 short without having to perform Zero padding on the 
DCI format 0. 

(0190. Alternatively, when the DCI format 1A or other DCI 
formats are received through the PDCCH, the MTC device 
located in the coverage extension region among the several 
MTC devices may interpret N' as the number of RBs of 
the bandwidth at which the data channel can be received, and 
other MTC devices may interpret N' not as the number of 
RBs of the bandwidth at which the data channel can be 
received but as the number of RBs of the system bandwidth. 
That is, the MTC device located in the coverage extension 
region may assume that the number of bits of the DCI format 
1A is equal to N 1A short, and other MTC devices may 
assume that the number of bits of the DCI format 1A is equal 
to N 1A long. Further, the MTC device located in the cov 
erage extension region may assume that the number of bits of 
the DCI format 0 is equal to N 0 short, and other MTC 
devices may assume that the number of bits of the DCI format 
0 is equal to N 0 long. 
(0191 Meanwhile, when the BS transmits the DCI format 
1A/O on the USS (or CSS), NP may be determined to 
indicate the number of RBs of the bandwidthat which the data 
channel can be transmitted, and the number of bits may be 
maintained in different states without having to perform Zero 
padding to make a bit length of the DCI format 0 equal to a bit 
length of the DCI format 1A. In this case, since the DCI 
format 0 and the DCI format 1A do not have the same bit 
length, a Flag for format0/format1A differentiation field 
included in the existing DCI formats 0 and 1A can be 
removed. In this case, there may be a situation in which the 
DCI format 0 and the DCI format 1A have the same bit length 
in a specific environment. As such, in a state where the bit 
lengths of the format 0 and the DCI format 1A become equal 
to each other, if the Flag for format.0/format 1A differentia 
tion field is removed, a method of avoiding this is necessary 
since the MTC device cannot differentiate the two DCI for 
mats. Therefore, in order to solve this problem, when the bit 
lengths of the DCI format 0 and the DCI format 1A become 
equal to each other, one embodiment proposes to perform 
transmission by adding the Flag for format0/format1A dif 
ferentiation field to the DCI format 0 and the DCI format 1A 
to differentiate the two DCI formats. Alternatively, when the 
bit lengths of the DCI format 0 and the DCI format 1A 
become equal to each other, one embodiment proposes to 
allow the two DCI formats to always have different lengths by 
performing 1-bit Zero padding on the DCI format 1A (or DCI 
format 0) to differentiate the two DCI formats. 
(0192. On the other hand, when the BS transmits the DCI 
format 1A/O on the USS (or CSS), NP may denote the 
number of RBs of the bandwidth at which the data channel 
can be transmitted, and the number of bits may be maintained 
in different states without having to perform Zero padding to 
make a bit length of the DCI format 0 equal to a bit length of 
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the DCI format 1A. In this case, if the system bandwidth is 
equal to a transmission bandwidth of the MTC device, for 
example, if the transmission bandwidth of the MTC device is 
1.4 MHZ and the system bandwidth is also 1.4 MHz, the BS 
may transmit the DCI format 0 and the DCI format 1A by 
using the conventional method. That is, if the system band 
width is equal to the transmission bandwidth of the MTC 
device, for example, if the transmission bandwidth of the 
MTC device is 1.4 MHZ and the system bandwidth is also 1.4 
MHz, the BS may perform Zero padding on the DCI format 
having a shorter length so that the DCI format 0 and the DCI 
format 1A have the same bit length, and may perform trans 
mission by adding a Flag for formatO/format1A differentia 
tion field to the DCI format 0 and the DCI format 1A to 
differentiate the two DCI formats. 
0.193. On the other hand, if the number of PRBs or the 
bandwidth at which the data channel can be transmitted is 
expressed by PDSCH RB, in order to decrease the length of 
the DCI format, a low-cost MTC device may interpret N'- 
of the resource block assignment field of the DCI format as 
PDSCH RB. As such, if N' of the resource block assign 
ment field is interpreted as PDSCH RB and thus the length of 
the DCI format 1A is decreased, the number of blind decod 
ing attempts for differentiating the DCI formats 0 and 1A is 
increased in both of the CSS and the USS. In order not to 
increase the number of blind decoding attempts for receiving 
DCI in the USS in such an environment, one embodiment 
proposes not to receive DCI formats other than the DCI for 
mat 1A, among the DCI formats for a downlink grant in the 
USS. 

0194 Alternatively, in order not to increase the number of 
blind decoding attempts, another embodiment proposes that 
the MTC device interprets N' of the resource block 
assignment field to PDSCH RB only for the DCI formats 
other than the DCI format 1A, among the DCI formats for the 
downlink grant. That is, it is proposed that the low-cost MTC 
device receives DCI by interpreting Na' as a system band 
width as to the DCI format 1A among the DCI formats for the 
downlink grant, and receives the DCI by interpreting N.' 
as the number of PRBs (PDSCH RB) on which the data 
channel can be received as to the remaining DCI formats. 
(0195 <Cell-Specific PDSCH> 
0196) Next, the following description focuses on an opera 
tion to be taken by an MTC device to receive a PDSCH when 
abandwidth of a downlink data channel is reduced. 
0.197 When the MTC device must receive a cell-common 
PDSCH, the MTC device first searches for a downlink grant 
through a common search space (CSS) region of a PDCCH. 
In this case, cell-specific data (e.g., SIB) to be transmitted by 
a BS to the MTC device may be different in content from 
cell-specific data to be transmitted by the BS to a legacy UE. 
In addition, even if MTC devices have the same type, cell 
specific data required for an MTC device located in a cover 
age extension region may be different in content from cell 
specific data required for an MTC device located in a region 
other than the coverage extension region. 
0198 For this, one disclosure of the present specification 
proposes to differentiate a CSS region for the MTC device 
from a CSS region for the legacy UE. Herein, the CSS region 
may be an RE resource, PRB resource, and/or subframe 
region, or the like of the CSS. Further, one disclosure of the 
present specification proposes to differentiate the CSS region 
for the MTC device located in the coverage extension region 
from a CSS region for other MTC devices. 
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(0199. In this case, system information RNTI (SI-RNTI) 
for MTC devices may be created separately from SI-RNTI for 
the legacy UE, so as to be used as RNTI for transmitting an 
SIB for the MTC device oracell-specific signal. Additionally, 
SI-RNTI for the MTC device located in the coverage exten 
sion region may be separately used to transmit the SIB or the 
cell-specific signal. 
(0200 ACSS region to be used by the MTC device may be 
delivered to the MTC device from the BS through a master 
information block (MIB) or the SIB. Alternatively, since a 
region in which a cell-specific PDSCH for the MTC device is 
transmitted is predetermined, the MTC device may not expect 
to receive the PDCCH on the CSS. 

0201 Unlike a case where the legacy UE acquires infor 
mation on a PRB region in which a cell-specific PDSCH is 
received through a downlink grant received on a CSS, a PRB 
region capable of receiving a cell-specific PDSCH for an 
MTC device in which only a bandwidth capable of transmit 
ting a data channel is reduced may be fixed to center 6 RBs. 
Alternatively, an RB region capable of transmitting the cell 
specific PDSCH for the MTC device may be delivered to the 
MTC device via the BS through the MIB or the SIB or the like. 
0202 Further, in another method, it may be considered 
that the cell-specific PDSCH is shared between a normal 
MTC device and a low-cost MTC device located in the cov 
erage extension region and a low-cost MTC device located in 
a region other than the coverage extension region. In case of 
the low-cost MTC device, it may be assumed that the PDSCH 
is received on predetermined 6 PRBs, and an SIB included in 
the PDSCH may not be decoded only with the PDSCH 
received one time. Therefore, the MTC device may read the 
PDSCH by a predetermined repetition number to decode one 
SIB. For example, if the repetition number is set to 4 in a 
situation where a first type SIB is received on subframes #5 
and #25, the low-cost MTC device must read the PDSCH four 
times on subframes #5, #25, #45, and #65 to decode the first 
type SIB. If the SIB is not received on the subframe, decoding 
is attempted by reading the SIB by the predetermined repeti 
tion number in such a manner that the SIB is read on a next 
subframe. Alternatively, the first type SIB may be read by 
continuously performing decoding. If a bandwidth of the 
PDSCH exceeds 6 PRBs allocated to the MTC device, the BS 
may assume that the PDSCH for the MTC device is punctured 
on a PRB when exceeding the 6 PRBs, and by considering 
this, may allocate a next resource of a PDSCH including an 
SIB. 

0203. Further, in another method, in order for the MTC 
device not to monitor a CSS PDSCH, the BS may report this 
to the MTC device through a higher layer signal or may report 
this to the MTC device through an MIB or the like, or may 
predetermine this for the MTC device. In this case, in order 
for the MTC device to read information such as the SIB or the 
like, the MIB may include necessary configuration informa 
tion, and information regarding RNTI or the like which has to 
read the SIB may be included in the MIB. Herein, one 
embodiment may consider a method in which an SIB can be 
transmitted without a PDCCH similarly to a PBCH including 
an MIB. Furthermore, an RNTI may be used separately for 
the MTC device located in the coverage extension region and 
the MTC device located in the region other than the coverage 
extension region, and if each RNTI is reported to the MTC 
device through the MIB or each PBCH is transmitted sepa 
rately, it may be assumed that the RNTI is configured accord 
ing to a feature of the PBCH to be read. For example, when the 
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PBCH is transmitted for the low-cost MTC device, an 
included RNTI may be used to read a CSS PDSCH or SIB of 
the low-cost MTC device, and when the PBCH is transmitted 
to the MTC device located in the coverage extension region, 
the included RNTI may be used in SIB transmission of the 
MTC device. In this case, the RNTI may be considered as a 
USS. In this case, in order to decrease the number of RNTIs 
on which each MTC device must perform blind decoding, the 
RNTI which must be read for each subframe for each MTC 
device may be reported to the MTC device through a higher 
layer signal, or may be predetermined. For example, the MTC 
device may decodean SIB or a CSS PDSCH on subframes#0 
and #5 by using a dedicated RNTI, and may decode the SIB or 
the CSSPDSCH on other subframes by using a normal RNTI. 
For this, a BS of a corresponding cell may report a subframe 
in which the MTC device reads the CSS PDSCH or the SIB to 
the MTC device in a form of a bitmap, or may report this in a 
form of a period/offset. Alternatively, on the contrary, the BS 
of the cell may report a subframe for reading the USS 
PDSCH. 

0204 <UE-Specific PDSCHD 
0205 Next, the following description focuses on an opera 
tion to be taken by an MTC device to receive a UE-specific 
PDSCH when a bandwidth of a downlink data channel is 
reduced. 

(0206 (1) Frequency Location of PDSCH 
0207 First, when a bandwidth capable of receiving a data 
channel for a low-cost MTC device is reduced, a frequency 
location for the data channel for the MTC device may be: 1) 
fixed; 2) changed depending on a predetermine pattern; 3) 
semi-statically configured; or 4) dynamically configured. 
Meanwhile, for an MTC device located in a coverage exten 
sion region, a BS of a corresponding cell may repetitively 
transmit abundle of identical PDSCHs on several subframes. 
In this case, when a frequency (or RB region) at which a 
PDSCH is located is changed during a subframe duration in 
which the PDSCH is repeated, a performance improvement 
effect may be decreased. 
0208. Therefore, one embodiment of the present specifi 
cation maintains the frequency location of the PDSCH, i.e., 
RB location, without alternation during the subframe dura 
tion in which the bundle of identical PDSCHs is transmitted. 
This will be described for example below with reference to 
FIG 14. 

0209 For example, as shown in FIG. 14, the frequency 
location of the PDSCH may be maintained without alteration 
during a duration of subframes in which a bundle of first 
PDSCHs is transmitted. For example, in a first subfarme in 
which transmission of a PDSCH bundle starts, a frequency 
location of the PDSCHbundle may be maintained until trans 
mission of the PDSCH bundle ends. Therefore, an MTC 
device may assume that a frequency location of a first Sub 
frame is continuously maintained during the same PDSCH 
bundle is received. However, when a second PDSCH bundle 
is transmitted, it may be transmitted on a frequency location 
different from that first PDSCH bundle. 

0210 (2) Channel State Information (CSI) Report 
0211. On the other hand, in general, in order to report a 
downlink channel state, a UE performs a CSI report periodi 
cally or aperiodically. In general, CSI may roughly include 
three types of information, such as a rank indicator (RI), a 
precoding matrix index (PMI), and a channel quality indica 
tion (CQI). 
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0212. However, if a bandwidth of a data channel of a 
low-cost MTC device is reduced, the MTC device may 
receive not only the data channel but also another channel and 
a reference signal only in the reduced bandwidth region. In 
this case, information included in the CSI report may not be 
sufficient. Therefore, an operation of the MTC device may 
need to be changed as to the CSI report. Hereinafter, a peri 
odic CSI report and an aperiodic CSI report will be described 
separately. 
0213 a) Periodic CSI Report 
0214. First, when an MTC device of which abandwidth of 
a data channel is reduced performs the periodic CSI report, 
the MTC device must know which type of a COI feedback 
(e.g., a wideband CQI, a sub-band CQI) will be performed for 
the CQI report. In this case, the followings may be considered 
as a COI feedback method that can be used by the MTC 
device. Although the following description is about the CQI, 
the same may also be applied not only to the CQI but also to 
a feedback for other information such as RI, PMI, etc. 
0215. In case of the wideband CQI, the MTC device may 
report a wideband CQI not for a reduced bandwidth of the 
data channel but for an entire system bandwidth. The MTC 
device may measure the CQI by using CSI-RS, CRS, or the 
like received by the MTC device when performing the CQI 
feedback, and may perform a feedback for this. Simply, even 
if the MTC device fails to receive the CSI-RS on all RBS of the 
system bandwidth but receives the CSI-RS only on some 
RBs, the MTC device may estimate the CQI by using only the 
CSI-RS received on only the some RBS, and may regard this 
as a wideband CQI. Specifically, the MTC device may esti 
mate the CQI by using only the reduced bandwidth of the data 
channel, and may feedback a COI for the reduced bandwidth 
as the wideband CQI. Alternatively, since the MTC device 
receives a PDCCH on the entire system bandwidth as 
described above, a CRS received together during receiving 
the PDCCH may be used to measure a CQI for the entire 
system bandwidth and the CQI may be fed back. Alterna 
tively, the MTC device may measure a COI in the data chan 
nel and feedback the CQI by regarding a wideband as the 
bandwidth of the data channel. 

0216. In case of the sub-band CQI, a COI for a sub-band 
may be fedback among bandwidths capable of receiving data 
in a duration in which a measurement must be performed for 
a COI feedback. For example, this will be described below 
with reference to FIG. 15. 

0217. As can be seen from FIG. 15, if a CQI feedback is 
performed on a subframe K for example, when a measure 
ment is performed on previous N subframes from the sub 
frame K, a COI may be measured for some or all sub-bands 
among bandwidths capable of receiving data. In this case, N 
may be the same value as a subframe for the CQI feedback. 
The sub-band may be M sub-bands exhibiting the best per 
formance. That is, as shown in FIG. 15, during first several 
subframes, when a PDSCH is received on a bandwidth 
located at a lower portion on a frequency axis, a COI for 
sub-bands constituting a bandwidth located at the lower por 
tion is measured, and when the PDSCH is received at a later 
time on a bandwidth located at a center portion on the fre 
quency axis, a COI for Sub-bands constituting a bandwidth 
located at the center portion is measured. Among the COI 
measurement results, the MTC device may feedback infor 
mation on CQI values for the M sub-bands exhibiting the best 
performance and information on the M values. The M sub 
bands may be constructed of, for example, 6 RBs. In other 
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words, a COI may be measured for a band capable of per 
forming reception during the N subframes (i.e., a band 
located at a front lower position + a band located at a rear 
middle position), and thereafter a COI for the M sub-bands 
exhibiting the best performance may be fed back. In this case, 
a size of each sub-band may be, for example, 6 PRBs. That is, 
for example, when a PDSCH is received by using PRBs 0 to 
5 during several subframes and thereafter the PDSCH is 
received again by using PRBs 6 to 11 during several sub 
frames, if a size of a sub-band is 3, a COI for four sub-bands 
is measured for the PRBs 0 to 11, and a CQI for the M 
sub-bands exhibiting the best performance is fed back. For 
another example, if the size of the sub-band is 6, a COI for two 
sub-bands is measured for PRBs 0 to 11, and a COI for the M 
sub-bands exhibiting the best performance is fed back. When 
the CQI is fed back, a COI value for the M sub-bands exhib 
iting the best performance and an index of the Sub-band may 
be delivered together. 
0218. Alternatively, the MTC device may measure a CQI 
for a specific sub-band by using a CRS received together 
during receiving a PDCCH in an entire system bandwidth, 
and may perform a feedback for this. 
0219. Alternatively, when the MTC device receives a data 
channel transmitted from a BS on a reduced bandwidth, a COI 
for a Sub-band in which a corresponding reference signal is 
located may be measured by using reference signals (e.g., 
CRS, CSI-RS) at a band other than the deduced bandwidth, 
and this may be additionally or independently fed back to the 
BS. 

0220. This will be described below with reference to FIG. 
16. 

0221. As shown in FIG. 16(a), the MTC device may 
receive a reference signal (RS) in an additional CSI measure 
ment sub-band, and thus may feedback CQI information on 
the sub-band additionally or independently to the BS. For 
this, the BS may deliver information on the additional CSI 
measurement sub-band to the MTC device throughan RRC or 
a PDCCH or the like. The information on the additional CSI 
measurement Sub-band may be expressed as a coordinate 
location of an RB. Alternatively, the information may be 
expressed as an offset or location gap from a PDSCH recep 
tion band. 
0222 Alternatively, a sub-band in which the MTC device 
will additionally perform a COI measurement may be deter 
mined randomly or autonomously by the MTC device. In this 
case, when the MTC device feeds back a COI for an addition 
ally measured sub-band region to the BS, location informa 
tion of the sub-band in which the CQI is measured, for 
example, Sub-band index information, may be delivered 
together. 
0223. Meanwhile, as shown in FIG.16(b), the additional 
CSI measurement sub-band may be adjacent to both sides or 
one side of the PDSCH reception band. For example, when an 
RB #x to an RB #x+a are assigned as a PDSCH band, the 
MTC device may always measure a COI for a region of an RB 
#x-M to an RB #x+a+M and may feedback the CQI to the 
BS. 
0224 b) Aperiodic CSI Report 
0225. In order to perform an aperiodic CSI report to a BS, 
an MTC device of which a bandwidth of a data channel is 
reduced must receive an instruction for reporting an aperiodic 
CSI through a CSI request field in a PDCCH (including an 
uplink grant). At present, the CSI request field consists of 1 bit 
or 2 bits. In this case, according to one embodiment of the 
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present invention, the CQI request field for the MTC device 
may always consist of 1 bit. Meanwhile, the BS may report or 
predetermine a sub-band in which a measurement will be 
performed for the CSI report to the MTC device in advance 
through a higher layer signal, or may deliver the Sub-band by 
including it into the aperiodic CSI request. Then, the MTC 
device may perform a measurement by using a CRS or CSI 
RS received on a corresponding sub-band. From a time 
aspect, if the PDCCH including the CSI request field is 
received on a subframe A, the MTC device performs a mea 
surement on the subframe A. However, on the subframe for 
receiving the PDCCH including the CSI request field, a sub 
band configured to perform the measurement is not included 
in the reduced bandwidth of the data channel received by the 
MTC device, and thus there may be a case where the mea 
Surement cannot be performed on the configured Sub-band. In 
order to avoid such a problem, the subframe on which the 
measurement is performed may be separated by k from the 
subframe A on which the PDCCH including the CSI request 
field is received. That is, the subframe on which the measure 
ment is performed may be determined to A+k. 
0226. Meanwhile, in the aforementioned periodic CSI 
report, the description on the wideband CQI and the sub-band 
CQI may also be directly applied to the aperiodic CSI report. 
0227 <PMCH(Physical Multicast CHannel)> 
0228. Meanwhile, the following description focuses on an 
operation to be taken by an MTC device to receive a PMCH 
when a bandwidth of a downlink data channel is reduced. 

0229. The MTC device has a delay tolerant characteristic, 
and is optimized for not frequent data reception. Further, 
since abandwidth of a data channel is reduced in comparison 
with a system bandwidth for a low cost, the MTC device may 
not be able to receive a PMCH. Therefore, according to one 
disclosure, the MTC device may not expect to receive the 
PMCH in an MBSFN subframe. More specifically, the MTC 
device may not expect to receive all data and control channels 
expect for an uplink grant in the MBSFN subframe. Alterna 
tively, the MTC device may not expect to receive all of the 
data and control channels in the MBSFN subframe. More 
specifically, when the MTC device cannot supporta transmis 
sion mode 9 (TM9) and/or a transmission mode 10 (TM10), 
reception of all of the data and control channels may not be 
expected in the MBSFN subframe, or reception of the control 
channels and the data channels except for the uplink grant 
may not be expected. For this, capability signaling may be 
performed on a BS to inform whether the MTC device Sup 
ports the TM9 and/or the TM10. More specifically, if the TM9 
and/or the TM10 cannot be supported, the MTC device may 
perform signaling on the BS separately from performance 
regarding whether a CSI-RS can be received or not. Alterna 
tively, even if the TM9 and/or the TM10 cannot be supported, 
the MTC device may perform signaling so that the CSI-RS 
can be received. 

0230 <Operation in Special Subframe of TDD> 
0231. Meanwhile, the following description focuses on an 
operation to be taken by an MTC device in a special subframe 
of TDD when a bandwidth of a downlink data channel is 
reduced. 

0232. The number of OFDM symbols to be received by the 
MTC device on a specific subframe varies depending on a 
configuration of the special subframe. In case of an MTC 
device for receiving a data channel on a reduced bandwidth in 
comparison with a legacy UE, although data for all RES 
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cannot be stored in a normal downlink subframe, there may be 
a case where the data for all REs can be stored on the special 
subframe. 
0233. Accordingly, it is proposed that the MTC device for 
receiving the data channel on the reduced bandwidth attempts 
to perform reception at an entire system bandwidth as to all 
OFDM symbols during DwPTS on special subframes which 
are set to special Subframe configurations 0 and 5. In this case, 
the BS may transmit a CSI-RS or the like on the entire band 
width during DwPTS, so that the MTC device can perform a 
CSI measurement on the entire bandwidth during DwPTS. 
0234. The aforementioned embodiments of the present 
invention can be implemented through various means. For 
example, the embodiments of the present invention can be 
implemented in hardware, firmware, Software, combination 
of them, etc. Details thereof will be described with reference 
to the drawing. 
0235 FIG. 17 is a Block Diagram Illustrating a Wireless 
Communication System According to One Disclosure of the 
Present Specification. 
0236 A BS 200 includes a processor 201, a memory 202, 
and a radio frequency (RF) unit 203. The memory 202 is 
coupled to the processor 201, and stores a variety of informa 
tion for driving the processor 201. The RF unit 203 is coupled 
to the processor 201, and transmits and/or receives a radio 
signal. The processor 201 implements the proposed func 
tions, procedures, and/or methods. In the aforementioned 
embodiment, an operation of the BS may be implemented by 
the processor 201. 
0237. An MTC device includes a processor 101, a memory 
102, and an RF unit 103. The memory 102 is coupled to the 
processor 101, and stores a variety of information for driving 
the processor 101. The RF unit 103 is coupled to the processor 
101, and transmits and/or receives a radio signal. The proces 
Sor 101 implements the proposed functions, procedures, and/ 
or methods. 
0238. The processor may include Application-Specific 
Integrated Circuits (ASICs), other chipsets, logic circuits, 
and/or data processors. The memory may include Read-Only 
Memory (ROM), Random Access Memory (RAM), flash 
memory, memory cards, storage media and/or other storage 
devices. The RF unit may include a baseband circuit for 
processing a radio signal. When the above-described embodi 
ment is implemented in software, the above-described 
scheme may be implemented using a module (process or 
function) which performs the above function. The module 
may be stored in the memory and executed by the processor. 
The memory may be disposed to the processor internally or 
externally and connected to the processor using a variety of 
well-known means. 
0239. In the above exemplary systems, although the meth 
ods have been described on the basis of the flowcharts using 
a series of the steps or blocks, the present invention is not 
limited to the sequence of the steps, and some of the steps may 
be performed at different sequences from the remaining steps 
or may be performed simultaneously with the remaining 
steps. Furthermore, those skilled in the art will understand 
that the steps shown in the flowcharts are not exclusive and 
may include other steps or one or more steps of the flowcharts 
may be deleted without affecting the scope of the present 
invention. 
What is claimed is: 
1. A reception method in a machine type communication 

(MTC) device, the method comprising: 
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receiving a control channel through an entire system band 
width on first and second orthogonal frequency division 
multiplexing (OFDM) symbols of a subframe; and 

determining whether to receive a data channel only at a 
reduced bandwidth incomparison with the system band 
width from a third symbol of the subframe, 

wherein if the control channel is not continued up until the 
third symbol of the subframe, the data channel is 
received on the reduced bandwidth in comparison with 
the system bandwidth from the third symbol of the sub 
frame. 

2. The method of claim 1, wherein if the control channel is 
continued up until the third symbol of the subframe, the 
control channel is received up until the third symbol through 
the entire system bandwidth without having to reduce the 
bandwidth. 

3. The method of claim 1, wherein the determining is 
performed when information regarding the number of OFDM 
symbols in which the control channel exists is not received. 

4. The method of claim 1, wherein in the receiving of the 
control channel, a reference signal is detected by decoding the 
entire system bandwidth on the first and second OFDM sym 
bols. 

5. The method of claim 1, wherein when the data channel is 
received on a bandwidth reduced in comparison with the 
system bandwidth from the third symbol, the reference signal 
is detected by decoding only the reduced bandwidth. 

6. The method of claim 1, wherein for a channel state 
information (CSI) report, a measurement is performed by 
decoding an additional band other than a bandwidth at which 
the data channel is received. 

7. The method of claim 6, further comprising receiving 
information regarding the additional band. 
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8. The method of claim 6, wherein the additional band is 
separated by a specific offset from the bandwidth at which the 
data channel is received, or is adjacent to both sides or one 
side thereof. 

9. The method of claim 1, further comprising feeding back 
to a base station a channel quality indicator (COI) for a 
specific number of sub-bands exhibiting the best performance 
among bandwidths at which the data channel is received. 

10. A machine type communication (MTC) device com 
prising: 

a transceiver, and 
a controller for controlling the transceiver, for receiving a 

control channel through an entire system bandwidth on 
first and second orthogonal frequency division multi 
plexing (OFDM) symbols of a subframe, and for deter 
mining whether to receive a data channel only at a 
reduced bandwidth incomparison with the system band 
width from a third symbol of the subframe, 

wherein if the control channel is not continued up until the 
third symbol of the subframe, the controller controls the 
transceiver to receive the data channel on the reduced 
bandwidth in comparison with the system bandwidth 
from the third symbol of the subframe. 

11. The MTC device of claim 10, wherein if the control 
channel is continued up until the third symbol of the sub 
frame, the control channel is received up until the third sym 
bol through the entire system bandwidth without having to 
reduce the bandwidth. 

12. The MTC device of claim 10, wherein the processor 
performs the determining when information regarding the 
number of OFDM symbols in which the control channel 
exists is not received. 
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