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(57) ABSTRACT 

The prevent invention relates to a method and apparatus for 
transmitting and receiving data. The method for receiving 
control data by a terminal can include the steps of: a terminal 
receiving redundant information on a first control channel 
from a base station; the terminal receiving a first subframe 
from the base station and first blind decoding being per­
formed on the first subframe in order to monitor the first 
control channel; the terminal receiving a second subframe 
from the base station and second blind decoding being per­
formed on the second subframe on the basis of the redundant 
information and the first blind decoding information in order 
to monitor a second control channel. 
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FIG. 15 
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METHOD AND APPARATUS FOR 
TRANSMITTING AND RECEIVING DATA 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The disclosure relates to wireless communications, 
and more specifically, a method and apparatus for transmit­
ting and receiving data. 
[0003] 2. Related Art 
[0004] A major issue in the next-generation communica­
tion industry is directed towards M2M (machine to machine)/ 
IoT (Internet of things) that provides for connection between 
ambient things to enable easy acquisition of necessary data 
anytime, anywhere and to thus allow for provision and use of 
various services. M2M initially began with sensor and RFID 
(Radio Frequency Identification) networks that primarily tar­
geted local areas. Attention is recently shifting to mobile 
communication network-based M2M techniques considering 
mobility of things, broad service coverage including sea, as 
well as islands and mountain areas, easy network operation 
and maintenance, high-reliable security for data transmis­
sion, and quality of service (QoS). 
[0005] The 3GPP, a representative European mobile com­
munication standardization organization, started its validity 
research on the M2M technology back in 2005, and standard­
ization has been actively underway since year 2008 under the 
title of"Machine Type Communications (MTC)." 
[0006] In the 3GPP point of view, the term "machine" 
means an entity that does not require a direct human involve­
ment or manipulation, and the term "MTC" is defined as a 
type of data communication including one or more machines. 
[0007] Typical exemplary machines may include a smart 
meter or vending machine equipped with a mobile commu­
nication module. Another example of such type of machine is 
a smartphone or other portable terminal having an MTC 
function, which may be automatically linked to a network to 
perform communication without the user's manipulation or 
involvement depending on the user's position or circum­
stances. Other "machine" candidates include gateway-type 
MTC devices connected with tiny sensors or RFIDs based on 
IEEE 802.15 WPAN (Wireless Personal Area Network). 
[0008] Mobile communication networks should come up 
with a different identifier and addressing system than the 
existing one in order to encompass a large number of MTC 
devices with low data traffic, and a new mechanism needs to 
be adopted for such networks in light of communication types 
and costs. 

SUMMARY OF THE INVENTION 

[0009] An object of the disclosure is to provide a data 
communication method. 
[0010] An object of the disclosure is to provide an appara­
tus that performs a data communication method. 
[0011] To achieve the above objects of the disclosure, 
according to an aspect of the disclosure, a method ofreceiving 
control data by a terminal may comprise receiving redundant 
information of a first control channel from a base station, by 
the terminal, receiving a first sub-frame from the base station, 
performing first blind decoding on the first sub-frame, and 
monitoring the first control channel, by the terminal, and 
receiving a second sub-frame from the base station, perform­
ing second blind decoding on the second sub-frame based on 
the redundant information and information on the first blind 
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decoding, and monitoring the second control channel, by the 
terminal, wherein data transmitted in the second control chan­
nel includes the same data as data transmitted in the first 
control channel, wherein the redundant information contains 
information on the number of times in which the base station 
repetitively transmits the first control channel. 
[0012] To achieve the above objects of the disclosure, 
according to another aspect of the disclosure, a terminal 
receiving control data in a wireless communication system, 
the terminal comprising a processor and an RF (radio fre­
quency) unit, wherein the processor is implemented to receive 
redundant information of a first control channel from a base 
station, to receive a first sub-frame from the base station, to 
perform first blind decoding on the first sub-frame, and to 
monitor the first control channel, to receive a second sub­
frame from the base station, to perform second blind decod­
ing on the second sub-frame based on the redundant informa­
tion and information on the first blind decoding, and to 
monitor the second control channel, wherein the RF unit is 
implemented to receive the first sub-frame and the second 
sub-frame, wherein data transmitted in the second control 
channel includes the same data as data transmitted in the first 
control channel, and wherein the redundant information con­
tains information on the number of times in which the base 
station repetitively transmits the first control channel. 
[0013] Data transmission coverage may be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 illustrates the structure of an LTE radio 
frame. 
[0015] FIG. 2 illustrates an exemplary resource grid for a 
downlink slot. 
[0016] FIG. 3 illustrates the structure of a downlink sub­
frame. 
[0017] FIG. 4 illustrates the structure of an uplink sub­
frame. 
[0018] FIG. 5 illustrates the structure of a TDD mode radio 
frame. 
[0019] FIG. 6 is a block diagram illustrating a method for 
generating PDCCH data. 
[0020] FIG. 7 is a view illustrating an example of PDCCH 
monitoring. 
[0021] FIG. 8 illustrates a downlink sub-frame allocated 
with a control channel and a 3GPP LTE reference signal. 
[0022] FIG. 9 illustrates an exemplary sub-frame having an 
ePDCCH. 
[0023] FIG. 10 is a concept view illustrating carrier aggre­
gation. 
[0024] FIG. 11 is a concept view illustrating a P-cell and an 
S-cell. 
[0025] FIG. 12 is a concept view illustrating a method of 
transmitting data from a plurality of transmission points to a 
terminal based on CoMP (coordinated multi-point). 
[0026] FIG. 13 illustrates an example of transmission of a 
synchronization signal and PBCH data in a legacy sub-frame 
when using FDD (frequency division duplex as a duplexing 
scheme. 
[0027] FIG. 14 is a concept view illustrating transmission 
of a CSI-RS and a CSI feedback measured by a terminal. 
[0028] FIG. 15 is a concept view illustrating a downlink 
transport channel processing method. 
[0029] FIG. 16 is a concept view illustrating a dynamic 
uplink channel ( control channel and data channel) repetition 
method according to an embodiment of the disclosure. 
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[0030] FIG.17 is a concept view illustrating a configuration 
of a control channel upon downlink channel ( control channel 
and data channel) repetitive transmission according to an 
embodiment of the disclosure. 
[0031] FIG. 18 is a concept view illustrating a configuration 
of a control channel upon downlink repetition transmission 
according to an embodiment of the disclosure. 
[0032] FIG.19 is a concept view illustrating a configuration 
of a control channel upon downlink repetition transmission 
according to an embodiment of the disclosure. 
[0033] FIG. 20 is a concept view illustrating a method of 
configuring a control channel upon downlink repetition trans­
mission according to an embodiment of the disclosure. 
[0034] FIG. 21 is a concept view illustrating a method of 
transmitting uplink data through TDM between a plurality of 
terminals according to an embodiment of the disclosure. 
[0035] FIG. 22 is a concept view illustrating a method of 
transmitting uplink data through FDM between a plurality of 
terminals according to an embodiment of the disclosure. 
[0036] FIG. 23 is a concept view illustrating a method of 
performing FDM between a plurality of terminals according 
to an embodiment of the disclosure. 
[ 003 7] FIG. 24 is a concept view illustrating an FD M-based 
frequency allocation method according to an embodiment of 
the disclosure. 
[0038] FIG. 25 is a block diagram illustrating a wireless 
communication system according to an embodiment of the 
disclosure. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0039] A wireless device may be stationary or mobile, and 
the wireless device may be referred to as a UE (User Equip­
ment), an MS (mobile station), an MT (mobile terminal), a 
UT (user terminal), an SS (subscriber station), a wireless 
device, a PDA (personal digital assistant), a wireless modem, 
or a handheld device. A wireless device may be a device that 
supports only data communication such as an MTC (ma­
chine-type communication) device. 
[0040] A base station (BS) generally denotes a fixed station 
that communicates with a wireless device, and the base sta­
tion (BS) may be referred to as an eNB (evolved-NodeB), a 
BTS (Base Transceiver System), or an access point. 
[0041] Hereinafter, the operation of terminals and/or base 
stations in 3GPP LTE (Long Term Evolution) or3GPP LTE-A 
systems as defined in the 3GPP (3rd Generation Partnership 
Project) TS (Technical Specification) releases is described. 
The disclosure may also be applicable to various other wire­
less communication networks than 3GPP LTE/3GPP LTE-A 
networks. As used herein, the term "LTE" includes the terms 
"LTE" and/or "LTE-A." 
[0042] FIG. 1 illustrates the structure of a radio frame in 
LTE systems. 
[0043] The architecture of the radio frame 100 is set forth in 
3GPP (3rd Generation Partnership Project) TS 36 .211 VS .2. 0 
(2008-03) "Technical Specification Group Radio Access Net­
work- Evolved Universal Terrestrial Radio Access 
(E-UTRA); Physical channels and modulation (Release 8), 
Ch. 5". 
[0044] Referring to FIG. 1, the radio frame 100 includes ten 
sub-frames 120. One sub-frame 120 includes two slots 140. 
The radio frame 100 may be indexed based on the slots 140 
from slot #0 to slot #19, or the radio frame 100 may be 

2 
Jul. 9, 2015 

indexed based on sub-frames 120 from sub-frame #0 to sub­
frame #9. For example, sub-frame #0 may include slot #0 and 
slot #1. 

[0045] The time taken for one sub-frame 120 to be trans­
mitted may be denoted a TTI (Transmission Time Interval). 
The TTI may be a scheduling unit for data transmission. For 
example, the length of one radio frame 100 may be 10 ms, the 
length of one sub-frame 120 1 ms, and the length of one slot 
140 0.5 ms. 

[0046] One slot 140 includes a plurality of OFDM (Or­
thogonal Frequency Division Multiplexing) symbols in the 
time domain and a plurality of sub-carriers in the frequency 
domain. In LTE systems, a base station adopts OFDMA as a 
downlink channel access scheme. An OFDM symbol is for 
representing one symbol period, and the term "OFDM sym­
bol" may be replaced with other terms depending on multiple 
access schemes. For example, SC-FD MA (single carrier-fre­
quency division multiple access) may be used as an uplink 
channel multiple access scheme for transmission of data from 
a terminal to a base station. The symbol period where data is 
transmitted through an uplink channel may be denoted an 
SC-FDMA symbol. 

[0047] The structure of the radio frame 100 shown in FIG. 
1 is merely an example. The number of sub-frames 120 
included in a radio frame 100, the number of slots 140 
included in a sub-frame 120, or the number of OFDM sym­
bols included in a slot 140 may be varied to define a new radio 
frame format. 

[0048] The number of symbols included in one slot in the 
structure of a radio frame may be varied depending on cyclic 
prefixes (CPs) to be used. For example, in case a radio frame 
uses the normal CP, one slot may include seven OFDM sym­
bols. In case a radio frame uses the extended CP, one slot may 
include six OFDM symbols. 

[0049] The wireless communication system may adopt 
FDD (frequency division duplex) and TDD (time division 
duplex) as duplexing schemes. According to FDD, uplink 
transmission and downlink transmission may be conducted 
based on different frequency bands. According to TDD, 
uplink transmission and downlink transmission may be con­
ducted within different time slots and the same frequency 
band. TDD-based channel responses may be reciprocal due to 
use of the same frequency band. In other words, a downlink 
channel response may be nearly identical to an uplink channel 
response in a given frequency band in the TDD scheme. 
Accordingly, a TDD-based wireless communication system 
may obtain the channel state information of a downlink chan­
nel from the channel state information of an uplink channel. 
In the TDD scheme, an overall frequency band is split for 
uplink transmission and downlink transmission, and thus, the 
downlink transmission by the base station cannot be simulta­
neously performed with the uplink transmission by the ter­
minal. 

[0050] FIG. 2 illustrates an exemplary resource grid for a 
downlink slot. 

[0051] A downlink slot includes a plurality ofOFDM sym­
bols in the time domain and NRB resource blocks in the 
frequency domain. NRB, the number of resource blocks 
included in a downlink slot, may be determined depending on 
downlink transmission bandwidths set in a cell. 

[0052] For example, in LTE systems, NRB may be any one 
in a range from 6 to 110 depending on bandwidths used. One 
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resource block 200 may include a plurality of sub-carriers in 
the frequency domain. The uplink slot may be identical in 
structure to the downlink slot. 
[0053] Each element in the resource grid is denoted a 
resource element 220. Each resource element 220 in the 
resource grid may be identified by an index pair (k,l). Here, k 
is an index of a sub-carrier in the frequency domain (k=0, .. 
. , NRBxl2-1), and 1 is an index ofan OFDM symbol in the 
time domain (l=0, ... , 6). 
[0054] Here, one resource block 200 may include 7x12 
resource elements 220 that include seven OFDM symbols in 
the time domain and 12 sub-carriers in the frequency domain. 
The size is merely an example, and the number of OFDM 
symbols and the sub-carriers constituting one resource block 
200 may be varied. A resource block pair indicates a resource 
unit that includes two resource blocks. 
[0055] The numberofOFDM symbols included in one slot 
may be varied depending on CPs as described above. Further, 
the number of resource blocks included in one slot may be 
varied depending on the size of an overall frequency band­
width. 
[0056] FIG. 3 illustrates the structure of a downlink sub­
frame. 
[0057] A downlink sub-frame 300 may be divided into two 
slots 310 and 320 along a time axis. Each slot 310 and 320 
includes seven OFDM symbols in the normal CP. The 
resource region corresponding to first OFDM symbols (up to 
four OFDM symbols in a 1.4 MHz bandwidth) along the time 
axis, which are included in the first slot 310, may be used as 
a control region 350 where control channels are allocated. 
The remaining OFDM symbols may be used as a data region 
360 where traffic channels such as PDSCH (physical down­
link shared channel) are allocated. 
[0058] The PDCCH may be a control channel for transmit­
ting information regarding, e.g., DL-SCH (downlink-shared 
channel) resource allocation and transmission format, UL­
SCH (uplink-shared channel) resource allocation, paging 
over PCH, system information on DL-SCH, resource alloca­
tion for higher layer control message such as random access 
response transmitted over PDSCH, set of transmission power 
control commands for individual UEs in any UE group, and 
activation of VoIP (Voice over Internet Protocol). A plurality 
of units for transmission of PDCCH data may be defined in 
the control region 350. The terminal may monitor the plural­
ity of units for transmission of PDCCH data to obtain control 
data. For example, the PDCCH data may be transmitted to the 
terminal based on one or aggregation of some consecutive 
CCEs ( control channel elements). A CCE may be a unit for 
transmission of PDCCH data. A CCE may include a plurality 
of resource element groups. A resource element group is a 
resource unit including four available resource elements. 
[0059] The base station determines a PDCCH format 
depending on DCI ( downlink control information) to be sent 
to the terminal, and the base station adds a CRC ( cyclic 
redundancy check) to the control information. The CRC is 
masked with a unique identifier (RNTI; radio network tem­
porary identifier) depending on the owner or purpose of the 
PDCCH. In the case of a PDCCH for a particular terminal, the 
unique identifier of the terminal, e.g., C-RNTI (cell-RNTI), 
may be masked to the CRC. In the case of a PDCCH for a 
paging message, a paging indication identifier, e.g., P-RNTI 
(paging-RNTI), may be masked to the CRC. In the case of a 
PDCCH for a system information block (SIB), a system infor­
mation identifier, e.g., SI-RNTI (system information-RNTI), 
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may be masked to the CRC. In order to indicate a random 
access response, which is a response to transmission of a 
random access preamble from the terminal, an RA-RNTI 
(random access-RNTI) may be masked to the CRC. 

[0060] FIG. 4 illustrates the structure of an uplink sub­
frame. 

[0061] An uplink sub-frame may be divided into control 
regions 430 and 440 and a data region 450 in the frequency 
domain. The control regions 430 and 440 are allocated with a 
PUCCH (physical uplink control channel) for transmission of 
uplink control information. The data region 450 may be allo­
cated with a PUSCH (physical uplink shared channel) for 
transmission of data. When indicated by a higher layer, the 
terminal may support simultaneous transmission of the 
PUSCH and the PUCCH. 

[0062] The PUCCH for one terminal may be allocated in 
units ofRB pairs in the sub-frame 400. The resource blocks in 
the resource block pair may be allocated to different sub­
carriers in each of the first slot 410 and the second slot 420. 
The number of frequencies occupied by the resource blocks 
in the resource block pair, which are allocated to the PUCCH, 
are varied with respect to a slot boundary. Such PUCCH 
allocation scheme is referred to as a frequency-hopped 
method. The terminal may obtain a frequency diversity gain 
by transmitting the uplink control information through dif­
ferent sub-carriers depending on times. m is a location index 
indicating a logical frequency region location of a resource 
block pair allocated to the PUCCH in the sub-frame. 

[0063] The uplink control information transmitted over the 
PUCCH may include an HARQ (hybrid automatic repeat 
request), anACK (acknowledgement)/NACK (non-acknowl­
edgement), a CQI (channel quality indicator) indicating a 
downlink channel state, and an SR (scheduling request) that is 
a request for allocating an uplink radio resource. 

[0064] The PUSCH is a channel mapped to an UL-SCH 
(uplink shared channel) that is a transport channel. The uplink 
data transmitted over the PUSCH may be a transform block 
that is a data block of the UL-SCH transmitted during a TTL 
The transport block may include user information. Further, 
the uplink data may be multiplexed data. The multiplexed 
data is data obtained by multiplexing the transport block for 
UL-SCH and control information. For example, the control 
information multiplexed with the data may include a CQI, a 
PMI (precoding matrix indicator), an HARQ, and an RI (rank 
indicator). Or, the uplink data may include control informa­
tion only. 

[0065] FIG. 5 illustrates the structure of a TDD mode radio 
frame. 

[0066] For TDD mode radio frames, refer to 3GPP TS 
36.211 VS.7 .0 (2009-05) "Evolved Universal Terrestrial 
Radio Access (E-UTRA); Physical Channels and Modulation 
(Release 8), Ch. 4." 

[0067] Sub-frames having indexes #1 and #6 are called 
special sub-frames, and the sub-frames include a DwPTS 
(Downlink Pilot Time Slot), a GP (Guard Period), and an 
UpPTS (Uplink Pilot Time Slot). The DwPTS is used for 
initial cell detection, synchronization, or channel estimation 
by the terminal. The UpPTS is used for channel estimation by 
the base station and sync in uplink transmission between the 
terminal and the terminal. The GP is a section for removing 
interference that occurs in the uplink due to a multi-path delay 
of a downlink signal between the uplink and the downlink. 
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[0068] In TDD systems, a DL (downlink) sub-frame and a 
UL (uplink) sub-frame co-exist in one radio frame. Table 1 
shows an exemplary configuration of a radio frame. 

TABLE 1 

4 

Uplink-downlink Downlink-to-Uplink Subframe number 

configuration Switch-point periodicity 0 2 3 4 5 

0 5 ms D s u u u D 
5 ms D s u u D D 

2 5 ms D s u D D D 
3 10 ms D s u u u D 
4 10 ms D s u u D D 
5 10 ms D s u D D D 
6 5 ms D s u u u D 

[0069] 'D' refers to a DL sub-frame, 'U' a UL sub-frame, 
and 'S' a special sub-frame. When receiving the UL-DL con­
figuration from the base station, the terminal may be aware of 
whether a sub-frame is a DL sub-frame or a UL sub-frame 
depending on the radio frame configuration. 
[0070] The DL sub-frame is divided 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 in the 
sub-frame. However, the number ofOFDM symbols included 
in the control region may be varied. The control region is 
allocated with a PDCCH and other control channels, and the 
data region is allocated with a PDSCH. 
[0071] FIG. 6 is a block diagram illustrating a method for 
generating PDCCH data. 
[0072] FIG. 6 specifically discloses a method of generating 
PDCCHdata. 
[0073] The terminal performs blind decoding for detection 
of a PDCCH. The blind decoding may be conducted based on 
the identifier masked to the CRC of the received PDCCH 
(which is called a candidate PDCCH). The terminal checks 
the received PDCCH data for CRC errors to identify whether 
the received PDCCH data is the terminal's control data. 
[0074] The base station determines a PDCCH format 
depending on DCI ( downlink control information) to be sent 
to the terminal, adds a CRC (Cyclic Redundancy Check) to 
the DCI, and masks the CRC with a unique identifier (which 
is called an RNTI (Radio Network Temporary Identifier) 
according to the owner or purpose of the PDCCH) (block 
610). 
[ 007 5] In the case ofa PDCCH for a particular terminal, the 
base station may mask the CRC with the unique identifier of 
the terminal, e.g., C-RNTI (cell-RNTI). In the case of a 
PDCCH for a paging message, the base station may mask the 
CRC with a paging indication identifier, e.g., P-RNTI (pag­
ing-RNTI). In the case of a PDCCH for system information, 
the base station may mask the CRC with a system information 
identifier, e.g., an SI-RNTI (system information-RNTI). Fur­
ther, the base station may mask the CRC with an RA-RNTI 
(random access-RNTI) for indicating a random access 
response, which is a response to transmission of a random 
access preamble, or the base station may mask the CRC with 
a TPC-RNTI for indicating a TPC (transmit power control) 
command for a plurality of terminals. 
[0076] The C-RNTI-masked PDCCH may transmit the 
control information for a corresponding specific terminal 
(this is called VE-specific control information), and the 
PDCCH masked with other RNTI may transmit common 
control information that is transmitted by all or multiple ter-
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minals in a cell. A plurality ofDCI formats may be defined to 
transmit PDCCH data. This is further described below in 
detail. 

7 8 9 
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D D D 
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[0077] The base station encodes a CRC-added DCI to gen­
erate coded data (block 620). The encoding includes channel 
encoding and rate matching. 
[0078] The base station modulates the coded data to gener­
ate modulated symbols (block 630). 
[0079] The base station maps the modulated symbols to 
physical REs (resource elements) (block 640). The base sta­
tion may map the modulated symbols to the resource ele­
ments REs, respectively. 
[0080] As described above, the control region in the sub­
frame includes a plurality of CCEs ( control channel ele­
ments). A CCE is a logical unit of allocation, which is used to 
provide a PDCCH with a coding rate depending on the state of 
a radio channel, and the CCE corresponds to a plurality of 
REGs (resource element groups). An REG includes a plural­
ity of resource elements. One REG includes four REs, and 
one CCE includes nine REGs. In order to configure one 
PDCCH, one, two, four, or eight CCEs may be used, and 
aggregation of one, two, four, or eight CCEs is referred to as 
a CCE aggregation level. 
[0081] The base station may determine the number of 
CCEs to be used for PDCCH transmission depending on 
channel states. For example, in the case of a good downlink 
channel state, the base station may use one CCE to transmit 
PDCCH data to the terminal. In contrast, in the case of a poor 
downlink channel state, the base station may use eight CCEs 
to transmit PDCCH data to the terminal. 
[0082] The control channel configured of one or more 
CCEs may be subjected to interleaving in units of REGs, 
followed by cell ID (identifier)-based cyclic shift, and the 
resultant channel may be mapped to a physical resource. 
[0083] FIG. 7 is a view illustrating an example of PDCCH 
monitoring. 
[0084] For a PDCCH monitoring procedure, refer to 3GPP 
TS 36.213 Vl0.2.0 (2011-06), Ch. 9. 
[0085] The terminal may perform blind decoding for detec­
tion of a PDCCH. The blind decoding is a scheme for demask­
ing the CRC of received PDCCH (which is called a PDCCH 
candidate) data based on a specific identifier, checking CRC 
errors, and identifying whether the PDCCH is the control 
channel of the terminal. The terminal is not aware of the 
position where its PDCCH data is transmitted in the control 
region and the CCE aggregation level and DCI format to be 
used for transmission. 
[0086] A plurality of PDCCHs may be transmitted in one 
sub-frame. The terminal monitors a plurality of PDCCHs in 
each sub-frame. Here, the term "monitoring" refers to the 
terminal attempting to do blind decoding on a PDCCH. 
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[0087] In 3GPP LTE systems, the terminal uses a search 
space in order to reduce load that may occur when the termi­
nal performs blind decoding. The search space may be a 
monitoring set of CCEs for searching for a PDCCH. The 
terminal may monitor a PDCCH based on the search space. 
[0088] Search spaces may include a common search space 
and a VE-specific search space. The common search space is 
a space for searching a PDCCH having common control 
information, and the common search space includes 16 CCEs 
from CCE index Oto CCE index 15, and the common search 
space supports PDCCHs having CCE aggregation levels { 4, 
8}. However, PDCCH data (DCI formats O and IA) carrying 
VE-specific information may be transmitted in the common 
search space. The terminal-specific SRS supports PDCCHs 
having CCE aggregation levels { 1, 2, 4, 8}. 
[0089] The following Table 2 represents the number of 
PDCCH candidates monitored by the terminal. 

Type 

UE­
specific 

Common 

TABLE2 

Search space Si:(L) 

Aggregation Size Number of PDCCH DCI 
level L [in CCEs] candidates M(L) format 

6 6 0, 1, lA, 
2 12 6 lB,lD, 
4 8 2 2,2A 
8 16 2 
4 16 4 0, lA, lC, 
8 16 2 3/3A 

[0090] The size of a search space is determined as shown in 
Table 2 above, and the start point of a search space differs 
depending on whether the search space is a common search 
space or a terminal-specific SRS. The start point of a common 
search space may be fixed regardless of sub-frames, but the 
start point of a terminal-specific SRS may be varied for each 
sub-frame depending on terminal identifiers (e.g., C-RNTI), 
CCE aggregation levels, and/or slot numbers in a radio frame. 
In case the start point of a VE-specific search space is within 
a common search space, the terminal-specific SRS and the 
common search space may overlap each other. 
[0091] A set of PDCCH candidates monitored by the ter­
minal may be defined with respect to a search space. In 
aggregation level 1, 2, 4, or 8, a search space S/Ll is defined 
as a set of PDCCH candidates. In a search space Sk CL), a CCE 
corresponding to PDCCH candidate m is given as in the 
following Equation 1: 

L·{(Yk+m')modlNccE,i/Ll}+i <Equation 1> 

[0092] Here, i=O, ... , L-1. In the case of a common search 
space, m'=m. In the case of a terminal-specific search space, 
if a CIF ( carrier indicator field) is set in the terminal, m'=m+ 
M(L).ncD where ncI is a preset CIF value, and otherwise, 
m'=m. Here, m=O, ... , MCL)_l, and MCL) is the number of 
PDCCH candidates for monitoring a given search space. 
[0093] In a common search space, Yk is set to O for two 
aggregation levels L=4 and L=8. In the terminal-specific SRS 
of aggregation level L, variable Y k is defined as in the 
following Equation 2: 

<Equation 2> 

[0094] Here, Y_ 1=nRNn"'O, A=39827, D=65537, k=ln)2J, 
A=39827, D=65537, k=ln/2J, nsis a slot number in the radio 
frame. 
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[0095] When the wireless device monitors a PDCCH based 
on a C-RNTI, the DCI format and search space to be moni­
tored are determined depending on transmission modes of the 
PDSCH. The following table represents an example of moni­
toring a C-RNTI-configured PDCCH. 

Transmis-
sion mode 

Mode 1 

Mode2 

Mode3 

Mode4 

Mode5 

Mode 6 

Mode7 

Mode 8 

[0096] 
follows: 

DCI format 

TABLE3 

DCI format Search space 

DCI format lA Common and 
DE-specific 

DCI format 1 DE-specific 
DCI format lA Common and 

DE-specific 
DCI format 1 DE-specific 
DCI format lA Common and 

DE-specific 
DCI format 2A DE-specific 

DCI format lA Common and 
DE-specific 

DCI format 2 DE-specific 

DCI format lA Common and 
DE-specific 

DCI format lD DE-specific 

DCI format lA Common and 
DE-specific 

DCI format lB DE-specific 

DCI format lA Common and 
DE-specific 

DCI format 1 DE-specific 
DCI format lA Common and 

DE-specific 

DCI format 2B DE-specific 

PDSCH transmission mode 
according to PDCCH 

Single-antenna port, port 0 

Single-antenna port, port 0 
Transmit diversity 

Transmit diversity 
Transmit diversity 

Cyclic Delay Diversity 
(CDD) or transmit diversity 
Transmit diversity 

Closed-loop spatial 
multiplexing 
Transmit diversity 

Multi-User Multiple 
Input Multiple Output 
(MU-MIMO) 
Transmission diversity 

Closed-loop spatial 
multiplexing 
If the number of PBCH 
transmission ports is 1, 
single antenna port, 
port 0, otherwise, 
transmission diversity 
Single antenna port, port 5 
If the number of PBCH 
transmission ports is 1, 
single antenna port, 
port 0, otherwise, 
transmission diversity 
Dual layer transmission 
(port 7 or 8), or a single 
antenna port, port 7 or 8 

The purposes of the DCI format are classified as 

TABLE4 

Contents 

DCI format O Used for PUSCH scheduling 
DCI format 1 Used for one PDSCH codeword scheduling 
DCI format lA Used for one PDSCH codeword compact scheduling and 

a random access procedure 
DCI format lB Used for one PDSCH codeword compact scheduling 

that has precoding information 
DCI format 1 C Used for very compact scheduling of one DSCH 

codeword 
DCI format lD Used for one PDSCH codeword compact scheduling 

that has precoding and power offset information 
DCI format 2 Used for PDSCH scheduling of the UEs that are 

configured in closed-loop spatial multiplexing mode 
DCI format 2A Used for PDSCH scheduling of the UEs that are 

configured in open-loop spatial multiplexing mode 
DCI format 3 Used for TPC command transmission of 

PUCCH that has 2 bit power adjustments and PUSCH 
DCI format 3A Used for TPC command transmission of 

PUCCH that has 1 bit power adjustment and and PUSCH 
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[0097] The DCI format and search space used may be var­
ied depending on the RNTis masked to the CRC used upon 
generation of the DCI. The following Table 5 represents the 
search spaces and DCI formats of control channels used when 
an SI-RNTI, P-RNTI, or RA-RNTI is masked to the CRC of 
a DCI. 

DC!format 
Search 
space 

TABLES 

PDSCH Transmission mode 
according to PDCCH 

DCI format 1 C Common If the number of PBCH transmission port 
is 1, single antenna port, port 0, otherwise, 
transmission diversity 

DCI format !A Common If the number of PBCH transmission port 
is 1, single antenna port, port 0, otherwise, 
transmission diversity 

[0098] The following Table 6 represents the search spaces 
and DCI formats of control channels used when an SPS-C­
RNTI is masked to the CRC of a DCI. 

TABLE6 

Transmis- PDSCH transmission mode 
sion mode DCI format Search space according to PDCCH 

Mode 1 DCI format !A Common and Single antenna port, port 0 
DE-specific 

DCI format 1 DE-specific Single antenna port, port 0 
Mode2 DCI format !A Common and Transmission diversity 

DE-specific 
DCI format 1 DE-specific Transmission diversity 

Mode3 DCI format !A Common and Transmission diversity 
DE-specific 

DCI format 2A DE-specific Transmission diversity 
Mode4 DCI format !A Common and Transmission diversity 

DE-specific 
DCI format 2 DE-specific Transmission diversity 

Mode5 DCI format !A Common and Transmission diversity 
DE-specific 

Mode 6 DCI format !A Common and Transmission diversity 
DE-specific 

Mode7 DCI format !A Common and Single antenna port, port 5 
DE-specific 

DCI format 1 DE-specific Single antenna port, port 5 
Mode 8 DCI format !A Common and Single antenna port, port 7 

DE-specific 
DCI format 2B DE-specific Single antenna port, port 7 

or 8 
Mode9 DCI format !A Common and Single antenna port, port 7 

DE-specific 
DCI format 2C DE-specific Single antenna port, port 7 

or 8 
Mode 10 DCI format !A Common and Single antenna port, port 7 

DE-specific 
DCI format 2D DE-specific Single antenna port, port 7 

or 8 

[0099] The following Table 7 represents the search spaces 
and DCI formats of control channels used when a temporary 
C-RNTI is masked to the CRC of a DCI. 

DCI format 

DCI format !A 

Search 
space 

TABLE 7 

Common and 
DE-specific 

PDSCH transmission mode 
according to PDCCH 

If the number of PBCH 
transmission port is 1, 
single antenna port, 
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TABLE 7-continued 

DCI format 

DCI format 1 

Search 
space 

DE-specific 

PDSCH transmission mode 
according to PDCCH 

port 0, otherwise, 
transmission diversity 
If the number of PBCH 
transmission port is 1, 
single antenna port, 
port 0, otherwise, 
transmission diversity 

[0100] FIG. 8 illustrates a downlink sub-frame allocated 
with a control channel and a 3GPP LTE reference signal. 
[0101] The downlink sub-frame may be divided into a con­
trol region and a data region. For example, the control region 
( or PDCCH region) of the downlink sub-frame includes three 
first OFDM symbols, and the data region where a PDSCH is 
transmitted includes the remaining three OFDM symbols. 
[0102] A PCFICH, a PRICH, and/or a PDCCH are trans­
mitted in the control region. 
[0103] The PRICH (physical HARQ ACK/NACK indica­
tor channel) may transmit HARQ (hybrid automatic retrans­
mission request) information in response to uplink transmis­
s10n. 
[0104] The PCFICH (physical control format indicator 
channel) may transmit information on the number of OFDM 
symbols allocated to the PDCCH. For example, the PCFICH 
CFI (control format indicator) may indicate three OFDM 
symbols. The region except the resource where the PCFICH 
and/or PRICH are transmitted in the control region is a 
PDCCH region where the terminal monitors the PDCCH. 
[0105] Other various reference signals may be transmitted 
in the sub-frame. 
[0106] A CRS ( cell-specific reference signal) is a reference 
signal that may be received by all the terminals in a cell, and 
the CRS may be transmitted over an entire downlink fre­
quency band. As shown in FIG. 6, 'RO' indicates an RE where 
a CRS for a first antenna port is transmitted, 'Rl' an RE where 
a CRS for a second antenna port is transmitted, 'R2' an RE 
where a CRS for a third antenna port is transmitted, and 'R3' 
an RE where a CRS for a fourth antenna port is transmitted. 
[0107] An RS sequence r1 n (m) for a CRS is defined as 
follows: ' ' 

<Equation 3> 

[0108] Here, m=0, 1, ... , 2NR/=.DL_l, is the maximum 
number ofRBs, ns is a slot number in the radio frame, and 1 
is an OFDM symbol index in a slot. 
[0109] Pseudo-random sequence c(i) is defined by a gold 
sequence whose length is 31 as follows: 

c(n)~(x1(n+Nc)+Xo(n+Nc))mod 2 

x2 (n+31 )~(xo(n+3)+x2 (n+2)+x2 (n+ l)+xo(n))mod 2 <Equation 4> 

[0110] Here, Nc=l,600, and the first m-sequence is initial­
ized as xl(0)=l, xl(n)=0, m=l, 2, ... , 30. The second 
m-sequence is initialized as c,n,,=(ln)2J+1)·(2Nmcell+l) 
·216+nRNTiatthe start of eachOFDM symbol. Nmcell is a PCI 
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(physical cell identifier) of the cell. For the normal CP, 
Ncp=l, and for the extended CP, Ncp=0. 

[0111] Further, a URS (VE-specific reference signal) may 
be transmitted in the sub-frame. While a CRS is transmitted in 
an overall sub-frame, a URS is transmitted in the data region 
of a sub-frame. The URS is a reference signal used for 
demodulating a PDSCH. In FIG. 7, 'RS' refers to an RE where 
a URS is transmitted.ADM-RS is a reference signal used for 
demodulating ePDCCH data. 
[0112] PDSCH data corresponding to a URS may be trans­
mitted in a resource-mapped RB. In FIG. 7 RS's are marked 
off the region where PDSCH data is transmitted in order to 
indicate the positions ofREs to which the URSs are mapped. 
[0113] A URS may be a reference signal demodulated only 
by a specific terminal. An RS sequence for URSs, rl,ns (m) is 
the same as Equation 3. In this case, m=0, 1, ... , l2NEBPD_ 
scH-1, and N EBPnscH is the number of RBs used for trans­
mission of a corresponding PDSCH. In case a URS is trans­
mitted through a single antenna, a pseudo random sequence 
generator is initialized as c,n,,=(ln)2J+1)·(2Nmcell+1)·216+ 
nRNTI at the start of each sub-frame. nRNTI is an identifier of 
the wireless device. 
[0114] The above-described initialization method is for the 
cases where a URS is transmitted through a single antenna. 
When a URS is transmitted through multiple antennas, the 
pseudo random sequence generator is initialized as c,n,,=(l n) 
2J+1)·(2Nmcell+1)·216+nscm at the start of each sub-frame. 
nscm is a parameter obtained from a DL grant (e.g., DCI 
format 2B or 2C) related to PDSCH transmission. 
[0115] A URS supports MIMO (Multiple Input Multiple 
Output) transmission. An RS sequence for a URS may be 
spread in the following spread sequence depending on 
antenna ports or layers. 

Layer 

2 
3 
4 
5 
6 
7 
8 

TABLES 

[w(O) w(l) w(2) w(3)] 

[+1 +1 +1 +1] 
[+1 -1 +1 -1] 
[+1 +1 +1 +1] 
[+1 -1 +1 -1] 
[+1 +1 -1 -1] 
[-1 -1 +1 +1] 
[+1 -1 -1 +1] 
[-1 +1 +1 -1] 

[ 0116] A layer may be defined as an information path input 
to a precoder. A rank may be the number of non-zero eigen­
values of an MIMO channel matrix, and the rank is the same 
as the number of layers or spatial streams. A layer may cor­
respond to a spread sequence that applies to a URS and/or an 
antenna port for distinguishing URSs. 
[0117] Meanwhile, a PDCCH is monitored in a limited 
region, e.g., control region, of a sub-frame, and demodulation 
of a PDCCH uses a CRS that is transmitted in an overall band. 
Diversified control data types and increased control data 
reduce the flexibility in scheduling using the PDCCHs alone. 
To address this issue and to reduce overhead that occurs due 
to transmission of CRSs, ePDCCHs ( enhanced PDCCHs) 
have been adopted. 
[0118] FIG. 9 illustrates an exemplary sub-frame having an 
ePDCCH. 

[0119] A sub-frame may include zero or one PDCCH 
region 910 and zero or more ePDCCH regions 920 and 930. 
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[0120] The ePDCCH regions 920 and 930 are regions 
where the terminal monitors ePDCCHs. The PDCCH region 
810 is positioned at first three or up to first four OFDM 
symbols in a sub-frame, and the ePDCCH regions 920 and 
930 may be flexibly scheduled at OFDM symbols behind the 
PDCCH region 910. 
[0121] One or more ePDCCH regions 920 and 930 may be 
designated in the terminal, and the terminal may monitor 
ePDCCH data in the designated ePDCCH regions 920 and 
930. 
[0122] The number/position/size of the ePDCCH regions 
920 and 930, and/or information regarding a sub-frame to 
monitor the ePDCCHs may be informed by the base station to 
the terminal through, e.g., an RRC (radio resource control) 
message. 
[0123] In the PDCCH region 910, the PDCCH may be 
demodulated based on a CRS. In the ePDCCH regions 920 
and 930, a DM-RS, not a CRS, may be defined for demodu­
lation of the ePDCCHs. The D M-RS may be transmitted in its 
corresponding ePDCCH region 920 and 930. 
[0124] An RS sequence for the DM-RS is the same as 
shown in Equation 3. In this case, m=0, 1, ... , l2NRB maxJYL_ 

1, and N RB maxJYL is the maximum number of RBs. The 
pseudo-random sequence generator may be initialized as 
c,n,,=(ln)2J+l)·(2Nm/PDCCH+l)·216+nscmEPDCCH at the 
start of each sub-frame. ns is a slot number in the radio frame, 
nm /PDCCH is a cell index related to a corresponding ePD­
CCH region, and nscm EPDCCH is a parameter given from a 
higher layer signaling. 
[0125] Each ePDCCH region 920 and 930 may be used in 
scheduling for different cells. For example, the ePDCCH in 
the ePDCCH region 920 may carry scheduling information 
for a primary cell, and the ePDCCH in the ePDCCH region 
930 may carry scheduling information for a secondary cell. 
[0126] When the ePDCCHs in the ePDCCH regions 920 
and 930 are transmitted through multiple antennas, the DM­
RSs in the ePDCCH regions 920 and 930 may be subjected to 
the same precoding as the ePDCCHs. 
[0127] As compared with PDCCHs that adopt CCEs as 
their units for transmission, ePDCCHs use ECCEs (En­
hanced Control Channel Elements) as their units for trans­
m1ss10n. 
[0128] Aggregation levels may be defined in units of 
resources to monitor ePDCCHs. For example, assuming that 
one ECCE is a minimum resource for an ePDCCH, aggrega­
tion levels L={ 1, 2, 4, 8, 16} may be defined. Also in the 
ePDCCH regions, search spaces may be defined. The termi­
nal may monitor ePDCCH candidates based on aggregation 
levels. 
[0129] FIG. 10 is a concept view illustrating carrier aggre­
gation. 
[0130] FIG. l0(A) illustrates a single CC (component car­
rier). One CC may be a 20 MHz uplink frequency band 1000 
and downlink frequency band 1020. FIG. lO(B) illustrates 
multiple CCs. The multiple CCs may be a 60 MHz uplink 
frequency band 940 and downlink frequency band 1060 that 
is obtained by aggregating, e.g., 20 MHz uplink frequency 
bands and downlink frequency bands. 
[0131] The base station may conduct aggregation, and the 
base station may transmit data to the terminal through a 
plurality of downlink CCs. The base station may perform 
downlink transmission using N downlink CCs. In this case, if 
the terminal may receive downlink data only through M (Mis 
a natural number equal to or smaller than N) downlink CCs, 
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the terminal may receive only downlink data transmitted 
through the M downlink CCs from the base station. 
[0132] Additionally, the base station may configure a fre­
quency bandwidth corresponding to L (L is a natural number 
equal to or smaller than M and N) downlink CCs as its main 
CC and the base station may operate the main CC. The ter­
minal may first monitor and receive the data transmitted from 
the base station through the main CC. In case carrier aggre­
gation is conducted, CCs may be classified depending on 
cells. 
[0133] In case carrier aggregation is fulfilled using CCs of 
a P-cell (primary cell) and an S-cell (secondary cell), among 
the carriers used for downlink and uplink, carriers corre­
sponding to the CCs of the P-cell are referred to as PCCs 
(primary cell component carriers), and carriers correspond­
ing to the CCs of the S-cell are referred to as SC Cs ( secondary 
component carriers). 
[0134] FIG. 11 is a concept view illustrating a P-cell and an 
S-cell. 
[0135] Referring to FIG. 11, the base station may conduct 
carrier aggregation based on PCCs of a P-cell 1100 and SCCs 
of one or more S-cells 1120. In case there are two or more 
cells, the base station may determine one of them as the P-cell 
1100 and the rest as the S-cells 1120. The base station may 
aggregate the CCs of the determined P-cell 1100 and S-cells 
1120, and the base station may transmit data to the terminal 
using the aggregated frequency bandwidth. The terminal may 
transmit data to the base station using the aggregated fre­
quency bandwidth. FIG. 11 illustrates an exemplary scenario 
of deployment of a P-cell 1100 and S-cells 1120, where the 
coverage of data transmission based on the PCCs of the P-cell 
1100 is larger than the coverage of data transmission based on 
the SCCs of the S-cell 1120. 
[0136] The terminal may perform RRC (radio resource 
control) connection through the PCCs of the P-cell 1100. 
Further, the terminal may attempt random access to the base 
station through a PRACH (physical random access channel) 
based on a signal signaled through the PCCs. In other words, 
the terminal may conduct an initial connection establishment 
or connection re-establishment process to the base station 
through the PCCs in the carrier aggregation environment. 
[0137] The SCCs of the S-cell 1120 may be used to provide 
additional radio resources. In order to perform carrier aggre­
gation of adding SCCs to PCCs, the terminal should fulfil a 
neighbor cell measurement of obtaining information regard­
ing neighbor cells. Based on the neighbor cell measurement 
performed by the terminal, the base station may determine 
whether to aggregate the SCCs to the PCCs. For example, the 
P-cell may transmit a legacy sub-frame through a PCC, and 
the S-cells may transmit, through SCCs, NCT sub-frames to 
be described below. The legacy sub-frame may have a sub­
frame format as defined in 3GPP LTE-A release 11 or its 
precedents or the legacy sub-frame may be a sub-frame used 
to distinguish from the NCT sub-frame newly defined in 
3GPP LTE-A release 12. 
[0138] The base station may transmit PDCCH data to the 
terminal through a PCC. The PDCCH data may contain allo­
cation information for the PDSCH data transmitted through a 
downlink PCC band and SCC band and information regard­
ing grant of uplink data transmission. 
[0139] The P-cell 1100 and the S-cell 1120 may perform 
carrier aggregation through a configuration and activation 
operation, and the cells 1100 and 1200 may communicate 
data through the aggregated frequency band. 
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[0140] FIG. 12 is a concept view illustrating a method of 
transmitting data from a plurality of transmission points to a 
terminal based on CoMP (coordinated multi-point). 

[0141] Referring to FIG. 12, traffic data and control data 
may be transmitted from multiple transmission points to the 
terminal based on CoMP. The multiple transmission points 
may generate data that is to be transmitted to the terminal in 
the cell, based on the same or different cell IDs. The multiple 
transmission points may also be denoted multiple serving 
cells or cells. CoMP enables data transmission and reception 
based on different serving cells. 

[0142] In the illustrated method, transmission point 11210 
and transmission point 2 1220 transmit data to the terminal 
using JT (joint transmission) among the Co MP techniques. In 
case the multiple transmission points 1210 and 1220 transmit 
data using the JT technique, the same data may be simulta­
neously transmitted from the different transmission points 
1210 and 1220 to the terminal 1200. The terminal 1200 may 
receive the data from the different transmission points 1210 
and 1220, and the terminal 1200 may demodulate the received 
data. 

[0143] Transmission point 3 1230 and transmission point 4 
1240 may transmit data to the terminal 1250 using DPS 
(dynamic point selection) among the CoMP techniques. 

[0144] By DPS, the terminal may dynamically select one 
with a relatively better channel of the different transmission 
points 1230 and 1240, and the terminal may receive data. For 
example, in case the third transmission point 1230 transmits 
ePDCCH data to the terminal 1250 at a first time, the second 
transmission point 1240 may transmit ePDCCH data to the 
terminal 1250 at a second time. 

[0145] FIG. 13 illustrates an example of transmission of a 
synchronization signal and PBCH data in a legacy sub-frame 
when using FDD (frequency division duplex as a duplexing 
scheme. 

[0146] A PBCH (physical broadcast channel) 1300 is trans­
mitted in first four OFDM symbols of the second slot 1350-2 
in the first sub-frame (sub-frame indexed0) 1350 of the radio 
frame. The PBCH 1300 carries system information necessary 
for the wireless device to communicate with the base station, 
and the system information carried through the PBCH 13 00 is 
denoted an MIB (master information block). In comparison, 
the system information transmitted over a PDSCH, as indi­
cated by a PDCCH, is denoted an SIB (system information 
block). 

[0147] Among the OFDM symbols allocated to the first 
slots 1350-1 and 1370-1 of the first sub-frame (sub-frame 
index 0, 1350) and the sixth sub-frame (sub-frame index 5, 
1370), the seventh OFDM symbols (OFDM symbols index 6) 
may contain PSSs (Primary Synchronization Signals, 1320 
and 1325). The PSSs 1320 and 1325 may be used to achieve 
OFDM symbol sync or slot sync. Further, Information on 
physical cell IDs may be obtained through the PSSs 1320 and 
1325. A PSC (primary synchronization code) is a sequence 
for generating the PSSs 1320 and 1325. In 3GPP systems, a 
plurality of PSCs may be defined to generate PSSs. The base 
station generates the PSSs 1320 and 1325 using one of three 
PSCs depending on cell IDs. The terminal may receive the 
PSSs 1320 and 1325, and the terminal may obtain informa­
tion on a cell ID based on the PSC. 

[0148] Among the OFDM symbols allocated to the first 
slots 1350-1 and 1370-1 of the first sub-frame (sub-frame 
index 0, 1350) and the sixth sub-frame (sub-frame index 5, 
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1370), the sixth OFDM symbols (OFDM symbols index 5) 
may contain SSSs (Secondary Synchronization Signals, 1310 
and 1315). 

[0149] The first SSS 1310 may be transmitted through the 
sixth OFDM symbol of the first slot 1350-1 in the first sub­
frame 1350, and the second SSS 1325 may be transmitted 
through the sixth OFDM symbol of the first slot 1370-1 in the 
sixth sub-frame 1370. The SSSs 1310 and 1315 may be used 
to achieve frame sync. The SSSs 1310 and 1315, together 
with the PSSs 1320 and 1325, are used to obtain information 
on a cell ID. 

[0150] The first SSS 1310 and the secondSSS 1315 maybe 
generated using different SSCs (Secondary Synchronization 
Codes). Assuming that the first SSS 1310 and the second SSS 
1315 each include 31 sub-carriers, two SSC sequences each 
having a length of 31 are used for the first SSS 1310 and the 
second SSS 1315, respectively. 

[0151] As viewed in the frequency domain, the PBCH 
1300, the PSSs 1320 and 1325, and the SSSs 1310 and 1315 
are transmitted in a frequency bandwidth corresponding to 
six RBs with respect to the center frequency of the sub-frame. 

[0152] A new format of sub-frame may be defined and used 
in new LTE-A releases. The newly defined sub-frame may be 
defined as an NCT sub-frame (new carrier sub-frame). The 
NCT sub-frame may be specifically defined as follows. 

[0153] In the existing LTE release 8/9/10 systems, control 
channels, such as CRSs, PSSs/SSSs, PDCCHs, and PBCHs, 
reference signals, and synchronization signals may be trans­
mitted through downlink carriers. The sub-frames defining 
such control channels, reference signals, and synchronization 
signals may be referred to as legacy sub-frames. In post-LTE 
release 8/9/10 systems, some of the channels or signals that 
used to be sent in existing legacy sub-frames might not be 
subjected to transmission in order for reduced interference 
between a plurality of cells and better carrier extendibility. 
Such sub-frames may be defined as extension carrier sub­
frames or NCT sub-frames. For example, the NCT sub­
frames might not contain reference signal information and/or 
control channels such as PDCCH data and CRSs. For 
example, in case an NCT sub-frame contains no PDCCH, 
control information may be transmitted through an EPD­
CCH. A PDSCH of an NCT sub-frame may be allocated 
based on the EPDCCH included in the NCT sub-frame. 

[0154] For example, assume that a legacy sub-frame and an 
NCT sub-frame both are transmitted from multiple transmis­
sion points (TPs) based on Co MP. In such case, the PDCCH 
included in the legacy sub-frame may also contain the infor­
mation regarding allocation of a PDSCH that is transmitted 
through the NCT sub-frame. The NCT sub-frame may trans­
mit downlink control information such as a DCI through the 
EPDCCH. Since no CRS is transmitted in the NCT sub­
frame, the DCI may be demodulated based on a reference 
signal such as a DM-RS. One sub-frame that has undergone 
configuration of an NCT sub-frame and a legacy sub-frame in 
the TDM (time division multiplexing) scheme may also be 
referred to as an NCT sub-frame. For example, in case a 
sub-frame includes a slot generated through channel and sig­
nal configuration of an NCT sub-frame and another slot gen­
erated through channel and signal configuration of a legacy 
sub-frame, the sub-frame may be denoted an NCT sub-frame. 
Further, an NCT sub-frame and a legacy sub-frame may be 
transmitted in one frame that is temporally divided in the 
TDM scheme. For example, a frame transmitted in one cell 
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may contain both an NCT sub-frame and a legacy sub-frame, 
and such frame may be called an NCT frame as well. 

[0155] Assuming a P-cell transmitting data based on a 
legacy sub-frame and an S-cell transmitting data using an 
NCT sub-frame, data may be transmitted to the terminal 
based on the P-cell and the S-cell. In other words, the NCT 
sub-frame may be a sub-frame transmitted in an SCC that is a 
frequency band allocated to an S-cell. When transmitting data 
to the terminal based on the P-cell and the S-cell, the base 
station may inform the S-cell of the position of the OFDM 
symbol where the PDSCH starts in the legacy sub-frame 
through higher layer signaling. The parameter indicating the 
position of the OFDM symbol where the PDSCH starts in the 
legacy sub-frame is denoted Idatastart parameter. The Idatastart 

parameter may have a value in a range from 1 to 4. 

[0156] The NCT frame may include ten NCT sub-frames. 
The NCT frame may transmit a reference signal for perform­
ing time/frequency tracking through specific sub-frames 
only, not all the sub-frames therein. The reference signal for 
performing time/frequency tracking, included and transmit­
ted in the NCT sub-frame, may be referred to as a TRS 
(tracking reference signal). Instead of the term "TRS," the 
term "eSS ( enhanced synchronization signal)" or "reduced 
CRS" may be used to denote the reference signal for perform­
ing time/frequency tracking, which is transmitted over the 
NCT sub-frame. The TRS may be transmitted in specific 
sub-frames (e.g., sub-frame O and sub-frame 5) of one NCT 
frame. The TRS may be a reference signal defined to be 
transmitted in a specific RE of a specific RB in an NCT 
sub-frame. 

[0157] The TRS-configured RE in the NCT sub-frame may 
be transmitted without mapped with PDSCH data. That is, in 
the NCT sub-frame, data rate matching for PDSCH data may 
be conducted considering the TRS-configured RE. Another 
NCT sub-frame may be a sub-frame of a type in which a 
TRS-configured RE has been punctured. 

[0158] An antenna port for transmitting a TRS may be 
defined as antenna port x. In case the base station transmits the 
TRS based on antenna port x, the base station might not map 
PDSCH or ePDCCH data to the RE corresponding to antenna 
port X. 

[0159] An initial value of a pseudo-random sequence used 
for generating a TRS may be determined based on c,n,,=2 10

· 

(7·(ns+l)+l+l). (2·Nmcell+1)+2·Nmcell+Ncp• Here, ns may 
be a slot number, 1 may be an OFDM symbol number, Nm cell 
is a cell identifier, and Ncp is a CP length. NCP may have 
different values depending on CP types. 
[0160] v-shift may be used as a parameter to reduce inter­
cell interference. v-shift may be used as a parameter to adjust 
the position of the RE mapped with a TRS. For example, 
v-shift may be determined based on vshifi=Nmcell mod 6. 
v-shift may be a fixed value, e.g., 0. 

[0161] FIG. 14 is a concept view illustrating transmission 
of a CSI-RS and a CSI feedback measured by a terminal. 

[0162] Referring to FIG. 14, the terminal 1410 may feed 
back to the base station 1400 channel information produced 
based on a CSI-RS transmitted from the base station 1400 
using parameters such as an RI (rank index), a PMI (precod­
ing matrix index), or a CQI (channel quality indicator). The 
parameters indicating channel information, such as an RI, a 
PMI, or a CQI, may be denoted CSI (channel state informa­
tion) feedback information. Each type ofCSI feedback infor­
mation may play a role as follows: 
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[0163] (1) RI (rank index) may contain information on a 
transmission rank. In other words, information on the number 
of layers used for downlink transmission may be provided to 
the base station based on the RI. 
[0164] (2) PMI (precoding matrix index) may contain 
information on a precoding matrix used for downlink trans­
m1ss10n. 
[0165] (3) CQI (channel-quality indication) may contain 
information on an MCS (modulation and coding scheme). 
[0166] The terminal 1410 may report information on the 
downlink channel state by transmitting the RI, PMI, CQI or 
other information indicating the channel state, as the feed­
back information for the CSI-RS transmitted from the base 
station 1400. 
[0167] The CRS is also a reference signal that may be used 
for the terminal to obtain downlink channel state information. 
Accordingly, the CRS may overlap, in role, the CSI-RS. The 
CSI-RS may be used to supplement the CRS, an existing 
reference signal. As the number of transmit antennas 
increases, the CSI-RS may be used to determine better the 
channel state information than the existing reference signal, 
CRS. The existing CRS density was set high in order to enable 
channel measurement in the very quickly varying channel 
environment. Accordingly, the CRS operates as a high over­
head. In contrast, the CSI-RS is a reference signal used only 
to obtain CSI, and thus, the CSI-RS has low time-frequency 
density. Accordingly, the CSI-RS has a lower overhead than 
the CRS. Therefore, as a new type ofreference signal, rather 
than extensions to the existing reference signal, CRS, the 
CS I-RS having low time-frequency density and low overhead 
may be defined and used. 
[0168] One cell or base station may include one, two, four, 
or eight CSI-RSs for each resource block pair, and may trans­
mit the same to the terminal. A CSI-RS configuration is a 
deployment of CSI-RSs in a resource grind, and there may be 
different CS I-RS configurations depending on the number of 
CSI-RSs used in one cell. 
[0169] FIG. 15 is a concept view illustrating a downlink 
transport channel processing method. 
[0170] FIG. 15 illustrates an operation in which a transport 
block is transmitted via a transport channel to a physical layer. 
[0171] An LTE physical layer interfaces with its higher 
layer, an MAC layer, by way of a transport channel. In the 
case of single antenna transmission, there is a dynamically­
sized transport blockperTTI (transmission time interval). For 
example, in the case of multi-antenna transmission, there may 
be multiple ( e.g., two) dynamically-sized transport blocks per 
TTL 
[0172] FIG. 15 illustrates a processing procedure for DL­
SCH transmission in conducting an LTE downlink transmis­
sion process. The second processing procedure correspond­
ing to the second transport block is provided only in the case 
of downlink spatial multiplexing. In the case of spatial mul­
tiplexing, two different-size transport blocks may be typically 
combined with each other through antenna mapping. The 
LTE downlink transport channel processing method illus­
trated in FIG. 15 is now described. 
[0173] (1) Insertion of CRC Per Transport Block 
[0174] At the first step of the transport channel processing, 
a 24-bit CRC may be computed and the same may be added to 
each transport block. Errors in the decoded transport blocks 
may be detected at the reception end through the CRC. For 
example, a downlink HARQ protocol may be used to inform 
the detected errors and to request re-transmission. 
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[0175] (2) Segmentation of Code Block and Insertion of 
CRC Per Code Block 
[0176] The interleaver in the LTE turbo code may be 
restricted as per size, and the same may be defined only for a 
limited size of code blocks having a specific bit in the maxi­
mum block size. In case the size of the CRC-added transport 
block is more than the maximum code block size, code block 
segmentation may be conducted before turbo coding is con­
ducted. The code block segmentation refers to dividing the 
transport block into smaller code blocks that fit the code block 
size defined in the turbo code. 
[0177] (3) Turbo Coding 
[0178] In LTE systems, the WCDMA/HSPA turbo encoder 
internal interleaver has been replaced with QPP ( quadrature 
permutation polynomial)-based interleaving. Contrary to the 
WCDMA/HSPA turbo code interleaver, the QPP-based inter­
leaver is a maximally contention-free interleaver, and thus, 
the QPP-based interleaver may enable simple parallelization 
of a decoding process without collision even when different 
parallel processes approach the interleaver memory. 
[0179] ( 4) Rate Matching and Physical Layer HARQ Func­
tion. 
[0180] Rate matching and physical layer HARQ are for 
correct selection of bits to be transmitted within a given TTI 
from the blocks of the code bits transferred from the channel 
encoder. The outputs from the turbo encoder ( systematic bits, 
first parity bits, and second parity bits) each may be first 
subjected to interleaving. The interleaved bits may enter the 
circular buffer. The bit selection block extracts as many con­
secutive bits as the allocated resources from the circular 
buffer. 
[0181] (5) Per-Bit Scrambling 
[0182] LTE downlink scrambling refers to multiplying the 
blocks of code bits that have undergone the rate matching and 
HARQ by a per-bit scrambling sequence. In LTE systems, 
downlink scrambling may apply to code bits of each transport 
channel. 
[0183] (6) Data Modulation 
[0184] Downlink data modulation denotes a process of 
transforming scrambled bits into corresponding complex 
modulated symbols. The LTE downlink supports the follow­
ing modulation schemes: QPSK, 16QAM, and 64 QAM. 
According to an embodiment of the disclosure, an example in 
which 256 QAM is also supported as an additional modula­
tion scheme is described. In the modulation schemes, QPSK, 
16QAM, and 64QAM respectively may correspond to two 
bits per symbol, four bits per symbol, and six bits per symbol. 
Different modulation schemes may be put in use depending 
on transport channels. 
[0185] (7) Antenna Mapping 
[0186] Typically, antenna mapping simultaneously pro­
cesses modulation symbols corresponding to two transport 
blocks and maps the processed results to different antenna 
ports. 
[0187] (8) Resource Block Mapping 
[0188] Resource block mapping maps symbols to be trans­
mitted through respective antenna ports to resource elements 
of resource blocks allocated to transport blocks transmitted to 
the terminal by an MAC scheduler. 
[0189] Some resource elements in the resource blocks may 
be pre-occupied by other antenna port or control region, and 
such resource elements cannot be put in use. 
[0190] The base station may use a downlink control chan­
nel ( e.g., a PDCCH or ePDCCH) in order to transfer a data 
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block size to the terminal. The information on the data block 
size transmitted through the PDSCH may be transmitted 
based on the resource allocation information and MCS, infor­
mation related to modulation and coding rate. The MCS field 
may carry MCS information to the terminal based on, e.g., 
five bits. Resource allocation may be conducted from 1 RB to 
110 RBs. In case the five bits of the MCS field all are in use in 
order to transmit MCS information without use ofMIMO, 32 
types of MCS information may be transmitted based on the 
five bits. In such case, a data block size corresponding to 
32xl 10 may be signaled. However, among the 32 types of 
MCS information, three types of MCS information are used 
to indicate a change of modulation scheme when re-transmis­
sion is conducted, and signaling may be actually done for a 
data block size corresponding to 29x110. A data block may 
mean a transport block. 

[0191] LTE systems may support modulation schemes such 
as QPSK, 16QAM, and 64QAM. At the switching point 
where a change of modulation scheme occurs, the same data 
block size may be indicated if the same resource allocation 
was received. This is for efficiently performing an operation 
in various channel environments. In order to indicate an 
actual data block size, IMCS, which is the MCS-related infor­
mation transmitted through a downlink control channel, may 
be mapped to ITBS, which is other variable to indicate the 
data block size. The following Table 9 shows the relation 
between IMCS and ITBS. 

TABLE9 

MCS Index Modulation TBS Index 
IMCS Order Qm ITBS 

0 2 0 
2 

2 2 2 

ITBS 

0 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 
14 
15 

16 
17 

18 
19 
20 

21 
22 

23 
24 
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TABLE 9-continued 

MCS Index Modulation TBS Index 

IMCS Order Qm ITBS 

3 2 3 
4 2 4 
5 2 5 
6 2 6 
7 2 7 
8 2 8 
9 2 9 

10 4 9 
11 4 10 
12 4 11 
13 4 12 
14 4 13 
15 4 14 
16 4 15 
17 6 15 
18 6 16 
19 6 17 
20 6 18 
21 6 19 
22 6 20 
23 6 21 
24 6 22 
25 6 23 
26 6 24 
27 6 25 
28 6 26 
29 2 reserved 
30 4 
31 6 

[0192] The transport block size transmitted on downlink 
may be determined by a combination of the resource alloca­
tion and the MCS field transmitted through a downlink con­
trol channel. The following Tables 10 and 11 show the trans­
port block sizes under the relation between IMCS to ITBS as 
shown in Table 8 above for resource allocation from 1 RB to 
10 RBs and for resource allocation from 101 RBs to 110 RBs. 

TABLE 10 

N 

2 3 4 5 6 7 8 9 10 

16 32 56 88 120 152 176 208 224 256 
24 56 88 144 176 208 224 256 328 344 
32 72 144 176 208 256 296 328 376 424 
40 104 176 208 256 328 392 440 504 568 
56 120 208 256 328 408 488 552 632 696 
72 144 224 328 424 504 600 680 776 872 

328 176 256 392 504 600 712 808 936 1032 
104 224 328 472 584 712 840 968 1096 1224 
120 256 392 536 680 808 968 1096 1256 1384 
136 296 456 616 776 936 1096 1256 1416 1544 
144 328 504 680 872 1032 1224 1384 1544 1736 

176 376 584 776 1000 1192 1384 1608 1800 2024 
208 440 680 904 1128 1352 1608 1800 2024 2280 

224 488 744 1000 1256 1544 1800 2024 2280 2536 
256 552 840 1128 1416 1736 1992 2280 2600 2856 
280 600 904 1224 1544 1800 2152 2472 2728 3112 

328 632 968 1288 1608 1928 2280 2600 2984 3240 
336 696 1064 1416 1800 2152 2536 2856 3240 3624 

376 776 1160 1544 1992 2344 2792 3112 3624 4008 
408 840 1288 1736 2152 2600 2984 3496 3880 4264 
440 904 1384 1864 2344 2792 3240 3752 4136 4584 

488 1000 1480 1992 2472 2984 3496 4008 4584 4968 
520 1064 1608 2152 2664 3240 3752 4264 4776 5352 

552 1128 1736 2280 2856 3496 4008 4584 5160 5736 
584 1192 1800 2408 2984 3624 4264 4968 5544 5992 
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TABLE 10-continued 

N 

2 4 7 9 10 

25 616 1256 1864 2536 3112 3752 4392 5160 5736 6200 
26 712 1480 2216 2984 3752 4392 5160 5992 6712 7480 

TABLE 11 

N 

lms 101 102 103 104 105 106 107 

0 2792 2856 2856 2856 2984 2984 2984 
3752 3752 3752 3752 3880 3880 3880 

2 4584 4584 4584 4584 4776 4776 4776 
3 5992 5992 5992 5992 6200 6200 6200 
4 7224 7224 7480 7480 7480 7480 7736 
5 8760 9144 9144 9144 9144 9528 9528 
6 10680 10680 10680 10680 11064 11064 11064 
7 12216 12576 12576 12576 12960 12960 12960 
8 14112 14112 14688 14688 14688 14688 15264 
9 15840 16416 16416 16416 16416 16992 16992 

10 17568 18336 18336 18336 18336 18336 19080 
11 20616 20616 20616 21384 21384 21384 21384 
12 22920 23688 23688 23688 23688 24496 24496 
13 26416 26416 26416 26416 27376 27376 27376 
14 29296 29296 29296 29296 30576 30576 30576 
15 30576 31704 31704 31704 31704 32856 32856 
16 32856 32856 34008 34008 34008 34008 35160 
17 36696 36696 36696 37888 37888 37888 39232 
18 40576 40576 40576 40576 42368 42368 42368 
19 43816 43816 43816 45352 45352 45352 46888 
20 46888 46888 48936 48936 48936 48936 48936 
21 51024 51024 51024 52752 52752 52752 52752 
22 55056 55056 55056 57336 57336 57336 57336 
23 57336 59256 59256 59256 59256 61664 61664 
24 61664 61664 63776 63776 63776 63776 66592 
25 63776 63776 66592 66592 66592 66592 68808 
26 75376 75376 75376 75376 75376 75376 75376 

[0193] For post LTE-A systems, it is considered to config­
ure low-cost/low-spec terminals that are primarily targeted 
for data communications such as meter reading, water level 
measurement, utilization of surveillance camera, and stock 
reporting of vending machines. Hereinafter, according to an 
embodiment of the disclosure, such terminals may be termed 
MTC (Machine Type Communication) terminals for ease of 
description. The MTC terminals show low transmission data 
traffic, and data communication of such terminals on uplink 
and downlink is infrequent. Accordingly, the MTC terminals 
are required to come up with reduced costs and battery con­
sumption to comply with low data transmission rates. In 
conducting channel prediction, the conventional channel 
measurement and channel measurement reporting methods 
might not be effective to MTC terminals with intermittent 
data traffic. 

[0194] Further, such sporadic data communication charac­
teristic ofMTC terminals puts the terminals in such control­
lable situation where once data transmission or reception is 
conducted, the terminals may switch to sleep mode and go on 
their operation. Accordingly, performing one high-reliability 
transmission process rather than multiple transmission/re­
ception processes based on ACK/NACK processes may be 
more effective to MTC terminals. MTC terminals tend to be 
installed in coverage-limiting areas, such as inside base­
ments, rooms, or buildings. Accordingly, for high-reliability 

108 109 110 

2984 2984 3112 
4008 4008 4008 
4776 4968 4968 
6200 6456 6456 
7736 7736 7992 
9528 9528 9528 

11448 11448 11448 
12960 13536 13536 
15264 15264 15264 
16992 16992 17568 
19080 19080 19080 
22152 22152 22152 
24496 24496 25456 
27376 28336 28336 
30576 31704 31704 
32856 34008 34008 
35160 35160 35160 
39232 39232 39232 
42368 43816 43816 
46888 46888 46888 
51024 51024 51024 
55056 55056 55056 
59256 59256 59256 
61664 61664 63776 
66592 66592 66592 
68808 68808 71112 
75376 75376 75376 

transmission, MTC terminals are in need of increased down­
link/uplink transmission coverage. 
[0195] Now described is a method for performing reliable 
transmission without the need of an HARQ process while 
increasing uplink/downlink transmission coverage of an 
MTC terminal, according to an embodiment of the disclosure. 
For ease of description, the term "terminal" as used herein­
after may include both typical legacy terminal and MTC 
terminal. 
[0196] FIG. 16 is a concept view illustrating a dynamic 
uplink charmel ( control charmel and data channel) repetition 
method according to an embodiment of the disclosure. 
[0197] FIG. 16 illustrates a method of a terminal perform­
ing dynamic repetitive transmission of uplink data while con­
ducting no HARQ process with a base station. 
[0198] The terminal's repetitive uplink transmission may 
be useful for delay-sensitive applications such as VoIP (Voice 
over Internet Protocol). Various traffic patterns may be pro­
vided depending on terminals. For example, a certain termi­
nal may have an intermittent traffic pattern. Further, some 
specific terminals may have different sensitivities to delay 
that occurs upon data communication. In data communica­
tion between the base station and the terminal, an HARQ 
process-based re-transmission method and a repetitive trans­
mission-based re-transmission method may come in use. The 
HARQ process-based re-transmission method, as compared 



US 2015/0195069 Al 

with the repet1t1ve transmission-based re-transm1ss10n 
method, is effective in light of time diversity or frequency 
diversity. Accordingly, in case the data communicated 
between the terminal and the base station is insensitive to 
delay, the HARQ process-based re-transmission method may 
be more effective than the repetitive transmission-based re­
transmission method. 
[0199] In case the terminal is sensitive to delay, use of the 
HARQ process-based re-transmission method may create a 
latency to successfully complete the transmission. Accord­
ingly, the HARQ process may be ineffective to delay sensitive 
terminals. Further, when the repetitive transmission method 
is put in use, the terminal may immediately switch to sleep 
mode without waiting for an additional response after trans­
mitting data, thus reducing energy consumption. In light of 
such data communication characteristics and energy con­
sumption, the repetitive transmission-based re-transmission 
method may be more appropriate for some terminals per­
forming data re-transmission than the HARQ process. 
[0200] Now described is a method for adaptively changing 
repetitive transmission counts depending on channel states 
when a terminal conducts repetitive transmission. For 
instance, the base station may dynamically signal a repetition 
count necessary for the MTC terminal to transmit data 
through an uplink grant. The terminal may repetitively trans­
mit the same data to the base station based on the received 
repetition count. Such method is illustrated in FIG. 16. 
[0201] Referring to FIG. 16, the first terminal 1610 and the 
second terminal 1620 may repetitively transmit the same data 
based on the repetition count received through an uplink grant 
from the base station 1600. Different redundant versions 
where the same data is transmitted may apply to enhance 
decoding performance. 
[0202] Assuming FDD is in use for a duplexing scheme, 
when receiving an uplink grant at an nth sub-frame, the ter­
minals may transmit redundant PUSCHs at an n+4th sub­
frame to an n+4+(r-l)th sub-frame. r may be a redundant 
value indicating a repetitive transmission count. 
[0203] For example, in case r is 2 such as for the first 
terminal 1610, the first terminal 1610 receives an uplink grant 
at an nth sub-frame in FDD, and the first terminal 1610 may 
transmit two redundant PUSCHs at an n+4th sub-frame and 
an n+5th sub-frame. The repetitive transmission of the base 
station may occur depending on the redundant value. In case 
r is 4 such as for the second terminal 1620, the second termi­
nal 1620 receives an uplink grant at an n+2th sub-frame in 
FDD, and the second terminal 1620 may transmit four redun­
dant PUSCHs at an n+6th sub-frame through an n+9th sub­
frame. 
[0204] Assuming TDD is in use for a duplexing scheme, 
when receiving an uplink grant at an nth sub-frame, the ter­
minals may transmit redundant PUSCHs at an n+kth sub­
frame to an n+k+(r-l)th sub-frame. Here, r is a redundant 
value, and k is a variable that may be determined according to 
frame configurations (UL/DL sub-frame configurations) in 
TDD in order for the terminal to perform uplink transmission. 
[0205] The redundant value 'r' may be included in an 
uplink grant DCI transmitted from the base station and may 
be transmitted to the terminal Assuming that DCI format O is 
used for uplink grant, a new field may be added or an existing 
field may be used in order to transmit the redundant value 'r,' 
which is included in the DCI format, to the terminal Now 
described is a method of transmitting 'r,' which is used for 
uplink grant, from the base station. 
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[0206] (1) Method of transmitting a redundant value using 
a carrier indicator. 
[0207] Some specific terminals, such as MTC terminals, 
might not support carrier aggregation. Accordingly, a CIF 
may be used to indicator the redundant value, 'r.' A CIF is a 
field used to allow for application of cross scheduling by 
which the PDCCH of one CC ( component carrier) may trans­
mit data information of other CC. For example, assuming that 
the CIF included in an uplink grant is used to indicate a 
redundant value, the terminal may obtain the redundant value 
based on the uplink grant information. 
[0208] (2) Method of transmitting a redundant value using 
a portion of an MCS field. 
[0209] In the method of using a portion of an MCS field, the 
MCS index used by the terminal is constrained, so that the 
remaining bits of the MCS field may be used to transmit a 
redundant value. 
[0210] For example, a specific MTC terminal may support, 
as its modulation method, only BPSK, but not re-transmis­
sion. Such terminal may use only MCS indexes correspond­
ing to BPSK, and thus, the MCS indexes may be assumed to 
be always 0. In such case, the five bits for MCS index may be 
all used for the redundant value. Further, for example, a 
specific MTC terminal may support, as its modulation 
method, only QPSK. In this case, MCS indexes Oto 9 whose 
modulation order is 2 may be used. In such case, the number 
of MCS indexes usable by the terminal may be limited to 
eight, so that three bits only may be put in use. As such, only 
three bits among the five bits for MCS index are put in use, 
thus ending up leaving two bits. The two remaining bits may 
be used for redundant values. The redundant values indicated 
with the two bits may be shown as in the following Table 12. 

Field in Format 0 

0 

2 
3 

TABLE 12 

Redundancy value r 

2 
4 
8 

[0211] In case the number of MCS indexes are limited to 
eight, among ten candidates, eight may be selected, and the 
terminal may use IMCS=O through IMCS=7 as MCS indexes. 
[0212] In order to use such method, a set of MCS indexes 
(the size of the set is eight or sixteen) may be selected by the 
base station to reduce the number of MCS fields with DCI 
format 0. The base station may RRC signal the selected MCS 
index use information to the MTC terminal. 
[0213] For example, the base station may determine the 
MCS indexes {O, 1, 2, 3, 10, 11, 29, 30} among the MCS 
indexes as eight MCS indexes that may be used by the termi­
nal. The base station may map information on the determined 
MCS index and the MCS field of DCI format and the base 
station may transmit the same to the terminal through RRC 
signaling. 
[0214] (3) Method of transmitting a redundant value using 
a combination of NDI (new data indicator), TPC (transmit 
power control), and CSI (channel state information) request 
fields. 
[0215] NDI field (one bit): uses only repetitive transmis­
sion as its re-transmission method, but not the HARQ pro­
cess. Therefore, the NDI may be used to represent a redundant 
value. 
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[0216] TPC field (two bits): assuming that the terminal is 
intermittently in a wakeup state and that transmission is ini­
tiated by random access, power is set by a random access 
process. Accordingly, there may be no need to immediately 
perform power control on the PUSCH transmitted from the 
terminal. Therefore, a redundant value may be transmitted 
based on the TPC field used for conducting power control of 
the PUSCH for the terminal. 
[0217] CSI request field (one bit): assuming that the termi­
nal enters into sleep mode after transmission of the PUSCH, 
the base station might not need to separately transmit the CSI 
request field to the terminal through the DCI format. Accord­
ingly, the bit used as the CSI request field may be used to 
transmit a redundant value. 
[0218] The overall four bits indicating the NDI field, the 
TPC field, and the CSI request field may be used as redundant 
values, or three bits, a combination of the NDI field and the 
TPC field or a combination of the TPC field and the CSI 
request field, may be used as redundant values, or the CSI 
request field ( one bit) may be used as a redundant value. That 
is, various combinations of the NDI field, the TPC field, and 
the CSI request field may be used to indicate redundant val­
ues. 
[0219] For example, in case one bit is used as redundant 
values, the bit may be mapped to redundant values as shown 
in Table 13. 

Field in Format 0 

0 

TABLE 13 

Redundancy value r 

2 
4 

[0220] As another example, in case two bits are used as 
redundant values, the two bits and the redundant values may 
be mapped to each other as shown in Table 12. 
[0221] Various methods for configuring uplink resources 
used for repetitive transmission may come in use. For 
example, similar to TTI bundling, an uplink resource for 
repetitive transmission may be granted through one DCI 
transmitted from the base station to the terminal. In other 
words, the uplink resource used for repetitive transmission 
may be granted through one DCI. The uplink resource used 
for repetitive transmission may be subjected to frequency 
hopping. Frequency hopping between uplink resources may 
be conducted in one sub-frame or between sub-frames. 
[0222] According to an embodiment of the disclosure, a 
redundant value related to the ACK/NACK repetition count 
transmitted from the terminal may be adaptively determined. 
The ACK/NACK repetition count transmitted from the termi­
nal may be dynamically determined through PDCCH DCI for 
scheduling a PDSCH. Various methods may be used to trans­
mit the redundant value related to the ACK/NACK repetition 
count. For example, as described above, a specific bit(s) of the 
MCS field, and in case the HARQ process is not in use, the 
field used in the HARQ process may be used, or a new field 
may be added. Further, since the TPC field might not be used 
for PUCCH, the TPC field may also be used to represent the 
ACK/NACK repetition count. 
[0223] A method of determining a repetitive transmission 
count used for uplink transmission may apply to downlink 
data channels ( e.g., PDSCH). Further, the technique of deter­
mining the repetitive transmission count may apply to down­
link control channels such as PDCCH or EPDCCH. In such 
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case, the redundant value 'r' for repeating a downlink control 
channel such as PDCCH or EPDCCH may be fixed (e.g., 
r=4), or the redundant value may be set by the terminal 
through an RRC message, or the redundant value may be 
broadcast to the terminal through an SIB. 
[0224] Now described is a method of conducting repetitive 
transmission in order not to increase a count ofblind decoding 
carried out by the terminal in case (E)PDCCHs are repeti­
tively transmitted in multiple downlink sub-frames. Among 
the repetitively transmitted (E)PDCCHs, the first (E)PDCCH 
is defined as first (E)PDCCH, and the remaining (E)PDCCHs 
are defined as repetitive (E)PDCCHs. 
[0225] FIG.17 is a concept view illustrating a configuration 
of a control channel upon downlink channel ( control channel 
and data channel) repetitive transmission according to an 
embodiment of the disclosure. 
[0226] FIG. 17 illustrates a method of configuring the 
aggregation level of the repetitive (E)PDCCHs to be the same 
as the CCE aggregation level of the first (E)PDCCH. 
[0227] In case the repetitive EPDCCHs are transmitted in 
other sub-frames than the sub-frame where the first EPDCCH 
is transmitted, the redundant ( or repetitive) EPDCCHs may 
be allocated to the same EPDCCH candidate set as the EPD­
CCH candidate set where the first EPDCCH is transmitted. If 
the terminal receives two EPDCCH candidate sets so that the 
redundant EPDCCHs and the first EPDCCH in one sub-frame 
at the same time, the EPDCCH candidate set of the redundant 
EPDCCHs and the EPDCCH candidate set of the first EPD­
CCH may differ from each other. In such case, the first EPD­
CCH and the redundant EPDCCHs may be transmitted in one 
sub-frame. Upon designation ofEPDCCH candidate sets, the 
terminal may be designated for whether the designated EPD­
CCH candidate set is for the redundant EPDCCHs or for the 
first EPDCCH. Further, the terminal may determine that the 
EPDCCH candidate set indicated with the redundant EPD­
CCHs may be identical to the EPDCCH candidate set indi­
cated with the first EPDCCH in allocation type information 
(distributed type or localized type). As another example, in 
case the allocation type information differs between the EPD­
CCH candidate sets, although the terminal has been desig­
nated to be able to use the redundant EPDCCHs, the terminal 
may determine that the redundant EPDCCHs are not trans­
mitted in the EPDCCH candidate set. 
[0228] By configuring the CCE aggregation level of the 
redundant EPDCCHs to be the same as the CCE aggregation 
level of the first EPDCCH, although the redundant EPDCCHs 
are transmitted over several sub-frames, the EPDCCH candi­
date set to be monitored by the terminal might not be 
increased. For example, it may be assumed that the redundant 
value is 3 and that the first EPDCCH and the redundant 
EPDCCHs are transmitted in an nth sub-frame 1740 to an 
n+2th sub-frame 1760. It may be assumed that the terminal 
has received an EPDCCH 1740 whose CCE aggregation level 
is, e.g., 4, in the nth sub-frame 1740. In such case, the terminal 
may determine that the EPDCCHs 1710 and 1720 having the 
same CCE aggregation level 4 are transmitted in the n+lth 
sub-frame 1750 and then+2thsub-frame 1760 for performing 
redundant transmission on the EPDCCH. Use of such method 
enables the terminal to conduct blind decoding on the redun­
dant EPDCCHs without unnecessarily performing aggrega­
tion on other CCE aggregation levels. Further, by configuring 
the CCE candidate m value of the redundant EPDCCHs to be 
the same as the CCE candidate m value of the first EPDCCH, 
the terminal may keep the blind decoding count for the redun-
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dant EPDCCHs identical to the existing value regardless of 
redundant control channels without unnecessarily conduct­
ing aggregation on other m values. 

[0229] Further, each terminal, in the case of being previ­
ously allocated or not allocated with an aggregation level 
and/or CCE candidate m value to be used for the redundant 
control channel, may aggregate up to 44 candidates as shown 
in Table 2 and may perform decoding. When allocated, the 
number of candidates may be reduced. The terminal, in the 
case of not being separately designated for an aggregation 
level and/ or CCE candidate m value, may determine an aggre­
gation level based on the allocated RNTI. For example, the 
terminal may determine an aggregation level based on a pre­
determined equation (e.g., RNTI % 4). For example, in case 
RNTI % 4 is 0, 1, 2, and 3, the terminal may determine the 
aggregation level as 1, 2, 4, and 8, respectively. Or the termi­
nal may associate the CCE candidate m value with the RNTI 
in a similar way or also associate the start CCE index or 
resource position with the RNTI to thereby determine an 
aggregation level and/or CCE candidate m value without 
separate designation. 

[0230] The proposed disclosure may be applicable to the 
VE-specific search space and common search space in similar 
ways. Further, the CCE candidate m values, aggregation lev­
els, CCE indexes, or separate resources may be designated to 
be different between the VE-specific search space and the 
common search space. Further, in case multiple EPDCCH 
candidate sets have been configured, it may be assumed that 
redundant EPDCCHs come in the same EPDCCH candidate 
set. 

[ 0231] FIG. 18 is a concept view illustrating a configuration 
of a control channel upon downlink repetition transmission 
according to an embodiment of the disclosure. 

[0232] As shown in FIG. 18, resource allocation for the 
DCI transmitted in the redundant (E)PDCCHs and the DCI 
transmitted in the first (E)PDCCH may be previously deter­
mined. 

[0233] The terminal may decode the DCis by performing 
blind decoding on a plurality of DCI candidates ( or (E)PD­
CCH candidates). According to an embodiment of the disclo­
sure, resource allocation for the DCI transmitted in the redun­
dant (E)PDCCHs and the DCI transmitted in the first 
(E)PDCCH may be previously determined. The resources 
allocated to the first EPDCCH and the redundant EPDCCHs 
may be transmitted in the system information block (SIB) and 
may be designated by the terminal Or, specific resources of a 
few resources may be designated as resources to transmit the 
first EPDCCH and the redundant EPDCCHs based on the 
RNTI designated to the terminal Or, the resources allocated to 
the first EPDCCH and the redundant EPDCCHs may be var­
ied depending on the index of the sub-frame, and a varying 
pattern may be previously designated. 

[0234] In other words, the terminal may obtain the infor­
mation (e.g., resource designation information and CCE 
index) on the resources transmitting the EPDCCH and redun­
dant EPDCCHs based on the designated or preset informa­
tion. Further, the resources allocated to the first EPDCCH and 
the redundant EPDCCHs may be readjusted based on a higher 
layer signal. Until before receiving a signal indicating that 
resource allocation has been readjusted, the terminal may 
decode the first (E)PDCCH and redundant (E)PDCCHs based 
on the CCE index or resource allocation determined by, e.g., 
its RNTI and/or sub-frame index. In case the resource allo-
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cation is readjusted, the first (E)PDCCH and the redundant 
(E)PDCCHs may be decoded based on the readjusted 
resource allocation. 

[0235] The terminal may index DCI candidates performing 
blind decoding according to the resource allocation on the 
downlink control channel. The DCI candidate indexes may be 
values from O to M to indicate the DCI candidates, and the 
same DCI candidate index may be a DCI allocated to the same 
resource position. In such case, the DCI candidate index 
transmitted in the first (E)PDCCH and the DCI candidate 
index transmitted in the redundant (E)PDCCHs may have the 
same index value. 

[0236] Referring to FIG. 18, for example, DCI may be 
repetitively transmitted on the downlink control channel of 
four sub-frames (nth sub-frame 1840, n+ 1th sub-frame 1850, 
n+2th sub-frame 1860, and n+3th sub-frame 1870) starting 
from the nth sub-frame 1840. According to an embodiment of 
the disclosure, in case the terminal conducts blind decoding 
on (E)PDCCHs, the DCI transmitted in the first (E)PDCCH 
1800 and the DCI transmitted in the redundant (E)PDCCHs 
1810, 1820, and 1830 may have the same resource allocation. 
For example, in case the DCI transmitted in the first (E)PD­
CCH 1800 is transmitted at the position of the first DCI 
candidate index (index 1), the DCI transmitted in the redun­
dant (E)PDCCHs 1810, 1820, and 1830 may also be trans­
mitted at the position of the same first DCI candidate index 
(index 1). Use of such method may reduce the number of 
times of blind decoding the redundant (E)PDCCHs 1810, 
1820, and 1830. In another method, predetermined DCI can­
didate indexes, although they are not the same DCI candidate 
index, may be used for the first (E)PDCCH 1800 and the 
redundant (E)PDCCHs 1810, 1820, and 1830. Use of such 
method may prevent a drastic increase in the number of times 
of blind decoding performed by the terminal. 

[0237] Further, a set of DCI candidate indexes used for 
repetitive transmission of (E)PDCCHs may be predeter­
mined, fixed, signaled from a higher layer to the terminal, or 
broadcast to the terminal through an SIB. 

[0238] FIG.19 is a concept view illustrating a configuration 
of a control channel upon downlink repetition transmission 
according to an embodiment of the disclosure. 

[0239] FIG. 19 illustrates a method of positioning a first 
(E)PDCCH 1900 and redundant (E)PDCCHs 1910 and 1920 
at the same CCE in a plurality of sub-frames. For example, a 
specific resource region ( e.g., CCEs 0-7) may be used for the 
first (E)PDCCH 1900 and the redundant (E)PDCCHs 1910 
and 1920 repetitively transmitted. The terminal may perform 
blind decoding in the specific CCE region to transmit the first 
(E)PDCCH 1900 and the redundant (E)PDCCHs 1910 and 
1920 while conducting blind decoding in the other region, 
thus increasing the efficiency of blind decoding. 

[0240] Referring to FIG. 19, in case 3 is used as a redundant 
value, the first EPDCCH 1900, the first redundant EPDCCH 
1910, and the second redundant EPDCCH 1920 may be trans­
mitted through the nth sub-frame 1940 to the n+2th sub-frame 
1960. The first EPDCCH 1900, the first redundant EPDCCH 
1910, and the second redundant EPDCCH 1920 may be trans­
mitted only in a predetermined CCE region, and the terminal 
may conduct blind decoding only on the predetermined CCE 
region to receive the first EPDCCH 1900, the first redundant 
EPDCCH 1910, and the second redundant EPDCCH 1920. 

[0241] According to an embodiment of the disclosure, 
when configuring the control channel upon downlink repeti-
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tive transmission, the transmission may be carried out, with [0246] Blind decoding may be conducted based on CCE 
the CCE aggregation level limited to a specific level. aggregation level 4 2040 and CCE aggregation level 8 also in 
[0242] FIG. 20 is a concept view illustrating a method of the n+lth sub-frame 2010, so that the redundant EPDCCH 
configuring a control channel upon downlink repetition trans- 2080-1 of CCE aggregation level 8 may be received. 
mission according to an embodiment of the disclosure. [0247] The € PDCCH repetitive transmission techniques 
[0243] As shown in FIG. 20, (E)PDCCHs may be repeti- described above in connection with FIGS. 17 to 20 may apply 
tively transmitted with the CCE aggregation level limited. For in units of (E)PDCCH sets. The (E)PDCCH set may be a set 
example, the repetitive transmission of (E)PDCCHs may be of a plurality of (E)PDCCHs. The (E)PDCCHs included in 
applied to the maximum CCE aggregation level or may be the same (E)PDCCH set in a plurality of sub-frames may be 
conducted using a predetermined one or more CCE aggrega- bundled. One or more rules of those described above in con-
tion levels only. The CCE aggregation level available for nection with FIGS. 17 to 20 may be additively applied to the 
repetitive transmission of (E)PDCCHs may be fixed, trans- (E)PDCCHs included in the (E)PDCCH set. The information 
mitted to the terminal through RRC signaling, or broadcast to (e.g., CCE aggregation level, DCI candidate index) for per-
the terminal through an SIB. forming the EPDCCH repetitive transmission techniques 
[0244] Referring to FIG. 20, blind decoding on (E)PD- described above in connection with FIGS. 17 to 20 may be 
CCHs repetitively transmitted may be conducted using only transmitted to the terminal through a higher layer or the base 
CCE aggregation level 4 2040 and CCE aggregation level 8 station or may be a predetermined value. 
2080. [0248] According to an embodiment of the disclosure, the 
[0245] Assuming that redundant level is 2, blind decoding code rate may be reduced so that the PRB transmits a trans-
may be conducted based on CCE aggregation level 4 2040 port block with a size smaller than 16. 16 is the minimum TBS 
and CCE aggregation level 82080 in the nth sub-frame 2000, (transport block size) currently adopted in LTE systems. For 
so that the first EPDCCH 2040-1 may be received at the CCE example, in case NPRB is 1 as shown in the following Table 
of CCE aggregation level 4. 14, an eight-bit TBS may be transmitted. 

TABLE 14 

NPRB 

ITBS 2 3 4 5 6 7 8 9 10 

Q §_ 1.§_ n. 22. §_§_ 120 152 176 208 224 

16 32 56 88 120 152 176 208 224 256 

2 24 56 88 144 176 208 224 256 328 344 

3 32 72 144 176 208 256 296 328 376 424 

4 40 104 176 208 256 328 392 440 504 568 

5 56 120 208 256 328 408 488 552 632 696 

6 72 144 224 328 424 504 600 680 776 872 

7 328 176 256 392 504 600 712 808 936 1032 

8 104 224 328 472 584 712 840 968 1096 1224 

9 120 256 392 536 680 808 968 1096 1256 1384 

10 136 296 456 616 776 936 1096 1256 1416 1544 

11 144 328 504 680 872 1032 1224 1384 1544 1736 

12 176 376 584 776 1000 1192 1384 1608 1800 2024 

13 208 440 680 904 1128 1352 1608 1800 2024 2280 

14 224 488 744 1000 1256 1544 1800 2024 2280 2536 

15 256 552 840 1128 1416 1736 1992 2280 2600 2856 

16 280 600 904 1224 1544 1800 2152 2472 2728 3112 

17 328 632 968 1288 1608 1928 2280 2600 2984 3240 

18 336 696 1064 1416 1800 2152 2536 2856 3240 3624 

19 376 776 1160 1544 1992 2344 2792 3112 3624 4008 

20 408 840 1288 1736 2152 2600 2984 3496 3880 4264 

21 440 904 1384 1864 2344 2792 3240 3752 4136 4584 

22 488 1000 1480 1992 2472 2984 3496 4008 4584 4968 

23 520 1064 1608 2152 2664 3240 3752 4264 4776 5352 

24 552 1128 1736 2280 2856 3496 4008 4584 5160 5736 

25 584 1192 1800 2408 2984 3624 4264 4968 5544 5992 

26 616 1256 1864 2536 3112 3752 4392 5160 5736 6200 

TH MlIB 22-fti 29&4 3-'r5z "892- 5-tffi 599z 6-9-H- -'MS& 
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[0249] Another method for reducing the transport block 
size per PRB is to use scaling factors. For example, in case the 
terminal is an MTC terminal, 'c' (e.g., 0.5) may be used as 
scaling factor to determine the transport block size as follows: 

[0250] (1) The terminal may first receive the five-bit modu­
lation and coding method field (IMCS) included in the DCI in 
order to determine the transport block size and modulation 
order of data transmitted through the PDSCH. 

108 
109 
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block. It may be possible to vary the start index and the last 
index of the TBS mapping table from ITBS=0 to ITBS=26. 
[0263] For example, the TBS mapping table may be deter­
mined by TBS_New_Table(i, j)=TBS_Original_Table(i 
%110, j-ll0+i). Here, i is a row index, andj is a column 
index. i=0 to 219, and j=0 to 109(NPRB=l to 110). TBS_ 
Original_TablemaybeTable7.1.7.2.l-1 setforthin3GPPTS 
36.213, section 7.1.7.2.1. The following table 15 shows anew 
TBS mapping table determined by the above method. 

TABLE 15 

N 

2 4 

16 

7 

120 
152 

152 
176 

9 10 

176 208 
208 224 

110 24 56 

16 
32 
88 

32 
56 

144 
176 
208 

56 
88 

176 
208 
256 

88 
120 
208 
256 
328 

224 256 328 344 
111 32 72 144 

176 
296 328 376 424 

112 40 104 392 440 504 568 

[0251] (2) Next, in case the terminal's DCI CRC 1s 
scrambled with P-RNTI, RA-RNTI, or SI-RNTI, 
[0252] 1) DCI Format IA 
[0253] The transport block size may be determined by set­
ting, to NlA/PRB, the NPRB, a column component in Table 
7.1.7.2.1-1 set forth in 3GPP TS 36.213 "Evolved Universal 
Terrestrial Radio Access (E-UTRA); Physical layer proce­
dures," section 7.1.7.2.1 Transport blocks not mapped to two 
or more layer spatial multiplexing. 

[0254] NlA/PRB may be calculated based on 3GPP TS 
36.212: "Evolved Universal Terrestrial Radio Access 
(E-UTRA); Multiplexing and channel coding," section 5.3.3. 
1.3. NlA/PRB may be information on the number of PRBs 
allocated to DCI format IA. 

[0255] 2) DCI Format IC 

[0256] The transport block size may be determined using 
Table 7.1.7.2.3-1 set forth in 3GPP TS 36.213 "Evolved Uni­
versal Terrestrial Radio Access (E-UTRA); Physical layer 
procedures," section 7.1.7.2.3 Transport blocks mapped for 
DCI Format 1. 

[0257] (3) In case the terminal's DCI CRC is not scrambled 
with P-RNTI, RA-RNTI, or SI-RNTI, 

[0258] N 'PRB is set to the total number of PRBs allocated 
based on the procedure defined in 3GPP TS 36.213 Section 
7 .1.6 "resource allocation." 

[0259] In case the transport block is transmitted through the 
DwPTS of the special sub-frame in frame structure type 2, the 
column indicator in Table 7.1.7.2.1-1 may be set to 
NPRB=max{lNPRB'x0.75J, 1}. 
[0260] In case the transport block is not transmitted through 
the DwPTS of the special sub-frame in frame structure type 2, 
the column indicator in Table 7.1.7.2.1-1 may be set to 
NPRB=max{lNPRB'xcJ,l}. Here, c is 0.5. 'c' is VE-specific 
and may be set previously or semi-statically through RRC 
signaling. 

[0261] Another method is to determine the transport block 
size through RRC signaling. The code rate may be reduced 
depending on characteristics of data transmitted from the 
terminal, so that the transport block size smaller than 16 may 
be transmitted in the PRB. 

[0262] The reference TBS calculation table may be 
extended to semi-statically adjust the code rate for transport 

[0264] Referring to Fig. Table 15, in case the row index is 
'0' and NPRB is not 110 in the TBS mapping table, there is no 
identified TBS. In such case, the TBS may be assumed to be 
16. 
[0265] The base station may signal the terminal for the first 
index and the last index used by the terminal in the TBS 
mapping table. Or, an index set mapped to MCS values may 
be signaled to the terminal. 
[0266] For example, a total of thirteen MCS values may be 
assumed to be allocated to the MTS terminal. In this case, the 
overall 16 MCS values are set through four bits ofDCI format 
0, and the three MCS values may be used for re-transmission. 
[0267] Thirteen MCS values and the corresponding TBS 
index (ITBS) values may be set in the terminal through RRC 
signaling. For example, thirteen MCS values and TBS 
indexes {100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 
150, 160} may be mapped and used to calculate the transport 
block size. 
[0268] Such method of configuring different types of map­
ping between the MCSs and the TBS indexes may apply to 
channels and signals transmitted through downlink channels. 
The terminal may determine the transport block size based on 
different TBS mapping tables for the common search space 
and the VE-specific search space in order to the cell-specific 
broadcast data. 
[0269] Further, according to an embodiment of the disclo­
sure, the MCS for data transmitted from the terminal or the 
base station may be limited. Typically, in case BPSK is used 
as modulation scheme, even when the channel is not in good 
condition, the same bit error rate may be obtained as com­
pared with when QPSK is used as modulation scheme. In 
other words, the coverage obtained when BPSK is used as 
modulation scheme may be larger than the coverage obtained 
when QPSK is used as modulation scheme. Accordingly, 
according to an embodiment of the disclosure, the terminal's 
coverage may be broaden by limiting the terminal's modula­
tion scheme to BPSK. Use of such method may simplify the 
structure of the terminal. 
[0270] Assuming that the terminal supports only BPSK, the 
MCS indexes 11 to 28 shown in Table 9 are MCS indexes for 
other modulation scheme than BPSK, and thus, they might 
not be necessary for the terminal. In such case, for example, 
the four bits of the MCS field in the DCI format may be used 
to generate a new MCS table used when the terminal trans-
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mits the PUSCH. The following Table 16 shows modulation 
of PUSCH for MTC terminal, TBS indexes, and redundant 
vers10ns. 

TABLE 16 

Redundancy 
MCS Index Modulation Order TBS Index Version 

IMCS Q'm ITBS rvidx 

0 2 0 0 
2 0 

2 2 2 0 
3 2 3 0 
4 2 4 0 
5 2 5 0 
6 2 6 0 
7 2 7 0 
8 2 8 0 
9 2 9 0 

10 2 10 0 
11 reserved 
12 
13 reserved 
14 2 
15 3 

[0271] In Table 16, the redundancy version is used upon 
re-transmission, and other redundancy versions of transport 
blocks may be transmitted for each re-transmission in the 
same transport block, thus increasing error restoration effi­
ciency.Use of such method may change the DCI format MCS 
field from five bits to four bits. The remaining one bit may be 
reserved. The base station may adaptively select an MCS 
depending on whether the terminal receiving the downlink 
data uses a specific modulation scheme (e.g., BPSK) and the 
base station may transmit the same to the terminal through a 
control channel. 
[0272] Further, according to an embodiment of the disclo­
sure, the terminal may allocate a multiple of the number of 
RBs necessary for performing PUSCH data transmission and 
transmit uplink data to the base station, thus increasing fre­
quency diversity. 
[0273] For example, it may be assumed that the terminal 
may need a resource of 2RB in order to transmit PUSCH data. 
According to an embodiment of the disclosure, in such case, 
the base station may allocate an uplink resource correspond­
ing to e*2RB to the terminal e is a scaling factor for scaling 
the uplink resource allocated from the base station to the 
terminal. For example, in case e=3, the base station may 
allocate an uplink resource of 6RB to the terminal. The ter­
minal may use the uplink resource (PUSCH resource) allo­
cated by the base station to transmit the PUSCH in the fol­
lowing way: 
[0274] (1) Rate matching: The rate matching method may 
repetitively map the PUSCH data to the overall uplink 
resource allocated by the base station based on the scaling 
factor and transmit the same. 
[0275] (2) TDM (time division multiplexing) between a 
plurality of terminals: 
[0276] FIG. 21 is a concept view illustrating a method of 
transmitting uplink data through TDM between a plurality of 
terminals according to an embodiment of the disclosure. 
[0277] Referring to FIG. 21, a plurality of terminals 2110, 
2120, 2130, and 2140 may conduct uplink transmission 
through the same PUSCH resource allocated by the base 
station in the TDM scheme. The plurality of terminals 2110, 
2120, 2130, and 2140 each may divide the allocated PUSCH 
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resource according to times, and the terminals 2110, 2120, 
2130, and 2140 may their respective uplink data based on the 
allocated resource. Each of the terminals 2110, 2120, 2130, 
and 2140 may need to receive information on the "start" and 
"end" of the OFDM symbol used for uplink transmission. 
[0278] Or, each of the terminals 2110, 2120, 2130, and 
2140 may determine the information on the "start" and "end" 
of the OFDM symbol based on the received parameter. For 
example, each of the terminals 2110, 2120, 2130, and 2140 
may use both 'e' and ndm_rs, a cyclic shift parameter of 
reference signal used for demodulating PUSCH in order to 
determine the start and end of the OFDM symbol. The cyclic 
shift parameter of reference signal may be transmitted by a 
higher layer or DCI. 
[0279] For example, it may be assumed that the number of 
OFDM symbols available by each of the terminals 2110, 
2120, 2130, and 2140 is set to 3 and that scaling factor e is 
preset to 4. Assuming that the terminal uses OFDM symbols 
i to j for uplink transmission, i and j may be determined as 
follows: i=ndm_rs ( cyclic shift of reference signal)xe, and 
j=ndm_rs*e+number of available OFDM symbols=!. 
[0280] (3) FDM between a plurality of terminals 
[0281] FIG. 22 is a concept view illustrating a method of 
transmitting uplink data through FDM between a plurality of 
terminals according to an embodiment of the disclosure. 
[0282] Referring to FIG. 22, a plurality of terminals 2210, 
2220, and 2230 may share the same PUSCH resource allo­
cated by the base station based on the FDM scheme. The 
plurality of terminals 2210, 2220, and 2230 sharing the 
PUSCH resource may be previously grouped by the base 
station. For example, it may be assumed that six RBs indexed 
0 to 5 have been allocated as the PUSCH resource for the three 
terminals (terminal 1 2210, terminal 2 2220, and terminal 3 
2230). The resource allocated to each terminal may be 2 RBs. 
In such case, 2 RBs may be allocated to each terminal, thus 
obtaining frequency diversity. The start RB through which 
each terminal transmits uplink data to perform multiplexing 
on the plurality of terminals may be determined based on 
different cyclic shifts of reference signals for demodulating 
the PUSCH. The hopping gap for performing frequency hop­
ping may be determined based on scaling factor 'e.' For 
example, the hopping gap may be determined to be ½*e 
based on the scaling factor so that frequency hopping is 
conducted every ½RBs. 
[0283] Use of such method enables allocation of uplink 
transmission resources granted by the base station to each 
terminal 2210, 2200, and 2230. Unless the present parameter 
can be used for estimating the information on the frequency 
resource allocation for each of the terminals 2210, 2220, and 
2230, the start index and end index for the available PUSCH 
resource may be indicated to the terminal. 
[0284] Each of the terminals 2210, 2220, and 2230 may 
position its PUSCH data at the overall PUSCH resource based 
on the start offset and frequency hopping gap ( e.g., e or ½*e 
depending on hopping granularities). The information on the 
start offset and frequency hopping gap may be transmitted to 
the terminals 2210, 2220, and 2230 by various methods. For 
example, the frequency hopping gap and hopping granularity 
may be transmitted to the terminals 2210, 2220, and 2230 
through higher layer signaling. The start offset and the num­
ber ofRBs allocated to each terminal may be transmitted from 
the base station to the terminal through an uplink grant and 
DCI (e.g., RIV (RBstart) and length of DCI format O (L 
CRBS)). 
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[0285] In order to effectively conduct FDM between the 
plurality of terminals, only a specific terminal ( e.g., an MTC 
terminal) may be scheduled in one sub-frame. That is, the 
specific sub-frame may be allocated only to the MTC termi­
nal, but not to legacy terminals. In another method, the legacy 
terminal and the specific terminal ( e.g., MTC terminal) do not 
share a frequency region, and the PUSCH region for the MTC 
terminal performing frequency hopping may be constrained 
in the sub-frame. As another method, the legacy terminal and 
the MTC terminal sharing the same PUSCH resource may 
conduct multiplexing based on the cyclic shift of the refer­
ence signal for demodulation of the PUSCH. 
[0286] FIG. 23 is a concept view illustrating a method of 
performing FDM between a plurality of terminals according 
to an embodiment of the disclosure. 
[0287] FIG. 23 illustrates an example in which the fre­
quency hopping gap e=3. The RB set allocated to each termi­
nal 2310, 2320, and 2330 may be {RB_RIV % PUSCH_RB_ 
NUM, RB_RIV +e % PUSCH_RB_NUM, ... RB_RIV +e* 
(LCRBs-1) % PUSCH_RB_NUM}. Here, PUSCH_RB_ 
NUM is the total number of RBs in the overall PUSCH 
resource region allocated by the base station, RB_RIV the 
start RB index of the overall PUSCH resource region allo­
cated by the base station, and L CRBS the length of DCI 
format 0. 
[0288] Now described is a method of allocating an uplink 
resource to an MTC terminal per base station. According to an 
embodiment of the disclosure, one base station may allocate 
all the uplink resources to one terminal as a method for 
enhancing the coverage of the terminal particularly posi­
tioned at a cell boundary. Use of such method may prevent a 
terminal transmitting data through an uplink channel from 
being interfered by other terminal (terminal served by the 
same base station or by a neighbor base station). Scheduling 
may address collision/interference between terminals. 
[ 0289] FIG. 24 is a concept view illustrating an FD M-based 
frequency allocation method according to an embodiment of 
the disclosure. 
[0290] FIG. 24 illustrates a frequency allocation method 
based on FDM to prevent inter-cell interference. 
[0291] Unlike the typical FDM ICIC (inter cell interference 
coordination), according to an embodiment of the disclosure, 
each base station may monitor path loss based on the uplink 
data received from the terminal Each serving base station may 
determine a set of neighbor base stations based on the path 
loss monitored by each base station. The term "neighbor base 
station" refers to a base station that may interfere with data 
transmission and reception between the terminal and the serv­
ing base station. 
[0292] For example, referring to FIG. 24, only the second 
base station 2420 that may interfere with the first terminal 
2400 may be a neighbor base station for the first terminal 
2400. Accordingly, the PUSCH region for the first terminal 
2400 may be set considering the first base station 2410 and the 
second base station 2420 except the third base station. 
[0293] The list of terminals served by each base station may 
be exchanged with the neighbor base station. The neighbor 
base station may overhear the uplink transmission (SRS, 
PRACH etc.) transmitted from the terminal served by other 
base station and may predict a path loss from the terminal 
served by the other base station. The list of terminals where a 
path loss predicted based on the value overheard by each base 
station is more than a predetermined threshold may be 
reported to the base station serving the terminals. The thresh-
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old used to determine the terminals to be reported based on 
the predicted path loss may be predetermined or varied semi­
statically. The terminal with a path loss more than the prede­
termined threshold may be a terminal present in a region 
where interference is caused by other base station. 
[0294] In case there are too many terminals served by the 
base station, the base station may select only a specific ter­
minal to identify the interference, overhear the uplink data 
transmitted from the selected terminal, and measure a path 
loss. In order to determine the terminal's path loss, the loca­
tion information on each terminal may also be used. Since 
low-spec terminals cannot sometimes support location infor­
mation, the uplink transmission data and/or signal, such as 
SRS and PRACH, transmitted from the terminal may be 
required for uplink sync and terminal monitoring. Accord­
ingly, uplink transmission may be put in use to measure 
interference to the terminal from the base station. 
[0295] The information on the interference measured by 
the neighbor base station ( e.g., path loss value) may be trans­
mitted to the serving base station, and the serving base station 
may schedule the uplink data transmitted from the terminal 
based on the received interference information. The serving 
base station may transmit the information on the PUSCH 
resource allocated to the terminal to the neighbor base station 
of the terminal. The neighbor base station may be a base 
station that may interfere with the terminal. 
[0296] Further, when receiving the information on the 
PUSCH resource region allocated to the terminal served by 
the neighbor base station, the serving base station cannot 
schedule the PUSCH or PUCCH allocated to the terminal 
served by the neighbor base station in order to avoid collision. 
Further, transmission resources may be configured based on 
TDM between the serving base station and the base station 
causing interference in the same resource, as well as based on 
FDM. 
[0297] In case interference to terminal at the cell boundary 
is at issue, for the terminal that is positioned close to the 
serving base station and is thus relatively less interfered, the 
PUSCH or PUCCH may be allocated to the same resource as 
the uplink resource allocated to the neighbor base station, and 
for the terminal that is positioned at the cell boundary and is 
thus relatively more interfered, the PUCCH and/or PUSCH 
may be scheduled based on the resource allocated to the 
serving base station. 
[0298] The above-described technique may be applicable 
not just to uplink channels but also to downlink channels such 
as control and data channels. For example, the serving base 
station may determine a downlink channel for transmitting 
downlink data to the terminal based on the interference infor­
mation calculated by the neighbor base station. The serving 
base station may conduct downlink channel allocation based 
on the downlink channel allocation information allocated by 
the neighbor base station to prevent interference to the termi­
nal that operates at the boundary, an interference region. 
[0299] FIG. 25 is a block diagram illustrating a wireless 
communication system according to an embodiment of the 
disclosure. 
[0300] Referring to FIG. 25, the base station 2500 includes 
a processor 2510, a memory 2520, and an RF (radio fre­
quency) unit 2530. The memory 2520 is connected with the 
processor 2510 and stores various types of information for 
driving the processor 2510. The RF unit 2520 is connected 
with the processor 2510 and communicates radio signals. The 
processor 2510 implements functions, processes, and/or 
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methods as proposed herein. In the above-described embodi­
ments, the operation of the base station may be implemented 
by the processor 2510. 
[0301] For example, the processor 2510 may transmit, to 
the terminal, a plurality of control channels including the 
same control data according to configurations. The processor 
may transmit information on a repetitive transmission count, 
redundant information, to the terminal. 
[0302] The wireless device 2550 includes a processor 2560, 
a memory 2570, and an RF (Radio Frequency) unit 2580. The 
memory 2570 is connected with the processor 2560 and 
stores various types of information for driving the processor 
2560. The RF unit 2580 is connected with the processor 2560 
and communicates radio signals. The processor 2560 imple­
ments functions, processes, and/or methods as proposed 
herein. In the above-described embodiments, the operation of 
the wireless device may be implemented by the processor 
2560. 
[0303] For example, the processor 2560 may be imple­
mented to receive redundant information of a first control 
channel from the base station, to receive a first sub-frame 
from the base station, to perform first blind decoding on the 
first sub-frame, and to monitor the first control channel. The 
redundant information may contain information on the num­
ber of times in which the base station repetitively transmits 
the first control channel. 
[0304] Further, the processor 2560 may be implemented to 
receive a second sub-frame from the base station, to perform 
second blind decoding on the second sub-frame based on the 
information obtained by performing the first blind decoding 
and the received redundant information, and to monitor the 
second control channel. Here, the data transmitted in the 
second control channel may include the same data as the data 
transmitted in the first control channel. 
[0305] The processor may include an ASIC (application­
specific integrated circuit), other chipset, a logic circuit, and/ 
or a data processing device. The memory may include a ROM 
(Read-Only Memory), a RAM (Random Access Memory), a 
flash memory, a memory card, a storage medium, and/ or other 
storage device. The RF unit may include a baseband circuit 
for processing radio signals. When an embodiment is imple­
mented in software, the above-described schemes may be 
embodied in modules (processes, or functions, etc.) perform­
ing the above-described functions. The modules may be 
stored in the memory and executed by the processor. The 
memory may be positioned in or outside the processor and 
may be connected with the processor via various well-known 
means. 
[0306] In the above-described example system, the meth­
ods are described based on the flowcharts with a series of 
steps or blocks, but the disclosure is not limited to the order of 
the steps, and rather, some steps may be performed simulta­
neously or in different order with other steps. It should be 
appreciated by one of ordinary skill in the art that the steps in 
the flowcharts do not exclude each other and that other steps 
may be added to the flowcharts or some of the steps may be 
deleted from the flowcharts without influencing the scope of 
the disclosure. 

What is claimed is: 
1. A method of receiving control data by a user equipment 

(UE), the method comprising: 

receiving, by the UE, redundant information of a first con­
trol channel from a base station; 
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receiving, by the UE, a first sub-frame from the base sta­
tion; 

performing, by the UE, a first blind decoding on the first 
sub-frame, 

monitoring, by the UE, the first control channel based on 
the first blind decoding; 

receiving, by the UE, a second sub-frame from the base 
station, 

performing, by the UE, a second blind decoding on the 
second sub-frame based on the redundant information 
and information on the first blind decoding, and 

monitoring, by the UE, the second control channel based 
on the second blind decoding, 

wherein data transmitted in the second control channel 
includes the same data as data transmitted in the first 
control channel, 

wherein the redundant information includes information 
on a number of repetition times of a transmission of the 
first control channel of the base station. 

2. The method of claim 1, 
wherein monitoring the second control channel comprises: 
determining, by the UE, a control channel element (CCE) 

aggregation level for transmitting the first control chan­
nel; and 

performing, by the UE, the second blind decoding based on 
the CCE aggregation level, by the terminal, 

wherein the information on the first blind decoding 
includes information on the CCE aggregation level for 
the first control channel. 

3. The method of claim 1, 
wherein monitoring the second control channel comprises: 
determining, by the UE, a first DCI candidate index used 

for transmitting the first control channel; and 
performing, by the UE, the second blind decoding in the 

second sub-frame based on a second DCI candidate 
index having the same value as the first DCI candidate 
index, 

wherein the information on the first blind decoding 
includes the first DCI candidate index, 

wherein the first DCI candidate index is information indi­
cating a resource for transmitting the first control chan­
nel in the first sub-frame, and 

wherein the second DCI candidate index is information 
indicating a resource for transmitting the second control 
channel in the second sub-frame. 

4. The method of claim 1, 
wherein monitoring the second control channel comprises: 
determining, by the UE, a first control channel element 

(CCE) region for transmitting the first control channel; 
and 

performing, by the UE, the second blind decoding on a 
second CCE region indicating the same resource alloca­
tion region as the first CCE region on the second sub­
frame, 

wherein the information on the first blind decoding 
includes information on the first CCE region. 

5. The method of claim 1, further comprising: 
receiving, by the UE, information on a constraint aggrega­

tion level used upon the first blind decoding and the 
second blind decoding from the base station, 

wherein the information on the constraint aggregation level 
includes information specifying an aggregation level 
used when the terminal performs the first blind decoding 
and the second blind decoding, 



US 2015/0195069 Al 

wherein the monitoring the first control channel is per­
forming the first blind decoding based on the constraint 
aggregation level, and 

wherein the monitoring the second control channel is per­
forming the second blind decoding based on the con­
straint aggregation level. 

6. The method of claim 1, 
wherein receiving, by the UE, the redundant value of the 

control channel from the base station comprises: 
receiving, by the UE, a modulation and coding scheme 

(MCS) field from the base station; 
determining, by the UE, whether an index included in the 

MCS field indicates the redundant value or an MCS 
value; and 

receiving, by the UE, the redundant value based on the 
index included in the MCS field. 

7. A user equipment (UE) receiving control data in a wire­
less communication system, the terminal comprising a pro­
cessor and an radio frequency (RF) unit, 

wherein the processor is configured to: 
receive redundant information of a first control channel 

from a base station, 
receive a first sub-frame from the base station, 
perform first blind decoding on the first sub-frame, 
monitor the first control channel, 
receive a second sub-frame from the base station, 
perform second blind decoding on the second sub-frame 

based on the redundant information and information on 
the first blind decoding, and 

monitor the second control channel, 
wherein the RF unit is configured to receive the first sub­

frame and the second sub-frame, 
wherein data transmitted in the second control channel 

includes the same data as data transmitted in the first 
control channel, and 

wherein the redundant information includes information 
on a number of repetition times of transmission of the 
first control channel of the base station. 

8. The UE of claim 7, 
wherein the processor is configured to: 
determine a control channel element (CCE) aggregation 

level for transmitting the first control channel and 
perform the second blind decoding based on the CCE 

aggregation level, 
wherein the information on the first blind decoding 

includes information on the CCE aggregation level for 
the first control channel. 
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9. The UE of claim 7, 
wherein the processor is configured to: 
determine a first DCI candidate index used for transmitting 

the first control channel, and 
perform the second blind decoding in the second sub-frame 

based on a second DCI candidate index having the same 
value as the first DCI candidate index, 

wherein the information on the first blind decoding 
includes the first DCI candidate index, 

wherein the first DCI candidate index is information indi­
cating a resource for transmitting the first control chan­
nel in the first sub-frame, and 

wherein the second DCI candidate index is information 
indicating a resource for transmitting the second control 
channel in the second sub-frame. 

10. The UE of claim 7, 
wherein the processor is configured to: 
determine a first control channel element (CCE) region for 

transmitting the first control channel; and 
perform the second blind decoding on a second CCE region 

indicating the same resource allocation region as the first 
CCE region on the second sub-frame, 

wherein the information on the first blind decoding 
includes information on the first CCE region. 

11. The UE of claim 7, 
wherein the processor is configured to: 
receive information on a constraint aggregation level used 

upon the first blind decoding and the second blind 
decoding from the base station, 

perform the first blind decoding based on the constraint 
aggregation level to receive the first control channel and 

perform the second blind decoding based on the constraint 
aggregation level to receive the second control channel, 

wherein the information on the constraint aggregation level 
includes information specifying an aggregation level 
used when the terminal performs the first blind decoding 
and the second blind decoding. 

12. The UE of claim 7, 
wherein the processor is configured to: 
receive an MCS (modulation and coding scheme) field 

from the base station, 
determine whether an index included in the MCS field 

indicates the redundant value or an MCS value; and 
receive the redundant value based on the index included in 

the MCS field. 

* * * * * 




