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Technical Solution METHOD , DEVICE , AND SYSTEM FOR 
TRANSMITTING SIGNALS IN UNLICENSED 

BAND 

TECHNICAL FIELD 

[ 0001 ] The present invention relates to a wireless com 
munication system . Specifically , the present invention 
relates to a method , device , and system for performing a 
signal in an unlicensed band . 

BACKGROUND ART 

[ 0002 ] In recent years , with an explosive increase of 
mobile traffic due to the spread of smart devices , it has been 
difficult to cope with data usage which increases for pro 
viding a cellular communication service only by a conven 
tional licensed frequency spectrum or LTE - licensed fre 
quency band . 
[ 0003 ] In such a situation , a scheme that uses an unli 
censed ( alternatively , unauthorized , non - licensed , or license 
unnecessary ) frequency spectrum or LTE - Unlicensed fre 
quency band ( e.g. , 2.4 GHz band , 5 GHz band , or the like ) 
for providing the cellular communication service has been 
devised as a solution for a spectrum shortage problem . 
[ 0004 ] However , unlike the licensed band in which a 
communication service provider secures an exclusive fre 
quency use right through a procedure such as auction , or the 
like , in the unlicensed band , multiple communication facili 
ties can be used simultaneously without limit when only a 
predetermined level of adjacent band protection regulation is 
observed . As a result , when the unlicensed band is used in 
the cellular communication service , it is difficult to guaran 
tee communication quality at a level provided in the licensed 
band and an interference problem with a conventional 
wireless communication device ( e.g. , wireless LAN device ) 
using the unlicensed band may occur . 
[ 0005 ] Therefore , a research into a coexistence scheme 
with the conventional unlicensed band device and a scheme 
for efficiently sharing a radio channel needs to be preferen 
tially made in order to settle an LTE technology in the 
unlicensed band . That is , a robust coexistence mechanism 
( RCM ) needs to be developed in order to prevent a device 
using the LTE technology in the unlicensed band from 
influencing the conventional unlicensed band device . 

[ 0008 ] According to an embodiment of the present inven 
tion , a method for a user equipment to receive a downlink 
signal in a cellular communication system includes moni 
toring a first common control channel indicating a downlink 
( DL ) interval of subframe ( SF ) # ( n - 1 ) and SF #n ; monitor 
ing a second common control channel indicating a DL 
interval of SF #n and SF # ( n + 1 ) ; and performing a DL 
reception process in the SF #n based on a detection result of 
the first common control channel and a detection result of 
the second common control channel , wherein only a detec 
tion process for a first physical channel / signal is allowed in 
the DL reception process in SF #n when a detection of the 
first common control channel fails , a detection of the second 
common control channel is successful , and the DL interval 
of SF #n indicated by the second common control channel 
is a part a total OFDM symbols of SF #n , wherein the first 
physical channel / signal includes a Discovery Reference 
Signal ( DRS ) . The DL interval may represent occupied 
OFDM symbols in a DL subframe . 
[ 0009 ] According to another embodiment of the present 
invention , a user equipment used in a cellular wireless 
communication system includes : a wireless communication 
module ; and a processor , wherein the processor is config 
ured to monitor a first common control channel indicating a 
downlink ( DL ) interval of subframe ( SF ) # ( n - 1 ) and SF #n ; 
monitors a second common control channel indicating a DL 
interval of SF #n and SF # ( n + 1 ) ; and performs a DL 
reception process in the SF #n based on a detection result of 
the first common control channel and a detection result of 
second common control channel , wherein only a detection 
process for a first physical channel / signal is allowed in the 
DL reception process in SF #n when a detection of the first 
common control channel fails , a detection of the second 
common control channel is successful , and the DL interval 
of SF #n indicated by the second common control channel 
is a part of a total OFDM symbols of SF #n , wherein the first 
physical channel / signal includes a Discovery Reference 
Signal ( DRS ) . The DL interval may represent occupied 
OFDM symbols in a DL subframe . 
[ 0010 ] A reception process for a second physical channel / 
signal may be omitted in SF #n when the detection of the 
first common control channel fails , the detection of the 
second common control channel is successful , and the DL 
interval of SF #n is a part of SF #n , wherein the second 
physical channel / signal may not include the DRS . 
[ 0011 ] The second physical channel / signal may include a 
Physical Downlink Control Channel ( PDCCH ) , 
Enhanced PDCCH ( EPDCCH ) , and a Physical Downlink 
Shared Channel ( PDSCH ) for downlink transmission . 
[ 0012 ] The first common control channel may be moni 
tored in SF # ( n - 1 ) , and the second common control channel 
may be monitored in SF #n . 
[ 0013 ] SF #n may be included in a time window expecting 
DRS reception . 
[ 0014 ] The time window expecting the DRS reception 
may include a DRS Measurement Timing configuration 
( DMTC ) . 
[ 0015 ] The DMTC may be configured in a cell of an 
unlicensed band . 
[ 0016 ] The first and second common control channels may 
include a Physical Downlink Control Channel ( PDCCH ) 

DISCLOSURE 
an 

Technical Problem 

[ 0006 ] The present invention has been made in an effort to 
provide a method for efficiently transmitting / receiving a 
signal in a wireless communication system , in particular , a 
cellular wireless communication system and an apparatus 
therefor . Further , the present invention has been made in an 
effort to provide a method for efficiently transmitting / receiv 
ing a signal in a specific frequency band ( e.g. , unlicensed 
band ) and an apparatus therefor . 
[ 0007 ] Technical objects desired to be achieved in the 
present invention are not limited to the aforementioned 
objects , and other technical objects not described above will 
be apparently understood by those skilled in the art from the 
following disclosure . 
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scrambled with a Cyclic Redundancy Check ( CRC ) by a 
Common Control Radio Network Temporary Identifier ( CC 
RNTI ) . 

[ 0038 ] FIG . 23 illustrates a downlink receiving process 
according to an embodiment of the present invention . 
[ 0039 ] FIG . 24 illustrates a configuration of a user equip 
ment and a base station according to an embodiment of the 
present invention . 

MODE FOR CARRYING OUT THE INVENTION 

Advantageous Effects 
[ 0017 ] According to exemplary embodiments of the pres 
ent invention , provided are a method for efficiently trans 
mitting / receiving a signal in a wireless communication 
system , in particular , a cellular wireless communication 
system and an apparatus therefor . Further , provided are a 
method for efficiently transmitting / receiving a signal in a 
specific frequency band ( e.g. unlicensed band ) and an 
apparatus therefor . 
[ 0018 ] Effects to be acquired in the present invention are 
not limited to the aforementioned effects , and other effects 
not described above will be apparently understood by those 
skilled in the art from the following disclosure . 

DESCRIPTION OF DRAWINS 

[ 0019 ] In order to help understand the present invention , 
the accompanying drawings which are included as a part of 
the Detailed Description provide embodiments of the pres 
ent invention and describe the technical matters of the 
present invention together with the Detailed Description . 
[ 0020 ] FIG . 1 illustrates physical channels used in a 3rd 
generation partnership project ( 3GPP ) system and a general 
signal transmitting method using the physical channels . 
[ 0021 ] FIG . 2 illustrates one example of a radio frame 
structure used in a wireless communication system . 
[ 0022 ] FIG . 3 illustrates one example of a downlink ( DL ) / 
uplink ( UL ) slot structure in the wireless communication 
system . 
[ 0023 ] FIG . 4 illustrates a structure of a downlink sub 
frame ( SF ) . 
[ 0024 ] FIG . 5 illustrates a structure of an uplink subframe . 
[ 0025 ] FIG . 6 is a diagram for describing single carrier 
communication and multi - carrier communication . 
[ 0026 ] FIG . 7 illustrates an example in which a cross 
carrier scheduling technique is applied . 
[ 0027 ] FIG . 8 illustrates Discovery Reference Signal 
( DRS ) transmission . 
[ 0028 ] FIGS . 9 to 11 illustrate the structure of a reference 
signal used as DRS . 
[ 0029 ] FIG . 12 illustrates a Licensed Assisted Access 
( LAA ) service environment . 
[ 0030 ] FIG . 13 illustrates a deployment scenario of a user 
equipment and a base station in an LAA service environ 
ment . 

[ 0031 ] FIG . 14 illustrates a conventional communication 
scheme operating in an unlicensed band . 
[ 0032 ] FIGS . 15 to 16 illustrate a Listen - Before - Talk 
( LBT ) procedure for DL transmission . 
[ 0033 ] FIG . 17 illustrates DL transmission in unlicensed 
band . 
[ 0034 ] FIG . 18 illustrates DRS transmission in unlicensed 
band . 
[ 0035 ] FIG . 19 illustrates a parameter for LAA DRS 
transmission and a DRS transmission method based on LBT . 
[ 0036 ] FIGS . 20 and 21 illustrate LAA DRS + PDSCH 
simultaneous transmission in DMTC . 
[ 0037 ] FIG . 22 illustrates an existing Secondary Synchro 
nization Signal ( SSS ) . 

[ 0040 ] Terms used in the specification adopt general terms 
which are currently widely used as possible by considering 
functions in the present invention , but the terms may be 
changed depending on an intention of those skilled in the art , 
customs , and emergence of new technology . Further , in a 
specific case , there is a term arbitrarily selected by an 
applicant and in this case , a meaning thereof will be 
described in a corresponding description part of the inven 
tion . Accordingly , it intends to be revealed that a term used 
in the specification should be analyzed based on not just a 
name of the term but a substantial meaning of the term and 
contents throughout the specification . 
[ 0041 ] Throughout this specification and the claims that 
follow , when it is described that an element is " coupled ” to 
another element , the element may be “ directly coupled ” to 
the other element or “ electrically coupled ” to the other 
element through a third element . Further , unless explicitly 
described to the contrary , the word “ comprise ” and varia 
tions such as " comprises ” or “ comprising ” , will be under 
stood to imply the inclusion of stated elements but not the 
exclusion of any other elements . Moreover , limitations such 
as " equal to or more than ” or “ equal to or less than ” based 
on a specific threshold may be appropriately substituted with 
“ more than ” or “ less than ” , respectively in some exemplary 
embodiments . 

[ 0042 ] The following technology may be used in various 
wireless access systems , such as code division multiple 
access ( CDMA ) , frequency division multiple access 
( FDMA ) , time division multiple access ( TDMA ) , orthogo 
nal frequency division multiple access ( OFDMA ) , single 
carrier - TDMA ( SC - FDMA ) , and the like . The CDMA may 
be implemented by a radio technology such as universal 
terrestrial radio access ( UTRA ) or CDMA2000 . The TDMA 
may be implemented by a radio technology such as global 
system for mobile communications ( GSM ) / general packet 
radio service ( GPRS ) / enhanced data rates for GSM evolu 
tion ( EDGE ) . The OFDMA may be implemented by a radio 
technology such as IEEE 802.11 ( Wi - Fi ) , IEEE 802.16 ( Wi 
MAX ) , IEEE 802-20 , evolved UTRA ( E - UTRA ) , and the 
like . The UTRA is a part of a universal mobile telecommu nication system ( UMTS ) . 3rd generation partnership project 
( 3GPP ) long term evolution ( LTE ) is a part of an evolved 
UMTS ( E - UMTS ) using evolved - UMTS terrestrial radio 
access ( E - UTRA ) and LTE - advanced ( A ) is an evolved 
version of the 3GPP LTE . 3GPP LTE / LTE - A is primarily 
described for clear description , but technical spirit of the 
present invention is not limited thereto . 
[ 0043 ] FIG . 1 illustrates physical channels used in a 3GPP 
system and a general signal transmitting method using the 
physical channels . An user equipment receives information 
from a base station through downlink ( DL ) and the user 
equipment transmits information through uplink ( UL ) to the 
base station . The information transmitted / received between 
the base station and the user equipment includes data and 
various control information and various physical channels 
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symb 

exist according to a type / purpose of the information trans 
mitted / received between the base station and the user equip 
ment . 
[ 0044 ] When a power of the user equipment is turned on 
or the user equipment newly enters a cell , the user equip 
ment performs an initial cell search operation including 
synchronization with the base station , and the like ( S301 ) . 
To this end , the user equipment receives a primary synchro 
nization channel ( P - SCH ) and a secondary synchronization 
channel ( S - SCH ) from the base station to synchronize with 
the base station and obtain information including a cell ID , 
and the like . Thereafter , the user equipment receives a 
physical broadcast channel from the base station to obtain 
intra - cell broadcast information . The user equipment 
receives a downlink reference signal ( DL RS ) in an initial 
cell search step to verify a downlink channel state . 
[ 0045 ] The user equipment that completes initial cell 
search receives a physical downlink control channel ( PD 
CCH ) and a physical downlink shared channel ( PDSCH ) 
depending on information loaded on the PDCCH to obtain 
more detailed system information ( S302 ) . 
[ 0046 ] When there is no radio resource for initially access 
ing the base station or signal transmission , the user equip 
ment may perform a random access procedure ( RACH 
procedure ) to the base station ( S303 to S306 ) . To this end , 
the user equipment may transmit a preamble through a 
physical random access channel ( PRACH ) ( S303 ) and 
receive a response message to the preamble through the 
PDCCH and the PDSCH corresponding thereto ( S304 ) . In 
the case of a contention based RACH , a contention resolu 
tion procedure may be additionally performed . 
[ 0047 ] Thereafter , the user equipment may receive the 
PDCCH / PDSCH ( S307 ) and transmit a physical uplink 
shared channel ( PUSCH ) / physical uplink control channel 
( PUCCH ) ( S308 ) as a general procedure . The user equip 
ment receives downlink control information ( DCI ) through 
the PDCCH . The DCI includes control information such as 
resource allocation information to the user equipment and a 
format varies depending on a use purpose . The control 
information which the user equipment transmits to the base 
station is designated as uplink control information ( UCI ) . 
The UCI includes an acknowledgement / negative acknowl 
edgement ( ACK / NACK ) , a channel quality indicator ( CRI ) , 
a precoding matrix index ( PMI ) , a rank indicator ( RI ) , and 
the like . The UCI may be transmitted through the PUSCH 
and / or PUCCH . 
[ 0048 ] FIG . 2 illustrates one example of a radio frame 
structure used in a wireless communication system . FIG . 2A 
illustrates a frame structure for frequency division duplex 
( FDD ) and FIG . 2B illustrates a frame structure for time 
division duplex ( TDD ) . 
[ 0049 ] Referring to FIG . 2 , a radio frame may have a 
length of 10 ms ( 307200 Ts ) and be constituted by 10 
subframes ( SFs ) . Ts represents a sampling time and is 
expressed as Ts = 1 / ( 2048 * 15 kHz ) . Each subframe may have 
a length of 1 ms and be constituted by 2 slots . Each slot has 
a length of 0.5 ms . A time for transmitting one subframe is 
defined as a transmission time interval ( TTI ) . A time 
resource may be distinguished by radio frame numbers / 
indexes , subframe numbers / indexes # 0 to # 9 , and slot num 
bers / indexes # 0 to # 19 . 
[ 0050 ] The radio frame may be configured differently 
according to a duplex mode . In an FDD mode , downlink 
transmission and uplink transmission are distinguished by a 

frequency and the radio frame includes only one of a 
downlink subframe and an uplink subframe with respect to 
a specific frequency band . In a TDD mode , the downlink 
transmission and the uplink transmission are distinguished 
by a time and the radio frame includes both the downlink 
subframe and the uplink subframe with respect to a specific 
frequency band . The TDD radio frame further includes 
special subframes for downlink and uplink switching . The 
special subframe includes a Downlink Pilot Time Slot 
( DwPTS ) , a guard period ( GP ) , and an Uplink Pilot Time 
Slot ( UpPTS ) . 
[ 0051 ] FIG . 3 illustrates a structure of a downlink / uplink 
slot . 
[ 0052 ] Referring to FIG . 3 , the slot includes a plurality of 
orthogonal frequency divisional multiplexing ( OFDM ) sym 
bols in a time domain and a plurality of resource blocks 
( RBS ) in a frequency domain . The OFDM symbol also 
means one symbol period . The OFDM symbol may be called 
an OFDMA symbol , a single carrier frequency division 
multiple access ( SC - FDMA ) symbol , or the like according 
to a multi - access scheme . The number of OFDM symbols 
included in one slot may be variously modified according to 
the length of a cyclic prefix ( CP ) . For example , in the case 
of a normal CP , one slot includes 7 OFDM symbols and in 
the case of an extended CP , one slot includes 6 OFDM 
symbols . The RB is defined as NDLIUL ( e.g. , 7 ) continu 
ous OFDM symbols in the time domain and NRBSc ( e.g. , 12 ) 
continuous subcarriersin the frequency domain A resource 
constituted by one OFDM symbol and one subcarrier is 
referred as a resource element ( RE ) or a tone . One RB is 
constituted by NDLIUL symb * NRBsc resource elements . 
[ 0053 ] The resource of the slot may be expressed as a 
resource grid constituted by NDLIUL RR * Nhu RB , subcarri 
ers and NDLIUL OFDM symbols . Each RE in the 
resource grid is uniquely defined by an index pair ( k , 1 ) for 
each slot . k represents an index given with 0 to 
NDLULRR * NRB c - 1 in the frequency domain and 1 represents 
an index given with 0 to NDLIUL symb -1 in the time domain . 
Herein , NDL RB represents the number of resource blocks 
( RBs ) in the downlink slot and NUL RB represents the number 
of RBs in the UL slot . NDL and NUZ depend on a DL 
transmission bandwidth and a UL transmission bandwidth , 
respectively . NDL symb represents the number of symbols in 
the downlink slot and NUL symb represents the number of 
symbols in the UL slot . NRB represents the number of 
subcarriers constituting one RB . One resource grid is pro 
vided per antenna port . 
[ 0054 ] FIG . 4 illustrates a structure of a downlink sub 
frame . 

[ 0055 ] Referring to FIG . 4 , the subframe may be consti 
tuted by 14 OFDM symbols . First 1 to 3 ( alternatively , 2 to 
4 ) OFDM symbols are used as a control region and the 
remaining 13 to 11 ( alternatively , 12 to 10 ) OFDM symbols 
are used as a data region according to subframe setting . R1 
to R4 represent reference signals for antenna ports 0 to 3 . 
Control channels allocated to the control region include a 
physical control format indicator channel ( PCFICH ) , a 
physical hybrid - ARQ indicator channel ( PHICH ) , a physical 
downlink control channel ( PDCCH ) , and the like . Data 
channels allocated to the data region include the PDSCH , 
and the like . When an enhanced PDCCH ( EPDCCH ) is set , 
the PDSCH and the EPDCCH are multiplexed by frequency 
division multiplexing ( FDM ) in the data region . 

symb 

RB RB 

SC 
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TABLE 1 

PUCCH 
Format Uplink control information ( UCI ) 
Format 1 
Format la 
Format 1b 
Format 2 
Format 2 

Scheduling request ( SR ) ( non - modulated waveform ) 
1 - bit HARQ ACK / NACK ( SR existence / non - existence ) 
2 - bit HARQ ACK / NACK ( SR existence / non - existence ) 
CSI ( 20 coded bits ) 
CSI and 1 or 2 - bit HARQ ACK / NACK ( 20 bits ) 
( corresponding to only extended CP ) 
CSI and 1 - bit HARQ ACK / NACK ( 20 + 1 coded bits ) 
CSI and 2 - bit HARQ ACK / NACK ( 20 + 2 coded bits ) 
HARQ ACK / NACK + SR ( 48 coded bits ) 

Format 2a 
Format 2b 
Format 3 
( LTE - A ) 

[ 0056 ] The PDCCH as the physical downlink control 
channel is allocated to first n OFDM symbols of the sub 
frame . n as an integer of 1 ( alternatively , 2 ) or more is 
indicated by the PCFICH . The PDCCH announces informa 
tion associated with resource allocation of a paging channel 
( PCH ) and a downlink - shared channel ( DL - SCH ) as trans 
mission channels , an uplink scheduling grant , HARQ infor 
mation , and the like to each user equipment or user equip 
ment group . Data ( that is , transport block ) of the PCH and 
the DL - SCH are transmitted through the PDSCH . Each of 
the base station and the user equipment generally transmit 
and receive data through the PDSCH except for specific 
control information or specific service data . 
[ 0057 ] Information indicating to which user equipment 
( one or a plurality of user equipments ) the data of the 
PDSCH is transmitted , information indicating how the user 
equipments receive and decode the PDSCH data , and the 
like are transmitted while being included in the PDCCH / 
EPDCCH . For example , it is assumed that the PDCCH / 
EPDCCH is CRC - masked with a radio network temporary 
identity ( RNTI ) called “ A ” and information regarding data 
transmitted by using a radio resource ( e.g. , frequency loca 
tion ) called “ B ” and a DCI format called “ C ” , that is , 
transmission format information ( e.g. , transport block size , 
modulation scheme , coding information , and the like ) is 
transmitted through a specific subframe . In this case , a user 
equipment in the cell monitors the PDCCH / EPDCCH by 
using the RNTI information thereof and when one or more 
user equipments having the “ A ” RNTI are provided , the user 
equipments receive the PDCCH / EPDCCH and receive the 
PDSCH indicated by “ B ” and “ C ” through information on 
the received PDCCH / EPDCCH . 
[ 0058 ] FIG . 5 illustrates a structure of an uplink subframe . 
[ 0059 ] Referring to FIG . 5 , the subframe may be divided 
into the control region and the data region in the frequency 
domain . The PUCCH is allocated to the control region and 
carries the UCI . The PUSCH is allocated to the data region 
and carries user data . 
[ 0060 ] The PUCCH may be used to transmit the following 
control information . 

[ 0061 ] Scheduling Request ( SR ) : Information used to 
request a UL - SCH resource . The SR is transmitted by 
using an on - off keying ( OOK ) scheme . 

[ 0062 ] HARQ - ACK : Response to the PDCCH and / or 
response to a downlink data packet ( e.g. , codeword ) on 
the PDSCH . The codeword is an encoded format of the 
transport block . The HARQ - ACK indicates whether 
the PDCCH or PDSCH is successfully received . The 
HARQ - ACK response includes a positive ACK ( sim 
ply , ACK ) , a negative ACK ( NACK ) , discontinuous 
transmission ( DTX ) , or the NACK / DTX . The DTX 
represents a case in which the user equipment misses 
the PDCCH ( alternatively , semi - persistent scheduling 
( SPS ) PDSCH ) and the NACK / DTX means the NACK 
or DTX . The HARQ - ACK is mixedly used with the 
HARQ - ACK / NACK and the ACK / NACK . 

[ 0063 ] Channel State Information ( CSI ) : Feed - back 
information regarding the downlink channel . Multiple 
input multiple output ( MIMO ) related feed - back infor 
mation includes the RI and the PMI . 

[ 0064 ] Table 1 shows the relationship between a PUCCH 
format and the UCI . 

[ 0065 ] Hereinafter , carrier aggregation will be described . 
The carrier aggregation means a method in which the 
wireless communication system uses a plurality of fre 
quency blocks as one large logical frequency band in order 
to use a wider frequency band . When a whole system band 
is extended by the carrier aggregation , a frequency band 
used for communication with each user equipment is defined 
by a component carrier ( CC ) unit . 
[ 0066 ] FIG . 6 is a diagram for describing single carrier 
communication and multi - carrier communication . FIG . 6A 
illustrates a subframe structure of a single carrier and 
[ 0067 ] FIG . 6B illustrates a subframe structure of multi 
carriers which are carrier - aggregated . 
[ 0068 ] Referring to FIG . 6A , in a single carrier system , the 
base station and the user equipment perform data commu 
nication through one DL band and one UL band correspond 
ing thereto . The DL / UL band is divided into a plurality of 
orthogonal subcarriers and each frequency band operates at 
one carrier frequency . In the FDD , the DL and UL bands 
operate at different carrier frequencies , respectively and in 
the TDD , the DL and UL bands operate at the same carrier 
frequency . The carrier frequency means a center frequency 
of the frequency band . 
[ 0069 ] Referring to FIG . 6B , the carrier aggregation is 
distinguished from an OFDM system that performs DL / UL 
communication in a base frequency band divided into a 
plurality of subcarriers by using one carrier frequency , in 
that the carrier aggregation performs DL / UL communica 
tionby using a plurality of carrier frequencies . Referring to 
FIG . 6B , three 20 MHz CCs are gathered in each of the UL 
and the DL to support a bandwidth of 60 MHz . The CCs may 
be adjacent to each other or non - adjacent to each other in the 
frequency domain . For convenience , FIG . 6B illustrates a 
case in which a bandwidth of a UL CC and a bandwidth of 
a DL CC are the same as each other and symmetric to each 
other , but the bandwidths of the respective CCs may be 
independently decided . Further , asymmetric carrier aggre 
gation in which the number of UL CCs and the number of 
DL CCs are different from each other is also available . The 
DL / UL CC ( s ) are independently allocated / configured for 
each user equipment and the DL / UL CC ( s ) allocated / con 
figured to the user equipment are designated as serving 
UL / DL CC ( s ) of the corresponding user equipment . 
[ 0070 ] The base station may activate some or all of 
serving CCs of the user equipment or deactivate some CCs . 
When the base station allocates the CC ( s ) to the user 
equipment , if the CC allocation to the user equipment is 
wholly reconfigured or if the user equipment does not hand 
over , at least one specific CC among the CC ( s ) configured 
with respect to the corresponding user equipment is not 
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deactivated . A specific CC which is always activated is 
referred to as a primary CC ( PCC ) and a CC which the base 
station may arbitrarily activate / deactivate is referred to as a 
secondary CC ( SCC ) . The PCC and the SCC may be 
distinguished based on the control information . For 
example , specific control information may be set to be 
transmitted / received only through specific CC and the 
specific CC may be referred to as the PCC and remaining 
CC ( s ) may be referred to as SCC ( s ) . The PUCCH is trans 
mitted only on the PCC . 
[ 0071 ] In 3GPP , a concept of the cell is used in order to 
manage the radio resource . The cell is defined as a combi 
nation of the DL resource and the UL resource , that is , a 
combination of the DL CC and the UL CC . The cell may be 
configured by the DL resource only or the combination of 
the DL resource and the UL resource . When the carrier 
aggregation is supported , a linkage between the carrier 
frequency of the DL resource ( alternatively , DL CC ) and the 
carrier frequency of the UL resource ( alternatively , UL CC ) 
may be indicated by system information . For example , the 
combination of the DL resource and the UL resource may be 
indicated by a system information block type 2 ( SIB2 ) 
linkage . The carrier frequency means a center frequency of 
each cell or CC . A cell corresponding to the PCC is referred 
to as the primary cell ( PCell ) and a cell corresponding to the 
SCC is referred to as the secondary cell ( SCell ) . A carrier 
corresponding to the PCell is a DL PCC in the downlink and 
a carrier corresponding to the PCell is a UL PCC in the 
uplink . Similarly , a carrier corresponding to the SCell is a 
DL SCC in the downlink and a carrier corresponding to the 
SCell is a UL SCC in the uplink . According to a user 
equipment capability , the serving cell ( s ) may be constituted 
by one PCell and 0 or more SCells . For a user equipment 
which is in an RRC_CONNECTED state , but does not have 
any configuration for the carrier aggregation or does not 
support the carrier aggregation , only one serving cell con 
stituted by only the PCell is present . 
[ 0072 ] FIG . 7 illustrates an example in which cross carrier 
scheduling is applied . When the cross carrier scheduling is 
configured , a control channel transmitted through a first CC 
may schedule a data channel transmitted through the first CC 
or a second CC by using a carrier indicator field ( CIF ) . The 
CIF is included in the DCI . In other words , a scheduling cell 
is configured , and a DL grant / UL grant transmitted in a 
PDCCH area of the scheduling cell schedules the PDSCH / 
PUSCH of a scheduled cell . That is , a search space for a 
plurality of component carriers is present in the PDCCH 
area of the scheduling cell . The PCell may be basically the 
scheduling cell and a specific SCell may be designated as the 
scheduling cell by an upper layer . 
[ 0073 ] In FIG . 7 , it is assumed that three DL CCs are 
aggregated . Herein , DL component carrier # 0 is assumed as 
the DL PCC ( alternatively , PCell ) and DL component carrier 
# 1 and DL component carrier # 2 are assumed as the DL SCC 
( alternatively , SCell ) . Further , it is assumed that the DL PCC 
is set as a PDCCH monitoring CC . When the CIF is 
disabled , the respective DL CCs may transmit only the 
PDCCH that schedules the PDSCH thereof without the CIF 
according to an LTE PDCCH rule ( non - cross carrier sched 
uling or self - carrier scheduling ) . On the contrary , when the 
CIF is enabled by UE - specific ( alternatively , UE - group 
specific or cell - specific ) upper layer signaling , a specific CC 
( e.g. , DL PCC ) may transmit the PDCCH scheduling the 
PDSCH of DL CC A and the PDCCH scheduling the 

PDSCH of another CC by using the CIF ( cross - carrier 
scheduling ) . On the contrary , in another DL CC , the PDCCH 
is not transmitted . 
[ 0074 ] Hereinafter , DRS transmission in a licensed band 
will be described with reference to FIGS . 8 to 11. FIG . 8 
illustrates DRS transmission , and FIGS . 9 to 11 illustrate a 
structure of a reference signal used in DRS . For conve 
nience , DRS in the licensed band is referred to as Rel - 12 
DRS . DRS supports small cell on / off , and a SCell that is not 
active for any user equipment may be turned off except for 
DRS periodic transmission . Also , based on the DRS , a user 
equipment may obtain cell identification information , mea 
sure Radio Resource Management ( RRM ) , and obtain 
downlink synchronization . 
[ 0075 ] Referring to FIG . 8 , a Discovery Measurement 
Timing Configuration ( DMTC ) indicates a time window in 
which a user equipment expects to receive DRS . The DMTC 
is fixed at 6 ms . The DMTC period is the transmission period 
of the DMTC , and may be 40 ms , 80 ms , or 160 ms . The 
position of the DMTC is specified by the DMTC transmis 
sion period and the DMTC offset in units of subframes ) , 
and these information are transmitted to the user equipment 
through higher layer signaling ( e.g. , RRC signaling ) . DRS 
transmissions occur at the DRS occasion within the DMTC . 
The DRS occasion has a transmission period of 40 ms , 80 ms 
or 160 ms , and the user equipment may assume that there is 
one DRS occasion per DMTC period . The DRS occasion 
includes 1 to 5 consecutive subframes in the FDD radio 
frame and 2 to 5 consecutive subframes in the TDD radio 
frame . The length of the DRS occasion is delivered to the 
user equipment via higher layer signaling ( e.g. , RRC sig 
naling ) . The user equipment may assume DRS in the DL 
subframe in the DRS occasion . DRS occasion may exist 
anywhere in the DMTC , but the user equipment expects the 
transmission interval of DRSs transmitted from the cell to be 
fixed ( i.e. , 40 ms , 80 ms , or 160 ms ) . That is , the position of 
the DRS occasion in the DMTC is fixed per cell . The DRS 
is configured as follows . 

[ 0076 ] Cell - specific Reference Signal ( CRS ) at antenna 
port 0 ( see FIG . 9 ) : It exists in all downlink subframes 
within the DRS occasion , and in the DwPTS of all the 
special subframes . The CRS is transmitted in the entire 
band of the subframe . 

[ 0077 ] Primary Synchronization Signal ( PSS ) ( see FIG . 
10 ) : In the case of FDD radio frame , it exists in the first 
subframe in DRS occasion , or in the second subframe 
in DRS occasion in the case of TDD radio frame . The 
PSS is transmitted in the seventh ( or sixth ) OFMDA 
symbol of the subframe and mapped to six RBs ( = 72 
subcarriers ) close to the center frequency . 

[ 0078 ] Secondary Synchronization Signal ( SSS ) ( see 
FIG . 10 ) : It exists in the first subframe in the DRS 
occasion . The SSS is transmitted in the sixth ( or fifth ) 
OFMDA symbol of the subframe and mapped to six 
RBs ( = 72 subcarriers ) close to the center frequency . 

[ 0079 ] non - zero - power Channel State Information 
( CSI ) -RS ( see FIG . 11 ) : It exists in zero or more 
subframes in the DRS occasion . The position of the 
non - zero - power CSI - RS is variously configured 
according to the number of CSI - RS ports and the higher 
layer configuration information . 

[ 0080 ] FIG . 8 illustrates a case where the DRS reception 
time is set to a separate DMTC for each frequency in a user 
equipment's situation . Referring to FIG . 8 , in the case of 
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frequency F1 , a DRS occasion with a length of 2 ms is 
transmitted every 40 ms , in the case of frequency F2 , a DRS 
occasion with a length of 3 ms is transmitted every 80 ms , 
and in the case of frequency F3 , a DRS occasion with a 
length of 4 ms is transmitted every 80 ms . The user equip 
ment may know the starting position of the DRS occasion in 
the DMTC from the subframe including the SSS . Here , the 
frequencies F1 to F3 may be replaced with corresponding 
cells , respectively . 
[ 0081 ] Embodiment : DRS Transmission Scheme in Unli 
censed Band 
[ 0082 ] FIG . 12 illustrates a Licensed Assisted Access 
( LAA ) service environment . 
[ 0083 ] Referring to FIG . 12 , a service environment may be 
provided to a user , in the service environment , an LTE 
technology ( 11 ) in a conventional licensed band and LTE 
unlicensed ( LTE - U ) or LAA which is an LTE technology 
( 12 ) in an unlicensed band , which has been actively dis 
cussed may be connected to each other . For example , the 
LTE technology ( 11 ) in the licensed band and the LTE 
technology ( 12 ) in the unlicensed band in the LAA envi 
ronment may be integrated by using a technology such as 
carrier aggregation , or the like , which may contribute to 
extension of a network capacity . Further , in an asymmetric 
traffic structure in which the amount of downlink data is 
more than that of uplink data , the LAA may provide an 
optimized LTE service according to various requirements or 
environments . For convenience , the LTE technology in the 
licensed ( alternatively , authorized or permitted ) band is 
referred to as LTE - licensed ( LTE - L ) and the LTE technology 
in the unlicensed ( alternatively , unauthorized , non - licensed , 
license - unnecessary ) band is referred to as LTE - unlicensed 
( LTE - U ) or LAA . 
[ 0084 ] FIG . 13 illustrates a layout scenario of a user 
equipment and a base station in an LAA service environ 
ment . A frequency band targeted by the LAA service envi 
ronment has a short wireless communication reach distance 
due to a high - frequency characteristic . By considering this , 
the layout scenario of the user equipment and the base 
station in an environment in which the conventional LTE - L 
service and the LAA service coexist may be an overlay 
model and a co - located model . 
[ 0085 ] In the overlay model , a macro base station may 
perform wireless communication with an X UE and an X ' 
UE in a macro area ( 32 ) by using a licensed carrier and be 
connected with multiple radio remote heads ( RRHs ) through 
an X2 interface . Each RRH may perform wireless commu 
nication with an X UE or an X ' UE in a predetermined area 
( 31 ) by using an unlicensed carrier . The frequency bands of 
the macro base station and the RRH are different from each 
other not to interfere with each other , but data needs to be 
rapidly exchanged between the macro base station and the 
RRH through the X2 interface in order to use the LAA 
service as an auxiliary downlink channel of the LTE - L 
service through the carrier aggregation . 
[ 0086 ] In the co - located model , a pico / femto base station 
may perform the wireless communication with a Y UE by 
using both the licensed carrier and the unlicensed carrier . 
However , it may be limited that the pico / femto base station 
uses both the LTE - L service and the LAA service to down 
link transmission . A coverage ( 33 ) of the LTE - L service and 
a coverage ( 34 ) of the LAA service may be different 
according to the frequency band , transmission power , and 
the like . 

[ 0087 ] When LTE communication is performed in the 
unlicensed band , conventional equipments ( e.g. , wireless 
LAN ( Wi - Fi ) equipments ) which perform communication in 
the corresponding unlicensed band may not demodulate an 
LTE - U message or data and determine the LTE - U message 
or data as a kind of energy to perform an interference 
avoidance operation by an energy detection technique . That 
is , when energy corresponding to the LTE - U message or data 
is lower than -62 dBm or certain energy detection ( ED ) 
threshold value , the wireless LAN equipments may perform 
communication by disregarding the corresponding message 
or data . As a result , that user equipment which performs the 
LTE communication in the unlicensed band may be fre 
quently interfered by the wireless LAN equipments . 
[ 0088 ] Therefore , a specific frequency band needs to be 
allocated or reserved for a specific time in order to effec 
tively implement an LTE - U technology / service . However , 
since peripheral equipments which perform communication 
through the unlicensed band attempt access based on the 
energy detection technique , there is a problem in that an 
efficient LTE - U service is difficult . Therefore , a research into 
a coexistence scheme with the conventional unlicensed band 
device and a scheme for efficiently sharing a radio channel 
needs to be preferentially made in order to settle the LTE - U 
technology . That is , a robust coexistence mechanism in 
which the LTE - U device does not influence the conventional 
unlicensed band device needs to be developed . 
[ 0089 ] FIG . 14 illustrates a communication scheme ( e.g. , 
wireless LAN ) that operates in an unlicensed band in the 
related art . Since most devices that operate in the unlicensed 
band operate based on listen - before - talk ( LBT ) , a clear 
channel assessment ( CCA ) technique that senses a channel 
before data transmission is performed . 
[ 0090 ] Referring to FIG . 14 , a wireless LAN device ( e.g. , 
AP or STA ) checks whether the channel is busy by perform 
ing carrier sensing before transmitting data . When a prede 
termined strength or more of radio signal is sensed in a 
channel to transmit data , it is determined that the corre 
sponding channel is busy and the wireless LAN device 
delays the access to the corresponding channel . Such a 
process is referred to as clear channel evaluation and a signal 
level to decide whether the signal is sensed is referred to as 
a CCA threshold . Meanwhile , when the radio signal is not 
sensed in the corresponding channel or a radio signal having 
a strength smaller than the CCA threshold is sensed , it is 
determined that the channel is idle . 
[ 0091 ] When it is determined that the channel is idle , a 
terminal having data to be transmitted performs a back - off 
procedure after a defer period ( e.g. , arbitration interframe 
space ( AIFS ) , PCF IFS ( PIFS ) , or the like ) . The defer period 
means a minimum time when the terminal needs to wait after 
the channel is idle . The back - off procedure allows the 
terminal to further wait for a predetermined time after the 
defer period . For example , the terminal stands by while 
decreasing a slot time for slot times corresponding to a 
random number allocated to the terminal in the contention 
window ( CW ) during the channel is in an idle state , and a 
terminal that completely exhausts the slot time may attempt 
to access the corresponding channel . 
[ 0092 ] When the terminal successfully accesses the chan 
nel , the terminal may transmit data through the channel 
When the data is successfully transmitted , a CW size ( CWS ) 
is reset to an initial value ( CWmin ) . On the contrary , when 
the data is unsuccessfully transmitted , the CWS increases 
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twice . As a result , the terminal is allocated with a new 
random number within a range which is twice larger than a 
previous random number range to perform the back - off 
procedure in a next CW . In the wireless LAN , only an ACK 
is defined as receiving response information to the data 
transmission . Therefore , when the ACK is received with 
respect to the data transmission , the CWS is reset to the 
initial value and when feed - back information is not received 
with respect to the data transmission , the CWS increases 
twice . 
[ 0093 ] As described above , since most communications in 
the unlicensed band in the related art operate based on the 
LBT , the LTE also considers the LBT in the LAA for 
coexistence with the conventional device . In detail , in the 
LTE , the channel access method on the unlicensed band may 
be divided into 4 following categories according to the 
presence / an application scheme of the LBT . 

[ 0094 ) Category 1 : No LBT 
[ 0095 ] An LBT procedure by a Tx entity is not per 

formed . 
[ 0096 ] Category 2 : LBT without Random Back - Off 
[ 0097 ] A time interval in which the channel needs to be 

sensed in an idle state before the Tx entity performs a 
transmission on the channel is decided . The random 
back - off is not performed . 

[ 0098 ] Category 3 : LBT with Random Back - Off with a 
CW of Fixed Size 

[ 0099 ] LBT method that performs random back - off by 
using a CW of a fixed size . The Tx entity has a random 
number N in the CW and the CW size is defined by a 
minimum / maximum value of N. The CW size is fixed . 
The random number N is used to decide the time 
interval in which the channel needs to be sensed in an 
idle state before the Tx entity performs a transmission 
on the channel . 

[ 0100 ] Category 4 : LBT with Random Back - Off with a 
CW of Variable Size 

[ 0101 ] LBT method that performs the random back - off 
by using a CW of a variable size . The Tx entity has the 
random number N in the CW and the CW size is 
defined by the minimum / maximum value of N. The Tx 
entity may change the CW size at the time of generating 
the random number N. The random number N is used 
to decide the time interval in which the channel needs 
to be sensed in an idle state before the Tx entity 
performs a transmission on the channel 

[ 0102 ] FIGS . 15 and 16 illustrate a DL transmission 
process based on the category 4 LBT . The category 4 LBT 
may be used to guarantee fair channel access with Wi - Fi . 
Referring to FIGS . 15 and 16 , the LBT process includes 
initial CCA ( ICCA ) and extended CCA ( ECCA ) . In the 
ICCA , the random back - off is not performed and in the 
ECCA , the random back - off is performed by using the CW 
of the variable size . The ICCA is applied to the case in which 
the channel is idle when signal transmission is required and 
the ECCA is applied to the case in which the channel is busy 
when the signal transmission is required or DL transmission 
is performed just before . That is , it is determined whether the 
channel is idle through the ICCA , and data transmission is 
performed after the ICCA period . If the interference signal 
is detected and data transmission fails , a data transmission 
time point may be obtained through a defer period + backoff 
counter after setting a random backoff counter . 

[ 0103 ] Referring to FIG . 15 , a signal transmitting process 
may be performed as follows . 
[ 0104 ] Initial CCA 

[ 0105 ] S1202 : The base station verifies that the channel 
is idle . 

[ 0106 ] S1204 : The base station verifies whether the 
signal transmission is required . When the signal trans 
mission is not required , the process returns to S202 and 
when the signal transmission is required , the process 
proceeds to S1206 . 

[ 0107 ] S1206 : The base station verifies whether the 
chanel is idle for an ICCA defer period ( BCCA ) . The 
ICCA defer period is configurable . As an implementa 
tion example , the ICCA defer period may be consti 
tuted by an interval of 16 us and n consecutive CCA 
slots . Herein , n may be a positive integer and one CCA 
slot interval may be 9 us . The number of CCA slots may 
be configured differently according to a QoS class . The 
ICCA defer period may be set to an appropriate value 
by considering a defer period ( e.g. , DIFS or AIFS ) of 
Wi - Fi . For example , the ICCA defer period may be 34 
us . When the channel is idle for the ICCA defer period , 
the base station may perform the signal transmitting 
process ( S1208 ) . When it is determined that the channel 
is busy during the ICCA defer period , the process 
proceeds to S1212 ( ECCA ) . 

[ 0108 ] S1208 : The base station may perform the signal 
transmitting process . When the signal transmission is 
not performed , the process proceeds to S1202 ( ICCA ) 
and when the signal transmission is performed , the 
process proceeds to S1210 . Even in the case where a 
back - off counter N reaches 0 in S1218 and S1208 is 
performed , when the signal transmission is not per 
formed , the process proceeds to S1202 ( ICCA ) and 
when the signal transmission is performed , the process 
proceeds to S1210 . 

[ 0109 ] S1210 : When additional signal transmission is 
not required , the process proceeds to S1202 ( ICCA ) 
and when the additional signal transmission is required , 
the process proceeds to S1212 ( ECCA ) . 

[ 0110 ] Extended CCA 
[ 0111 ] S1212 : The base station generates the random 

number N in the CW . N is used as a counter during the 
back - off process and generated from [ 0 , q - 1 ] . The CW 
may be constituted by q ECCA slots and an ECCA slot 
size may be 9 us or 10 us . The CW size ( CWS ) may be 
defined as q and be variable in S1214 . Thereafter , the 
base station proceeds to S1216 . 

[ 0112 ] S1214 : The base station may update the CWS . 
The CWS q may be updated to a value between X and 
Y. The X and Y values are configurable parameters . 
CWS update / adjustment may be performed whenever 
N is generated ( dynamic back - off ) and semi - statically 
performed at a predetermined time interval ( semi - static 
back - off ) . The CWS may be updated / adjusted based on 
exponential back - off or binary back - off . That is , the 
CWS may be updated / adjusted in the form of the 
square of 2 or the multiple of 2. In association with 
PDSCH transmission , the CWS may be updated / ad 
justed based on feed - back / report ( e.g. , HARQ ACK / 
NACK ) of the user equipment or updated / adjusted 
based on base station sensing . 

[ 0113 ] S1216 : The base station verifies whether the 
channel is idle for an ECCA defer period ( DeCCA ) . 
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The ECCA defer period is configurable . As an imple 
mentation example , the ECCA defer period may be 
constituted by an interval of 16 us and n consecutive 
CCA slots . Herein , n may be a positive integer and one 
CCA slot interval may be 9 us . The number of CCA 
slots may be configured differently according to the 
QoS class . The ECCA defer period may be set to the 
appropriate value by considering the defer period ( e.g. , 
DIFS or AIFS ) of Wi - Fi . For example , the ECCA defer 
period may be 34 us . When the channel is idle for the 
ECCA defer period , the base station proceeds to S1218 . 
When it is determined that the channel is busy during 
the ECCA defer period , the base station repeats S1216 . 

[ 0114 ] S1218 : The base station verifies whether N is 0 . 
When N is 0 , the base station may perform the signal 
transmitting process ( S1208 ) . In this case , ( N = 0 ) , the 
base station may not immediately perform transmission 
and performs CCA check for at least one slot to 
continue the ECCA process . When N is not 0 ( that is , 
N > 0 ) , the process proceeds to S1220 . 

[ 0115 ] S1220 : The base station senses the channel dur 
ing one ECCA slot interval ( T ) . The ECCA slot size 
may be 9 us or 10 us and an actual sensing time may 
be at least 4 us . 

[ 0116 ] S1222 : When it is determined that the channel is 
idle , the process proceeds to S1224 . When it is deter 
mined that the channel is busy , the process returns to 
S1216 . That is , one ECCA defer period is applied again 
after the channel is idle and N is not counted during the 
ECCA defer period . 

[ 0117 ] S1224 : N is decreased by 1 ( ECCA countdown ) . 
[ 0118 ] FIG . 16 is substantially the same as / similar to the 
transmitting process of FIG . 15 and is different from FIG . 15 
according to an implementation scheme . Therefore , detailed 
matters may be described with reference to contents of 
FIGS . 15 . 

[ 0119 ] S1302 : The base station verifies whether the 
signal transmission is required . When the signal trans 
mission is not required , S1302 is repeated and when the 
signal transmission is required , the process proceeds to 
S1304 . 

[ 0120 ] S1304 : The base station verifies whether the slot 
is idle . When the slot is idle , the process proceeds to 
S1306 and when the slot is busy , the process proceeds 
to S1312 ( ECCA ) . The slot may correspond to the CCA 
slot in FIGS . 15 . 

[ 0121 ] S1306 : The base station verifies whether the 
channel is idle for a defer period ( D ) . D may corre 
spond to the ICCA defer period in FIG . 15. When the 
channel is idle for the defer period , the base station may 
perform the signal transmitting process ( S1308 ) . When 
it is determined that the channel is busy during the defer 
period , the process proceeds to S1304 . 

[ 0122 ] S1308 : The base station may perform the signal 
transmitting process if necessary . 

[ 0123 ] S1310 : When the signal transmission is not 
performed , the process proceeds to S1302 ( ICCA ) and 
when the signal transmission is performed , the process 
proceeds to S1312 ( ECCA ) . Even in the case where the 
back - off counter N reaches 0 in S1318 and S1308 is 
performed , when the signal transmission is not per 
formed , the process proceeds to S1302 ( ICCA ) and 
when the signal transmission is performed , the process 
proceeds to S1312 ( ECCA ) . 

[ 0124 ] Extended CCA 
[ 0125 ] S1312 : The base station generates the random 
number N in the CW . N is used as the counter during 
the back - off process and generated from [ 0 , q - 1 ] . The 
CW size ( CWS ) may be defined as q and be variable in 
S1314 . Thereafter , the base station proceeds to S1316 . 

[ 0126 ] S1314 : The base station may update the CWS . 
The CWS q may be updated to the value between X and 
Y. The X and Y values are configurable parameters . 
CWS update / adjustment may be performed whenever 
N is generated ( dynamic back - off ) and semi - statically 
performed at a predetermined time interval ( semi - static 
back - off ) . The CWS may be updated / adjusted based on 
exponential back - off or binary back - off . That is , the 
CWS may be updated / adjusted in the form of the 
square of 2 or the multiple of 2. In association with 
PDSCH transmission , the CWS may be updated / ad 
justed based on feed - back / report ( e.g. , HARQ ACK / 
NACK ) of the user equipment or updated / adjusted 
based on base station sensing . 

[ 0127 ] S1316 : The base station verifies whether the 
channel is idle for the defer period ( D ) . D may corre 
spond to the ECCA defer period in FIG . 15. D in S1306 
and D in S1316 may be the same as each other . When 
the channel is idle for the defer period , the base station 
proceeds to S1318 . When it is determined that the 
channel is busy during the defer period , the base station 
repeats S1316 . 

[ 0128 ] S1318 : The base station verifies whether N is 0 . 
When N is 0 , the base station may perform the signal 
transmitting process ( S1308 ) . In this case , ( N = 0 ) , the 
base station may not immediately perform transmission 
and performs CCA check during at least one slot to 
continue the ECCA process . When N is not 0 ( that is , 
N > 0 ) , the process proceeds to S1320 . 

[ 0129 ] S1320 : The base station selects one of an opera 
tion of decreasing N by 1 ( ECCA count - down ) and an 
operation of not decreasing N ( self - defer ) . The self 
defer operation may be performed according to imple 
mentation / selection of the base station and the base 
station does not perform sensing for energy detection 
and not perform even ECCA countdown in the self 
defer . 

[ 0130 ] S1322 : The base station may select one of the 
operation not performing sensing for energy detection 
and the energy detecting operation . When the sensing 
for the energy detection is not performed , the process 
proceeds to S1324 . When the energy detecting opera 
tion is performed , if an energy level is equal to or lower 
than an energy detection threshold is , idle ) , the 
process proceeds to S1324 . If the energy level is higher 
than the energy detection threshold ( that is , busy ) , the 
process returns to S1316 . That is , one defer period is 
applied again after the channel is idle and N is not 
counted during the defer period . 

[ 0131 ] S1324 : The process proceeds to S1318 . 
[ 0132 ] FIG . 17 illustrates an example in which a base 
station performs DL transmission in an unlicensed band . The 
base station may aggregate cells ( for convenience , LTE - L 
cell ) of one or more licensed bands and cells ( for conve 
nience , LTE - U cell ) of one or more unlicensed bands . In 
FIG . 17 , a case in which one LTE - L cell and one LTE - U cell 
are aggregated for communication with the user equipment 
is assumed . The LTE - L cell may be the PCell and the LTE - U 
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cell may be the SCell . In the LTE - L cell , the base station may 
exclusively use the frequency resource and perform an 
operation depending on LTE in the related art . Therefore , all 
of the radio frames may be constituted by regular subframes 
( rSF ) having a length of 1 ms ( see FIG . 2 ) and the DL 
transmission ( e.g. , PDCCH and PDSCH ) may be performed 
every subframe ( see FIG . 1 ) . Meanwhile , in the LTE - U cell , 
the DL transmission is performed based on the LBT for 
coexistence with the conventional device ( e.g. , Wi - Fi 
device ) . Further , a specific frequency band needs to be 
allocated or reserved for a specific time in order to effec 
tively implement the LTE - U technology / service . Therefore , 
in the LTE - U cell , the DL transmission may be performed 
through a set of one or more consecutive subframes ( DL 
transmission burst ) after the LBT . The DL transmission burst 
may start as the regular subframe ( rSF ) or a partial subframe 
( PSF ) according to an LBT situation . PSF may be a part of 
the subframe and may include a second slot of the subframe . 
Further , the DL transmission burst may end as rSF or PSF . 
[ 0133 ] Hereinafter , DRS transmission in an unlicensed 
band will be described . Using Rel - 12 DRS on carriers within 
the unlicensed band introduces new limitations . LBT regu 
lation in some areas treats DRS as a short control transmis 
sion , allowing DRS transmission without LBT . However , in 
some areas ( such as Japan ) , LBT is also required for short 
control transmissions . Therefore , it is required to apply the 
LBT to the DRS transmission on the LAA SCELL . 
[ 0134 ] FIG . 18 illustrates DRS transmission in an unli 
censed band . When LBT is applied to DRS transmission , 
DRS may not be periodically transmitted due to LBT failure 
in the unlicensed band , unlike Rel - 12 DRS transmitted in the 
licensed band . If the DRS transmission fails within the 
DMTC , the following two options may be considered . 

[ 0135 ] Alt1 : The DRS may only be transmitted at a 
fixed time point within the DMTC . Therefore , when the 
DRS transmission fails , there is no DRS transmission 
in the DMTC . 

[ 0136 ] Alt2 : The DRS may be transmitted in at least one 
other time point within the DMTC . Thus , when a DRS 
transmission fails , a DRS transmission may be 
attempted at another time point within the DMTC . 

[ 0137 ] Hereinafter , DRS transmission in an unlicensed 
band will be described . Specifically , a parameter for DRS 
transmission suitable for LAA based on DRS of 3GPP LTE 
Rel - 12 , a DRS transmission method , and the like are sug 
gested . For convenience , DRS in the existing licensed band 
is referred to as Rel - 12 DRS or LTE - L DRS , and DRS in the 
unlicensed band is referred to as LAA DRS or LTE - U DRS . 
[ 0138 ] FIG . 19 illustrates a parameter for LAA DRS 
transmission and a DRS transmission method based on LBT . 
The DRS transmission period is configured by the DMTC , 
and the DMTC period in the Rel - 12 DRS is configured to 
40/80/160 ms ( see FIG . 8 ) . However , when the channel of 
the transmission time point is busy due to the peripheral 
interference or the like in the case of the DRS transmitted in 
the LAA based on the LBT , the DRS may not be transmitted 
according to the DRS transmission period . Therefore , if the 
DMTC period is configured to the same as that in the LAA 
DRS , the transmission frequency of the LAA DRS may be 
lowered . Therefore , a new DMTC period is required in the 
LAA , and may be configured to 40 ms or less , for example . 
In addition , the base station may attempt to transmit DRS at 
least once within the DMTC period , and may configure a 
duration such as the DMTC and may be configured to 

transmit DRS in the corresponding duration . Accordingly , 
since the user equipment expects DRS transmission only in 
the DMTC , DRS search / detection is performed only in the 
corresponding DMTC , thereby reducing the power con 
sumption of the user equipment and the burden of blind 
detection / decoding . When a DRS transmission occurs in the 
DMTC , the base station transmits a DRS configuration ( e.g. , 
a configuration with CRS / PSS / SSS / CSI - RS in Rel - 12 ) when 
the channel is idle after LBT . DRS transmission duration 
may be defined as DRS occasion duration . The DRS occa 
sion duration in Rel - 12 may be configured to 1 to 5 ms . 
Since LAA operates based on LBT , as the DRS length 
EDRS occasion duration ) becomes longer , the transmittable 
time point decreases , and in the case of long DRS , continu 
ous transmission is required so that idle duration does not 
occur in order to prevent the transmission of other base 
stations / terminals / Wi - Fi devices based on LBT . FIG . 19 
shows a DRS occasion duration having a length of at least 
one subframe for convenience , but the length of the DRS 
occasion duration is not limited thereto . A method of trans 
mitting DRS after LBT is broadly classified into two . There 
are an Alti ( DRS Alt . 1 ) technique , which allows transmis 
sion from a fixed location ( for convenience , the DMTC 
starting location ) in the DMTC based on the LBT , and an 
Alt2 ( DRS Alt . 2 ) technique , which allows at least one other 
DRS transmission even if the CCA result channel is busy in 
the DMTC and the DRS transmission fails . 

[ 0139 ] FIG . 20 illustrates a case where simultaneous trans 
mission of LAA DRS + PDSCH occurs in SF # 0 / # 5 in the 
LAA DMTC , and FIG . 21 illustrates a case where simulta 
neous transmission of LAA DRS + PDSCH occurs in SF 
except for SF # 0 / # 5 in LAA DMTC . SF # 0 / # 5 represents SF 
# 0 and / or SF # 5 . For illustration of the invention , although 
the drawing illustrates only the case where simultaneous 
transmission of LAA DRS + PDSCH occurs , in SF in the 
LAA DMTC , ( i ) only LAA DRS transmission ( DRS alone 
transmission ) , ( ii ) only PDSCH transmission ( PDSCH alone 
transmission ) , and ( iii ) LAA DRS + PDSCH simultaneous 
transmission may be performed . When CRS / PSS / SSS / CSI 
RS ( CSI - RS may be used as DRS if it is configured 
separately for DRS ) is transmitted for DRS , CRS / PSS / SSS / 
CSI - RS is used for the original purpose ( e.g. , L1 channel 
estimation ( e.g. , CSI ) , data demodulation , time / frequency 
synchronization , etc. ) and RRM measurement ( L3 channel 
estimation ) and when CRS / PSS / SSS / CSI - RS is transmitted 
for non - DRS , CRS / PSS / SSS / CSI - RS is used for the original 
purpose . Therefore , when a user equipment detects CRS / 
PSS / SSS / CSI - RS , user equipment should recognize whether 
or not CRS / PSS / SSS / CSI - RS are transmitted as DRS . Also , 
when the PDSCH is transmitted from the SF in the LAA 
DMTC , the amount / location of the resource ( i.e. , RE ) to 
which the PDSCH is mapped in the SF changes depending 
on ( i ) PDSCH alone transmission , or ( ii ) LAA DRS + 
PDSCH simultaneous transmission . Therefore , in order to 
properly decode the PDSCH , the user equipment is required 
to recognize whether the PDSCH is transmitted alone or 
with the LAA DRS in the corresponding SF . 
[ 0140 ] Hereinafter , for the DL transmission in the unli 
censed band , a method and operation of a base station to 
allow a user equipment to recognize ( i ) whether LAA DRS 
exists ( and / or whether LAA DRS is transmitted alone ) , ( ii ) 
LAA DRS + PDSCH is transmitted simultaneously , and ( iii ) 
whether PDSCH is transmitted alone will be described . In 
addition , for the DL transmission in the unlicensed band , a 
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method and operation of a user equipment to distinguish ( i ) 
whether LAA DRS exists ( and / or whether LAA DRS is 
transmitted alone ) , ( ii ) LAA DRS + PDSCH is transmitted 
simultaneously , and ( iii ) whether PDSCH is transmitted 
alone will be described . Hereinafter , DRS refers to the 
unlicensed band DRS ( e.g. , LAA DRS ) unless otherwise 
specified . 
[ 0141 ] An explicit signaling method and an implicit sig 
naling method are possible as a method of a base station to 
allow a user equipment to recognize whether a LAA DRS 
exists . First , the following explicit signaling method may be 
used . 

[ 0142 ] Method 1 ) the base station may signal to the user 
equipment whether or not DRS is present ( of the LAA cell ) 
through L1 signaling ( e.g. , PDCCH ( DCI ) , common control 
channel , and PHICH ) in the licensed band cell ( e.g. , PCell ) . 
For example , using a UE - specific DCI format or a common 
DCI format in a PCell or a PHICH resource on a licensed 
band , the base station may indicate to the user equipment 
whether or not there is DRS of the unlicensed band cell . 

[ 0143 ] First , a method of indicating whether or not DRS is 
present to a user equipment using a user equipment - specific 
DCI format will be described . In cross - carrier scheduling , 
using DL Grant DCI format included in PCell PDCCH / 
EPDCCH , the base station schedules a DL transmission 
burst ( e.g. , PDSCH ) in the unlicensed band to the user 
equipment . Thus , by including an indication bit ( e.g. , indi 
cating the presence or absence of DRS ) in the DL grant DCI 
format that schedules the unlicensed band , the user equip 
ment may recognize the presence of DRS in the unlicensed 
band through the corresponding indication bit . Through this , 
for the SF of the unlicensed band ( or DL transmission burst ) , 
the user equipment may determine ( i ) whether or not DRS 
is present ( or whether DRS is transmitted alone ) , ( ii ) 
whether DRS + PDSCH is transmitted simultaneously , ( iii ) 
whether PDSCH is transmitted alone . Accordingly , the base 
station may perform rate - matching / resource mapping in 
consideration of the presence or absence of DRS when 
transmitting EPDCCH / PDSCH . Also , in consideration of 
the presence of DRS , as assuming base station rate - match 
ing / resource mapping according to the presence of DRS , 
user equipment may also perform an EPDCCH / PDSCH 
decoding / decoding process ( e.g. , including or except infor 
mation in the DRS RE during decoding / demodulating ) . 
[ 0144 ] Next , the base station may inform the user equip 
ment of the presence of DRS using a common DCI . Since 
DRS is transmitted in a base station - specific ( BS - specific ) 
manner in order for RRM measurement or coarse / fine time ! 
frequency synchronization , the presence or absence of DRS 
is informed by using a control channel having a DCI that is 
CRC - scrambled by CC - RNTI , i.e. , a common DCI so that 
user equipments capable of receiving a base station signal 
receive it in common . Through such signaling , for the 
corresponding subframe , the user equipment may determine 
( i ) whether or not DRS is present ( or whether DRS is 
transmitted alone ) , ( ii ) whether DRS + PDSCH is transmitted 
simultaneously , ( iii ) whether PDSCH is transmitted alone . 
Accordingly , the base station may perform rate - matching 
resource mapping in consideration of the presence or 
absence of DRS when transmitting EPDCCH / PDSCH . Also , 
in consideration of the presence of DRS , as assuming base 
station rate - matching / resource mapping according to the 
presence of DRS , user equipment may also perform an 

EPDCCH / PDSCH decoding / demodulating process ( e.g. , 
including or except information on the DRS RE during 
decoding / demodulating ) . 
[ 0145 ] Finally , the PHICH resource in the licensed band 
may be used to indicate to the user equipment whether DRS 
is present . For uplink transmission in the licensed band , 
since synchronous and non - adaptive retransmissions are 
supported , a PHICH resource that transmits HARQ - ACK 
feedback is used . On the other hand , for uplink transmission 
in the unlicensed band , since asynchronous and adaptive 
retransmissions are supported , a PHICH resource that trans 
mits is not used . On the other hand , in the case of cross 
carrier scheduling , when the existing procedure is followed , 
the PHICH is transmitted from the cell in which the UL grant 
is transmitted . Therefore , the PHICH resource for SCell ( i.e. , 
LAA SCell ) in the unlicensed band is configured to be 
transmitted from the PCell in the licensed band . However , 
for the uplink transmission in the LAA SCell , retransmission 
is indicated only through the PDCCH , PHICH resources for 
LAA SCell in PCell are not used . Therefore , it is possible to 
indicate whether the DRS is transmitted in the LAA SCell 
using the PHICH resource for the LAA SCell in the PCell . 
Through such signaling , for the corresponding subframe , the 
user equipment may determine ( i ) whether or not DRS is 
present ( or whether DRS transmitted alone ) , ( ii ) whether 
DRS + PDSCH is transmitted simultaneously , ( iii ) whether 
PDSCH is transmitted alone . Accordingly , the base station 
may perform rate - matching / resource mapping in consider 
ation of the presence or absence of DRS when transmitting 
EPDCCH / PDSCH . Also , in consideration of the presence of 
DRS , as assuming base station rate - matching / resource map 
ping according to the presence of DRS , user equipment may 
also perform an EPDCCH / PDSCH decoding / demodulating 
process ( e.g. , including or except information on the DRS 
RE during decoding / demodulating ) . 
[ 0146 ] Method 2 ) the base station may signal to the base 
station whether or not DRS is present through L1 signaling 
( e.g. , PDCCH ( DCI ) , common control channel , and PHICH ) 
in the unlicensed band cell ( e.g. , LAA SCell ) . For example , 
using a UE - specific DCI format or a common DCI format in 
a LAA SCell or a PHICH resource , the base station may 
indicate to the user equipment whether or not DRS is 
present . 
[ 0147 ] First , a method of indicating whether or not DRS is 
present to a user equipment using a user equipment - specific 
DCI format will be described . When self - carrier scheduling 
is used , the base station includes an indication bit ( e.g. , 
indicating the presence or absence of DRS ) in the DL grant 
DCI format of the PDCCH transmitted in the unlicensed 
band , so that the user equipment may recognize the presence 
of DRS in the unlicensed band through the corresponding 
indication bit . Through this , for the SF of the unlicensed 
band ( or DL transmission burst ) , the user equipment may 
determine ( i ) whether or not DRS is present ( or whether 
DRS is transmitted alone ) , ( ii ) whether DRS + PDSCH is 
transmitted simultaneously , ( iii ) whether PDSCH is trans 
mitted alone . Accordingly , the base station may perform 
rate - matching / resource mapping in consideration of the 
presence or absence of DRS when transmitting EPDCCH / 
PDSCH . Also , in consideration of the presence of DRS , as 
assuming base station rate - matching / resource mapping 
according to the presence of DRS , user equipment may also 
perform an EPDCCH / PDSCH decoding / demodulating pro 
cess ( e.g. , including or except information on the DRS RE 
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during decoding / demodulating ) . When SCell ( LAA SCell 
# 1 ) in the unlicensed band cross - carriers schedules another 
SCell ( LAA SCell # 2 ) in the unlicensed band , the base 
station schedules a DL transmission burst ( e.g. , PDSCH ) of 
LAA SCell # 2 to the user equipment using the DL Grant DCI 
format included in the PDCCH / EPDCCH of LAA SCell # 1 . 
Thus , by the DL grant DCI format of the LAA SCell # 1 
including an indication bit ( e.g. , indicating the presence or 
absence of DRS ) in , the user equipment may recognize the 
presence of DRS in the LAA SCell # 2 through the corre 
sponding indication bit . Through this , for the SF of the LAA 
SCell # 2 ( or DL transmission burst ) , the user equipment may 
determine ( i ) whether or not DRS is present ( or whether 
DRS is transmitted alone ) , ( ii ) whether DRS + PDSCH is 
transmitted simultaneously , ( iii ) whether PDSCH is trans 
mitted alone . Accordingly , the base station may perform 
rate - matching / resource mapping in consideration of the 
presence or absence of DRS when transmitting EPDCCH / 
PDSCH . Also , in consideration of the presence of DRS , as 
assuming base station rate - matching / resource mapping 
according to the presence of DRS , user equipment may also 
perform an EPDCCH / PDSCH decoding / demodulating pro 
cess ( e.g. , including or except information on the DRS RE 
during decoding / demodulating ) . 
[ 0148 ] Next , the base station may inform the user equip 
ment of the presence of DRS using a common DCI on the 
LAA SCell . Since DRS is transmitted in a BS - specific 
manner in order for RRM measurement or coarse / fine time ! 
frequency synchronization , the presence or absence of DRS 
may be informed by using a control channel having a DCI 
that is CRC - scrambled by CC - RNTI on the LAA SCell , i.e. , 
a common DCI so that user equipments capable of receiving 
a base station signal to receive it in common . Through such 
signaling , for the corresponding subframe , the user equip 
ment may determine ( i ) whether or not DRS is present ( or 
whether DRS is transmitted alone ) , ( ii ) whether DRS + 
PDSCH is transmitted simultaneously , ( iii ) whether PDSCH 
is transmitted alone . Accordingly , the base station may 
perform rate - matching / resource mapping in consideration of 
the presence or absence of DRS when transmitting EPD 
CCH / PDSCH . Also , in consideration of the presence of 
DRS , as assuming base station rate - matching / resource map 
ping according to the presence of DRS , user equipment may 
also perform an EPDCCH / PDSCH decoding / demodulating 
process ( e.g. , including or except information on the DRS 
RE during decoding / demodulating ) . 
[ 0149 ] Finally , the PHICH resource in the unlicensed band 
may be used to indicate to the user equipment whether DRS 
is present . For uplink transmission in the licensed band , 
since synchronous and non - adaptive retransmissions are 
supported , a PHICH resource that transmits HARQ - ACK 
feedback is used . On the other hand , for uplink transmission 
in the licensed band , since asynchronous and adaptive 
retransmissions are supported , a PHICH resource is not 
used . On the other hand , in the case of cross - carrier sched 
uling , when the existing procedure is followed , the PHICH 
is transmitted from the cell in which the UL grant is 
transmitted . Therefore , the PHICH resource for the sched 
uled SCell in the unlicensed band is configured in the 
scheduling SCell in the unlicensed band . Therefore , it is 
possible to indicate the DRS transmission in the scheduled 
SCell using the PHICH resource for the scheduled SCell in 
the scheduling SCell . Through such signaling , for the cor 
responding subframe , the user equipment may determine ( i ) 

whether or not DRS is present ( or whether DRS is trans 
mitted alone ) , ( ii ) whether DRS + PDSCH is transmitted 
simultaneously , ( iii ) whether PDSCH is transmitted alone . 
Accordingly , the base station may perform rate - matching 
resource mapping in consideration of the presence or 
absence of DRS when transmitting EPDCCH / PDSCH . Also , 
in consideration of the presence of DRS , as assuming base 
station rate - matching / resou ource mapping according to the 
presence of DRS , user equipment may also perform an 
EPDCCH / PDSCH decoding / demodulating process ( e.g. , 
including or except information on the DRS RE during 
decoding / demodulating ) . Also , in the case of the self - carrier 
scheduling , when the existing procedure is followed , the 
PHICH resource for the uplink transmission scheduled from 
the unlicensed band cell ( e.g. , LAA SCell # 1 ) is configured 
on the LAA SCell # 1 . Therefore , it is possible to indicate the 
DRS transmission for the LAA SCell # 1 using the PHICH 
resource on the LAA SCell # 1 . Through such signaling , for 
the corresponding subframe , the user equipment may deter 
mine ( i ) whether or not DRS is present ( or whether DRS is 
transmitted alone ) , ( ii ) whether DRS + PDSCH is transmitted 
simultaneously , ( iii ) whether PDSCH is transmitted alone . 
Accordingly , the base station may perform rate - matching 
resource mapping in consideration of the presence or 
absence of DRS when transmitting EPDCCH / PDSCH . Also , 
in consideration of the presence of DRS , as assuming base 
station rate - matching / resource mapping according to the 
presence of DRS , user equipment may also perform an 
EPDCCH / PDSCH decoding / demodulating process ( e.g. , 
including or except information on the DRS RE during 
decoding / demodulating ) . 
[ 0150 ] Also , using the implicit signaling method below , 
the base station may make the user equipment aware of the 
presence of DRS that may be transmitted in the unlicensed 
band . 
[ 0151 ] Method 3 ) In the DMTC , regardless of whether the 
DRS is transmitted from the base station , the user equipment 
may consider / assume that DRS is always / may be present in 
the SF where DRS transmission is possible . Specifically , the 
user equipment in the DMTC configured to the user equip 
ment may assume that PDSCH and the DRS are simultane 
ously transmitted and assumes the presence of DRS to 
perform rate - matching for EPDCCH / PDSCH . That is , DRS 
RE may always be considered in decoding / demodulating 
EPDCCH / PDSCH in DMTC ( i.e. , rate - matching is per 
formed considering DRS RE ) . Therefore , the user equip 
ment does not need to receive signaling on whether DRS is 
transmitted . However , when the user equipment performs 
DRS detection , e.g. , SF including CRS / PSS / SSS / CSI - RS 
( CSI - RS may be used as DRS if it is separately configured 
for DRS ) detection once in the DMTC , the user equipment 
assumes that a DRS transmission from the base station 
occurs in the SF , so that the user equipment does not need 
to consider the DRS RE during decoding / demodulation of 
the EPDCCH / PDSCH after the DRS detection in the corre 
sponding DMTC ( i.e. , rate - matching is not performed in 
consideration of DRS RE ) . When the LBT is successful , 
since the DRS transmission from the base station is per 
formed only once within the DMTC , when the user equip 
ment detects DRS in the DMTC , it is not necessary to 
consider the DRS presence for the EPDCCH / PDSCH trans 
mission of the remaining DL transmission bursts transmitted 
by the base station . Accordingly , when the user equipment 
performs DRS detection , e.g. , SF including CRS / PSS / SSS / 
CSI - RS ( CSI - RS may be used as DRS if it is separately 
configured for DRS ) detection once in the DMTC , the user 



US 2020/0112985 A1 Apr. 9 , 2020 
12 

on the SF index of each SF . The SSS / CRS / CSI - RS sequence 
in DRS is provided based on the index of SF # 0 or SF # 5 . 
[ 0155 ] As an example , the 3GPP Rel - 12 CRS sequence is 
generated by Equation 1. The initial value of the CRS 
sequence is given by Equation 2 . 

1 1 [ Equation 1 ] 
" lng ( m ) ( 1 – 2.c ( 2m ) ) + ] ( 1–2.c ( 2m + 1 ) ) , ? 

m = 0 , 1 , ... , 2Nmax , DL - 1 RB 

equipment assumes that a DRS transmission from the base 
station occurs in the SF , so that the user equipment does not 
need to consider the DRS RE during decoding / demodulation 
of the EPDCCH / PDSCH after DRS detection in the corre 
sponding DMTC ( i.e. , does not perform rate - matching in 
consideration of DRS RE ) . However , when DRS detection , 
e.g. , SF including CRS / PSS / SSS / CSI - RS ( CSI - RS may be 
used as DRS if it is separately configured for DRS ) detection 
is not yet performed in the DMTC , the user equipment 
assumes the DRS presence in the SF where DRS transmis 
sion possibility exists and performs rate - matching on EPD 
CCH / PDSCH according to DRS RE mapping to perform 
decoding / demodulation of EPDCCH / PDSCH . 
[ 0152 ] Before describing method 4 ) , a secondary synchro 
nization signal ( SSS ) sequence index according to a sub 
frame index used in 3GPP Rel - 8 to Rel - 12 will be described 
with reference to FIG . 22. Referring to FIG . 22 , the SSS 
sequence is composed of an SSS sequence 1 SSS , allocated 
to SF # 0 and an SSS sequence 2 SSS , allocated to SF # 0 . 
SSS , and SSS , are both composed of sequences X and Y , 
respectively . The sequences X and Y are alternately mapped 
to subcarriers . In SF # 0 , the sequence X is mapped first , and 
in SF # 5 , the sequence Y is mapped first . That is , the SSS is 
composed of a combination of the sequences X and Y , and 
the mapping order of the sequences X and Y is changed 
according to the SF index . For convenience , it is assumed 
that SSS , is composed of ( sequence X , sequence Y ) , and 

max , DL 

( 0156 ] Here , n , represents a slot index in a radio frame , 1 
represents an OFDMA symbol index in the slot , c ( ) repre 
sents a pseudo - random sequence , and NRB represents 
the maximum number of RBs in the DL band . c is 
initialized using the initial value of Equation 2 at the 
beginning of each OFDM symbol . 

• ( 7- ( 13 + 1 ) + 1 + 1 ) - ( 2 - N7p cell + 1 ) + 2 - N7p cell + NCP [ Equation 2 ] 
1 

Cinit 

cell 
[ 0157 ] Here , n , represents a slot index in a radio frame , 1 
represents an OFDM symbol index in the slot , ND 
represents a physical cell ID , Ncp represents a CP type , 1 for 
a normal CP and 0 for an extended CP . The slot index ng in 
the radio frame has the following relationship with the SF 
index SF # . 

TABLE 2 

SF # 

0 2 3 4 5 6 7 8 9 

ng 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

SSS , is composed of ( sequence Y , sequence X ) . It is also 
assumed that SSS , and SSS , have SSS sequence index 1 and 
SSS sequence index 2 , respectively . 
[ 0153 ] Method 4 ) through the detection of the index of the 
SSS constituting the DRS , the user equipment may recog 
nize whether it is the DRS transmission or the DRS + PDSCH 
simultaneous transmission . First , a method of configuring a 
sequence index of SSS / CRS / CSI - RS ( CSI - RS may be used 

[ 0158 ] Since the initial value is determined based on each 
SF index in the 3GPP Rel - 12 CRS sequence , n , of Equation 
2 has a value of 0 to 19 according to the SF to which the CRS 
is transmitted . 
[ 0159 ] On the other hand , when the CRS is used as the 
DRS , n , of Equation 2 has only a slot index corresponding 
to the SF # 0 or SF # 5 according to the SF to which the DRS 
is transmitted as follows . 

TABLE 3 

SF # 

0 1 2 ?? 4 5 6 7 8 9 

ng 0 1 0 1 0 1 0 1 0 1 10 11 10 11 10 11 10 11 10 11 

[ 0160 ] As an example , the 3GPP Rel - 12CSI - RS sequence 
is generated by Equation 3. The initial value of the CSI - RS 
sequence is given by Equation 4 . 

as DRS when it is separately configured for DRS ) consti 
tuting DRS will be described ( Option 1 to 4 ) . 
[ 0154 ] Option 1 ) when DRS is transmitted in SF # 0 to # 4 
in DMTC , the SSS / CRS / CSI - RS sequence in the DRS may 
be obtained by applying the index of SF # 0 to the 3GPP 
Rel - 12 SSS / CRS / CSI - RS sequence . When DRS is transmit 
ted in SF # 5 to # 9 in DMTC , SSS / CRS / CSI - RS sequence in 
the DRS may be obtained by applying the index of SF # 5 to 
3GPP Rel - 12SSS / CRS / CSI - RS sequence . Specifically , the 
3GPP Rel - 12 SSS / CRS / CSI - RS sequence is provided based 

1 1 [ Equation 3 ] 
Ming ( m ) ( 1 -2.c ( 2m + 1 ) ) , ( 1 – 2.c ( 2m ) ) + ; V2 

m = 0 , 1 , ... , Nmax , DL - 1 
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max DL 

CSI I + NCP 

CSI 

NID cell cell 

[ 0161 ] Here , n , represents a slot index in a radio frame , 1 
represents an OFDMA symbol index in the slot , c ) repre 
sents a pseudo - random sequence , and NRB represents 
the maximum number of RBs in the DL band . c ( ) is 
initialized using the initial value of Equation 4 at the 
beginning of each OFDM symbol . 

Cinit 210 . ( 7 : ( ( + 1 ) + 1 + 1 ) ( 2 - NUCS + 1 ) + 2ND [ Equation 4 ] 

[ 0162 ] Here , n , represents a slot index in a radio frame , 1 
represents an OFDM symbol index in a slot , ND is 
configured by a higher layer ( e.g. , RRC ) , and is equal 

when not configured by a higher layer . ND rep 
resents a physical cell ID , and Ncp represents a CP type , 1 
for a normal CP and 0 for an extended CP . The slot index ng 
in the radio frame has the relationship with the SF index SF 
# as in Table 2 . 
[ 0163 ] Moreover , in the case where the CSI - RS is config 
ured as DRS , the slot indexes n , shown in Table 3 may be 
applied to Equation 3 and Equation 4 for CSI - RS sequence 
generation in the same manner as applied in CRS used as 
DRS . That is , when the CSI - RS is used as the DRS , n , of 
Equation 4 has only a slot index corresponding to the SF # 0 
or SF # 5 according to the SF to which the DRS is transmitted 
as in Table 3 . 
[ 0164 ] Option 2 ) when DRS is transmitted in SF # 0 to # 4 
in DMTC , the SSS sequence in the DRS may be obtained by 
applying the index of SF # 0 to the 3GPP Rel - 12 SSS 
sequence ( e.g. , SSS , of FIG . 22 ) . When DRS is transmitted 
in SF # 5 to # 9 in DMTC , the SSS sequence in the DRS may 
be obtained by applying the index of SF # 5 to the 3GPP 
Rel - 12555 sequence ( e.g. , SSS , of FIG . 22 ) . On the other 
hand , the CRS / CSI - RS sequence in the DRS may use the 
CRS / CSI - RS sequence generated according to each SF 
index as in the method used in 3GPP Rel - 12 . That is , for the 
CRS as the DRS , the slot index n , of Table 2 may be applied 
to Equation 2 according to the transmitted SF , and for the 
CSI - RS of the DRS , the slot index n , of Table 2 may be 
applied to Equation 4 according to the transmitted SF . 
[ 0165 ] Option 3 ) when DRS is transmitted in DMTC , the 
SSS / CRS / CSI - RS sequence in the DRS may be obtained by 
applying the index of SF # 0 to the 3GPP Rel - 12SSS / CRS / 
CSI - RS sequence . That is , unlike Option 1 , when DRS is 
transmitted in DMTC , the SSS / CRS / CSI - RS sequence in the 
DRS may be obtained by always applying the index of SF 
# 0 to the 3GPP Rel - 12SSS / CRS / CSI - RS sequence . That is , 
for the CRS as the DRS , the slot index n , of Table 4 may be 
applied to Equation 2 according to the transmitted SF , and 
for the CSI - RS of the DRS , the slot index n , of Table 4 may 
be applied to Equation 4 according to the transmitted SF . 

to Equation 2 according to the transmitted SF , and for the 
CSI - RS as the DRS , the slot index n , of Table 2 may be 
applied to Equation 4 according to the transmitted SF . 
[ 0167 ] Options 1 ) to 4 ) may be considered in DRS trans 
mission irrespective of PDSCH transmission . In order to 
distinguish between ( i ) whether or not DRS is present ( or 
whether DRS is transmitted alone ) and ( ii ) DRS + PDSCH 
simultaneous transmission , for example , method 4 ) may 
swap the SSS sequence index to use an index different from 
the SSS sequence index used for DRS during DRS + PDSCH 
simultaneous transmission . Accordingly , after detecting the 
SSS sequence index , the user equipment may recognize 
whether the DRS transmission is performed or the DRS + 
PDSCH simultaneous transmission is performed in the DL 
transmission burst in the corresponding SF . Accordingly , 
through different SSS sequence index transmissions at the 
base station and detection at the user equipment , for the SF 
( or DL transmission burst ) , the user equipment may deter 
mine ( i ) whether or not DRS is present ( and / or whether DRS 
is transmitted alone ) , ( ii ) whether DRS + PDSCH is trans 
mitted simultaneously , ( iii ) whether PDSCH is transmitted 
alone . Accordingly , the user equipment may perform rate 
matching for the PDSCH to perform decoding / demodulation 
of the EPDCCH / PDSCH . 
[ 0168 ] An example in which method 4 is applied to Option 
1 ) will be described . When DRS is transmitted in SF # 0 to 
SF # 4 in the DMTC , the SSS / CRS / CSI - RS sequence in DRS 
may be obtained by applying the index of SF # 0 to the 3GPP 
Rel - 128SS / CRS / CSI - RS sequence , and when DRS is trans 
mitted in SF # 5 to # 9 in the DMTC , the SSS / CRS / CSI - RS 
sequence in DRS may be obtained by applying the index of 
SF # 5 to the 3GPP Rel - 12SSS / CRS / CSI - RS sequence . How 
ever , when DRS + PDSCH simultaneous transmission is per 
formed in the DMTC , the SSS sequence index used in SF # 5 
instead of SF # 0 is applied to the SSS sequences of SF # 0 
to # 4 ( e.g. , SSS , in FIG . 22 ) and the SSS sequence index 
used in SF # 0 instead of SF # 5 may be applied to the SSS 
sequences of SF # 5 to # 9 ( e.g. , SSS , in FIG . 22 ) . Accord 
ingly , through SSS detection , for the SF ( or , DL transmission 
burst ) , the user equipment may know whether ( i ) DRS 
transmission is performed or ( ii ) DRS + PDSCH simultane 
ous transmission is performed . 
[ 0169 ] An example in which method 4 is applied to Option 
2 ) will be described . When DRS is transmitted alone in SF 
# 0 to # 9 in DMTC , the SSS sequence in the DRS may be 
obtained by applying the index of SF # 0 to the 3GPP Rel - 12 
SSS ( e.g. , SSS , of FIG . 22 ) . On the other hand , when 
DRS + PDSCH simultaneous transmission is performed in SF 

TABLE 4 

SF # 

0 2 3 4 5 6 7 8 9 

ng 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

[ 0166 ] Option 4 ) when DRS is transmitted in DMTC , the 
SSS sequence in the DRS may be obtained by applying the 
index of SF # 0 to the 3GPP Rel - 12 SSS sequence . On the 
other hand , the CRS / CSI - RS sequence in the DRS may use 
the CRS / CSI - RS sequence generated according to each SF 
index as in the method used in 3GPP Rel - 12 . That is , for the 
CRS as the DRS , the slot index n , of Table 2 may be applied 

# 0 to # 4 in DMTC , the SSS sequence in the DRS may be 
obtained by applying the index of SF # 5 to the 3GPP Rel - 12 
SSS ( e.g. , SSS , of FIG . 22 ) . Accordingly , through SSS 
detection , for the SF ( or , DL transmission burst ) , the user 
equipment may recognize whether ( i ) DRS transmission is 
performed or ( ii ) DRS + PDSCH simultaneous transmission 
is performed . When DRS is transmitted alone in SF # 5 to # 9 



US 2020/0112985 A1 Apr. 9 , 2020 
14 

1 

1 

in DMTC , the SSS sequence in the DRS may be obtained by 
applying the index of SF # 5 to the 3GPP Rel - 12555 
sequence ( e.g. , SSS2 of FIG . 22 ) . On the other hand , when 
DRS + PDSCH simultaneous transmission is performed in SF 
# 5 to # 9 in DMTC , the SSS sequence in the DRS may be 
obtained by applying the index of SF # 0 to the 3GPP Rel - 12 
SSS ( e.g. , SSS , of FIG . 22 ) . Accordingly , through SSS 
detection , for the SF ( or , DL transmission burst ) , the user 
equipment may recognize whether ( i ) DRS transmission is 
performed or ( ii ) DRS + PDSCH simultaneous transmission 
is performed 
[ 0170 ] An example in which method 4 is applied to Option 
3 ) will be described . When DRS is transmitted in DMTC , 
the SSS / CRS / CSI - RS sequence in the DRS may be obtained 
by applying the index of SF # 0 to the 3GPP Rel - 12 SSS / 
CRS / CSI - RS sequence . On the other hand , when DRS + 
PDSCH simultaneous transmission is performed in DMTC , 
the SSS sequence in the DRS may be obtained by applying 
the index of SF # 5 to the 3GPP Rel - 12 SSS ( e.g. , SSS , of 
FIG . 22 ) . Accordingly , through SSS detection , for the SF ( or , 
DL transmission burst ) , the user equipment may know 
whether ( i ) DRS transmission is performed or ( ii ) DRS + 
PDSCH simultaneous transmission is performed . 
[ 0171 ] An example in which method 4 is applied to Option 
4 ) will be described . When DRS is transmitted in DMTC , 
the SSS sequence in the DRS may be obtained by applying 
the index of SF # 0 to the 3GPP Rel - 12 SSS sequence ( e.g. , 
SSS , of FIG . 22 ) . On the other hand , when DRS + PDSCH 
simultaneous transmission is performed in DMTC , the SSS 
sequence in the DRS may be obtained by applying the index 
of SF # 5 to the 3GPP Rel - 12555 ( e.g. , SSS , of FIG . 22 ) . 
Accordingly , through SSS detection , for the SF ( or , DL 
transmission burst ) , the user equipment may know whether 
( i ) DRS transmission is performed or ( ii ) DRS + PDSCH 
simultaneous transmission is performed . 
[ 0172 ] Method 5 ) the user equipment may implicitly 
detect the presence of DRS by blind detection of CRS . For 
example , in SF # 0 / # 5 , a method of allowing a user equip 
ment to implicitly recognize whether a DRS is present 
through blind detection of a CRS may be considered . 
However , in the case where DRS is transmitted in SF except 
for SF # 0 / # 5 , in order to verify whether or not DRS is 
present , detection of the CRS sequence given by the SF 
index is further required ( e.g. , option 1 ) . The number of 
blind detections of CRS may increase according to the 
configuration between an SF index and a CRS sequence 
belonging to DRS , but there are advantages that in addition 
to not requiring additional signaling , whether DL transmis 
sion data burst is transmitted or not may be recognized by 
the blind detection of CRS . 
[ 0173 ] Next , the PDSCH detection operation of the user 
equipment for the PDSCH transmission based on the EPD 
CCH will be described . As considering a case where the 
DRS and the PDSCH are multiplexed in the SF # 0 / # 5 in the 
DMTC , in the SF # 0 / # 5 , the user equipment may perform 
rate - matching in consideration of DRS REs during decod 
ing / demodulation of the PDSCH . As considering a case 
where DRS and EPDCCH / PDSCH are multiplexed in SF 
# 0 / # 5 in the DMTC , for the EPDCCH configure to be 
transmitted in the PDSCH region , it is not possible to signal 
the presence of DRS through L1 - signaling ( e.g. , DCI ) over 
EPDCCH . That is , in the transmission method / transmission 
mode for performing the EPDCCH - based PDSCH schedul 
ing to the user equipment , when signaling for the presence 

or absence of DRS through L1 - signaling , this is because 
EPDCCH decoding must be performed before knowing 
whether or not DRS is present . Thus , during EPDCCH 
decoding / demodulation , the user equipment may perform 
rate - matching by always considering REs in which DRS 
may exist regardless of whether or not DRS is present . On 
the other hand , during PDSCH decoding / demodulation , the 
user equipment may perform rate - matching by selectively 
considering DRS REs according to whether or not DRS is 
present based on L1 - signaling . 
[ 0174 ] On the other hand , the transmission ( e.g. , ( i ) DRS 
alone transmission , ( ii ) DRS + PDSCH simultaneous trans 
mission , ( iii ) PDSCH alone transmission ) ( see FIG . 20 ) of 
the base station in SF # 0 / # 5 in DMTC may be different from 
the detection of the user equipment therefor . In addition , the 
transmission ( e.g. , ( i ) DRS alone transmission , ( ii ) DRS + 
PDSCH simultaneous transmission , ( iii ) PDSCH alone 
transmission ) ( see FIG . 21 ) of the base station in SF except 
SF # 0 / # 5 in DMTC may be different from the detection of 
the user equipment therefor . The solution to this problem is 
described below . 
[ 0175 ] First , under the assumption of methods for 
enabling the user equipment to recognize the presence of the 
DRS presented in the present invention , as shown in FIG . 
20 , the transmission ( e.g. , ( i ) DRS alone transmission , ( ii ) 
DRS + PDSCH simultaneous transmission , ( iii ) PDSCH 
alone transmission ) of the base station in SF # 0 / # 5 in DMTC 
is described . When an indication is received that DRS is 
present in SF # 0 / # 5 , since PDSCH transmission may occur 
simultaneously with DRS in the DL transmission burst of SF 
# 0 / # 5 , the user equipment may be required to determine 
whether DRS transmission only occurs in the DL transmis 
sion burst of SF # 0 / # 5 , or DRS + PDSCH simultaneous 
transmission occurs . This determination may be made as the 
user equipment blind - decodes the PDCCH / EPDCCH . As a 
result of PDCCH / EPDCCH blind decoding , when there is a 
DL grant transmitted to the user equipment , the user equip 
ment may perform rate - matching on the DRS RE in con 
sidering that DRS + PDSCH simultaneous transmission is 
performed from the base station to perform decoding / de 
modulation of the PDSCH . On the other hand , as a result of 
the PDCCH / EPDCCH blind decoding , when there is no DL 
grant transmitted to the user equipment , the user equipment 
may determine that DRS alone transmission is performed 
and perform DRS detection . Also , since there is no DRS in 
the DL transmission burst of SF # 0 / # 5 , when there is a DL 
grant transmitted to the corresponding user equipment as a 
result of PDCCH / EPDCCH blind decoding , a user equip 
ment receiving an indication that there is no DRS in SF 
# 0 / # 5 may perform decoding / demodulation of the PDSCH 
without operation like rate - matching for DRS RE . 
[ 0176 ] In addition , a detection method of a user equipment 
for the transmission ( e.g. , ( i ) DRS alone transmission , ( ii ) 
DRS + PDSCH simultaneous transmission , ( iii ) PDSCH 
alone transmission ) ( see FIG . 21 ) of the base station in SF 
except SF # 0 / # 5 is described . A user equipment that receives 
an indication that DRS is present in SF except SF # 0 / # 5 may 
first discriminate whether a DRS alone transmission is 
performed through blind detection of CRS in SF except SF 
# 0 / # 5 ( e.g. , option 1 ) . Since DRS and PDSCH transmission 
may occur simultaneously in the DL transmission burst in 
SF except SF # 0 / # 5 , the user equipment may blind - decode 
the PDCCH , in SF except SF # O / # 5 , to rate - match the DRS 
RE to perform decoding / demodulation of the PDSCH when 
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there is a DL grant transmitted to the user equipment . 
Otherwise , the user equipment blind - decode the PDCCH to 
determine DRS alone transmission and perform DRS detec 
tion when there is no DL grant transmitted to the user 
equipment . Also , since DRS is not present in the DL 
transmission burst of the corresponding SF , when there is a 
DL grant transmitted to the corresponding user equipment as 
a result of PDCCH / EPDCCH blind decoding , a user equip 
ment receiving an indication that DRS is not present in SF 
except SF # O / # 5 may perform decoding / demodulation of 
the PDSCH without operation like rate - matching for DRS 
RE . 
[ 0177 ] During LAA operation , when the base station is 
configured to perform downlink transmission on the LAA 
SCell after the LBT success , the user equipment receives the 
subframe configuration information through common con 
trol signaling transmitted from the base station on the LAA 
SCell and performs reception of physical channels and 
signals in the corresponding subframe . Here , the common 
control signaling includes a PDCCH with a user equipment 
common DCI , for example , a PDCCH with a DCI that is 
CRC - scrambled by a Common Control RNTI ( CC - RNTI ) . 
[ 0178 ] Table 5 shows subframe configuration information 
( subframe configuration for LAA ) in common control sig 
naling . The subframe configuration information represents 
the occupied OFDM symbol configuration / number of the 
current subframe and the next subframe . The OFDM sym 
bols occupied in the subframe are used for transmission of 
DL physical channels and / or physical signals . 

TABLE 5 

Value of 
‘ Subframe configuration for LAA ’ 

field in current subframe 

Configuration of occupied OFDM 
symbols 

( current subframe , next subframe ) 

[ 0180 ] On the other hand , conventionally , common con 
trol signaling is not detected in SF # ( n - 1 ) and common 
control signaling is detected in SF #n . When the number of 
occupied OFDM symbols of SF #n indicated by the common 
control signaling of SF #n ( i.e. , the LAA subframe structure ) 
is smaller than 14 , the user equipment does not ( or does not 
need to ) perform the reception of the physical channels / 
signals of the SF #n . From the viewpoint of receiving 
downlink data ( e.g. , PDSCH ) , even if the user equipment 
does not perform / assume PDSCH reception due to mismatch 
of the common control signal , HARQ retransmissions do not 
cause significant deterioration in system performance . The 
same is for a control channel ( e.g. , a PDCCH with DL grant 
DCI ) that schedules downlink data ( e.g. , PDSCH ) . However , 
from the viewpoint of RRM measurement and time / fre 
quency synchronization occurring periodically or aperiodi 
cally , if the user equipment does not perform RRM mea 
surement and time / frequency synchronization due to 
mismatch of the common control signal , a great deteriora 
tion in system performance may occur . 
[ 0181 ] To solve this problem , a method in which a user 
equipment performs RRM measurement and time / frequency 
synchronization according to reception detection of com 
mon control signaling and LAA subframe configuration 
information is described . This example may be applied when 
the DL transmission is configured to be performed in the 
LAA SCell after the LBT . 
[ 0182 ] First , DRS transmission for RRM measurement 
will be described . When DL transmission is configured to be 
performed in the LAA SCell after LBT , the user equipment 
may not detect common control signaling ( e.g. , indicating 
the configuration of the ending partial SF ) in the SF # ( n - 1 ) 
of the LAA SCell and may detect common control signaling 
only in the SF #n of the LAA SCell . Here , the Ending SF 
indicates SF #n based on the common control signaling of 
SF # ( n - 1 ) . Accordingly , the configuration of SF #n is limited 
to partial SF ( i.e. , the number of OFDM symbols is less than 
14 ) . In this case , when SF #n is included in the DMTC of the 
user equipment , the user equipment may perform DRS 
detection on the assumption that DRS is transmitted in SF 
#n , and perform RRM measurement according to the DRS 
detection result . Here , the DRS signal may include at least 
one of PSS , SSS , CRS , and CSI - RS ( see FIGS . 20 and 21 ) . 
In addition , the DMTC configures user equipment - specific 
using the DMTC transmission period and the DMTC offset 
( SF unit ) ( see FIG . 8 ) . On the other hand , under the same 
condition , the user equipment may not perform the reception 
process for physical channels other than DRS ( e.g. , PDCCH , 
EPDCCH , and PDSCH for downlink transmission ) in SF #n 
( i.e. , omit the receiving process ) . 
[ 0183 ] Additionally , when the number of occupied OFDM 
symbols of SF #n indicated by the common control signaling 
of SF #n ( i.e. , the LAA SF configuration ) is not more than 
12 OFDM symbols on which DRS transmission may be 
assumed based , for the transmission of DRS consisting of 12 
OFDM symbols , the user equipment may recognize through 
the SF configuration that no DRS transmission is performed 
from the base station in SF #n . Therefore , the user equip 
ment may not assume DRS transmission from the base 
station in SF #n , and may not perform DRS detection in SF 
#n . That is , only when the SF configuration information 
indicates that the number of OFDM symbols occupied in the 
SF #n is 12 or more , the user equipment may perform DRS 
detection assuming DRS transmission from the base station . 

14 ) 
12 ) 
11 ) 
10 ) 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

, 3 ) 
( 14 , * ) 
( 12 , 4 ) 
( 11 , 
( 10 , 
( 9 , 
( 6 , 
( 3 , 

reserved 
reserved 

NOTE : 
GY ) means UE may assume the first Y symbols are occupied in next subframe and other 
symbols in the next subframe are not occupied . 
( X , - ) means UE may assume the first X symbols are occupied in current subframe and 
other symbols in the current subframe are not occupied . 
( X , * ) means UE may assume the first X symbols are occupied in current subframe , and 
at least the first OFDM symbol of the next subframe is not occupied . 

[ 0179 ] When the user equipment detects a PDCCH having 
a DCI CRC scrambled with CC - RNTI in SF # ( n - 1 ) or SF #n 
of the LAA SCell , the corresponding user equipment 
assumes the number of OFDM symbols occupied in the SF 
#n of the LAA SCell according to the subframe configura 
tion information in the DCI detected in SF # ( n - 1 ) or SF #n . 
When the configuration of the OFDM symbol occupied for 
SF #n is indicated by the subframe configuration informa 
tion of SF # ( n - 1 ) and SF #n , the user equipment may assume 
that the subframe configuration information of SF # ( n - 1 ) 
and SF #n indicates the same information . 
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[ 0184 ] Next , transmission of PSS / SSS performing time ! 
frequency synchronization will be described . When DL 
transmission is configured to be performed in the LAA SCell 
after LBT , the user equipment may not detect common 
control signaling ( e.g. , indicating the configuration of the 
ending partial SF ) in the SF # ( n - 1 ) of the LAA SCell and 
may detect common control signaling only in the SF #n of 
the LAA SCell . Here , the Ending SF indicates SF #n based 
on the common control signaling of SF # ( n - 1 ) . Accordingly , 
the configuration of SF #n is limited to partial SF ( i.e. , the 
number of OFDM symbols is less than 14 ) . In this case , 
when SF #n is SF # O / # 5 , the user equipment may perform 
time / frequency synchronization assuming PSS / SSS trans 
mission in SF #n . On the other hand , under the same 
condition , the user equipment may not perform the reception 
process for physical channels other than DRS ( e.g. , PDCCH , 
EPDCCH , and PDSCH for downlink transmission ) in SF #n 
( i.e. , omit the receiving process ) . 
[ 0185 ] Additionally , when the number of occupied OFDM 
symbols of SF #n indicated by the common control signaling 
( i.e. , LAA SF configuration ) of SF #n is seven or more , since 
PSS / SSS may be transmitted , the user equipment may 
perform PSS / SSS detection only in that case . On the other 
hand , when the number of occupied OFDM symbols of SF 
#n indicated by the common control signaling ( i.e. , LAA SF 
configuration ) of SF #n is six or less , the user equipment 
may recognize that the PSS transmission may not be per 
formed in the SF #n through the SF configuration . Therefore , 
the user equipment may not perform the PSS / SSS detection 
operation even if the SF #n is SF # 0 / # 5 . Since PSS is 
transmitted at OFDM symbol index # 6 and SSS is trans 
mitted at OFDM symbol index # 5 , when the number of 
occupied OFDM symbols in SF #n is 6 or less , the user 
equipment may assume that the PSS / SSS is not transmitted 
from the base station in the SF #n and may not perform the 
PSS / SSS detection operation in the SF #n ( i.e. , omit the 
PSS / SSS detection operation ) . 
[ 0186 ] As another example , when DL transmission is 
configured to be performed on the LAA SCell after LBT , 
regardless of the number of occupied OFDM symbols of SF 
#n indicated by common control signaling ( i.e. , LAA SF 
configuration ) for PSS / SSS transmission of SF # 0 / # 5 , user 
equipment may perform PSS / SSS detection process in SF 
# 0 / # 5 and perform time / frequency synchronization accord 
ing to the detection result of PSS / SSS , assuming that PSS / 
SSS is transmitted from base station . 
[ 0187 ] FIG . 23 illustrates a downlink receiving process 
according to an embodiment of the present invention . This 
example may be applied when the DL transmission is 
configured to be performed on the LAA SCell after the LBT . 
[ 0188 ] Referring to FIG . 23 , the user equipment may 
monitor a first common control channel indicating downlink 
( DL ) interval of SF # ( n - 1 ) and SF #n ( S2302 ) . The DL 
interval of SF # ( n - 1 ) and SF #n may be indicated by the 
number of OFDMs ( available for DL transmission ) and may 
be indicated using the subframe configuration information of 
Table 4. Also , the user equipment may monitor the second 
common control channel indicating the DL interval of SF #n 
and SF # ( n + 1 ) ( S2304 ) . The DL interval of SF #n and SF 
# ( n + 1 ) may be indicated by the number of OFDMs ( avail 
able for DL transmission ) and may be indicated using the 
subframe configuration information of Table 4. Here , the 
first common control channel may be monitored in SF 
# ( n - 1 ) , and the second common control channel may be 

monitored in SF #n . Also , SF #n may be included in the time 
window in which DRS reception is expected . Here , the time 
window for expecting DRS reception may include a DMTC , 
and the DMTC may be configured on a cell of an unlicensed 
band . In addition , the first and second common control 
channels may include a PDCCH in which the CRC is 
scrambled by the CC - RNTI . 
[ 0189 ] Thereafter , the user equipment may perform / con 
trol the DL reception process in the SF #n based on the 
detection results of the first and second common control 
channels ( S2306 ) . Here , when the user equipment fails to 
detect the first common control channel , the detection of the 
second common control channel is successful , and the 
number of OFDM symbols occupied for the SF #n indicated 
by the DL subframe configuration information in the SF #n 
through the detected common control channel is a part of the 
total OFDM symbols of the SF #n ( i.e. , partial SF ) , for the 
downlink reception process of the user equipment in the SF 
#n , only the detection process for the first physical channel / 
signal may be allowed . Here , the first physical channel / 
signal includes DRS . In this case , the reception process for 
the second physical channel / signal in the SF #n may be 
omitted . Here , the second physical channel / signal may 
include a PDCCH , an EPDCCH , and a PDSCH for downlink 
transmission . The PDCCH for uplink transmission may be 
included in the first physical channel / signal . 
[ 0190 ] On the other hand , when the user equipment fails 
to detect the first common control channel , the detection of 
the second common control channel is successful , and the 
number of OFDM symbols occupied for the SF #n indicated 
by the DL subframe configuration information in the SF #n 
through the detected common control channel is 14 or less , 
that is , a part of the SF #n ( i.e. , partial SF ) , for the downlink 
reception process of the user equipment in the SF #n , only 
the detection process for the first physical channel / signal 
may be allowed . Here , the first physical channel / signal 
includes DRS . In this case , the reception process for the 
second physical channel / signal in the SF #n may be omitted . 
Here , the second physical channel / signal may include a 
PDCCH , an EPDCCH , and a PDSCH for downlink trans 
mission . 

[ 0191 ] On the other hand , when the user equipment fails 
to detect the first common control channel , the detection of 
the second common control channel is successful , and the 
number of OFDM symbols occupied for the SF #n indicated 
by the DL subframe configuration information in the SF #n 
through the detected common control channel is 12 , for the 
downlink reception process of the user equipment in the SF 
#n , only the detection process for the first physical channel / 
signal may be allowed . Here , the first physical channel / 
signal includes DRS . In this case , the reception process for 
the second physical channel / signal in the SF #n may be 
omitted . Here , the second physical channel / signal may 
include a PDCCH , an EPDCCH , and a PDSCH for downlink 
transmission . 
[ 0192 ] On the other hand , when the user equipment fails 
to detect the first common control channel , the detection of 
the second common control channel is successful , and the 
number of OFDM symbols occupied for the SF #n indicated 
by the DL subframe configuration information in the SF #n 
through the detected common control channel is 12 or less , 
the reception process for other physical channels / signals 
including DRS in the SF #n may be omitted . Here , a physical 
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channel / signal other than DRS may include a PDCCH , an 
EPDCCH , and a PDSCH for downlink transmission . 
[ 0193 ] On the other hand , if the detection of the first 
common control channel fails , the detection of the second 
common control channel is successful , and the DL interval 
of SF #n is all of SF #n ( i.e. , full SF ) , the downlink 
reception / detection process of the user equipment in the SF 
#n may be normally performed / allowed for all channels / 
signals ( e.g. , DRS , PDCCH , EPDCCH , and PDSCH ) . Also , 
if both the first and second common control channels are 
successfully detected , regardless of whether the DL interval 
of SF #n is a part of SF #n or not , the downlink reception / 
detection process of the user equipment in the SF #n may be 
normally performed / allowed for all channels / signals ( e.g. , 
DRS , PDCCH , EPDCCH , and PDSCH ) . 
[ 0194 ] FIG . 24 illustrates a configuration of a user equip 
ment and a base station according to an embodiment of the 
present invention . The embodiment of the present invention , 
the user equipment may be implemented by various types of 
wireless communication devices or computing devices that 
are guaranteed to be portable and mobility . The user equip 
ment may be refered to as a station ( STA ) , an Mobile 
Subscriber ( MS ) , or the like . In the embodiment of present 
invention , the base station may control and manage a cell 
( eg , macrocell , femtocell , picosell , etc. ) corresponding to a 
service area and perform function such as transmitting 
signal , designating channel , monitoring channel , self - diag 
nosis , relay . The base station may be referred to as an 
evolved NodeB ( eNB ) , an access point ( AP ) , or the like . 
[ 0195 ] Referring to FIG . 24 , the user equipment 100 may 
include a processor 110 , a communication module 120 , a 
memory 130 , a user interface unit 140 , and a display unit 
150 . 
[ 0196 ] The processor 110 may execute various commands 
or programs according to the present invention and process 
data in the user equipment 100. Further , the processor 100 
may control all operations of the respective units of the user 
equipment 100 and control data transmission / reception 
among the units . For example , the processor 110 may 
receive / process the downlink signal according to the pro 
posal of the present invention . ( See FIGS . 1 to 23. ) 
[ 0197 ] The communication module 120 may be an inte 
grated module that performs mobile communication using a 
mobile communication network and wireless LAN access 
using a wireless LAN . To this end , the communication 
module 120 may include a plurality of network interface 
cards such as cellular communication interface cards 121 
and 122 and a wireless LAN interface card 123 in an internal 
or external type . In the figure , the communication module 
120 is illustrated as the integrated module , but the respective 
network interface cards may be independently disposed 
according to a circuit configuration or a purpose unlike the 
figure . 
[ 0198 ] The cellular communication interface card 121 
transmits / receives a radio signal to / from at least one of a 
base station 200 , an external device , and a server by using 
the mobile communication networkand provides a cellular 
communication service at a first frequency band based on a 
command of the processor 110. The cellular communication 
interface card 121 may include at least one NIC module 
using an LTE - licensed frequency band . The cellular com 
munication interface card 122 transmits / receives the radio 
signal to / from at least one of the base station 200 , the 
external device , and the server by using the mobile com 

munication network and provides the cellular communica 
tion service at a second frequency band based on the 
command of the processor 110. The cellular communication 
interface card 122 may include at least one NIC module 
using an LTE - unlicensed frequency band . For example , the 
LTE - unlicensed frequency band may be a band of 2.4 GHz 
or 5 GHz . 
[ 0199 ] The wireless LAN interface card 123 transmits / 
receives the radio signal to / from at least one of the base 
station 200 , the external device , and the server through 
wireless LAN access and provides a wireless LAN service 
at the second frequency band based on the command of the 
processor 110. The wireless LAN interface card 123 may 
include at least one NIC module using a wireless LAN 
frequency band . For example , the wireless LAN frequency 
band may be an unlicensed radio band such as the band of 
2.4 GHz or 5 GHz . 
[ 0200 ] The memory 130 stores a control program used in 
the user equipment 100 and various resulting data . The 
control program may include a program required for the user 
equipment 100 to perform wireless communication with at 
least one of the base station 200 , the external device , and the 
server . The user interface 140 includes various types of 
input / output means provided in the user equipment 100. The 
display unit 150 outputs various images on a display screen . 
[ 0201 ) Further , the base station 200 according to the 
exemplary embodiment of the present invention may include 
a processor 210 , a communication module 220 , and a 
memory 230 . 
[ 0202 ] The processor 210 may execute various commands 
or programs according to the present invention and process 
data in the base station 200. Further , the processor 210 may 
control all operations of the respective units of the base 
station 200 and control data transmission / reception among 
the units . For example , the processor 210 may transmit / 
process the downlink transmission signal according to the 
proposal of the present invention . ( See FIGS . 1 to 23. ) 
[ 0203 ] The communication module 220 may be an inte 
grated module that performs the mobile communication 
using the mobile communication network and the wireless 
LAN access using the wireless LAN like the communication 
module 120 of the user equipment 100. To this end , the 
communication module 120 may include a plurality of 
network interface cards such as cellular communication 
interface cards 221 and 222 and a wireless LAN interface 
card 223 in the internal or external type . In the figure , the 
communication module 220 is illustrated as the integrated 
module , but the respective network interface cards may be 
independently disposed according to the circuit configura 
tion or the purpose unlike the figure . 
[ 0204 ] The cellular communication interface card 221 
transmits / receives the radio signal to / from at least one of the 
user equipment 100 , the external device , and the server by 
using the mobile communication network and provides the 
cellular communication service at the first frequency band 
based on a command of the processor 210. The cellular 
communication interface card 221 may include at least one 
NIC module using the LTE - licensed frequency band . The 
cellular communication interface card 222 transmits / re 
ceives the radio signal to / from at least one of the user 
equipment 100 , the external device , and the server by using 
the mobile communication network and provides the cellular 
communication service at the second frequency band based 
on the command of the processor 210. The cellular com 
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munication interface card 222 may include at least one NIC 
module using the LTE - unlicensed frequency band . The 
LTE - unlicensed frequency band may be the band of 2.4 GHz 
or 5 GHz . 
[ 0205 ] The wireless LAN interface card 223 transmits / 
receives the radio signal to / from at least one of the user 
equipment 100 , the external device , and the server through 
the wireless LAN access and provides the wireless LAN 
service at the second frequency band based on the command 
of the processor 210. The wireless LAN interface card 223 
may include at least one NIC module using the wireless 
LAN frequency band . For example , the wireless LAN 
frequency band may be the unlicensed radio band such as the 
band of 2.4 GHz or 5 GHz . 
[ 0206 ] In the figure , blocks of the user equipment and the 
base station logically divide and illustrate elements of the 
device . The elements of the device may be mounted as one 
chip or a plurality of chips according to design of the device . 
Further , some components of the user equipment 100 , that is 
to say , the user interface 140 and the display unit 150 may 
be selectively provided in the user equipment 100. Further , 
some components of the base station 200 , that is to say , the 
wireless LAN interface 223 , and the like may be selectively 
provided in the base station 200. The user interface 140 and 
the display unit 150 may be additionally provided in the base 
station 200 as necessary . 
[ 0207 ] The method and the system of the present invention 
are described in association with the specific embodiments , 
but some or all of the components and operations of the 
present invention may be implemented by using a computer 
system having a universal hardware architecture . 
[ 0208 ] The description of the present invention is used for 
illustration and those skilled in the art will understand that 
the present invention can be easily modified to other detailed 
forms without changing the technical spirit or an essential 
feature thereof . Therefore , the aforementioned exemplary 
embodiments are all illustrative in all aspectsand are not 
limited . For example , each component described as a single 
type may be implemented to be distributed and similarly , 
components described to be distributed may also be imple 
mented in a combined form . 
[ 0209 ] The scope of the present invention is represented 
by the claims to be described below rather than the detailed 
description , and it is to be interpreted that the meaning and 
scope of the claims and all the changes or modified forms 
derived from the equivalents thereof come within the scope 
of the present invention . 

performing a DL reception process in the SF #n based on 
a detection result of the first common control channel 
and a detection result of the second common control 
channel , 

wherein only a detection process for a first physical 
channel / signal is allowed in the DL reception process in 
SF #n when a detection of the first common control 
channel fails , a detection of the second common control 
channel is successful , and the DL interval of SF #n 
indicated by the second common control channel is a 
part of a total orthogonal frequency division multiplex 
ing ( OFDM ) symbols of SF #n , 

wherein the first physical channel / signal comprises a 
Discovery Reference Signal ( DRS ) , 

wherein the DL interval represents occupied OFDM sym 
bols in a DL subframe . 

2. The method of claim 1 , 
wherein a reception process for a second physical chan 

nel / signal is omitted in the DL reception process in SF 
#n when the detection of the first common control 
channel fails , the detection of the second common 
control channel is successful , and the DL interval of SF 
#n indicated by the second common control channel is 
a part of the total OFDM symbols of SF #n , wherein the 
second physical channel / signal does not comprise the 
DRS . 

3. The method of claim 2 , wherein the second physical 
channel / signal comprises a Physical Downlink Control 
Channel ( PDCCH ) , an Enhanced PDCCH ( EPDCCH ) , and 
a Physical Downlink Shared Channel ( PDSCH ) for down 
link transmission . 
4. The method of claim 1 , wherein the first physical 

channel / signal comprises a PDCCH for uplink ( UL ) trans 
mission . 

5. The method of claim 1 , wherein the first common 
control channel is monitored in SF # ( n - 1 ) , and the second 
common control channel is monitored in SF #n . 

6. The method of claim 5 , wherein SF #n is comprised in 
a time window expecting DRS reception . 

7. The method of claim 6 , wherein the time window 
expecting the DRS reception comprises a DRS Measure 
ment Timing configuration ( DMTC ) . 

8. The method of claim 7 , wherein the DMTC is config 
ured in a cell of an unlicensed band . 

9. The method of claim 1 , wherein the first and the second 
common control channels comprise a Physical Downlink 
Control Channel ( PDCCH ) scrambled with a Cyclic Redun 
dancy Check ( CRC ) by a Common Control Radio Network 
Temporary Identifier ( CC - RNTI ) . 

10. A user equipment used in a cellular wireless commu 
nication system , the user equipment comprising : 

a wireless communication module ; and 
a processor , 
wherein the processor is configured to monitor a first 

common control channel indicating a downlink ( DL ) 
interval of subframe ( SF ) # ( n - 1 ) and SF #n ; 

monitor a second common control channel indicating a 
DL interval of SF #n and SF # ( n + 1 ) ; and 

perform a DL reception process in the SF #n based on the 
detection a result of the first common control channel 
and a result of the detection of result of second common 
control channel , 

wherein only a detection process for a first physical 
channel / signal is allowed in the DL reception process in 

INDUSTRIAL APPLICABILITY 

[ 0210 ] The present invention is applicable to various com 
munication devices used in a wireless communication sys 
tem ( e.g. , a station using an unlicensed band communica 
tion , an access point , or a station using a cellular 
communication , a base station , etc. ) . 

1. A method for a user equipment to receive a downlink 
signal in a cellular communication system , the method comprising : 

monitoring a first common control channel indicating a 
downlink ( DL ) interval of subframe ( SF ) # ( n - 1 ) and 
SF #n ; 

monitoring a second common control channel indicating 
a DL interval of SF #n and SF # ( n + 1 ) ; and 
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SF #n , when the detection of the first common control 
channel fails , the detection of the second common 
control channel is successful , and the DL interval of SF 
#n indicated by the second common control channel is 
a part of a total orthogonal frequency division multi 
plexing ( OFDM ) symbols of SF #n , 

wherein the first physical channel / signal comprises a 
Discovery Reference Signal ( DRS ) , 

wherein the DL interval represents occupied OFDM sym 
bols in a DL subframe . 

11. The user equipment of claim 10 , 
wherein a reception process for a second physical chan 

nel / signal is omitted in the DL reception process in SF 
#n when the detection of the first common control 
channel fails , the detection of the second common 
control channel is successful , and the DL interval of SF 
#n indicated by the second common control channel is 
a part of the total OFDM symbols of SF #n , wherein the 
second physical channel / signal does not comprise the 
DRS . 

12. The user equipment of claim 11 , wherein the second 
physical channel / signal comprises a Physical Downlink 

Control Channel ( PDCCH ) , an Enhanced PDCCH ( EPD 
CCH ) , and a Physical Downlink Shared Channel ( PDSCH ) 
for downlink transmission . 

13. The user equipment of claim 10 , wherein the first 
physical channel / signal comprises a PDCCH for uplink 
( UL ) transmission . 

14. The user equipment of claim 10 , wherein the first 
common control channel is monitored in SF # ( n - 1 ) , and the 
second common control channel is monitored in SF #n . 

15. The user equipment of claim 14 , wherein SF #n is 
comprised in a time window expecting DRS reception . 

16. The user equipment of claim 15 , wherein the time 
window expecting the DRS reception comprises a DRS 
Measurement Timing configuration ( DMTC ) . 

17. The user equipment of claim 16 , wherein the DMTC 
is configured in a cell of an unlicensed band . 

18. The user equipment of claim 10 , wherein the first 
common control channel and the second common control 
channel comprise a Physical Downlink Control Channel 
( PDCCH ) scrambled with a Cyclic Redundancy Check 
( CRC ) by a Common Control Radio Network Temporary 
Identifier ( CC - RNTI ) . 


