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FIG . 61A 

START 

TRANSMIT 5G SYNCHRONIZATION 
AND SYSTEM INFORMATION 6100 

TRANSMIT SIGNAL INDICATING 5G RESOURCE 1 6110 

COMMUNICATE 5G SERVICE DATA 
BASED ON FRAME STRUCTURE ACCORDING TO 

5G RESOURCES 
16120 

C END 

Samsung Exhibit 1003, Page 72 of 122 
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc. 

IPR2024-01273



Patent Application Publication Mar . 21 , 2019 Sheet 72 of 72 US 2019 / 0090218 A1 

FIG . 61B 

START 

RECEIVE 5G SYNCHRONIZATION 
AND SYSTEM INFORMATION 6150 

RECEIVE SIGNAL INDICATING 5G RESOURCE 6160 

COMMUNICATE 5G SERVICE DATA 
BASED ON FRAME STRUCTURE 
ACCORDING TO 5G RESOURCES 

- 6170 

( END ) 

Samsung Exhibit 1003, Page 73 of 122 
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc. 

IPR2024-01273



US 2019 / 0090218 A1 Mar . 21 , 2019 

METHOD AND APPARATUS FOR 
COEXISTANCE OF DEVICE - TO - DEVICE 
COMMUNICATIONS AND CELLULAR 
COMMUNICATIONS IN MOBILE 
COMMUNICATIONS SYSTEM 

TECHNICAL FIELD 

[ 0004 ] In line with this , various attempts have been made 
to apply 5G communication systems to IoT networks . For 
example , technologies such as a sensor network , Machine 
Type Communication ( MTC ) , and Machine - to - Machine 
( M2M ) communication may be implemented by beamform 
ing , MIMO , and array antennas . Application of a cloud 
Radio Access Network ( RAN ) as the above - described Big 
Data processing technology may also be considered to be as 
an example of convergence between the 5G technology and 
the IoT technology . 
[ 0005 ] Meanwhile , researches are conducted on coexis 
tence of D2D and cellular communications in a mobile 
communication system . 

[ 0001 ] The present invention relates to a method for 
facilitating coexistence of device - to - device ( D2D ) and cel 
lular communications in a mobile communication system . 

BACKGROUND ART 
DISCLOSURE OF INVENTION [ 0002 ] To meet the demand for wireless data traffic having 

increased since deployment of 4G communication systems , 
efforts have been made to develop an improved 5G or 
pre - 5G communication system . Therefore , the 5G or pre - 5G 
communication system is also called a " Beyond 4G Net 
work ' or a ‘ Post LTE System ’ . The 5G communication 
system is considered to be implemented in higher frequency 
( mm Wave ) bands , e . g . , 60 GHz bands , so as to accomplish 
higher data rates . To decrease propagation loss of the radio 
waves and increase the transmission distance , the beam 
forming , massive multiple - input multiple - output ( MIMO ) , 
Full Dimensional MIMO ( FD - MIMO ) , array antenna , an 
analog beam forming , large scale antenna techniques are 
discussed in 5G communication systems . In addition , in 5G 
communication systems , development for system network 
improvement is under way based on advanced small cells , 
cloud Radio Access Networks ( RANs ) , ultra - dense net 
works , device - to - device ( D2D ) communication , wireless 
backhaul , moving network , cooperative communication , 
Coordinated Multi - Points ( COMP ) , reception - end interfer 
ence cancellation and the like . In the 5G system , Hybrid 
FSK and QAM Modulation ( FQAM ) and sliding window 
superposition coding ( SWSC ) as an advanced coding modu 
lation ( ACM ) , and filter bank multi carrier ( FBMC ) , non 
orthogonal multiple access ( NOMA ) , and sparse code mul 
tiple access ( SCMA ) as an advanced access technology have 
been developed . 
[ 0003 ] The Internet , which is a human centered connec 
tivity network where humans generate and consume infor 
mation , is now evolving to the Internet of Things ( IoT ) 
where distributed entities , such as things , exchange and 
process information without human intervention . The Inter 
net of Everything ( IOE ) , which is a combination of the IoT 
technology and the Big Data processing technology through 
connection with a cloud server , has emerged . As technology 
elements , such as “ sensing technology ” , " wired / wireless 
communication and network infrastructure " , " service inter 
face technology ” , and “ Security technology ” have been 
demanded for IoT implementation , a sensor network , a 
Machine - to - Machine ( M2M ) communication , Machine 
Type Communication ( MTC ) , and so forth have been 
recently researched . Such an IoT environment may provide 
intelligent Internet technology services that create a new 
value to human life by collecting and analyzing data gen 
erated among connected things . IoT may be applied to a 
variety of fields including smart home , smart building , smart 
city , smart car or connected cars , smart grid , health care , 
smart appliances and advanced medical services through 
convergence and combination between existing Information 
Technology ( IT ) and various industrial applications . 

Technical Problem 
[ 0006 ] D2D is a technology that allows terminals to 
directly communicate each other without assistance of a 
base station . The D2D technology may be used for inter 
vehicle safety services , e . g . , vehicles may exchange their 
information through D2D communication for driving safety 
enhancement . By nature of the D2D communication in LTE 
where the terminals use uplink ( UL ) resources , i . e . , UL 
frequency and UL time period , operation ambiguity prob 
lems arise when D2D transmission and cellular UL trans 
mission and reception occur simultaneously . The present 
invention aims to proposes unambiguous operations of a 
terminal for D2D - based vehicle - to - everything ( V2X ) com 
munication . 
[ 0007 ] Meanwhile , discussions are also under way to 
introduce FD - MIMO with uniform planar array ( UPA ) 
antenna ports with the growing demand of vertical direction 
dynamic precoding . The present invention proposes a 
method for configuring a variable number of CSI - RS of { 20 , 
24 , 28 , 32 } by improving the current CSI - RS configuration 
limited in number to { ( 1 or 2 ) , 4 , 8 , 12 , and 16 ) . Also , the 
present invention proposes a CSI - RS CDM - 4 or CDM - 8 
mapping method , CDM - 2 / CDM - 4 / CDM - 8 switching CSI 
RS mapping method , and CSI - RS port index mapping 
method to overcome problems occurring in association with 
multiple CSI - RSs . 
10008 ] Also , the present invention proposes a method for 
transmitting downlink ( DL ) and UL scheduling information 
efficiently in a situation where UL and UL scheduling 
information are configured to be transmitted through differ 
ent cells in a mobile communication system operating in an 
unlicensed band or requiring a channel sensing or listen - to 
talk operation . 
[ 0009 ] In order to meet various user requirements and 
service qualities in a 5G wireless cellular communication 
system ( 5G communication system ) , it is important to 
design the system so as to support different transmission / 
reception schemes and services that may be newly intro 
duced afterward in consideration of forward compatibility . 
Also , there is a need of a unified and efficient initial access 
scheme for terminals supporting different transmission / re 
ception schemes and parameters on the basis of such 5G 
system design requirements . Also , it is necessary to design 
the initial access signal such that the forward compatibility 
is not broken down by uncertainty of initial access signal . 
[ 0010 ] Also , the present invention provides a method for 
use of multimedia broadcast / multicast service single fre 
quency network ( MBSFN ) subframes , UL subframes , 
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licensed assisted access ( LAA ) operation in an unlicensed 
band , and cell activation in carrier aggregation ( CA ) for 
coexistence of LTE and 5G on at least one LTE carrier . 

Solution to Problem 
[ 0011 ] In accordance with an aspect of the present inven 
tion , a data transmission and reception method of a terminal 
in a wireless communication system including an unlicensed 
band includes receiving cross - carrier scheduling informa 
tion from a base station , monitoring a physical downlink 
control channel ( PDCCH ) in a first cell based on the 
cross - carrier scheduling information , and transmitting 
uplink data to the base station in a second cell according to 
uplink scheduling information received based on the cross 
carrier scheduling information . 
[ 0012 ] . In accordance with another aspect of the present 
invention , a data transmission and reception method of a 
base station in a wireless communication system including 
an unlicensed band includes transmitting cross - carrier 
scheduling information to a terminal , transmitting uplink 
scheduling information on a physical downlink control 
channel ( PDCCH ) in a first cell based on the cross - carrier 
scheduling information , and receiving uplink data from the 
terminal in a second cell according to the uplink scheduling 
information based on the cross - carrier scheduling informa 

[ 0017 ] Also , the present invention is advantageous in 
terms of transmitting scheduling information efficiently by 
configuring the cells for transmitting UL and DL scheduling 
information to a terminal differently and reconfiguring , 
when the cells for transmitting UL and DL scheduling 
information to a terminal differently , reconfiguring at least 
one of the cells through which the UL scheduling informa 
tion and DL scheduling information are transmitted . 
[ 0018 ] Also , the present invention is advantageous in 
terms of supporting services with different transmission and 
reception schemes and services and different transmission 
and reception parameters and guaranteeing efficient initial 
access of the terminal in a 5G system designed in consid 
eration of forward compatibility . 
[ 0019 ] Also , the present invention is advantageous in 
terms of providing a method for use of multimedia broad 
cast / multicast service single frequency network ( MBSFN ) 
subframes , UL subframes , licensed assisted access ( LAA ) 
operation in an unlicensed band , and cell activation in carrier 
aggregation ( CA ) for coexistence of LTE and 5G on one or 
multiple LTE carrier frequencies without addition of extra 
carrier for 5G . Also , the present invention is advantageous in 
terms of providing a data communication method and appa 
ratus allowing a terminal capable of communicating with at 
least one of LTE and 5G communication systems to com 
municate with the respective communication systems . Other 
advantageous effects will be disclosed explicitly or implic 
itly in the detailed descriptions of the embodiments that 
follow . 

tion . 
[ 0013 ] In accordance with another aspect of the present 
invention , a terminal for transmitting and receiving data in 
a wireless communication system including an unlicensed 
band includes a transmitter configured to transmit a signal to 
a base station , a receiver configured to receive a signal from 
the base station , and a controller configure to control to 
receive cross - carrier scheduling information from a base 
station , monitor a physical downlink control channel ( PD 
CCH ) in a first cell based on the cross - carrier scheduling 
information , and transmit uplink data to the base station in 
a second cell according to uplink scheduling information 
received based on the cross - carrier scheduling information . 
[ 0014 ] In accordance with still another aspect of the 
present invention , a base station for transmitting and receiv 
ing data in a wireless communication system including an 
unlicensed band includes a transmitter configured to trans 
mit a signal to a terminal , a receiver configured to receive a 
signal from the terminal , and a controller configured to 
control to transmit cross - carrier scheduling information to a 
terminal , transmit uplink scheduling information on a physi 
cal downlink control channel ( PDCCH ) in a first cell based 
on the cross - carrier scheduling information , and receive 
uplink data from the terminal in a second cell according to 
the uplink scheduling information based on the cross - carrier 
scheduling information . 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0020 ] FIG . 1 is a diagram illustrating a basic operation of 
v2x : 
[ 0021 ] FIGS . 2A and 2B are diagrams illustrating resource 
configurations for V2X transmission ; 
[ 0022 ] . FIG . 3 is a diagram illustrating an issue of coex 
istence of sidelink and uplink channels between terminals ; 
10023 ) FIG . 4 is a diagram illustrating an RSRP - based 
solution according to embodiment 1 - 1 ; 
[ 0024 ] FIG . 5 is a diagram illustrating a situation of 
coexistence of sidelink and uplink channels between termi 
nals ; 

Advantageous Effects of Invention 
[ 0015 ] The present invention is advantageous in terms of 
securing unambiguous transmission and reception opera 
tions of a terminal supporting D2D - based V2X communi 
cation in a system where the legacy cellular and D2D 
communications coexist . 
[ 0016 ] Also , the present invention is advantageous in 
terms of providing a method and apparatus for configuring 
reference signals and generating channel information in 
consideration of power boosting in a mobile communication 
system supporting a large number of array antennas . 

[ 0025 ] FIG . 6 is a flowchart illustrating an operation 
prioritization method of a terminal ; 
10026 ] FIG . 7 is a diagram illustrating a situation of 
coexistence of sidelink and uplink channels on different 
carrier frequencies ; 
[ 0027 ] FIG . 8 is a flowchart illustrating a power assign 
ment operation of a terminal ; 
[ 0028 ] FIG . 9 is a block diagram illustrating a configura 
tion of a base station according to embodiment 1 ; 
100291 . FIG . 10 is a block diagram illustrating a configu 
ration of a terminal according to embodiment 1 ; 
[ 0030 ] FIG . 11 is a diagram illustrating a massive MIMO 
or FD - MIMO system ; 
[ 0031 ] FIG . 12 is a diagram illustrating radio resources 
corresponding to 1 subframe and 1 RB for use in a LTE or 
LTE system ; 
[ 0032 ] FIG . 13 is a diagram exemplifying CSI - RS RE 
mapping in the nth and ( n + 1 ) PRB for the case where the 
eNB transmits 8 CSI - RSs ; 
[ 0033 ] FIG . 14 is a diagram for explaining a BF CSI - RS ; 
[ 0034 ] FIG . 15 is a diagram illustrating a CSI - RS RE 
mapping table ; 
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[ 0035 ] FIG . 16 is a diagram for explaining a method for 
configuring a CSI - RS CDM - 4 mapping based on CSI - RS 
mappings 
0036 ] FIG . 17 is a diagram for explaining a method for 
configuring a CSI - RS CDM - 8 mapping by aggregating 
CSI - RS CDM - 2 mappings ; 
[ 0037 ] FIG . 18 is a diagram for explaining a method for 
configuring a new CSI - RS CDM - 8 mapping by aggregating 
4 - port CSI - RS pattern - based CDM - 4 mappings ; 
[ 0038 ] FIG . 19 is a diagram for explaining a method for 
configuring a new CSI - RS CDM - 8 mapping by aggregating 
CDM - 4 mappings that are composed of 4 adjacent RES each 
[ 0039 ] FIG . 20 is a diagram for explaining extension of an 
orthogonal code in frequency and / or time direction via a 
1 - bit indicator ; 
[ 0040 ] FIG . 21 is a diagram illustrating a method for 
forming a CDM - 4 group ; 
[ 0041 ] FIG . 22 is a diagram for explaining a method of 
configuring 7 4 - port CSI - RS configurations for supporting 
28 port CSI - RS resources ; 
[ 0042 ] FIG . 23 is a diagram for explaining a method of 
configuring 4 8 - port CSI - RS configurations for supporting 
32 port CSI - RS resources ; 
0043 ] FIG . 24 is a flowchart illustrating a UE operation 
according to an embodiment of the present invention ; 
[ 0044 ] FIG . 25 is a flowchart illustrating an eNB operation 
according to an embodiment of the present invention ; 
10045 FIG . 26 is a block diagram illustrating a configu 
ration of a UE according to an embodiment of the present 
invention ; 
0046 ] FIG . 27 is a block diagram illustrating a configu 
ration of an eNB according to an embodiment of the present 
invention ; 
[ 0047 ] FIGS . 28 and 29 are diagrams illustrating commu 
nication systems to which the present invention is applied ; 
[ 0048 ] FIG . 30 is a diagram illustrating DL radio resources 
of a LTE system ; 
[ 0049 ] FIG . 31 is a diagram illustrating a downlink chan 
nel access scheme in an unlicensed band of a LAA system ; 
[ 0050 ] FIG . 32 is a diagram for explaining a normal LAA 
UL transmission operation ; 
[ 0051 ] FIG . 33 is a diagram for explaining cell - specific 
DL and UL scheduling information for a case where DL and 
UL scheduling cells are identical with each other ; 
[ 0052 ] FIG . 34 is a flowchart illustrating a method for 
scheduling DL and UL transmissions using different DL and 
UL scheduling cells ; 
[ 0053 ] FIG . 35 is a flowchart illustrating an eNB operation 
according to an embodiment of the present invention ; 
[ 0054 ] FIG . 36 is a flowchart illustrating a UE operation 
according to an embodiment of the present invention ; 
[ 0055 ] FIG . 37 is a block diagram illustrating a configu 
ration of an eNB according to an embodiment of the present 
invention ; 
[ 0056 ] FIG . 38 is a block diagram illustrating a configu 
ration of a UE according to an embodiment of the present 
invention ; 
[ 0057 ] FIG . 39 is a diagram for explaining resource allo 
cation for supporting multiple services in a 5G communi 
cation system ; 
[ 0058 ] FIG . 40 is a diagram for explaining resource allo 
cation in a time - frequency resources grid in consideration of 
forward compatibility for future services in a 5G commu 
nication system ; 

[ 0059 ] FIG . 41 is a diagram illustrating multiplexing of 
physical channels and signals related to the system operation 
in time - frequency resources of a 5G communication system ; 
[ 0060 ] FIG . 42 is a flowchart illustrating a procedure for 
a terminal to achieve synchronization and acquire system 
information in initial access a numerology and receive a 
service with another numerology in a 5G communication 
system ; 
[ 0061 ] FIG . 43 is a flowchart illustrating an initial access 
procedure of a terminal in a 5G communication system 
according to embodiment 4 - 2 of the present invention ; 
[ 0062 ] FIG . 44 is a block diagram illustrating a configu 
ration of a transmitter of a base station according to an 
embodiment of the present invention ; 
[ 0063 ] FIG . 45 is a block diagram illustrating a configu 
ration of a receiver of terminal according to an embodiment 
of the present invention ; 
[ 0064 ] FIG . 46 is a diagram illustrating basic time - fre 
quency resource structure for transmitting downlink data or 
control channels in an LTE system ; 
[ 0065 ] FIG . 47 is a diagram for explaining resource allo 
cation for supporting multiple services in a 5G communi 
cation system ; 
[ 0066 ] FIGS . 48A , 48B , and 48C are diagrams for 
explaining a communication system according to embodi 
ment 5 - 1 of the present invention ; 
[ 0067 ) FIGS . 49A , 49B , and 49C are diagrams for 
explaining a communication system according to embodi 
ment 5 - 2 of the present invention ; 
[ 0068 ] FIGS . 50A , 50B , and 50C are diagrams for 
explaining a communication system according to embodi 
ment 5 - 3 of the present invention 
[ 0069 ] FIG . 51 is a diagram for explaining a method for 
multiplexing LTE and 5G data communications in time 
using MBSFN subframes on LTE FDD carriers ; 
[ 0070 ] FIG . 52 is a diagram for explaining a method for 
multiplexing LTE and 5G data communications in time 
using an MBSFN subframe on an LTE TDD carrier ; 
[ 0071 ] FIG . 53 is a diagram for explaining a method for 
multiplexing LTE and 5G data communications in time 
using an uplink subframe on an LTE TDD carrier ; 
[ 0072 ] FIG . 54 is a diagram for explaining a method for 
multiplexing LTE and 5G data communications in an LAA 
mode on an unlicensed band carrier ; 
[ 0073 ] FIG . 55 is a diagram for explaining a method for 
multiplexing LTE and 5G data communication in frequency 
by cell activation and deactivation operation in a CA mode 
supporting a plurality of LTE carriers ; 
[ 0074 ] FIG . 56 is a block diagram illustrating a configu 
ration of a base station according to an embodiment of the 
present invention ; 
[ 0075 ] FIG . 57 is a block diagram illustrating a configu 
ration of a terminal according to an embodiment of the 
present invention ; 
[ 0076 ] FIG . 58 is diagrams for explaining a method for 
multiplexing LTE and 5G data communications in time in an 
MBSFN or UL subframe on an LTE TDD carrier ; 
[ 0077 ] FIG . 59 is a diagram for explaining LTE and 5G 
communications of stand - alone LTE and 5G base stations 
without multiplexing the LTE and 5G communication in 
time or frequency on an LTE TDD carrier ; 
[ 0078 ] FIGS . 60A and 60B are diagrams illustrating con 
figurations of an LTE special subframe according to an 
embodiment of the present invention ; and 
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[ 0079 ] FIGS . 61A and 61B are flowchart illustrating 
operations of a base station and a terminal according to an 
embodiment of the present invention . 

MODE FOR THE INVENTION 
[ 0080 ] Exemplary embodiments of the present invention 
are described with reference to the accompanying drawings 
in detail . Detailed description of well - known functions and 
structures incorporated herein may be omitted to avoid 
obscuring the subject matter of the present invention . Fur 
ther , the following terms are defined in consideration of the 
functionality in the present invention , and may vary accord 
ing to the intention of a user or an operator , usage , etc . 
Therefore , the definition should be made on the basis of the 
overall content of the present specification . 
10081 ] Advantages and features of the present invention 
and methods of accomplishing the same may be understood 
more readily by reference to the following detailed descrip 
tion of exemplary embodiments and the accompanying 
drawings . The present invention may , however , be embodied 
in many different forms and should not be construed as being 
limited to the exemplary embodiments set forth herein . 
Rather , these exemplary embodiments are provided so that 
this invention will be thorough and complete and will fully 
convey the concept of the invention to those skilled in the 
art , and the present invention will only be defined by the 
appended claims Like reference numerals refer to like 
elements throughout the specification . 
[ 0082 ] It will be understood that each block of the flow 
charts and / or block diagrams , and combinations of blocks in 
the flowcharts and / or block diagrams , can be implemented 
by computer program instructions . These computer program 
instructions may be provided to a processor of a general 
purpose computer , special purpose computer , or other pro 
grammable data processing apparatus , such that the instruc 
tions that are executed via the processor of the computer or 
other programmable data processing apparatus create means 
for implementing the functions / acts specified in the flow 
charts and / or block diagrams . These computer program 
instructions may also be stored in a non - transitory computer 
readable memory that can direct a computer or other pro 
grammable data processing apparatus to function in a par 
ticular manner , such that the instructions stored in the 
non - transitory computer - readable memory produce articles 
of manufacture embedding instruction means that imple 
ment the function / act specified in the flowcharts and / or 
block diagrams . The computer program instructions may 
also be loaded onto a computer or other programmable data 
processing apparatus to cause a series of operational steps to 
be performed on the computer or other programmable 
apparatus to produce a computer implemented process such 
that the instructions that are executed on the computer or 
other programmable apparatus provide steps for implement 
ing the functions / acts specified in the flowcharts and / or 
block diagrams . 
[ 0083 ] Furthermore , the respective block diagrams may 
illustrate parts of modules , segments , or codes including at 
least one or more executable instructions for performing 
specific logic function ( s ) . Moreover , it should be noted that 
the functions of the blocks may be performed in a different 
order in several modifications . For example , two successive 
blocks may be performed substantially at the same time , or 
may be performed in reverse order according to their func 
tions . 

[ 0084 ] According to various embodiments of the present 
disclosure , the term “ module ” , means , but is not limited to , 
a software or hardware component , such as a Field Pro 
grammable Gate Array ( FPGA ) or Application Specific 
Integrated Circuit ( ASIC ) , which performs certain tasks . A 
module may advantageously be configured to reside on the 
addressable storage medium and configured to be executed 
on one or more processors . Thus , a module may include , by 
way of example , components , such as software components , 
object - oriented software components , class components and 
task components , processes , functions , attributes , proce 
dures , subroutines , segments of program code , drivers , firm 
ware , microcode , circuitry , data , databases , data structures , 
tables , arrays , and variables . The functionality provided for 
in the components and modules may be combined into fewer 
components and modules or further separated into additional 
components and modules . In addition , the components and 
modules may be implemented such that they execute one or 
more CPUs in a device or a secure multimedia card . 
[ 0085 ] Exemplary embodiments of the present invention 
are described with reference to the accompanying drawings 
in detail . Detailed description of well - known functions and 
structures incorporated herein may be omitted to avoid 
obscuring the subject matter of the present invention . Fur 
ther , the following terms are defined in consideration of the 
functionality in the present invention , and may vary accord 
ing to the intention of a user or an operator , usage , etc . 
Therefore , the definition should be made on the basis of the 
overall content of the present specification . 
[ 0086 ] Although the description is directed to the OFDM 
based radio communication system , particularly the 3GPP 
EUTRA , it will be understood by those skilled in the art that 
the present invention can be applied even to other commu 
nication systems having a similar technical background and 
channel format , with a slight modification , without departing 
from the spirit and scope of the present invention . 

Embodiment 1 

[ 0087 ] With the diversification of wireless mobile com 
munication services , there is a growing demand for new 
technologies capable of supporting the newly emerging 
services more efficiently ; thus , research and development 
are being conducted on new methods and technologies to 
meet the demand in a wireless mobile communication 
system . 
[ 0088 ] D2D communication is a new technology that 
emerged as a solution for facilitating new communication 
services by enabling neighboring devices to communicate 
directly with each other . In the D2D communication mode , 
a terminal may perform a discovery operation for finding 
neighboring terminals and a direct communication opera 
tion , if necessary , for communication with one of the found 
terminals . 
[ 0089 ] D2D direct communication is advantageous in 
terms of radio resource utilization efficiency because it 
requires a relatively small amount of resources in compari 
son with the base station - involved communication in the 
legacy radio network . Also , the D2D discovery operation 
that enables a terminal to find neighboring terminals makes 
it possible for the terminal to transmit necessary information 
to target terminals and thus facilitate implementation of 
advertisement services and social network services ( SNS ) . It 
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control information first and then the data information , 
which may cause extra delay . Since a long V2X information 
transmission delay is likely to cause a safety problem , there 
is a need of a method for minimizing the V2X information 
transmission delay . In order to use the V2X technology over 
D2D , it is necessary to introduce a method for multiplexing 
the PSCCH and PSSCH in the frequency domain as depicted 
in FIG . 2B . 
[ 0095 ] FIG . 2B is a diagram illustrating another method 
for configuring SL radio resources . In FIG . 2B , the PSCCH 
and PSSCH are assigned the resources 264 and 226 respec 
tively , i . e . , the PSCCH and PSSCH are multiplexed in the 
frequency domain . In the case where the PSCCH and 
PSSCH are multiplexed in the frequency domain , the ter 
minal can transmit control information and data information 
simultaneously on the frequency multiplexed PSCCH and 
PSSCH . In this case , the receive terminal checks the control 
information first on the PSCCH and then receive the data 
information on the PSSCH based on the control information . 
The transmit terminal and receive terminal may share the 
PSCCH and PSSCH resources configurations as follows . By 
setting the PSCCH and PSSCH resources sizes in time and 
frequency domains as denoted by reference number 260 and 
a PSCCH transmission interval 270 in the time domain , the 
entire SL resources 262 are configured . The UL resources 
280 that are not configured as SL resources are used for 
uplink transmission / reception at their original purpose . 

Embodiment 1 - 1 

is also necessary for the D2D technology to be supported in 
LTE - Advanced ( LTE - A ) , and it was discussed as part of the 
LTE - A . 
[ 0090 ] Recently , the D2D - based V2X communication ( or 
vehicle - 2 - vehicle ( V2V ) technology standardization work is 
underway to bring the LTE technology to vehicles . The V2X 
communication makes it possible for the neighboring 
vehicles to exchange information necessary for inter - vehicle 
safety service via a predetermined D2D technology . For 
example , LTE V2X technology - enabled vehicles may trans 
mit their location information continuously such that each 
vehicle predicts sudden acceleration or collision risk of 
another vehicle based on the collected information and 
notify the driver of the prediction result . It may also be 
possible implement a V2X - based function for special 
vehicles such as ambulances to transmit predetermined 
information to the adjacent vehicles via the LTE V2X 
technology such that the adjacent vehicles yield to the 
special vehicles . Of course , other various useful functions 
can be implemented based on LTE V2X technology . 
[ 0091 ] FIG . 1 is a diagram illustrating a concept of D2D 
based V2X . Vehicles 110 , 130 , 140 , and 150 are equipped 
with an LTE NB 10 each , and vehicle 110 transmits 
arbitrary V2X information through a D2D channel . For 
signal transmission , a sidelink ( SL ) channel 120 is used , and 
this SL channel uses UL resources . 
10092 ) FIG . 2A is a diagram illustrating a method for 
configuring SL radio resources . In FIG . 2A , the SL radio 
resources are configured with UL resources in conformance 
with the legacy Rel - 12 resource allocation scheme . The SL 
channels include physical SL control channel ( PSCCH ) and 
physical sidelink shared channel ( PSSCH ) , and the PSCCH 
and PSSCH are assigned the resources 214 and 216 , respec 
tively . That is , the PSCCH and PSSCH are multiplexed in 
the time domain , and a terminal transmits control informa 
tion on the PSCCH and data information on the PSCCH . The 
control information transmission on PSCCH may be inter 
changeably referred to as PSCCH transmission , and the data 
information transmission on PSCCH may be interchange 
ably referred to as PSSCH transmission . 
[ 0093 ] The receive terminal may check whether there is 
data for which control information should be received on the 
PSCCH and , if a signal is received on the PSCCH performs 
decoding on PSSCH signal based on the information 
received on the PSCCH . The transmit terminal and receive 
terminal may share the PSCCH and PSSCH resources 
configurations as follows . By setting the PSCCH and 
PSSCH resources sizes in time and frequency domains as 
denoted by reference number 210 and a PSCCH transmis 
sion interval 220 in the time domain , the entire SL resources 
212 including the PSCCH and PSSCH are configured . The 
SL resources configuration information is transmitted from 
the base station to the terminal which wants to transmit / 
receive SL information via a system information block 
( SIB ) , the SL resource configuration information being 
received by IDLE terminals as well as CONNECTED 
terminals . The UL resources 230 that are not configured as 
SL resources are used for uplink transmission / reception at 
their original purpose . 
10094 ] In the above - described SL resource allocation 
method , the PSCCH and PSSCH are multiplexed in the time 
domain . In the case where the PSCCH and PSSCH are 
multiplexed in the time domain , the V2X information is 
transmitted on the SL in such a way of transmitting the 

[ 0096 ] As described above , an in - vehicle terminal trans 
mits data for V2X suing the SL resources as part of the UL 
resources . The coexistence of the SL and UL resources may 
cause some problems . 
[ 0097 ] One of the problems is the in - band emission power 
problem . If an arbitrary channel is transmitted on arbitrary 
frequency resources , a certain noise signal , although weak , 
is transmitted on a frequency different from the frequency 
resources in the same subframe , which is called in - band 
emission power . Although such a problem can be overcome 
through power control for the situation where only UL 
transmission exists , if UL and SL transmissions of multiple 
terminals are multiplexed on the UL resources , this is likely 
to cause in - band transmit power problems . 
[ 0098 ] FIG . 3 is a diagram for explaining in - band emis 
sion problems . There are a terminal 310 , and an in - vehicle 
terminals 320 and 330 within the signal range of the base 
station 300 , and the UE 310 is transmitting UL information 
to the base station . It is assumed that the in - vehicle terminal 
320 is transmitting V2X information to the in - vehicle ter 
minal 330 on the SL 340 in the same subframe . It is also 
assumed that the terminal 300 is located from a certain 
distance from the base station 300 while the in - vehicle 
terminal is located very close to the base station 300 . If the 
in - vehicle terminal 320 transmits V2X information at a high 
transmit power , the reception value 350 of the in - band 
emission power is not negligible at the base station 300 in 
comparison with the receive power value of the UL infor 
mation transmitted by the terminal 310 . In this case , the base 
station 300 may have a problem in receiving the UL infor 
mation . Since the SL resources are allocated in the UL 
resources and it may be possible to allocate part of the entire 
frequency resources as the SL resources and then the 
remaining frequency resources as UL resources , it may 
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frequently occur that the SL and UL resources are used at the 
same time , resulting in reception performance degradation 
of the base station . 
[ 0099 ] In order to solve the in - band emission problem , this 
embodiment proposes two methods . 
[ 0100 ] The first method is to control the transmit power 
for transmitting V2X SL information . In the first method , the 
transmit power of the SL channel for V2X transmission is 
determined based on the distance from the base station . That 
is , the transmit power for V2X information transmission is 
set to low for the in - vehicle terminal located close to the 
base station and high for the in - vehicle terminal located far 
from the base station . the PSSCH and PSCCH transmit 
powers may be determined by Equation 1 . 

Ppssch = { P CMAX . PSSCH , 10 log10 ( Mpssch ) + POPSSCH , 
1 + Opssch , 1 PL } { dBm } 

Ppscch = { PCMAX . PSCCH , 10 log10 ( MPSCCH ) + P . 
PSCCH , 1 + OPSCCH , 1 PL } { dBm } [ Equation 1 ] 

[ 0101 ] As shown in Equation 1 , the transmit power is 
determined based on the value of PL , i . e . , information on the 
signal attenuation between the base station and the terminal . 
( 0102 ] In the case of using this power control method , the 
in - vehicle terminal located close to the base station is always 
limited in transmit power and thus its signal propagation 
distance is decreased . In this respect , the second method is 
characterized by determining a resource pool based on the 
signal power of the base station in addition to controlling the 
transmit power . 
[ 0103 ] FIG . 4 is a diagram for explaining a method for 
configuring SL resources for V2X transmission . In reference 
to FIG . 4 , it may be possible to configure multiple SL 
resources pools for V2X transmission in order for an in 
vehicle terminal which wants to transmit V2X information 
to select an SL resource pool to use for signal transmission 
based on the reference signal received power ( RSRP ) of the 
base station . The RSRP range per resource pool may be 
designated via higher layer signaling , e . g . , SIB and RRC 
signaling . The in - vehicle terminal which wants to transmit 
V2X information measures the RSRP , selects a resource 
pool having the RSRP range in which the measured RSRP 
is included , and transmits the V2X information on the 
selected resources . 
[ 0104 ] As shown in FIG . 4 , it is possible to configure two 
SR resource pools such that the in - vehicle terminals with a 
high RSRP select the resource pool 430 and the in - vehicle 
terminals with a low RSRP select the resource pool 440 . If 
the RSRP measured by the terminal is high , the terminal is 
likely to be located close to the base station and thus cause 
in - band emission problem ; if the RSRP measured by the 
terminal is low , the terminal is likely to be located far from 
the base station and thus can neglect the in - band emission 
problem . Accordingly , since the base station is likely to 
determine that UL reception performance for the UL signal 
transmitted in the subframe carrying the V2X information 
transmitted by an in - vehicle terminal with a high RSRP and 
that the UL reception performance for the UL signal trans 
mitted in the subframe carrying the v2 information trans 
mitted by an in - vehicle terminal with a low RSRP is not so 
bad , it may be possible to use this information for UL 
channel scheduling . For example , the base station may 
allocate UL resources preferentially in the subframe 460 and 
avoid allocating UL resources as far as possible in the 
subframe 450 . 

Embodiment 1 - 2 
[ 0105 ] The second problem caused by the coexistence of 
the SL and UL resources is in - device transmission collision . 
The in - vehicle terminal which is performing V2X transmis 
sion may also perform UL transmission and DL reception on 
the same carrier frequency or in the same subframe . 
Although a V2X - enabled in - vehicle terminal has V2X infor 
mation to transmit in SL and information to transmit in UL , 
the in - vehicle terminal cannot perform the UL and SL 
transmissions simultaneously . Accordingly , the in - vehicle 
terminal has to perform one of the SL transmission or UL 
transmission at one time . Although the V2X - enabled in 
vehicle terminal has V2X information to receive in SL and 
information to transmit in UL , the in - vehicle terminal cannot 
perform the SL reception and UL transmission simultane 
ously and thus has to perform one of the SL reception and 
UL transmission selectively . In the case where the V2X 
enabled in - vehicle terminal has V2X information to receive 
in SL and information to receive in DL , the in - vehicle 
terminal may not perform the SL and DL receptions simul 
taneously depending on its reception capability and , in this 
case , it has to perform one of the SL and UL receptions at 
one time . 
[ 0106 ] FIG . 5 is a diagram illustrating the aforementioned 
SL and UL / DL transmission collision problems . There are 
in - vehicle terminals 510 and 520 within the signal range of 
the base station 500 , and the in - vehicle terminal 510 is 
transmitting UL information or receiving DL information to 
or from the base station 500 . It is assumed that the in - vehicle 
terminal 510 is exchanging V2X information with the in 
vehicle terminal 520 through the SL 550 in the same 
subframe . In this case , it is necessary to define how to select 
one of transmission and reception operations and give up the 
other as described above . Hereinafter , a description is made 
of the operation of selecting one of channel transmission and 
reception operations when transmission collision occurs 
there between . 
10107 ] First , a description is made of the collision between 
a UL transmission and an SL transmission . It may be 
possible to define the operation of assigning a priority to the 
UL transmission and giving up the SL transmission to 
perform the UL transmission preferentially in the standard 
because the information transmitted in UL is likely to be 
more important than that transmitted in SL . 
[ 0108 ] However , if the UL transmission is always priori 
tized over the SL transmission , this may bring about a safety 
problem , because the V2X information being transmitted in 
SL is associated with the driving safety of vehicles . Accord 
ingly , it may be considered to assign priorities as follows . 
( 0109 ] The first method is to prioritize the operations 
according to the type of message . V2X transmission infor 
mation is defined in various manners and , as an example , 
V2X messages may be categorized into cooperative aware 
ness message as a periodic message and decentralized 
environmental notification message as an event - triggered 
message . The CAM message is transmitted periodically and 
thus , although transmitted at one occasion , it can be trans 
mitted at the next occasion ; although the CAM message 
transmission with a low priority collides with the UL 
transmission , this may not cause significant problem . How 
ever , the DENM message as an event - triggered message is 
delay - sensitive and conveys information that is closely 
related to the driving safety of vehicles and thus , if it is 
assigned a low priority to give up its transmission chance in 
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a situation of collision with a UL transmission , the expected 
effect of the V2X technology is likely to be reduced . 
Accordingly , in this embodiment , the UL transmission is 
prioritized over the SL transmission conveying the CAM 
message to perform the UL transmission preferentially when 
they collide with each other , and an SL transmission con 
veying the DENM message is prioritized over the UL 
transmission to perform the SL transmission preferentially 
when they collide with each other . 
[ 0110 ] The second method is to prioritize the SL trans 
mission conveying V2X information over the UL transmis 
sion . Since the CAM message is also related to driving 
safety of vehicles even though it is less important , the SL 
transmission conveying the V2X message can be prioritized 
over the UL transmission . This method may be implemented 
in such a way of prioritizing the UL transmission over the SL 
transmission to perform the UL transmission preferentially 
when they collide to each other for the case where the 
terminal is configured to determine whether the SL is 
configured for the legacy D2D transmission or a new V2X 
transmission and perform the legacy D2D operation in the 
initial configuration , and prioritizing the SL transmission 
over the UL transmission to perform the SL transmission 
preferentially for the case where the UE is configured to 
perform the new V2X transmission operation . 
[ 0111 ] The third method is to designate the channel to be 
prioritized , when the SL and UL transmission collide , per 
resource pool in configuring SL resource pools and trans 
mits , at the base station , the configuration via higher layer 
signaling . The resource pool information may be configured 
via SIB or RRC signaling with the least information indi 
cating one of the SL and UL transmissions to be performed 
preferentially when they collide each other . 
10112 ] . The fourth method is to prioritize , when transmis 
sions collide , the transmissions based on the priorities 
assigned to the D2D resource pools . The resource pools are 
given priorities from 1 to 8 such that the terminal which 
knows the priority of the information to be transmitted 
selects the resource pool corresponding to the priority for 
transmitting the information . In this case , the SL transmis 
sion is prioritized over the UL transmission , when they 
collide each other , on the basis of the priorities of the 
corresponding resource pools . For example , if the SL and 
UL transmission collide each other , the UL transmission is 
prioritized over the SL transmission in the resource pools 
with the priorities 1 to 4 , and the SL transmission is 
prioritized over the UL transmission in the resource pools 
with the priorities 5 to 8 . 
[ 0113 ] Finally , in the case where a signal sensing - based SL 
transmission operation is configured , it may be possible to 
prioritize the S transmission over the UL transmission . In the 
legacy D2D , PSCCH and PSSCH resource allocation may 
be performed in two modes : mode 1 in which the base 
station allocates resources for PSCCH and PSSCH trans 
missions on the PDCCH directly and mode 2 in which the 
terminal selects the resources for PSCCH and PSSCH 
transmissions in the PSCCH / PSSCH resource pools precon 
figured by the base station or system . 
[ 0114 ] In mode 2 , if the SL resources for transmitting 
PSCCH and PSSCH are selected in the preconfigured 
resource pool , it may occur that multiple terminals select the 
same resources , which results in significant V2X message 
reception performance degradation . Mode 2 may be further 
elaborated for V2X operation to select the SL resources for 

PSCCH and PSSCH transmission based on signal sensing . 
That is , before transmitting PSCCH , the terminal may 
determine whether a PSCCH in use by another terminal 
exists in the PSCCH resources of the first PSCCH transmis 
sion period and transmit the PSCCH in the PSCCH 
resources not in use by another terminal in the next PSCCH 
transmission period . 
[ 0115 ] The PSCCH signal sensing may be performed in 
such a way that the terminal decodes all possible PSCCHS 
to determine that another terminal is transmitting the 
PSCCH signal in the resource where the decoding is suc 
cessful or a way that the terminal performs energy sensing 
to determine that another terminal is transmitting the 
PSCCH in the resource where the energy level is higher than 
a predetermined value . It may also be possible to use the 
signal sensing technique for determining the PSSCH 
resource and , in the method for determining presence ! 
absence of PSCCH through PSCCH decoding , the terminal 
is capable of checking the PSCCH resource in use by 
another terminal because the PSCCH information includes 
the PSSCH resource information . In the method of deter 
mining the presence / absence of PSCCH through PSCCH 
energy sensing , however , the terminal can ascertain no 
PSCCH information and thus check the PSCCH resource in 
use by another terminal through reception energy sensing in 
the PSSCH resource pool . 
10116 ] Here , the resource location is logically fixed 
according to the interval of the PSCCH and PSSCH 
resources . That is , if the terminal has transmitted PSCCH at 
a resource location in a PSCCH resource pool , it has to 
transmit the PSCCH at the same resource location in the next 
PSCCH resource pool . This is inevitably for the terminal 
which senses the signal to check the resources for transmis 
sion in the next PSCCH resource pool . This is also the case 
for PSSCH operation ; thus , if the terminal has transmitted 
PSSCH at a resource location in a PSSCH resource pool , it 
has to transmit the PSSCH at the same resource location in 
the next PSSCH resource pool . 
[ 0117 ] The signal sensing - based mode 2 resource alloca 
tion method has been described above . In this case , the 
resource allocation is performed based on the signal signal 
ing for PSCCH or PSSCH in the whole resource pool . 
Accordingly , if it occurs that a terminal performs UL trans 
mission in the subframe scheduled for PSCCH transmission 
because of the UL transmission with a priority higher than 
that the PSCCH transmission occurs , the terminal attempt 
ing to newly transmit the PSCCH carrying the V2X infor 
mation the PSCCH resource not in use by the other terminal 
through signal sensing and select the PSCCH resource 
mapped to the PSCCH resources in the next resource pool to 
transmit the PSCCH . In this case , it may occur that multiple 
terminals transmit PSCCH simultaneously , which causes a 
collision problem . As an alternative prioritization method , it 
may be considered to prioritize the SL transmission as a 
sensing target , in the case of using the signal sensing scheme 
for SL transmission of mode 2 , over the UL transmission . As 
described above , the signal sensing may be performed only 
on the PSCCH or both the PSCCH and PSSCH , and it may 
be possible to prioritize the PSCCH transmission over the 
UL transmission and the UL transmission over the PSSCH 
transmission for the former case and to prioritize both the 
PSSCH and PSCCH transmission over the UL transmission . 
[ 0118 ] For the case where the signal sensing - based SL 
transmission operation is configured , it may be necessary to 
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overcome the collision problem occurring when multiple 
terminals transmit PSCCH ( or another V2X channel , which 
is the case in the following description ) as follows . If it 
occurs that a terminal performs UL transmission in the 
subframe scheduled for PSCCH transmission because of the 
UL transmission with a priority higher than that the PSCCH 
transmission occurs , the terminal determines whether the 
resources the resources are occupied by another terminal 
rather than transmitting PSCCH on the previously - occupied 
resources and then perform PSCCH transmission again . 
That is , the terminal checks the PSCCH resources that are 
not occupied by another terminal with a resource detection 
method such as reception energy detection , selects the best 
resources , and transmits the PSCCH for next V2V transmis 
sion in the newly selected resources . 
[ 0119 ] The resources in use for the PSCCH transmission 
may be the resources at the same logical location mapped to 
the resource used at the previous occasion in which UL 
transmission is performed because the priority of the 
PSCCH transmission is lower than that of the UL transmis 
sion or new resources different from the previously used 
resources . The latter case may be the case where it is 
determined that another terminal occupies the previously 
used resources through a new resource detection , and the 
former case may be the case where the previously used 
resource is not occupied by another terminal . 
[ 0120 ] In summary , if a V2X - enable terminal prioritizes 
the UL transmission over the V2X channel transmission 
such as PSCCH transmission to perform UL transmission , it 
performs a resource reallocation operation through signal 
detection for V2X channel transmission such as PSCCH . 
transmission afterward to select resources newly for trans 
mitting V2X channel such as PSCCH afterward . The 
resources selected newly through the resource reallocation 
may be identical with or different from the previously used 
resources . 
[ 0121 ] This resource reallocation triggered by preferential 
UL transmission may be performed in such a way of 
prioritizing the UL transmission over the SL transmission 
unconditionally or prioritizing the UL transmission over the 
SL transmission in part of the resources and the SL trans 
mission over the UL transmission in the remaining part of 
the resources . Assuming that SL channel is prioritized over 
the UL channel in part time period 1 ) of the entire V2X 
resources and the UL channel is prioritized over the SL 
channel in the remaining part time period 2 ) , if the UL 
transmission is performed even though a terminal needs to 
perform V2X transmission over SL in the time period 2 
because the UL transmission has a priority higher than that 
of the SL transmission , the terminal perform a resource 
reallocation procedure to select the resources for the next 
V2X transmission . The time period 1 or the time period 2 
may be configured by the base station , which transmits the 
corresponding configuration information to the terminal via 
RRC signaling , SIB signaling , MAC signaling , or L1 sig 
naling . 
( 0122 ] Next , a description is made of the collision prob 
lem between a UL transmission and a SL transmission . The 
terminal prioritizes the UL transmission over the SL recep 
tion when it as the data to transmit in UL because it is 
difficult to determine which information is received in SL . 
[ 0123 ] Finally , a description is made of the collision 
problem between a DL reception and a DL reception . If the 
receiver of the terminal is configured such that it is difficult 

to receive two channels simultaneously , the terminal has to 
select one of the channels to receive . If the terminal has data 
to receive , the terminal has to prioritize the DL reception 
over the SL reception . 
[ 0124 ] FIG . 6 is a flowchart illustrating an operation 
prioritization method of a terminal according to an embodi 
ment of the present invention . 
[ 0125 ] In reference to FIG . 6 , an in - vehicle terminal 
performs V2X configuration , i . e . , resource pool , transmit 
power , and message information configuration , at step 600 . 
Next , the terminal determines at step 610 whether there is 
collision between UL and SL transmissions in the current 
subframe and , if it is determine that there is no collision 
between UL and SL transmissions , determines at step 620 
whether there is a channel to transmit ; if there is a channel 
to transmit , the terminal encodes the transmission channel at 
step 680 , transmits the encoded channel at step 670 , and 
ends the procedure . Otherwise , if there is no channel to 
transmit , the terminal ends the procedure . 
[ 0126 If it is determined at step 610 that there is collision 
between UL and SL transmission , the terminal prioritizes , at 
step 630 , the SL and UL channels according to the above 
described prioritization method . If it is determined that the 
UL channel is prioritized over the SL channel , the terminal 
performs channel coding on the UL transmission at step 660 , 
transmits the coded channel at step 670 , and ends the 
procedure . Otherwise , if it is determined that the SL channel 
is prioritized over the UL channel , the terminal performs 
channel coding on the SL channel at step 650 , transmits the 
coded channel at step 670 , and ends the procedure . 
[ 0127 ] At step 630 , the prioritization of the UL and SL 
channel transmissions may be performed with one of the 
following rules . 
10128 ] 1 . Prioritize channels by message type 
[ 0129 ] 2 . Prioritize SL channel for V2X message over UL 
channel unconditionally 
[ 0130 ] 3 . Prioritize channels by resource pool 
[ 0131 ] 4 . Prioritize channels by mapping to priorities 
designated to resource pools 
[ 0132 ] 5 . Prioritize SL channel for signal sensing opera 
tion over UL channel 

Embodiment 1 - 3 
[ 0133 ] Finally , a problem occurring by coexistence of LS 
and UL resources is power assignment problem caused 
in - device transmission collision . An in - vehicle terminal is 
capable of performing UL transmission on a carrier fre 
quency during a V2X transmission , i . e . , the terminal is 
capable of perform SL transmission on carrier frequency 1 
and the UL transmission on carrier frequency 2 which differs 
from carrier frequency 1 in the same subframe . In the case 
of performing the UL and SL transmission on different 
carrier frequencies , the terminal has to perform power 
control based on the priorities of the transmissions . That is , 
the terminal may assign power to the channel with the high 
priority preferentially and then the remaining power to the 
channel with the low priority . 
[ 0134 ] FIG . 7 is a diagram illustrating the aforementioned 
SL , UL , and / or DS transmission collision problems . There 
are in - vehicle terminals 710 and 720 within the signal range 
of the base station 700 , and the in - vehicle terminal 710 is 
transmitting UL information to the base station 500 on the 
frequency carrier 1 . The in - vehicle terminal 710 may also 
transmit or receive V2X information to the in - vehicle ter 
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information configuration unit and transmission data gen 
erator and controlling the transmitter . 
[ 0147 ] FIG . 10 is a block diagram illustrating a configu 
ration of a terminal according to an embodiment of the 
present invention . In reference to FIG . 10 , the terminal may 
include a receiver 1000 , a prioritization unit 1010 , a trans 
mission data generator 1020 , and a transmitter 1030 . The 
receiver 1000 receives V2X configuration information from 
a base station , the prioritization unit 1010 prioritizes UL and 
SL channels according to the above - described methods , the 
transmission data generator 1020 generates a data channel to 
transmit in consideration of the determined priorities , and 
the transmitter 1030 transmits the generated data channel . 
Although not shown in drawing , the prioritization unit and 
the transmission data generator may be included in a con 
troller , which is capable of performing the functions of the 
prioritization unit and the transmission data generator and 
controlling the receiver and the transmitter . 

Embodiment 2 

minal 720 through the SL 750 on the carrier frequency 2 in 
the same subframe . As described above , the terminal may 
allocate power to one of the transmissions occurring simul 
taneously preferentially and then the remaining power to the 
other . 
[ 0135 ] FIG . 8 is a flowchart illustrating a power assign 
ment method of a terminal according to an embodiment of 
the present invention . 
[ 0136 ] An in - vehicle terminal performs V2X configura 
tion , i . e . , resource pool , transmit power , and message infor 
mation configuration , at step 800 . Next , the terminal deter 
mines at step 810 whether there is collision between UL and 
SL transmissions in the current subframe and , if it is 
determine that there is no collision between UL and SL 
transmissions , determines at step 820 whether there is a 
channel to transmit ; if there is a channel to transmit , the 
terminal performs encoding on the transmission channel at 
step 880 , transmits the encoded channel at step 870 , and 
ends the procedure . Otherwise , if it is determined that there 
is no channel to transmit , the terminal ends the procedure . 
[ 0137 ] If it is determined at step 810 that there is collision 
between UL and SL transmission , the terminal prioritizes , at 
step 830 , the SL and UL channels according to the above 
described prioritization method . If it is determined that the 
UL channel is prioritized over the SL channel , the terminal 
assigns , at step 860 , a transmit power for the UL transmis 
sion preferentially and then performs transmit power assign 
ment to the SL channel with the remaining power . Next , the 
terminal transmits the coded channel at step 870 and ends 
the procedure . 
[ 0138 ] If it is determined that the SL channel is prioritized 
over the UL channel , the terminal assigns , at step 850 , a 
transmit power to For the SL transmission and then performs 
transmit power assignment to the UL with the remaining 
power . Next , the terminal transmits the coded channel at step 
870 and ends the procedure . 
[ 0139 ] At step 830 , the prioritization of the UL and SL 
channel transmissions may be performed with one of the 
following rules . 
[ 0140 ] 1 . Prioritize channels by message type 
[ 0141 ] 2 . Prioritize SL channel for V2X message over UL 
channel unconditionally 
[ 0142 ] 3 . Prioritize channels by resource pool 
[ 0143 ] 4 . Prioritize channels by mapping to priorities 
designated to resource pools 
[ 0144 ] 5 . Prioritize SL channel for signal sensing opera 
tion over UL channel 
[ 0145 ] FIG . 9 is a block diagram illustrating a configura 
tion of a base station according to an embodiment of the 
present invention . 
101461 . In reference to FIG . 9 , the base station transmits to 
a terminal V2X transmission configuration information via 
a system information block ( SIB ) or RRC signaling . The 
base station may include a V2X information configuration 
unit 900 , a transmission data generator 910 , and a transmit 
ter 920 . The V2X information configuration unit 900 con 
figures V2X information , the transmission data generator 
910 generates transmission data including the V2X infor 
mation , and the transmitter 920 transmits the transmission 
data including the V2X information . Although not shown in 
the drawing , the V2X information configuration unit and the 
transmission data generator may be included in a controller , 
which is capable of performing the functions of the V2X 

[ 0148 ] The present invention relates to a typical wireless 
mobile communication system and , in particular , to a ref 
erence signal configuration and transmission method of a 
base station with a plurality of active array antennas and a 
reference signal configuration information and reference 
signal reception method of a terminal in the wireless mobile 
communication system employing a multicarrier multiple 
access scheme such as orthogonal frequency division mul 
tiple access ( OFDMA ) . 
[ 0149 ] Exemplary embodiments of the present invention 
are described in detail with reference to the accompanying 
drawings . The same reference numbers are used throughout 
the drawings to refer to the same or like parts ; detailed 
descriptions of well - known functions and structures incor 
porated herein may be omitted to avoid obscuring the 
subject matter of the present invention . Further , the follow 
ing terms are defined in consideration of the functionality in 
the present invention , and they may vary according to the 
intention of a user or an operator , usage , etc . Therefore , the 
definition should be made on the basis of the overall content 
of the present specification . 
[ 0150 ] Various changes may be made to the invention , and 
the invention may have various forms , such that exemplary 
embodiments will be illustrated in the drawings and 
described in detail . However , such an embodiment is not 
intended to limit the invention to the disclosed exemplary 
embodiment and it should be understood that the embodi 
ment include all changes , equivalents , and substitutes within 
the spirit and scope of the invention . 
[ 0151 ] As used herein , the singular forms “ a , ” , “ an ” , and 
“ the ” are intended to include the plural forms as well , unless 
the context clearly indicates otherwise . For example , the 
expression “ a component surface ” is intended to include one 
or more component surfaces . 
[ 0152 ] As used herein , ordinal terms such as “ first ” , “ sec 
ond ” , etc . are used to describe various components ; how 
ever , it is obvious that the components should not be defined 
by these terms . The terms are used only for distinguishing 
one component from another component . For example , a 
first component may be referred to as a second component 
and , likewise , a second component may also be referred to 
as a first component , without departing from the teaching of 
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the inventive concept . Also , the expression “ and / or ” is taken 
as specific disclosure of each and any combination of 
enumerated things . 
[ 0153 ] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the invention . As used herein , singular 
forms are intended to include the plural forms as well , unless 
the context clearly indicates otherwise . It will be understood 
that the terms “ comprises ” and / or “ has ” when used in this 
specification , specify the presence of a stated feature , num 
ber , step , operation , component , element , or a combination 
thereof ; but they do not preclude the presence or addition of 
one or more other features , numbers , steps , operations , 
components , elements , or combinations thereof . 
[ 0154 ] According to an embodiment of the present inven 
tion , a main entity which is responsible for resource allo 
cation to terminals may a Node B , an evolved Node B 
( NB ) , a base station ( BS ) , a radio access unit , a base station 
controller , or any network node . Meanwhile , an entity being 
served by the main entity may be a user equipment ( UE ) , a 
mobile station ( MS ) , a cellular phone , a smartphone , a 
computer , a communication function - enable multimedia 
system , an communication function - enabled small - size sen 
sor , or an IoT device . 
[ 0155 ] In the present invention , the term ‘ Downlink ( DL ) ' 
denotes a radio transmission path from an eNB to a UE , and 
the term “ Uplink ( UL ) ' denotes a radio transmission path 
from the UE to the eNB . Although the following description 
is directed to LTE and LTE - A , it will be understood by those 
skilled in the art that the present invention can be applied to 
other communication systems having similar technical back 
ground and channel format , with a slight modification , 
without departing from the spirit and scope of the present 
invention . 
[ 0156 ] Although all embodiments of the present invention 
are not exclusive from each other and can be combined 
together , the individual embodiments and examples are 
described in distinctive manner for convenience of expla 
nation . 

data rate by concentrating transmission power to certain 
antennas according to the channel quality and transmitting 
data selectively to the user with a high channel quality . 
[ 0159 ] Since most of aforementioned techniques operate 
based on channel status information between a base station 
( BS ) ( hereinafter , interchangeably referred to as evolved 
Node B ( NB ) and a terminal ( hereinafter , interchangeably 
referred to as User Equipment ( UE ) or Mobile Station 
( MS ) , it is necessary for the eNB or the UE to measure the 
channel state therebetween using a reference signal such as 
Channel State Indication Reference Signal ( CSI - RS ) . The 
eNB denotes an entity located at a certain place for downlink 
transmission and uplink reception , and one eNB may sup 
port a plurality of cells for transmission / reception . A mobile 
communication system includes a plurality of eNBs that are 
geometrically distributed geometrically , and each eNB 
transmits / receives signals through a plurality of cells . 
10160 ) Existing 3G and 4G mobile communication sys 
tems represented by LTE / LTE - A adopt MIMO technique 
which uses a plurality transmission / receive antennas to 
increase data rate and system throughput . The MIMO tech 
nique makes it possible to transmit spatially - separated mul 
tiple information streams . This technique of transmitting 
multiple spatially - separated information streams is referred 
to as spatial multiplexing . Typically , the number of infor 
mation streams to be spatially multiplexed is determined 
depending on the numbers of antennas of the transmitter and 
receiver . The number of information streams that can be 
spatially multiplexed is referred to as rank of the corre 
sponding transmission . The LTE Release 12 supports 2x2 , 
4x4 , and 8x8 MIMO spatial multiplexing and up to rank 8 . 
( 0161 ] Meanwhile , a massive MIMO or full - dimension 
MIMO ( FD - MIMO ) system to which the proposed method 
of the present invention is applied is composed of 2 - dimen 
sionally arranged 8 or more antenna . FIG . 11 is a diagram 
illustrating a massive MIMO or FD - MIMO system . In FIG . 
11 , a transmitter of the eNB transmits radio signals using a 
few dozen or more transmit antennas . The transmit antennas 
are arranges to maintain a predetermined distance among 
each other . The minimum distance may , by way of example , 
be half the wavelength of the radio signal . In the case where 
the transmit antennas are arranged in the distance of half the 
wavelength of the radio signal , the signals transmitted by the 
respective transmit antennas are influenced by radio chan 
nels with low correlation . As the inter - antenna distance 
increases , the correlation decreases . 
[ 0162 ] In order to prevent the size of the transmitter from 
increasing excessively , the large number of antennas of the 
transmitter of the eNB may be arranged 2 - dimensionally . In 
this case , the eNB transmits a signal with the antennas Ny 
in horizontal axis and N , in vertical axis , and the UE 1120 
measures the channel 1110 of the corresponding antennas . 
[ 0163 ] In FIG . 11 , a few dozen or more transmit antennas 
of the eNB transmitter may be used to transmit signals to one 
or more UEs . In order to transmit signals to a plurality of 
UEs simultaneously , it may be possible to perform precod 
ing on the signals . In this case , a UE may receive one or 
more information streams . Typically , the number of infor 
mation streams that one UE can receive is determined 
according to the number of receive antennas of the UE and 
the channel condition . 
[ 0164 ] In order to implement the massive MIMO effec 
tively , it is necessary for the UE to measure the channel 
condition and interferences accurately based on multiple 

Embodiment 2 - 1 
[ 0157 ] The mobile communication system has evolved to 
a high - speed , high - quality wireless packet data communi 
cation system capable of providing data and multimedia 
services beyond the early voice - oriented services . The stan 
dardization organizations such as the 3rd Generation Part 
nership Project ( 3GPP ) , the 3rd Generation Partnership Proj 
ect - 2 ( 3GPP2 ) , and the Institute of Electrical and Electronics 
Engineers ( IEEE ) have standardized 4 " Generation mobile 
communication systems based on multicarrier multiple 
access scheme . Recently , various multicarrier - based mobile 
communication standards such as 3GPP Long Term Evolu 
tion ( LTE ) , LTE - advanced ( LTE - A ) , LTE - A Pro , and IEEE 
802 . 16m have been developed to meet the requirements of 
the high - speed , high - quality wireless packet data commu - 
nication services . 
[ 0158 ] The existing 4G advanced mobile communication 
systems such as LTE - A , LTE - A Pro , and 802 . 16m operate 
based on multicarrier multiple access schemes and employ 
various techniques such as MIMO , beamforming , Adaptive 
Modulation and Coding ( AMC ) , and Channel - Sensitive 
Scheduling to improve the transmission efficiency . The 
above techniques are capable of improving transmission 
efficiency and system throughput in such a way of adjusting 
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reference signals and transmit the channel status information 
generated based on the measurement result to the eNB 
efficiently . The eNB determines the UE to which it transmit 
signals and data rate and precoding to be applied for 
transmission based on the received channel status informa 
tion . In the case of applying the channel status information 
transmission / reception method of the legacy LTE system to 
the FD - MIMO system , the increased control information 
amount for the large number of transmit antennas causes a 
UL overhead problem . 
[ 0165 ] The mobile communication systems are character 
ized by constraints on time , frequency , and power . This 
means that the more the resources are allocated for reference 
signals , the less the resources are allocated for data traffic 
channel , resulting in reduction of absolute data transmission 
amount . In this case , it may be possible to expect the 
enhancement of channel measurement and channel estima 
tion performance , but the decreased data transmission 
amount results in the reduction of the total system through 
put . 
[ 0166 ] There is therefore a need of a method for allocating 
resources for reference signals and data traffic channels 
appropriately so as to optimize the total system throughput . 
[ 0167 ] FIG . 12 is a diagram illustrating radio resources 
corresponding to 1 subframe and 1 resource block ( RB ) as 
the smallest unit for DL scheduling in an LTE system . The 
radio resources depicted in FIG . 12 is composed of one 
subframe in the time domain and one RB in the frequency 
domain . The radio resources consist of 12 subcarriers in the 
frequency domain and 14 OFDM symbols in the time 
domain , i . e . 168 unique frequency - time positions . In LTE , 
each frequency - time position is referred to as Resource 
Element ( RE ) . 
10168 ] . The radio resource structured as shown in FIG . 12 
may be configured to transmit different types of signals as 
follows : 
[ 0169 ] 1 . Cell - specific Reference Signal ( CRS 1200 ) : This 
is a reference signal broadcast periodically for use com 
monly by all UEs within one cell . 
[ 0170 ] 2 . Demodulation Reference Signal ( DMRS 1210 ) : 
This is a reference signal transmitted for specific UE and 
used only for transmitting data to corresponding UE . It may 
be possible to support up to 8 DMRS ports . In LTE / LTE - A , 
antenna ports 7 to 14 are allocated for DMRS and these ports 
maintain orthogonality with Code Division Multiplexing 
( CDM ) or Frequency Division Multiplexing ( FDM ) to avoid 
interference to each other . 
[ 0171 ] 3 . Physical Downlink Shared Channel ( PDSCH 
1220 ) : This is a downlink channel for use in transmitting 
traffic ( or data ) from an eNB to a UE . The eNB may transmit 
data using REs to which no reference signal is mapped in the 
data region ( or PDSCH region ) in FIG . 12 . 
[ 0172 ] 4 . Channel Status Information Reference signal 
( CSI - RS 1240 ) : This is a reference signal transmitted for use 
by UEs within a cell in channel status measurement . There 
may be multiple CSI - RSs transmitted within a cell . In the 
LTE system , the CSI - RS may be mapped to one , two , four , 
or eight antenna ports . Particularly in the LTE - A Pro system , 
one CSI - RS may correspond to one , two , four , eight , twelve , 
or sixteen antenna ports ; the number of antenna ports to 
which the CSI - RS corresponds may increase , by way of 
example , to thirty . 
[ 0173 ] 5 . Other control channels ( Physical Hybrid - ARQ 
Indicator Channel ( PHICH ) , Physical Control Format Indi 

cator Channel ( PCFICH ) , and Physical Downlink Control 
Channel ( PDCCH ) 1230 ) : An eNB may provide a UE with 
control information for use in receiving data on PDSCH or 
transmit HARQ ACK / NACK corresponding to uplink data 
transmission . 
[ 0174 ] In addition to the aforementioned signals , muting 
may be configured in order for the UEs within the corre 
sponding cell to receive the CSI - RSs transmitted by other 
eNBs in the LTE - A and LTE - A Pro systems . The muting 
may be configured at the positions designated for CSI - RS 
and , typically , the UE may skip attempt of receiving traffic 
signals at the muted CSI - RS positions . In the LTE - A and 
LTE - A Pro system , the muting is referred to as zero power 
CSI - RS . This is because the muting by nature is mapped to 
the CSI - RS positions without assignment of transmit power . 
[ 0175 ] In FIG . 12 , the CSI - RS can be transmitted at some 
of the positions marked by A , B , C , D , E , F , G , H , I , and J 
according to the number of number of antennas transmitting 
CSI - RS . Also , the zero power CSI - RS ( muting ) can be 
mapped to some of the positions A , B , C , D , E , F , G , H , I , 
and J . The CSI - RS can be mapped to 2 , 4 , or 8 REs 
according to the number of the antenna ports for transmis 
sion . For two antenna ports , half of a specific pattern is used 
for CSI - RS transmission ; for four antenna ports , whole of 
the specific pattern is used for CSI - RS transmission ; and for 
eight antenna ports , two patterns are used for CSI - RS 
transmission . Meanwhile , the zero power CSI - RS ( muting ) 
is always transmitted in unit of pattern . That is , although the 
muting is applied to plural patterns , if the muting positions 
mismatch CSI - RS positions , it cannot be applied to one 
pattern partially . However , if the CSI - RS positions are 
identical with the zero power CSI - RS ( muting ) positions , the 
muting can be applied to part of a pattern . 
[ 0176 ] As described above , it is possible to map two , four , 
or eight antenna ports to one CSI - RS resource in LTE and 
LTE - A while it is possible to map two , four , or eight , twelve , 
or sixteen antenna ports to one CSI - RS resource . Also , 
LTE - A and LTE - A Pro supports two orthogonal codes of 
length 2 and length 4 for mapping the CSI - RS to REs . It may 
be possible to apply the orthogonal code of length 2 for 
2 - port , 4 - port , and 8 - port CSI - RS , and orthogonal code of 
length 2 or length 4 for 12 - port and 16 - port CSI - RS . 
[ 0177 ] In the case of transmitting the CSI - RSs of two 
antenna ports , the CSI - RSs are mapped to two REs con 
secutive in the time domain and distinguished by orthogonal 
codes . This means that the two CSI - RS ports are code 
division - multiplexed ( CDM - 2 ) in a 2 - port CSI - RS pattern of 
two consecutive REs . In the case of transmitting the CSI 
RSs of four antenna ports , two extra CSI - RSs for the two 
extra antenna ports are mapped to two other REs . In detail , 
the 4 - port CSI - RS pattern is formed by aggregating two 
2 - port CSI - RS patterns with a spacing of 6 subcarriers . In 
this case , the RE pairs multiplexed in CDM - 2 are located in 
the same OFDM symbol and as frequency - division - multi 
plexed ( FDMed ) . In the case of transmitting the CSI - RSs of 
eight antenna ports , the 8 - port CSI - RS pattern is formed by 
aggregating two neighboring 4 - port CSI - RS patterns . In the 
case of the 8 - port CSI - RS pattern , the RE pairs multiplexed 
in CDM - 2 are located in the same OFDM symbols as 
FDMed . 
[ 0178 ] In the cases of transmitting the CSI - RSs of twelve 
or sixteen antenna ports , the 12 - port or 14 - port CSI - RS 
pattern is formed by aggregating 4 - port and 8 - port CSI - RS 
patterns . In detail , the 12 - port CSI - RS pattern is formed by 
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aggregating three 4 - port CSI - RS patterns , and the 16 - port 
CSI - RS pattern is formed by aggregating two 8 - port CSI - RS 
patterns and , if CDM - 2 is applied , CDMed in the same 
manner as done in the 4 - port and 8 - port CSI - RS cases . In the 
case of applying CDM - 4 to the 12 - port and 16 - port CSI - RS 
patterns , it is necessary to define a new orthogonal code 
mapping rule . For this purpose , in the case of the 12 - port 
CSI - RS pattern , the REs of the 4 - port CSI - RS pattern are 
grouped into a group to which orthogonal codes of length 4 
are applied ; in the case of the 16 - port CSI - RS pattern , 4 
consecutive REs in the 8 - port CSI - RS pattern are grouped 
into a group to which orthogonal codes of length 4 are 
applied . 
[ 0179 ] The eNB may boost the transmit power of the 
CSI - RS to improve channel estimation accuracy . In the case 
of transmitting four or eight antenna port CSI - RSs , a pre 
determined antenna port CSI - RS is transmitted at predeter 
mined CSI - RS REs and does not transmitted on a different 
subcarrier in the same OFDM symbol . 
[ 0180 ] FIG . 13 is a diagram exemplifying CSI - RS RE 
mapping in the nth and ( n + 1 ) th PRB for the case where the 
eNB transmits 8 CSI - RSs . As shown in FIG . 13 , in the case 
where the CSI - RS RE for AP 15 or 16 is located as denoted 
by reference number 1310 of FIG . 2C , the transmit power 
for the CSI - RS transmission for AP 16 or 17 is not used at 
the CSI - RS RE 1320 for the remaining APs 17 to 22 . 
Accordingly , as shown in FIG . 13 , the AP 15 or 16 may use 
the transmit power for the 3r , 8th , and 9th subcarriers on the 
2nd subcarrier . Such a natural power boosting makes it 
possible to increase the transmit power for the CSI - RS port 
15 being transmitted on subcarrier 2 up to 6 dB in compari 
son with that at the data RE . As described above , in LTE - A 
and LTE - A Pro , it is possible to accomplish the natural 
power boost of up to 6 dB in the 2 - port , 4 - port , and 8 - port 
CSI - RS patterns based on the CDM - 2 and transmit the 
CSI - RSs corresponding to the individual APs with full 
power utilization . In LTE - A Pro , similarly , it is possible to 
use the full power utilization through the natural power 
boosting of up to 6 dB based on CDM - 4 in the 12 - port and 
16 - port CSI - RS patterns . 
[ 0181 ] The UE may be also be allocated CSI - IM ( inter 
ference measurement resources ( IMR ) ) along with CSI - RS ; 
the CSI - IM resources are identical with the CSI - RS 
resources in resource structure and location . The CSI - IM is 
the resources for the UE which is receiving data from one or 
more eNBs to measure interferences from neighboring eNBs 
accurately . If it is necessary to measure interference amounts 
for the cases where the neighboring eNBs transmit data and 
no data respectively , the eNB may configure a CSI - RS and 
two CSI - IM resources such that the neighboring eNBs 
transmit signals on one CSI - IM resource and no signal on 
the other CSI - IM resource , thereby measuring the interfer 
ence amount of the neighboring eNBs effectively . 
[ 0182 ] In the LTE - A and LTE - A Pro system , the eNB 
notifies the UE of the CSI - RS resource configuration via 
higher layer signaling . The CSI - RS resource configuration 
information includes CSI - RS configuration information 
index , number of CSI - RS ports , CSI - RS transmission inter 
val , transmission offset , CSI - RS configuration information , 
CSI - RS scrambling ID , and QCL information . The UE may 
determine the REs to which the CSI - RSs are mapped based 
on the CSI - RS configuration information and number of 
CSI - RS ports 

[ 0183 ] In the LTE - A and LTE - A Pro systems , the eNB 
transmits reference signals to the UE for DL channel state 
measurement , and the terminal measure the channel state 
between the eNB and the terminal based on the CRS or 
CSI - RS transmitted by the eNB . The channel state is mea 
sured in consideration of a few factors which , in this 
embodiment , includes interference amount in DL . The inter 
ference amount in DL includes interference signals caused 
by the antennas of the neighboring eNBs and thermal noise 
and is used as important information for determining DL 
channel condition . For example , if an eNB with one transmit 
antenna transmits a signal to a terminal with one receive 
antenna , the UE has to check energy per symbol ( Es ) for DL 
reception and interference amount ( 1 . ) being simultaneously 
received during the period of receiving the corresponding 
symbol based on the reference signal transmitted by the eNB 
to calculate Es / Io . The calculated Es / Io is converted to a data 
rate or an equivalent value and transmitted in the form of a 
channel quality indicator ( CRI ) for use by the eNB in 
determining a data rate for DL transmission to the UE . 
[ 0184 ] In the LTE - A and LTE - A Pro system , the UE 
transmits feedback information of the DL channel state for 
use by the eNB in DL scheduling . That is the UE measures 
the reference signal transmitted by the eNB in DL and 
transmits feedback information generated based on the mea 
surement result to the eNB in the format defined in the LTE 
standard . In LTE , the UE feedback information includes 
three indicators as follows : 

[ 0185 ] Rank Indicator ( RI ) : number of spatial layers UE 
can receive in current channel state 

[ 0186 ] Precoder Matrix Indicator ( PMI ) : indicator indi 
cating precoding matrix preferred by UE in current 
channel state 

[ 0187 ] Channel Quality Indicator ( CRI ) : indicator indi 
cating maximum data rate for UE to receive signal in 
current channel state , CQI may be replaced by signal 
to - interference plus noise ratio ( SINR ) , maximum error 
correction code rate and modulation scheme , or data 
throughput per frequency that can be used similarly 
instead of the maximum data rate . 

[ 0188 ] The RI , PMI , and CQI are associated among each 
other in meaning . For example , the precoding matrix sup 
ported in LTE / LTE - A is configured differently per rank . 
Accordingly , the PMI value is interpreted differently 
depending on whether the RI is set to 1 or 2 . In addition , 
when determining CQI , the UE assumes that the PMI and RI 
which the UE has reported are applied by the eNB . For 
example , if the UE reports RI _ X , PMI _ Y , and CQI _ Z , this 
means that the UE is capable of receiving the signal at the 
data rate corresponding to CQI _ Z when the rank RI _ X and 
the precoding matrix PMI _ Y are applied . In this way , the UE 
calculates CQI with which the optimal performance is 
achieved in real transmission under the assumption of the 
transmission mode to be selected by the eNB . 
[ 0189 ] The UE may transmit the channel status informa 
tion including RI , PMI , and CQI periodically or aperiodi 
cally . If the eNB want to acquire the channel status infor 
mation of specific UE , it may configure aperiodic feedback 
( or aperiodic channel status information report ) to the UE 
using an aperiodic feedback indicator ( or channel status 
information request field or channel status information 
request information ) included in Downlink Control Infor 
mation ( DCI ) . It may also be possible to configure the 
aperiodic feedback such that when the aperiodic feedback 
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indicator is received at nth subframe the UE transmits the 
aperiodic feedback information ( or channel status informa 
tion ) at the ( n + k ) " subframe during the uplink data trans 
mission . Here , k is set to 4 for Frequency Division Duplex 
ing ( FDD ) mode and any value of table 1 for Time Division 
Duplexing ( TDD ) . 

TABLE 1 
TDD UL / DL subframe number n 

Configuration 0 1 2 3 4 5 6 7 8 9 w 

4 6 
6 

7 
4 

4 
— 

6 
6 

7 
4 onmtino | | | | | | | | | | | | | | 

| | * | | n 
| | | | | | | | | | | | | | 

+ | | | 
| | | 

7 7 7 

[ 0190 ] In order to generate and report the channel infor 
mation , the eNB with a large scale antenna array , the eNB 
equipped with a large scale antenna array has to configure 
reference signal resources for measuring a channel of 8 or 
more antennas and send the configuration information to the 
UE . In LTE - A Pro , it is possible to configure two , four , eight , 
twelve , or sixteen antenna ports at one CSI - RS resource , and 
the number of antenna ports may be increased to twenty , 
twenty four , twenty eight , and thirty two in the future . In 
detail , the LTE - A Release 13 supports two CSI - RS configu 
ration schemes . 
[ 0191 ] The first configuration scheme is to use non - pre 
ceded CSI - RS , which may be referred to as CSI - RS for 
Class A CSI report . The eNB may configure 4 - port or 8 - port 
CSI - RS pattern to the UE , which can receive 8 or more 
CSI - RS ports by aggregating the configured CSI - RS pat 
terns . The 11 , 2 , 4 , 81 - port CSI - RS is in conformance with 
the legacy mapping rule , the 12 - port CSI - RS is configured 
by aggregating three 4 - port CSI - RS patterns , and 16 - port 
CSI - RS is configured by aggregating 2 8 - port CSI - RS 
patterns . The LTE - A release 13 also supports CDM - 2 or 
CDM - 4 with the orthogonal cover code ( OCD which is 
interchangeably referred to as orthogonal code ) for 12 - port 
and 16 - port CSI - RS . 
[ 0192 ] The embodiment of FIG . 13 is directed to a CSI - RS 
power boosting based on CDM - 2 and , for the full power 
utilization for CDM - 2 - based 12 - port and 16 - port CSI - RS , it 
is necessary to boost power of up to 9 dB in comparison with 
that for data ( PDSCH ) transmission . This means that there is 
a need of high performance hardware superior to the legacy 
hardware for full power utilization for the CDM - 2 - based 
12 - port and 16 - port CSI - RS . In this respect , the 12 - port and 
16 - port CSI - RS is introduced in the LTE - A Pro Release13 , 
which makes it possible to achieve full power utilization 
through 6 - dB power boosting as before . 
[ 0193 ] The second configuration scheme is to use beam 
formed ( BF ) CSI - RS , which may be referred to as CSI - RS 
for Class B CSI report . The eNB is capable of making a 
distinction between multiple transceiver units ( TXRUS ) with 
one CSI - RS port by applying specific beams to the TXRUS . 
If the eNB has the channel information per UE in advance , 
it ma configure its TXRU to transmit a small number of 
CSI - RSs to which channel information - specific beams are 
applied . As another example , the eNB may configure mul 
tiple CSI - RS resources configurations including 8 or less 

CSI - RS ports to the UE . In this case , the eNB may perform 
beamforming on the CSI - RS ports by applying CSI - RS 
resource configuration - specific beam directions . 
( 0194 ] FIG . 14 is a diagram for explaining a BF CSI - RS . 
In reference to FIG . 14 , the eNB 1400 may configure three 
CSI - RSs 1410 , 1420 , and 1430 beamformed in different 
directions to the UEs 1400 and 1450 . Each of the CSI - RS 
resources 1410 , 1420 , and 1430 may have one or more 
CSI - RS ports . The UE 1440 may generate channel status 
information for the respective CSI - RS resources 1410 , 1420 , 
and 1430 and transmit to the eNB an index of the its 
preferred CSI - RS resources by means of a CSI - RS resource 
indicator ( CRI ) . In the embodiment of FIG . 14 , the UE 1440 
may report the index of the CSI - RS resources 1420 as its 
preferred CSI - RS resources , while the UE 1450 may reports 
the index of the CSI - RS resources 1410 as its preferred 
CSI - RS resources . 
01951 Although the CRI is configured to indicate one 
CSI - RS index preferred by the UE in the LTE - A Pro Release 
13 , it may be extended to indicate a combination of preferred 
CSI - RS indices in the future . For example , if the UE 1440 
has two most preferred CSI - RS resources 1420 and 1430 , it 
may report two indices of the corresponding CSI - RS 
resource explicitly or an index indicating a set of the 
corresponding CSI - RS resources . This aims to make it 
possible to support various applications for enabling mul 
tiple beam directions for high mobility UEs and selecting 
multiple CSI - RSs being transmitted from multiple transmis 
sion and reception points ( TRPs ) . 
[ 0196 ] In the LTE - A Pro Release 13 or earlier , the detailed 
CSI - RS configuration values are determined semi - statically 
via higher layer signaling or RRC signaling as described in 
embodiment 2 - 1 . 
[ 0197 ] 1 . Number of CSI - RS ports : number of CSI - RS 
ports mapped to one CSI - RS resource 
[ 0198 ] 2 . CSI - RS configuration : setting value indicating 
CSI - RS RE locations along with number of CSI - RS ports 
[ 0199 ] 3 . CSI - RS subframe configuration ICS - Rs : setting 
value indicating CSI - RS transmission interval Test - rs and 
subframe offset ACSI - RS 
[ 0200 ] 4 . CSI - RS power boosting factor Pc : assumption at 
UE for ratio of CSI - RS transmit power to PDSCH power 
[ 0201 ] 5 . Scrambling ID nD 
[ 0202 ] 6 . quasi co - location ( QCL ) information 
[ 0203 ] The UE may ascertain the accurate RE locations to 
which the CSI - RS is mapped based on the number of 
CSI - RS ports and CSI - RS configuration obtained from RRC 
signal . In an exemplary case of using a normal cyclic prefix 
( CP ) , the UE may ascertain k ' and l ' based on the number of 
CSI - RS orts and CSI - RS configuration by referencing the 
table as shown in FIG . 15 . 

k = k ' + 12m + [ Equation 2 ] 

1 - 0 for p € { 15 , 16 } , normal cyclic prefix 
- 6 for p € { 17 , 18 } , normal cyclic prefix 
- 1 for p = { 19 , 20 ) , normal cyclic prefix 
- 7 for p € { 21 , 22 } , normal cyclic prefix 
- O for p e { 15 , 16 ) , extended cyclic prefix 
- 3 for p e { 17 , 18 } , extended cyclic prefix 
- 6 for p e { 19 , 20 ) , extended cyclic prefix 
- 9 for p € { 21 , 22 } , extended cyclic prefix 
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- continued 
CSI reference signal configurations 

0 - 19 , normal cyclic prefix 
CSI reference signal configurations 

20 - 31 , normal cyclic prefix 
CSI reference signal configurations 

0 - 27 , extended cyclic prefix 

l = l + 21 " 

l 

1 1 pe { 15 , 17 , 19 , 21 } 
W = ( - 1 ) } " pe { 16 , 18 , 20 , 22 } 
! " = 0 , 1 
m = 0 , 1 , . . . , NRE - 1 

Equation 2 . FIG . 16 is a diagram for explaining a method for 
configuring a CSI - RS CDM - 4 mapping based on CSI - RS 
mappings . It is assumed that antenna ports X and X + 1 are 
mapped to the CDM - 2 group 1600 in reference to FIG . 15 
and Equation 2 . In this case , the antenna ports X and X + 1 
may be mapped with the orthogonal codes [ 1 1 ] and [ 1 - 1 ] , 
respectively . Similarly , it is assumed that antenna ports Y 
and Y + 1 are mapped to the CDM - 2 group 1610 in reference 
to FIG . 15 and Equation 2 . In this case , the antenna ports Y 
and Y + 1 may be mapped with the orthogonal codes [ 1 1 ] and 
[ 1 - 1 ) , respectively . 
[ 0209 ] It is assumed that the CDM - 2 groups 1600 and 
1610 are aggregated into a CDM - 4 group composed of 4 
REs according to a predetermined rule . It may be possible to 
generate a new orthogonal code of length 4 based on the 
orthogonal code of length 2 by changing the plus / minus sign 
of the orthogonal code assigned to the CDM - 2 group 1610 
in association with the first CDM - 2 group 1600 . 
10210 ] As a consequence , in the above example , the 
antenna ports X and X + 1 and Y and Y + 1 can be mapped to 
the CDM - 4 group with the orthogonal codes [ 1 1 1 1 ] , [ 1 - 1 
1 - 1 ] , [ 1 1 - 1 - 1 ] , and [ 1 - 1 - 1 1 ] , respectively . Although 
FIG . 16 depicts that two CDM - 2 groups are located at 
different subcarriers and OFDM symbols , it is obvious that 
the CDM - 2 groups can be located at the same subcarrier or 
same OFDM symbol . 
[ 0211 ] Although the antenna port indices are expressed by 
alphabets X and Y for convenience of explanation , they can 
be expressed by appropriate numbers in consideration of 
various factors such as antenna shape and codebook struc 
ture . 

[ 0204 ] One of the problems caused by configuring 16 or 
more CSI - RS ports , e . g . , 20 - port , 24 - port , 28 - port , and 
32 - port CSI - RSs is CSI - RS power boosting for full power 
utilization . In the case of mapping 20 , 24 , 28 , or 32 CSI - RS 
ports based on CDM - 2 or CDM - 4 as in the legacy LTE - A 
and LTE - A Pro standards , it is impossible to achieve the full 
power utilization through 6 dB CSI - RS power boosting as 
before . For example , it is necessary to perform 9 dB CSI - RS 
power boosting to achieve the full power utilization for 
32 - port CSI - RS . However , an excessive ( e . g . , over 6 dB ) 
CSI - RS power boosting may bring about significant transmit 
power difference between the data and CSI - RS REs that are 
located close to each other , which results in overload of the 
power amplifier of the eNB and impacts the reception 
performance at the adjacent data REs . 

Embodiment 2 - 2 
[ 0205 ] This embodiment is directed to a method for con 
figuring various CSI - RS CDM - 4 mappings by aggregating 
CSI - RS CMD - 2 mappings . More generally , this may be 
understood as an operation for configuring a target CDM 
pattern having an orthogonal code with a long length by 
aggregating component CDM patterns having an orthogonal 
code with a relatively short length . Such an understanding is 
applicable to the embodiments described below . 
[ 0206 ] As described above , in the case of using CDM - 2 
for CSI - RS transmission , two REs are used for one CSI - RS 
port transmission . Accordingly , 12 - port CSI - RS transmis 
sion and 16 - port CSI - RS transmission require power boost 
ing of 10 log10 12 / 2 = 7 . 78 dB and 10 log10 16 / 2 = 9 dB , 
respectively . 
[ 0207 ] Meanwhile , in the case of using CDM - 4 for CSI 
RS transmission , four REs are used for one CSI - RS port 
transmission . In this case , 12 - port CSI - RS transmission and 
16 - port CSI - RS transmission require power boosting of 10 
log10 12 / 4 . 77 10 log10 12 / 2 = 7 . 78 dB and 10 log10 16 / 4 = 6 10 
log10 16 / 2 = 9 dB , respectively . This means that it is possible 
to achieve full power utilization for the 12 - port or 16 - port 
CSI - RS transmission with the introduction of CDM - 4 at the 
same level of power boosting in use for 8 - port CSI - RS 
transmission in the legacy LTE and LTE - A standard . 
[ 0208 ] In the current LTE - A and LTE - A Pro , it is possible 
to map the orthogonal code of length 2 according to the 
CSI - RS port number using the table of FIG . 15 and w , of 

Embodiment 2 - 3 
[ 0212 ] This embodiment is directed to a method for con 
figuring various CSI - RS CDM - 8 mappings by aggregating 
CSI - RS CDM - 2 mappings or CSI - RS CDM - 4 mappings . 
[ 0213 ] FIG . 17 is a diagram for explaining a method for 
configuring a CSI - RS CDM - 8 mapping by aggregating 
CSI - RS CDM - 2 mappings . Although FIG . 17 depicts a case 
where four CDM - 2 groups are located at different subcar 
riers and different OFDM symbols , it is obvious that the 
CDM - 2 groups can be located at the same subcarrier or same 
OFDM symbol . 
[ 0214 ] In the current LTE - A and LTE - A Pro , it is possible 
to map the orthogonal code of length 2 according to the 
CSI - RS port number using the table of FIG . 15 and w , , of 
Equation 2 . It may be assumed that antenna ports X and X + 1 
are mapped to the CDM - 2 group 1700 in reference to FIG . 
15 and Equation 2 . In this case , it is assumed that the antenna 
ports X and X + 1 may be mapped with the orthogonal codes 
[ 1 1 ] and [ 1 - 1 ] , respectively . Similarly , it may be assumed 
that antenna ports Y and Y + 1 are mapped to the CDM - 2 
group 1710 , antenna ports V and V + 1 to the CDM - 2 group 
1720 , and antenna ports W and W + 1 to CDM - 2 group 1730 , 
respectively . In this case , it is assumed that the antenna ports 
Y , V , and W map be mapped with the orthogonal code [ 1 1 ] , 
and the antenna ports Y + 1 , V + 1 , and W + 1 are mapped with 
the orthogonal code [ 1 - 1 ] . 
102151 On the basis of the above assumptions , it is pos 
sible to generate a CDM - 8 group composed of 8 REs by 
aggregating four CDM - 2 groups 1700 , 1710 , 1720 , and 
1730 according to a predetermined rule . It may be possible 
to apply a higher layer signaling order of CDM - 2 groups , a 
CSI - RS configuration order of CDM - 2 groups as ascending 
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or descending order , and frequency and / or time spacings 
based on the first CDM - 2 group 1700 according to the 
predetermined rule . In this case , it is possible to generate a 
new orthogonal code with length 8 using the orthogonal 
codes with length 2 by changing the plus / minus sign of the 
orthogonal codes assigned to the three CDM - 2 groups 1710 , 
1720 , and 1730 based on the first CDM - 2 group 1700 as 
part , by way of example , of a CDM - 4 group . 
[ 0216 ] For example , it may be possible to apply the 
original orthogonal codes [ 1 1 ] and [ 1 - 1 ] to the two REs 
designated by the first CDM - 2 group 1700 for all of the 
antenna ports X , Y , V , W , X + 1 , Y + 1 , V + 1 , and W + 1 . 
Meanwhile , it may be possible to apply orthogonal codes [ 1 
1 ] and [ 1 – 1 ] to the two REs designated by the first CDM - 2 
group 1710 for the antenna ports X , Y , X + 1 , and Y + 1 and 
orthogonal codes [ - 1 - 1 ] and [ - 1 1 ] for the antenna ports V , 
W , V + 1 , and W + 1 . Through this process , it is possible to 
determine the CDM mapping for antenna ports X , Y , V , W , 
X + 1 , Y + 1 , V + 1 , and W + 1 to the four REs designated by the 
first and second CDM - 2 groups 1700 and 1710 . 
[ 0217 ] Similarly , it may be possible to determine CDM 
mapping for the antenna ports X , Y , V , W , X + 1 , Y + 1 , V + 1 , 
and W + 1 to the four REs designated by the third and fourth 
CDM - 2 groups . For the antenna ports X , X + 1 , V , and V + 1 , 
the same orthogonal codes assigned to the two REs desig 
nated by the first CDM - 2 group 1700 are applied to the two 
REs designated by the third CD - 2 group 1720 , and the same 
orthogonal codes assigned to the two RES designated by the 
second CDM - 2 group 1720 are applied to the two REs 
designated by the fourth CDM - 2 group 1730 . Meanwhile , 
for the antenna ports Y , Y + 1 , W , and W + 1 , the code obtained 
by changing ( i . e . , multiplying each element by - 1 ) the 
plus / minus sign of the orthogonal code assigned to the REs 
designated by the first CDM - 2 group 1700 are applied to the 
two RES designated by the third CDM - 2 group 1720 , and 
the code obtained by changing ( i . e . , multiplying each ele 
ment by - 1 ) the plus / minus sign of the orthogonal code 
assigned to the REs designated by the second CDM - 2 group 
1710 are applied to the two RES designated by the fourth 
CDM - 2 group 1730 . 
[ 0218 ] As a result , it is possible to map the antenna ports 
X , Y , V , W , X + 1 , Y + 1 , V + 1 , and W + 1 to the CDM - 8 group 
by referencing table 2 in this embodiment . 
[ 0219 ] Although the antenna port indices are expressed by 
alphabets X , Y , V , and W for convenience of explanation , 
they can be expressed by appropriate numbers in consider 
ation of various factors such as antenna shape and codebook 
structure . 

patterns . The first method is to define CDM - 4 groups based 
on the 4 - port CSI - RS pattern , and the second method is to 
define a CDM - 4 group with 4 adjacent REs . Although FIGS . 
18 and 19 depict cases where two CDM - 4 groups are located 
at different subcarriers and different OFDM symbols , it is 
obvious that the CDM - 4 groups can be located at the same 
subcarrier or same OFDM symbol . 
[ 0221 ] FIG . 18 is a diagram for explaining a method for 
configuring a new CSI - RS CDM - 8 mapping by aggregating 
4 - port CSI - RS pattern - based CDM - 4 mappings . In reference 
to FIG . 18 , it may be assumed that antenna ports X , Y , X + 1 , 
and Y + 1 are mapped to the first 4 - port CSI - RS pattern - based 
CDM - 4 group 1800 . In this case , it is assumed that the 
antenna ports X , X + 1 , Y , and Y + 1 are mapped with the 
orthogonal codes [ 1 1 1 1 ] , [ 1 - 1 1 - 1 ] , [ 1 1 - 1 - 1 ] , and [ 1 
- 1 - 1 1 ] , respectively . Similarly , it may be assumed that 
antenna ports V , W , V + 1 , and W + 1 mapped to the second 
CDM - 2 group 1810 . In this case , it is assumed that the 
antenna ports V , V + 1 , W , and W + 1 are mapped with the 
orthogonal codes [ 1 1 1 1 ] , [ 1 - 1 1 - 1 ] , [ 1 1 - 1 - 1 ] , and [ 1 
- 1 - 1 1 ] , respectively . 
[ 0222 ] On the basis of the above assumptions , it is pos 
sible to generate a CDM - 8 group composed of 8 REs by 
aggregating two CDM - 4 groups 1800 and 1810 according to 
a predetermined rule . It may be possible to apply a higher 
layer signaling order of CDM - 4 groups , a CSI - RS configu 
ration order of CDM - 4 groups as ascending or descending 
order , and frequency and / or time spacings based on the first 
CDM - 4 group 1800 according to the predetermined rule . In 
this case , it is possible to generate a new orthogonal code 
with length 8 using the given orthogonal codes with length 
4 by changing the plus / minus sign of the orthogonal codes 
assigned to the CDM - 4 group 1810 based on the first 
CDM - 4 group 1800 as part , by way of example , of the 
generated CDM - 4 groups . 
[ 0223 ] For example , it may be possible to apply the 
original CDM - 4 orthogonal codes [ 1 1 1 1 ] , [ 1 1 - 1 - 1 ] , [ 1 , 
- 1 , 1 , - 1 ] , and [ 1 , - 1 , - 1 , 1 ] to the four REs designated by 
the first CDM - 4 group 1800 for all of the antenna ports X , 
Y , V , W , X + 1 , Y + 1 , V + 1 , and W + 1 under the same assump 
tion as above . Meanwhile , it may be possible to apply the 
assumed orthogonal codes [ 1 1 1 1 ] , [ 1 1 - 1 - 1 ] , [ 1 , - 1 , 1 , 
- 1 ] , and [ 1 , - 1 , - 1 , 1 ] to the four REs designated by the 
second CDM - 4 group 1810 for the antenna ports X , Y , X + 1 , 
and Y + 1 and orthogonal codes [ - 1 - 1 - 1 - 1 ] , [ - 1 - 1 1 1 ] , 
[ - 1 , 1 , - 1 , 1 ] , and [ - 1 , 1 , 1 , - 1 ] obtained by changing the 
plus / minus sign of the assumed orthogonal codes . 
102241 . As a result , it is possible to map the antenna ports 
X , Y , V , W , X + 1 , Y + 1 , V + 1 , and W + 1 to the CDM - 8 group 
by referencing table 3 below . 
[ 0225 ] . Although the antenna port indices are expressed by 
alphabets X , Y , V , and W for convenience of explanation , 
they can be expressed by appropriate numbers in consider 
ation of various factors such as antenna shape and codebook 
structure . 

TABLE 2 
CSI - RS port index Corresponding CDM pattern 

X + 1 

Y + 1 

[ 1 1 111111 ] 
[ 1 - 1 1 - 1 1 - 1 1 - 1 ] 
[ 1 1 1 1 - 1 - 1 - 1 - 1 ] 
[ 1 - 1 1 - 1 - 11 - 1 1 ] 
[ 1 1 - 1 - 1 11 - 1 - 1 ] 
[ 1 - 1 - 1 11 - 1 - 1 1 ] 
[ 1 1 - 1 - 1 - 1 - 1 1 1 ] 
[ 1 - 1 - 1 1 - 1 1 1 - 1 ] 

V + 1 TABLE 3 

W + 1 CSI - RS port index Corresponding CDM pattern 
X 
+ 1 X [ 0220 ] FIGS . 18 and 19 are diagrams for explaining meth 

ods for configuring CSI - RS CDM - 8 mappings by aggregat 
ing CSI - RS CDM - 4 mappings . As described above , the 
LTE - A Pro release 13 supports two CDM - 4 mappings in two 

[ 1 1 1 1 1 1 1 1 ] 
[ 1 - 1 1 - 1 1 - 1 1 - 1 ] 
[ 1 1 - 1 - 1 11 - 1 - 1 ] 
[ 1 - 1 - 111 - 1 - 1 1 ] 
[ 1 1 1 1 - 1 - 1 - 1 - 1 ] 

Y + 1 
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TABLE 3 - continued 
CSI - RS port index Corresponding CDM pattern 

V + 1 
W 

W + 1 

[ 1 - 1 1 - 1 - 11 - 1 1 ] 
[ 1 1 - 1 - 1 - 1 - 1 1 1 ] 
[ 1 - 1 - 1 1 - 1 11 - 1 ] 

[ 0226 ] FIG . 19 is a diagram for explaining a method for 
configuring a new CSI - RS CDM - 8 mapping by aggregating 
CDM - 4 mappings that are composed of 4 adjacent RES 
each . The antenna port - orthogonal code mappings and 
aggregation principle using in the embodiment of FIG . 18 is 
very similarly applied in the embodiment of FIG . 19 and 
thus detailed description thereof is omitted herein . In the 
embodiment of FIG . 19 , it may be possible to limit the 
CDM - 8 pattern generated by aggregating the first and sec 
ond CDM - 4 groups 1900 and 1910 to the legacy 8 - port 
CSI - RS patterns in consideration of implementation com 
plexity at the eNB and UE . 

groups 2020 and 2040 are in different OFDM symbols . The 
factor for selecting the CDM - 2 groups 2020 and 2040 may 
be a distance between two CDM - 2 groups or predetermined 
OFDM symbol pool . The length - 4 orthogonal codes for 
antenna ports X , X + 1 , Y , and Y + 1 that are mapped to the 
generated CDM - 4 group may be configured in the method 
described in embodiment 2 - 2 . If this method is used for 
CDM - 8 group mapping , the method described in embodi 
ment 2 - 3 can be applied . Although FIG . 21 depicts an 
exemplary case of generating a CDM - 4 pattern based on the 
length - 2 CDM pattern , this method may be applied to a case 
of generating a CDM - 8 pattern based on the length 2 or 
length 4 CDM pattern without limitation thereto . If this 
method is used for CDM - 8 group mapping , the method 
described in embodiment 2 - 3 may be applied as an elabo 
rated length 8 orthogonal code mapping method . 
[ 0232 ] The second method for mapping CDM - 4 or 
CDM - 8 to a CSI - RS transmission via higher layer signaling 
is to use bitmap indication . For example , the eNB may 
transmit to the UE a length - L bitmap including a CSI - RS 
port numbering order and a CDM - 4 mapping rule via higher 
layer signaling . 
[ 0233 ] For example , it may be assumed that a CSI - RS 
aggregation is performed based on a 2 - port CSI - RS mapping 
pattern . In this case , the bitmap with a length L = 32 as shown 
in Equation 3 may include information on CSI - RS resources 
locations selected for CSI - RS aggregation , a port numbering 
rule , and CDM - 4 or CDM - 8 mapping rule . Although L is set 
to 32 in this embodiment in consideration of 32 CSI - RS 
resource configurations for 2 ports as in FIG . 15 , the 
bitwidth of the bitmap may be adjusted according to the 
situation in consideration of only FFD or TTD . 

I PortMapping = [ X1 X2 X3 . . . X31 ] , [ Equation 3 ] 

where 

( A1 , A2 , B1 , B2 , C1 , C2 , ( D1 , D2 
x ; € { for 16 port ) for selected resources 

O for other resources 

Embodiment 2 - 4 
[ 0227 ] This embodiment is directed to a method for map 
ping CDM - 4 or CDM - 8 orthogonal codes in transmitting 
CSI - RS via high layer signaling . 
( 0228 ] The first method is to use a 1 - bit indicator indicat 
ing an orthogonal code extension in the frequency and / or 
time domain . In this embodiment , the eNB may notify the 
UE of the CDM - 4 or CDM - 8 mapping scheme in such a way 
of indicating whether a length - 2 orthogonal code [ 1 1 ] or [ 1 
- 1 ] for CDM - 2 is extended in the frequency or time direc 
tion via higher layer signaling such as RRC configuration . 
Similarly , the eNB may notify the UE of the CDM - 8 
mapping scheme in such a way of indicating whether the 
length - 4 orthogonal code [ 1 1 1 1 ] , [ 1 1 - 1 - 1 ] , [ 1 - 1 1 - 1 ] , 
or [ 1 - 1 - 1 1 ] is extended in the frequency or time direction 
via higher layer signaling such as RRC configuration . 
[ 0229 ] FIG . 20 is a diagram for explaining extension of an 
orthogonal code in frequency and / or time direction via a 
1 - bit indicator . Although FIG . 20 depicts an exemplary case 
of CDM - 4 mapping by extending CDM - 2 mapping , it is also 
possible to extend CDM - 2 mapping to CDM - 8 mapping and 
CDM - 4 mapping to CDM - 8 mapping in the same manner . 
[ 0230 ] For example , the indicator may be set to O for 
indicating extension in the frequency direction . In this case , 
the two CDMs groups 2000 and 2010 composed of two REs 
consecutive in the time domain each are bound in the 
frequency domain so as to form a CDM - 4 group composed 
of 4 REs . In this case , the CDM - 2 groups 2000 and 2010 are 
on different subcarriers . The factor for selecting the CDM - 2 
groups 2000 and 2010 may be a distance between two 
CDM - 2 groups , and it may be possible to bind two CDM - 2 
groups having a spacing of 6 subcarriers into a CDM - 4 
group as in the legacy CSI - RS 4 port mapping . The length - 4 . 
orthogonal codes for antenna ports X , X + 1 , Y , and Y + 1 that 
are mapped to the generated CDM - 4 group may be config 
ured in the method described in embodiment 2 - 2 . If this 
method is used for CDM - 8 group mapping , the method 
described in embodiment 2 - 3 can be applied . 
[ 0231 ] The indicator may be set to 1 for indicating exten 
sion in the time direction . In this case , the two CDMs groups 
2020 and 2040 composed of two REs consecutive in the time 
domain each are bound in the time domain so as to form a 
CDM - 4 group composed of 4 REs . In this case , the CDM - 2 

[ 0234 ] In Equation 3 , x ; is an alphabet indicating whether 
CSI - RS configurations 0 to 31 and the REs belonging to the 
CDM - 2 group designated in the column for the one or two 
antenna ports are in use for CSI - RS aggregation and trans 
mission and , if so , how they are associated with configuring 
the CDM - 4 or CDM - 8 group . Equation 2 is derived under 
the assumption of forming a 16 - port CSI - RS based on 2 - port 
CSI - RS patterns and , if 16 or more CSI - RS ports are 
configured , it is obvious that the alphabet for indicating 
‘ selected resources ' may be extended to be equal or greater 
than D . If x ; is set to 0 , the REs indicated by the ith CSI - RS 
configuration in the column for one or two antenna ports in 
FIG . 15 are not used for CSI - RS transmission . If x ; is set to 
Xy other than 0 , REs indicated by the ith CSI - RS configu 
ration in the column for one or two antenna ports in FIG . 15 
are used for CSI - RS transmission . Here , X in Xy may be set 
to one of A , B , C , and D ; y may be set to 1 or 2 . The 
alphabets A , B , C , and D and numbers 1 and 2 are used for 
distinction and may be obviously changed by other alpha 
bets and numbers depending on the situation . The eNB and 
UE may agree that , if the Xs of x , and x , are different from 
each other , the 4 REs indicated by the two indicators are 
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ports as in FIG . 15 , the bitwidth of the bitmap may be 
adjusted according to the situation in consideration of only 
FFD or TTD . 

IportMapping = [ X1 X2 X3 . . . X16 ] , [ Equation 5 ] 
where 

( A1 , A2 , B1 , B2 , for selected resources 
X ; E 

O for other resources 

aggregated into one CDM - 4 group . The eNB and UE may 
also agree that , if y of x ; is 1 and y of xz is 2 , the given 
orthogonal codes are used as they were at the REs indicated 
by x ; and the given orthogonal codes are used with or 
without multiplication of - 1 at the REs indicated by Xz as in 
the embodiment 2 - 2 . 
[ 0235 ] For example , if x : = B1 and xz = B2 , the eNB and the 
UE may ascertain that the 4 REs indicated by x , and xz form 
the second CDM - 4 group . Here , the length - 4 orthogonal 
code for up to 4 antenna ports to be mapped to the CDM - 4 
group may be generated according to the method descried in 
embodiment 2 - 2 . 
[ 0236 ] In the case of using the bitmap ( or alphabet 
sequence ) in the form of Equation 3 , total 96 bits are 
required for forming the bitmap ( or alphabet sequence ) 
because x , has a length of 3 bits . In order to reduce higher 
layer signaling overhead caused by the increased number of 
bits , there is a need of a method for reducing the information 
amount . Supposed that the RE locations for transmitting 8 or 
more CSI - RSs using one of the methods described in 
embodiments 2 - 1 , 2 - 2 , and 2 - 3 . In this case , the configured 
RE locations may be indicated via the CSI - RS configuration 
in the column for one or two antenna ports . For example , if 
the resource configuration is made for 12 CSI - RS ports , it is 
possible to indicate the locations of the 6 CDM - 2 groups 
with 6 CSI - RS configurations . In this case , the relationship 
among the CDM - 2 groups may be indicated by the length 
Np bitmap ( or alphabet sequence ) as follows . Here , Np 
denotes the number of CSI - RS ports being aggregated . The 
bitmap conveying such information may be expressed as 
Equation 4 

I PortMapping = [ x? X2 X3 . . . Xp , 2 ] , where x ; E { A1 , A2 , B1 , 
B2 , C1 , C2 , ( D1 , D2 for 1 - 6 ports ) } [ Equation 4 ] 

[ 0237 ] According to Equation 4 , the information amount 
required for designating the CDM - 4 group is 3 * 6 = 18 bits for 
12 CSI - RS ports transmission and 3 * 8 = 24 bits for 16 
CSI - RS ports transmission that are dramatically reduced in 
comparison with Equation 2 . Equation 3 is derived under the 
assumption of the case of aggregating 16 - port CSI - RS based 
on the 2 - port CSI - RS patterns and , if 16 or more CSI - RS 
ports are configured , it is obvious that the alphabet for 
indicating the ' selected resources can be extended to be 
equal to or greater than D . 
[ 0238 ] As another example , it may be possible to assume 
that the CSI - RS aggregation is performed based on the 
legacy 4 - port CSI - RS mapping pattern . In this case , a 
CDM - 4 group may be configured in such a way of forming 
the CDM - 4 groups with 4 REs designated by the 4 - port 
CSI - RS mapping pattern . The legacy 4 - port CSI - RS map 
ping pattern is designed to designate two CDM - 2 groups . 
The two CDM - 2 groups designated by the legacy 4 - port 
CSI - RS mapping pattern may be bound into a CDM - 4 
groups through a method similar to that of embodiment 2 - 2 . 
[ 0239 ] Another method for configuring a CDM - 4 group 
when the CSI - RS aggregation is performed based on the 
legacy 4 - port CSI - RS mapping pattern is to use a bitmap ( or 
alphabet sequence ) . The bitmap with a length L = 16 as 
shown in Equation 5 may include information on CSI - RS 
resources locations selected for channel measurement 
resource ( CMR ) configuration , a port numbering rule , and a 
CDM - 4 mapping rule . Although L = 16 in this embodiment in 
consideration of 16 CSI - RS resource configurations for 4 

[ 0240 ] The definitions of the respective variables in Equa 
tion 5 are similar to those in Equation 2 . In Equation 4 , x ; is 
an alphabet indicating whether CSI - RS configurations { 0 to 
9 , 20 to 25 } and the REs belonging to the CDM - 2 group 
designated by the column for 4 antenna ports are in use for 
CSI - RS aggregation and transmission and , if so , how they 
are associated with CDM - 4 group configuration . Equation 4 
is derived under the assumption of forming a 16 - port CSI 
RS based on 4 - port CSI - RS patterns and , if 16 or more 
CSI - RS ports are configured , it is obvious that the alphabet 
for indicating ‘ selected resources ' may be extended to be 
equal or greater than B . 
[ 0241 ] In reference to FIG . 21 , supposed that x ; indicating 
the same location as the legacy 4 - port CSI - RS pattern 2100 
is set to A1 and xz indicating the same location as the legacy 
4 - port CSI - RS pattern 2130 is set to A2 . Here , it may be 
agreed that the first CDM - 2 group 2110 of the 4 - port CSI - RS 
pattern 2100 and the first CDM - 2 group 2140 of the 4 - port 
CSI - RS pattern 2130 are aggregated into one CDM - 4 group . 
Similarly , it may be agreed that the second CDM - 2 group 
2120 of the 4 - port CSI - RS pattern 2100 and the second 
CDM - 2 group 2150 of the 4 - port CSI - RS pattern 2130 are 
aggregated into one CDM - 4 group . The detailed orthogonal 
code assignment in each CDM - 4 group may be performed 
through the method described in embodiment 2 - 2 . 
[ 0242 ] In the case of using the bitmap ( or alphabet 
sequence ) in the form of Equation 5 , total 32 bits are 
required for forming the bitmap ( or alphabet sequence ) 
because x , has a length of 2 bits . In order to reduce higher 
layer signaling overhead caused by the increased number of 
bits , there is a need of a method for reducing the information 
amount . Supposed that the RE locations for transmitting 8 or 
more CSI - RSs using one of the methods described in 
embodiments 2 - 1 , 2 - 2 , and 2 - 3 . In this case , the configured 
RE locations may be indicated via the CSI - RS configuration 
in the column for 4 antenna ports . For example , if the 
resource configuration is made for 12 CSI - RS ports , it is 
possible to indicate the locations of the 6 or 8 CDM - 2 groups 
with 3 or 4 CSI - RS configurations . In this case , the rela 
tionship among the CDM - 2 groups may be indicated by the 
length - NP / 4 bitmap ( or alphabet sequence ) as Equation 6 . 
Here , Np denotes the number of CSI - RS ports being aggre 
gated . 

IportMapping { X1 X2 X3 . - . XNp4 } , where x ; E { A1 
A2 , B1 , B2 } [ Equation 6 ] 

[ 0243 ] According to Equation 6 , the information amount 
required for designating the CDM - 4 group is 2 * 3 = 6 or 
2 * 4 = 8 bits for 12 CSI - RS ports transmission and 2 * 4 = 8 bits 
for 16 CSI - RS ports transmission that are dramatically 
reduced in comparison with Equation 4 . Equation 5 is 
derived under the assumption of the case of aggregating 
16 - port CSI - RS based on the 4 - port CSI - RS patterns and , if 
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16 or more CSI - RS ports are configured , it is obvious that 
the alphabet for indicating the ' selected resources can be 
extended to be equal to or greater than B . 
[ 0244 ] As another example , it may be possible to assume 
that the CSI - RS aggregation is performed based on the 
legacy 8 - port CSI - RS mapping pattern . The detailed method 
may be elaborated in a similar way to extending the 2 - port 
CSI - RS mapping pattern - based method to the 4 - port CSI - RS 
mapping pattern - based method . Thus , detailed description 
thereof is omitted herein . 

CDM - 4 group located in the 5th and 6th OFDM symbols of 
slot 0 as resource pool 1 , the CDM - 4 group located in the 2nd 
and 3rd OFDM symbols of slot 1 as resource pool 2 , and the 
CDM - 4 group located in the 5th and 6th OFDM symbols of 
slot 1 as resource pool 3 , and binding the CDM - 4 groups 
located in different resource pools into a CDM - 8 group . For 
more details of the mapping method , see embodiment 2 - 3 . 
[ 0250 ] The specification - defined rule - based CDM - 4 or 
CDM - 8 mapping methods may be used along with the 
higher layer signaling - based CDM - 4 or CDM - 8 mapping 
methods of embodiment 2 - 4 . For example , the eNB may 
apply the method of using a 1 - bit indicator indicating the 
orthogonal code extension in the frequency or time direction 
to notify the user of one of two or three methods of this 
embodiment as the method for performing CDM - 4 or 
CDM - 8 mappings . For example , the eNB may transmits the 
1 - bit indicator to the UE in order for the UE to select one of 
the exemplary methods 1 and 2 proposed in this embodiment 
for CDM - 4 or CDM - 8 mapping . It may also be possible to 
instruct the UE to select one of the exemplary methods 1 and 
3 proposed in this embodiment for CDM - 4 or CDM - 8 
mapping in the same principle . It may also be possible for 
the eNB to transmit a 2 - bit indicator to the UE in order for 
the UE to select one of the exemplary methods 1 to 3 
proposed in this embodiment for CDM - 4 or CDM - 8 map 
ping . 

Embodiment 2 - 5 
[ 0245 ] This embodiment is directed to a CDM - 4 or 
CDM - 8 mapping method for configuring a CDM - 4 or 
CDM - 8 groups through a specification - defined rule . 
[ 0246 ] As the first example , it is possible to support the 
CDM - 4 or CDM - 8 mapping based on distance between 
component CDM groups . As in embodiment 2 - 4 , the com 
ponent CDM group for CDM - 4 mapping is CDM - 2 mapping 
group , and the component CDM group for CDM - 8 mapping 
is CDM - 2 mapping group or CDM - 4 mapping group . For 
convenience of explanation , the description is directed to the 
case of using the CDM - 4 mapping group as the component 
CDM group , and the basic principle may be applied to the 
case of using the CDM - 2 mapping group as the component 
CDM group . 
[ 0247 ] As described in embodiment 2 - 1 , it is assumed that 
the RE locations for transmitting 8 or more CSI - RSs are 
configured through CSI - RS aggregation based on the 4 - port 
CSI - RS patterns . Here , the eNB and the UE may configure 
a reference CSI - RS RE location ( reference CDM - 4 group 
location ) in the descending or ascending order of the CSI - RS 
configurations in FIG . 15 . The eNB and the UE may 
determine the CSI - RS RE location closest to the reference 
RE location ( i . e . , other CDM - 4 group location ) among the 
rest CSI - RS REs based on the CSI - RS configuration in the 
column for 4 antenna ports in FIG . 15 . On the basis of the 
reference CSI - RS RE and the CSI - RS REs found adjacently , 
it may be possible to perform the CDM - 8 mapping by 
applying the methods described in embodiments 2 - 2 and 
2 - 3 . As shown in FIG . 12 , the OFDM symbols available for 
CSI - RS transmission are located far from each other , while 
the subcarriers available for CSI - RS transmission are bound . 
The first example may be expressed as a method for per 
forming the CDM - 8 mapping in accordance with a fre 
quency domain - preferred extension principle . 
[ 0248 ] As the second example , it may be possible to 
support the CDM - 8 mapping based on the legacy 8 - port 
mapping . For the upper one ( or lower one ) of the two 
CDM - 4 groups designated by a legacy 8 - port CSI - RS con 
figuration , the legacy orthogonal code [ 1 1 1 1 ] , [ 1 1 - 1 - 1 ] , 
[ 1 - 1 1 - 1 ] , or [ 1 - 1 - 1 1 ] is used as it was . Meanwhile , for 
the lower one ( or upper one ) of the two CDM - 4 groups , the 
legacy orthogonal code [ 1 1 1 1 ] , [ 1 1 - 1 - 1 ] , [ 1 - 11 - 1 ] , 
or [ 1 - 1 - 1 1 ] is used as it is or the code obtained by 
multiplying - 1 ( i . e . , [ - 1 - 1 - 1 - 1 ] , [ - 1 - 11 1 ] , [ - 11 - 1 1 ] , 
or [ - 111 - 1 ] ) . For more details of the mapping method , see 
embodiment 2 - 3 . 
[ 0249 ] As the third example , it may be possible to support 
the CDM - 8 mapping with a time domain - preferred exten 
sion principle . In this example , a CDM - 8 group is generated 
by binding two CDM - 4 groups located in different OFDM 
symbols . The two CDM - 4 groups located in different OFDM 
symbols are selected in such a way of configuring the 

Embodiment 2 - 6 
[ 0251 ] This embodiment is directed to a CDM orthogonal 
code length configuration method for system adaptability 
enhancement . For example , it may be possible to indicate 
CDM - 2 / cdm - 4 switching , CDM - 4 / CDM - 8 switching , or 
CDM - 2 / CDM - 8 switching via 1 - bit L1 signaling ( physical 
layer signaling ) or higher layer signaling . As another 
example , it may be possible to consider indicating CDM - 2 / 
CDM - 4 / CDM - 8 switching via 2 - bit L1 signaling or higher 
layer signaling . 
[ 0252 ] In embodiments 2 - 2 to 2 - 5 , various exemplary 
method for configuring CSI - RS a CDM - 4 pattern or a 
CDM - 8 pattern by aggregating CSI - RS CDM - 2 or CDM - 4 
patterns . In consideration of following situation , it may be 
necessary to use the legacy CDM - 2 or CDM - 4 patterns for 
8 or more CSI - RSs transmission . In the legacy LTE - A or 
LTE - A Pro , a UE may simulate interference measurement by 
measuring CSI - RSs of other cells . In this case , if CDM - 8 is 
applied to all CSI - RSs in a cell , the legacy UEs designed to 
operate based on the legacy CDM - 2 or CDM - 4 pattern 
cannot simulate interference measurement with the CSI - RSS 
of the corresponding cell . The same problem may arise when 
the UE generates and report CSI - RS RSRP . Accordingly , it 
is necessary for the eNB to apply CDM - 2 , CDM - 4 , and 
CDM - 8 mapping patterns selectively even for transmitting 8 
or more CSI - RSs and , for this purpose , a 1 - bit or 2 - bit 
indicator may be introduced . 
[ 0253 ] For example , it is possible for the eNB to perform 
CDM - 2 / CDM - 4 switching , CDM - 4 / CDM - 8 switching , or 
CDM - 2 / CDM - 8 switching and notifying the UE of the 
switching via 1 - bit L1 signaling or higher layer signaling . As 
another example , it may be considered to indicate CDM - 2 / 
CDM - 4 / CDM - 8 switching via 2 - bit L1 signaling or higher 
layer signaling . Similarly , the eNB may notify the UE of a 
specific CDM mapping pattern configuration scheme using 
a 1 - bit or 2 - bit indicator being transmitted via higher layer 
( RRC ) or L1 signaling . 
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pporting J - RSs . comd X4 TEPI , 183 , 47 
configurations for supporting 32 - port CSI - RS resources . 
Supposed that the 4 4 - port CSI - RSs correspond to A , B , C , 
and D in FIG . 23 . Here , X1 , X2 , X3 , and X4 represent the 
REs indicated by ports { 15 , 16 } , { 19 , 20 } , { 17 , 18 ) , and 
{ 21 , 22 } of each CSI - RS configuration . Assuming that 
CDM - 2 - based CDM aggregation is supported between two 
adjacent CSI - RS configurations , the eNB assigns CSI - RS 
configuration { A , B , C , D } to 6 OFDM symbols appropri 
ately as similar in FIG . 22 ( assigning A to OFDM symbols 
5 and 6 of slot 0 , ( B , C ) to OFDM symbols 9 and 10 of slot 
1 , 1 and D to OFDM symbols 12 and 13 of slot 1 in FIG . 23 ) 
to configure 4 CDM - 8 patterns ( A1 , B1 , C1 , D1 } , { A2 , B2 , 
C2 , D2 } , { A3 , B3 , C3 , D3 ) , and { A4 , B4 , C4 , D4 } . This 
aims to distribute the REs constituting individual CDM - 8 
patterns appropriately to perform 6 dB CSI - RS power boost 
ing based on the OFDM symbols 5 and 6 of slot 0 or OFDM 
symbols 12 and 13 of slot 1 in which the number of available 
CSI - RS REs is small . The eNB may perform CSI - RS power 
boosting up to 6 dB for the 32 CSI - RS ports identically 
through the CDM - 8 configuration as shown in FIG . 23 . It 
should be noted that the 4 CSI - RS configurations A , B , C , 
and D in FIG . 23 are depicted by way of example and may 
be hanged in adaptation to the situation . 

Embodiment 2 - 7 
[ 0254 ] As described in the above embodiments , it is 
possible to generate CDM - 4 or CDM - 8 patterns in confor 
mance with various rules . It may also be possible to use one 
or more CDM patterns generation rules in one CSI - RS 
resource . That is , it may be possible to aggregate CDM 
patterns in part of multiple CSI - RS configurations belonging 
to one CSI - RS resource in an RRC configuration order ( i . e . , 
one CDM pattern is over multiple CSI - RS configurations ) 
and , in another part of the CSI - RS configurations , to apply 
the CDM patterns only in the corresponding CSI - RS con 
figurations ( e . g . , there can be two CDM - 4 patterns or one 
CDM - 8 pattern in one 8 - port CSI - RS configuration ) . 
0255 . For example , 2 4 - port CSI - RS configurations 
including 2 CDM - 2 pattern each include 8 different REs and 
may be used to designate total 2 CDM - 4 patterns in the RRC 
configuration order of the CSI - RS configuration . In this 
case , it is possible to form a CDM - 4 pattern by aggregating 
two REs designated by ports 15 and 16 of the first CSI - RS 
configuration and two REs designated by ports 15 and 16 of 
the second CSI - RS configuration . Also , it is possible to form 
another CDM - 4 pattern by aggregating two REs designated 
by ports 17 and 18 of the first CSI - RS configuration and two 
REs designated by ports 17 and 18 of the second CSI - RS 
configuration . Here , it should be noted that the port numbers 
are the antenna port numbers before the CSI - RS aggregation 
and they may be changed after CSI - RS aggregation . 
[ 0256 ] The above description has been made by way of 
example and may be elaborated appropriately for various 
CSI - RS aggregation environments . FIG . 22 is a diagram for 
explaining a method of configuring 7 4 - port CSI - RS con 
figurations for supporting 28 port CSI - RS resources . In 
reference to FIG . 22 , it may be possible to configure total 7 
4 - port CSI - RS configurations for supporting 28 port CSI - RS 
resources . Supposed that the 7 4 - port CSI - RSs correspond to 
A , B , . . . , G in FIG . 11 Here , X1 and X2 represent the REs 
indicated by ports 15 and 16 and ports 17 and 18 of each 
CSI - RS configuration . Assuming that CDM - 2 - based CDM 
aggregation is supported between two adjacent CSI - RS 
configurations , the eNB assigns CSI - RS configuration sub 
groups { A , B } and { C , D } to 4 OFDM symbols as similar 
in FIG . 22 ( OFDM symbols 5 and 6 of slot 0 and OFDM 
symbols 9 and 10 of slot 1 in FIG . 22 ) to configure 4 CDM - 4 
patterns ( A1 , B1 } , { C1 , D1 } , { A2 , B2 ) , and { C2 , D2 } . 
Through this , it is possible to achieve 6 dB CSI - RS power 
boosting in the corresponding resources . The eNB assigns 
CSI - RS configuration subgroup { E , F } to 4 OFDM symbols 
as similar in FIG . 22 ( OFDM symbols 9 and 10 of slot 0 and 
OFDM symbols 12 and 13 of slot 1 in FIG . 22 ) to configure 
2 CDM - 4 patterns { E1 , F1 } and { E2 , F2 } . This aims to 
secure additional resources because the CSI - RS REs located 
in the OFDM symbols 5 and 6 of slot 0 have been already 
used in the example of FIG . 22 . In this case , it may be 
possible to configure the REs marked by “ ZP ” in FIG . 22 
may be configured as ZP CSI - RS for guaranteeing 6 dB 
CSI - RS power boosting for two CDM - 4 patterns { E1 , F1 } 
and { E2 , F2 } . It may be possible to transmit the 4 remaining 
CSI - RS ports at the REs designated with G and agree that 
{ G1 , G2 } is configured into one CDM - 4 pattern . It should 
be noted that the CSI - RS configurations A to G and one ZP 
CSI - RS configuration in FIG . 22 are depicted by way of 
example and may be changed in adaptation to the situation . 
10257 ] In reference to FIG . 23 depicting another example , 
it may be possible to configure total 4 8 - port CSI - RS 

Embodiment 2 - 8 
[ 0258 ] For non - precoded CSI - RS , it is possible to provide 
up to 32 CSI - RS ports for accurate channel estimation along 
with the adjustment of CSI - RS RE density in the frequency 
domain for CSI - RS transmission overhead . Here , the CSI 
RS density may take one of three values , i . e . , d = { 1 , 12 , 13 } 
RE / RB / port . In the case of taking the CSI - RS RE density of 
Rel - 13 i . e . , d = 1 RE / RB / port ) , the CSI - RS ports are trans 
mitted every PRB . If the CSI - RS RE density is reduced to 
half that of Rel - 13 ( i . e . , 1 / 2 RE / RB / port ) , each of the CSI - RS 
configurations is assigned a comb - offset of 0 or 1 . That is , 
the CSI - RS ports belonging to the CSI - RS configuration 
configured with d = 1 / 2 RE / RB / port are transmitted in the nth 
PRB satisfying the comb - offset set to n mod 2 and , in this 
case , the comb - offset may be set to a different value per 
CSI - RS configuration . If the CSI - RS RE density is reduced 
to one third ( i . e . , d = 1 / 3 RE / RB / port ) , each of the CSI - RS 
configuration is assigned a comb - offset of 0 , 1 , or 2 . That is , 
if the CSI - RS ports belonging to the CSI - RS configuration 
configured with d = 1 / 3 RE / RB / port are transmitted in the nth 
PRB satisfying the comb - offset set to n mod 3 and , in this 
case , the comb - offset may be set to a different value per 
CSI - RS configuration . 
[ 0259 ] The above - described CSI - RS overhead reduction 
method may be applied along with the CDM aggregation . If 
the CSI - RS configurations used in one CDM pattern aggre 
gation have different CSI - RS densities or comb - offset con 
figuration values , this may cause ambiguity in CDM patterns 
and have a CDM pattern distributed over too wide time and 
frequency resources , resulting in channel estimation perfor 
mance degradation . As a method for overcoming this prob 
lem , it may be agreed to configure the same CSI - RS RE 
density and comb - offset for all CSI - RS configurations in one 
CSI - RS resource when the CSI - RS RE density is less than 
1 RE / RB / port . In this case , although the degree of freedom 
of CSI - RS configuration decreases , the high CSI - RS RE 
density improves the channel estimation performance of the 
CDM pattern . As an alternative method , it may be agreed to 
configure the same CSI - RS RE density and comb - offset for 
the CSI - RS configurations constituting one CDM pattern 
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when the CSI - RS density is less than 1 / RE / RB / port . In this 
case , although the degree of freedom of CSI - RS configura 
tion increases , the channel estimation performance is 
degraded because the CSI - RS configurations that are not 
sharing one CDM pattern may have different comb - offsets . 
[ 0260 ] FIG . 24 is a flowchart illustrating a UE operation 
according to an embodiment of the present invention . 
[ 0261 ] In reference to FIG . 24 , the UE receives CSI - RS 
configuration information at step 2400 . The UE may ascer 
tain at least one of number of ports , transmission timings and 
resource locations , and transmit power per CSI - RS based on 
the received configuration information . Next , the UE 
receives feedback configuration information based on at 
least one CSI - RS at step 2410 . The UE receives the CSI - RS 
and estimates channels between the transmit antennas of the 
eNB and the receive antennas of the UE based on the 
CSI - RS at step 2420 . At step 2430 , the UE generates an RI , 
PMI , and CQI as feedback information using the feedback 
configuration received through the estimated channel and a 
virtual channel added between CSI - RSs and a predefined 
codebook . At step 2440 , the UE transmits the feedback 
information at the feedback timings determined according to 
the feedback configuration received from the eNB and ends 
the channel feedback generation and reporting procedure . 
[ 0262 ] FIG . 25 is a flowchart illustrating an eNB operation 
according to an embodiment of the present invention . 
[ 0263 ] In reference to FIG . 25 , the eNB transmits , at step 
2500 , CSI - RS configuration information for use in channel 
estimation . The configuration information may include at 
least one of number of ports , transmission timings and 
resource locations , and transmit power per CSI - RS . At step 
2510 , the eNB transmits at least one CSI - RS - based feedback 
configuration information to the UE . Next , the eNB trans 
mits configured the CSI - RS to the UE . the UE estimates 
per - antenna port channels and then additional channels on 
virtual resources based on the estimated per - antenna port 
channels . The UE determines feedback information to trans 
mit , generates corresponding PMI , RI , and CQI , and trans 
mit the generated PMI , RI , and COI to the eNB . At step 
2520 , the eNB receives the feedback information transmit 
ted by the terminal at predetermined timings for use in 
determining channel state between the terminal and the 
eNB . 
[ 0264 ] FIG . 26 is a block diagram illustrating a configu 
ration of a UE according to an embodiment of the present 
invention . In reference to FIG . 26 , the UE includes a 
communication unit 2600 and a controller 2610 . The com 
munication unit 2600 is responsible for transmitting and 
receiving data to and from the outside ( e . g . , eNB ) . Here , the 
communication unit 2600 may transmit feedback informa 
tion to the eNB under the control of the controller 2610 . The 
controller 2610 controls states and operations of all com 
ponents constituting the UE . In detail , the controller 2610 
generates the feedback information based on the information 
received from the eNB . The controller 2600 also control the 
communication unit 2600 to transmit the channel informa 
tion generated as the feedback information to the eNB at the 
timing assigned by the eNB . For this purpose , the controller 
2610 may include a channel estimator 2620 . The channel 
estimator 2620 generates the feedback information based on 
the CSI - RSs and feedback assignment information received 
from the eNB and estimates channel based on the CSI - RSS 
received based on the feedback assignment information . 

[ 0265 ] Although FIG . 26 depicts that the UE includes the 
communication unit 2600 and the controller 2610 by way of 
example , the UE may further include other components 
necessary for other functions of the UE . For example , the 
UE may include a display for displaying operation status of 
the UE , an input unit for receiving a signal input by the user 
for executing a function , and a storage unit for storing data 
generated in the UE . Although it is depicted that the channel 
estimator 2620 is included in the controller 2610 , the con 
figuration of the UE is not limited thereto . The controller 
2610 may control the communication unit 2600 to receive 
configuration information per reference signal resource . The 
controller 2610 may control the communication unit 2600 to 
measure the at least one reference signal and receive the 
feedback configuration information for use in generating the 
feedback information based on the measurement result . 
[ 0266 ] The controller 2610 may measure the at least one 
reference signal via the communication unit 2600 and gen 
erate feedback information based on the feedback configu 
ration information . The controller 2610 may control the 
communication unit 2600 to transmit the generated feedback 
information to the eNB at the feedback timings indicated in 
the feedback configuration information . The controller 2610 
ma receive the CSI - RS from the eNB , generate the feedback 
information based on the received CSI - RS , and transmit the 
generated feedback information to the eNB . The controller 
2610 may select a precoding matrix per antenna port group 
of the eNB and an additional precoding matrix based on a 
relationship between the antenna port groups of the eNB . 
10267 ] The controller 2610 may receive a CSI - RS from 
the eNB , generate feedback information based on the 
received CSI - RS , and transmit the generated feedback infor 
mation to the eNB . The controller 2610 may select a 
precoding matrix for all antenna groups of the eNB . The 
controller 2610 may receive feedback configuration infor 
mation from the eNB , receive a CSI - RS from the eNB , 
generate feedback information based on the received feed 
back configuration information and CSI - RS , and transmit 
the generated feedback information to the eNB . The con 
troller 2610 may receive additional feedback configuration 
information based on the feedback configuration informa 
tion per antenna port group of the eNB and the relationship 
between the antenna port groups . 
[ 0268 ] FIG . 27 is a block diagram illustrating a configu 
ration of an eNB according to an embodiment of the present 
invention . In reference to FIG . 27 , the eNB includes a 
controller 2710 and a communication unit 2700 . The con 
troller 2710 controls states and operations of all components 
constituting the eNB . In detail , the controller 2710 allocates 
CSI - RS resources for channel estimation at a UE and 
feedback resources and feedback timings to the UE . For this 
purpose , the controller 2710 may include a resource alloca 
tor 2720 . The controller 2710 allocates feedback configu 
ration and feedback timings such that the feedbacks from 
multiple UEs do not collide each other and receives and 
interprets the feedback information at the corresponding 
timing . The communication unit 2700 transmits data and 
reference signals to the UE and receives feedback informa 
tion from the UE . The communication unit 2700 transmits 
the CSI - RS on the resources allocated under the control of 
the controller 2710 and receives channel status information 
feedback from the UE . 
[ 0269 ] Although it is depicted that the resource allocator 
2720 is included in the controller 2710 , the configuration of 
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the eNB is not limited thereto . The controller 2710 may 
control the communication unit 2700 to transmit configu - 
ration information per reference signal and generate at least 
one reference signal . The controller 2710 may control the 
communication unit 2700 to transmit feedback configuration 
information for use in generating feedback information 
based on measurement result to the UE . The controller 2710 
may control the communication unit 2700 to transmit the at 
least one reference signal to the UE and receive the feedback 
information transmitted by the UE at the feedback timing 
indicated in the feedback configuration information . The 
controller 2710 may transmit the feedback configuration 
information to the UE , transmit the CSI - RS , and receive the 
feedback information generated based on the feedback con 
figuration information and the CSI - RS from the UE . The 
controller 2710 may transmit the feedback configuration 
information per antenna port group and additional feedback 
configuration information generated based on the relation 
ship between the antenna port groups . The controller may 
transmit a beamformed CSI - RS to the UE based on the 
feedback information and receive the feedback information 
generated based on the CSI - RS from the UE . According to 
the above - described embodiments of the present invention , 
the eNB may configure various numbers of CSI - RSs in 
adaptation to a number of its TXRUs and other communi 
cation conditions and configure various CSI - RS CDM pat 
terns in consideration of CSI - RS power boosting . By con 
figuring the UE to generate channel status information 
effectively according to the configuration information pro 
vided by the eNB , it is possible to reduce CQI mismatch and 
extra processing on the reported channel status information 
at the eNB . 

below 5 GHz ) are in use by other operators or communica 
tion systems , however , it is difficult for one operator to 
secure multiple licensed band frequencies . Thus , much 
research has focused on LTE over unlicensed band ( unli 
censed spectrum or unlicensed carrier ) to handle the explo 
sive increase in mobile data in a situation difficult to secure 
licensed band frequency resources ( e . g . , LTE in unlicensed 
( LTE - U ) and licensed - assisted access ( LAA ) ) . The unli 
censed bands are not constrained to a specific operator or 
system but may be shared by all available communication 
devices . In particular , a 5 GHz unlicensed band is still less 
occupied by communication devices in comparison with a 
2 . 4 GHz unlicensed band , and it is relatively easy to secure 
extra frequency bands . 
[ 0273 ] This makes it possible to consider performing LTE 
CA across licensed and unlicensed frequency bands . That is , 
it may be possible to implement the legacy LTE CA tech 
nique across licensed and unlicensed bands by configuring 
an LTE cell operating in the licensed band as a PCell ( or 
Pcell ) and an LTE cell ( or LTE - U cell ) operating in the 
unlicensed band as an SCell ( or Scell ) . Although implemen 
tation of CA in an environment where licensed and unli 
censed bands are connected through an ideal backhaul and 
in a dual connectivity environment where licensed and 
unlicensed bands are connected through a non - ideal back 
haul can be considered , the following description is made 
under the assumption of an environment where licensed and 
unlicensed bands are connected through an ideal backhaul . 
[ 0274 ] FIGS . 28 and 29 are diagrams illustrating commu 
nication systems to which the present invention is applied . 
[ 0275 ] In reference to FIGS . 28 and 29 , FIG . 18 depicts an 
exemplary system where a small base station 2800 supports 
an LTE cell 2810 and an LAA cell 2820 through which a 
terminal 2830 communicates data with the base station 
2800 . The LTE cell 2810 and the LAA cell 2820 are not 
limited to any duplex mode , and it is assumed that a cell 
operating in a licensed band for data communication is an 
LTE cell 2810 or PCell and a cell operating in an unlicensed 
band for data communication is an LAA cell 2820 or SCell . 
However , if the LTE cell 2810 is a PCell , it may be allowed 
that the uplink transmission is made to the LTE cell 2810 . 
[ 0276 ] FIG . 29 depicts an exemplary system where an 
LAA small base station 2910 is installed in a coverage area 
of an LTE macro base station 2900 for increasing a data rate 
and , in this case , the LTE and LAA base stations 2900 and 
2910 are not limited to any duplex mode . The LTE macro 
base station 2900 may be replaced by an LTE small base 
station 2910 . If the LTE base station corresponds to the 
PCell , it may be allowed that uplink transmission is made to 
the LTE base station 2900 . Here , it is assumed that the LTE 
base station 2900 and the LAA base station 2910 are 
connected via a backhaul link . In this case , it is possible to 
guarantee fast communication between the base stations via 
X2 interface 2920 ; thus , the LAA base station 2910 can 
receive control information from the LTE base station 2900 
in real time even when uplink transmission is allowed only 
to the LTE base station 2900 . The methods proposed in the 
present invention can be applied to both the systems of 
FIGS . 28 and 29 . 
[ 0277 ] Typically , an LTE system adopts an orthogonal 
frequency division multiple access ( OFDM ) transmission 
scheme for data transmission . In the OFDM scheme , a 
modulation signal is mapped to a position in a 2 - dimensional 
time - frequency resource grid . The resources on the time axis 

Embodiment 3 
[ 0270 ] The present invention relates to a method and 
apparatus for transmitting DL and UL scheduling informa 
tion in a mobile communication operating in an unlicensed 
band or in a mobile communication system requiring a 
channel sensing or listen - before - talk operation and , in par 
ticular , to a method for a UE to receive the DL and UL 
scheduling information of one eNB or cell from one or more 
different eNBs or cells . 
[ 0271 ] The mobile communication system has evolved to 
a high - speed , high - quality wireless packet data communi 
cation system capable of providing data and multimedia 
services beyond the early voice - oriented services . In order to 
meet the requirements for the high - speed high quality wire 
less packet data transmission services , many mobile com 
munication standards such as high - speed downlink packet 
access ( HSDPA ) , high speed uplink packet access ( HSUPA ) , 
LTE , and LTE - A of the 3rd generation partnership project 
( 3GPP ) , high rate packet data ( HRPD ) of 3GPP2 , and 
801 . 16 of the Institute of Electrical and Electronics Engi 
neers ( IEEE ) have been developed . In particular , LTE / 
LTE - A ( hereinafter , collectively referred to as LTE ) stan 
dards are still growing and evolving for improvement in 
system throughput and frequency utilization efficiency . 
[ 0272 ] For example , LTE has adopted carrier aggregation 
( CA ) , which is capable of using multiple frequency bands to 
increase dramatically data rate and system throughput . Typi 
cally , an LTE system is operating in a frequency band 
licensed to a certain operator ( licensed spectrum or licensed 
carrier ) . In the environment where the frequency resources 
for mobile communication services ( e . g . , frequency band 
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are divided into OFDM symbols that are orthogonal with 
each other . The resources on the frequency axis are divided 
into subcarriers that are orthogonal with each other . That is , 
it may be possible to indicate a smallest unit of resource by 
designating an OFDM symbol on the time axis and a 
subframe on the frequency axis , the smallest unit of resource 
being referred to as resource element ( RE ) . 
10278 ] Since different REs are orthogonal , although the 
signals mapped to different REs experience frequency selec 
tive channels , it may be possible for a receiver to receive the 
signals without mutual interferences . FIG . 30 is a diagram 
illustrating DL radio resources of a LTE system . In the 
OFDM communication system , the downlink bandwidth is 
comprised of a plurality of resource blocks ( RBs ) , and each 
physical resource block ( PRB ) consists of 12 subcarriers 
arranged on the time axis and 6 or 7 OFDM symbols on the 
time axis as shown in FIG . 30 . On the time axis , a subframe 
consists of 2 slots , i . e . , first slot and second slot , each 
spanning 0 . 5 msec , as shown in FIG . 2 . It may be possible 
to configure radio resources as shown in FIG . 30 for 
transmitting different types of signals as follows : 
[ 0279 ] 1 . Cell - specific Reference Signal ( CRS ) : This is a 
reference signal broadcast periodically for use commonly by 
all UEs within one cell . 
[ 0280 ] 2 . Demodulation Reference Signal ( DMRS ) : This 
is a reference signal transmitted for a specific UE and used 
only for transmitting data to a corresponding UE . It may be 
possible to support up to 8 DMRS ports . In LTE / LTE - A , 
antenna ports 7 to 14 are allocated for DMRS and these ports 
maintain orthogonality with Code Division Multiplexing 
( CDM ) or Frequency Division Multiplexing ( FDM ) to avoid 
interference with each other . 
[ 0281 ] 3 . Physical Downlink Shared Channel ( PDSCH ) : 
This is a downlink channel for use in transmitting traffic ( or 
data ) from an eNB to a UE using the REs to which no 
reference signal is mapped in the data region of FIG . 2 . 
102821 4 . Channel Status Information Reference Signal 
( CSI - RS ) : This is a reference signal transmitted for use by 
UEs within a cell in channel status measurement . It may be 
possible that multiple CSI - RSs are transmitted within a cell . 
In an LTE - A system , a CSI - RS may correspond to one , two , 
four , or eight antenna ports . 
[ 0283 ] 5 . Other control channels ( Physical Hybrid - ARQ 
Indicator Channel ( PHICH ) , Physical Control Format Indi 
cator Channel ( PCFICH ) , and Physical Downlink Control 
Channel ( PDCCH ) ) : An eNB may provide a UE with control 
information for use in receiving data on PDSCH or transmit 
HARQ ACK / NACK corresponding to uplink data transmis 
sion . 
[ 0284 ] The physical downlink control channel ( PDCCH ) 
being transmitted in the control channel region and the 
physical downlink shared channel ( PDSCH ) as a data chan 
nel are transmitted as separated in the time domain . This 
aims to receive and demodulate the control channel signal 
promptly . The PDCCH region is arranged across the entire 
downlink band , and one control channel is divided into small 
units of control channels dispersed in the entire downlink 
band . An enhanced PDCCH ( EPDCCH ) may be transmitted 
in the data region . The uplink is divided into a control 
channel ( PUCCH ) and a data channel ( PUSCH ) , and the 
acknowledgement channel corresponding to a downlink data 
channel and other feedback information are transmitted on 
the control channel for the case where there is no data 
channel and on the data channel for the case where there is 

the data channel . In the following description , control infor 
mation transmission on PDCCH may be interchangeably 
referred to as PDCCH transmission , and data transmission 
on PDSCH may be interchangeably referred to as PDSCH 
transmission . 
[ 0285 ] In LTE communication , it may be possible to 
transmit at least one of control signal , channel , or data may 
be transmitted using part of SC - FDMA or OFDM symbols 
in a UL or DL subframe . For example , OFDM symbols o to 
kl ( kl < 13 ) of 14 OFDM symbols ( OFDM symbols 0 , 1 , 2 , 
. . . , 13 ) constituting a subframe spanning 1 ms may be used 
for transmitting a control signal or channel or a data channel , 
or if OFDM symbols k to 13 ( k1 > 0 ) may be used for 
transmitting a control signal or channel or a data channel . In 
this case , the subframe composed of the symbols of which 
part are used for transmitting control signal or channel or 
data channel is referred to as partial subframe . 
[ 0286 ] Exemplary embodiments of the present invention 
are described with reference to the accompanying drawings 
in detail . Detailed description of well - known functions and 
structures incorporated herein may be omitted to avoid 
obscuring the subject matter of the present invention . Fur 
ther , the following terms are defined in consideration of the 
functionality in the present invention , and may vary accord 
ing to the intention of a user or an operator , usage , etc . 
Therefore , the definition should be made on the basis of the 
overall content of the present specification . 
[ 0287 ] Although the description is directed to a system 
transmitting / receiving signal in at least one unlicensed band 
in an LTE , LTE - A , or LTE - A Pro system by way of example , 
the present invention is applicable to other communication 
systems operating in both the licensed and unlicensed bands 
and systems operating in such a way of sensing the fre 
quency band ( measuring received signal strength ) for use in 
transmitting the signal and performing signal transmission 
based on the sensing result . Although the description is made 
under the assumption that the cell operating in an unlicensed 
band is configured as a secondary cell ( SCell ) for conve 
nience of explanation , the cell operating in the unlicensed 
band may be configured as a primary cell ( PCell ) or a 
primary secondary cell ( PSCell ) . In the following descrip 
tion , a base station or cell operating in the unlicensed band 
for communication is interchangeably referred to as LAA 
SCell , LAA cell , LAA base station , base station , or cell in 
the same meaning , and a terminal operating in the unli 
censed band for communication is interchangeably referred 
to as LAA terminal , LAA user equipment ( UE ) , UE , and 
terminal in the same meaning . 
[ 0288 ] Although the description is made under the 
assumption of a frequency aggregation ( CA ) environment in 
which at least one licensed band cell and at least one 
unlicensed band cells are connected through an ideal back 
haul for convenience of explanation , the present invention is 
also applicable to a stand - alone environment including only 
the cells connected through a non - ideal backhaul and sup 
porting dual connectivity or operating in the unlicensed 
band . Although the description is made under the assump 
tion that an LAA terminal transmits a UL control signal or 
channel or UL data to an LAA cell in the unlicensed band , 
the present invention may also be applicable to the case 
where the LAA cell transmits a DL control signal or channel 
or DL data to an LAA terminal in the unlicensed band . 
[ 0289 ] Typically , an unlicensed frequency band or channel 
is shared by a plurality of devices . At this time , the devices 
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using the unlicensed band may be different system devices . 
In order to share the unlicensed band , the devices operating 
in the unlicensed band has to perform a channel sensing 
operation on the unlicensed band before starting unlicensed 
band communication and may perform unlicensed band 
communication or not according to the channel sensing 
result . 
10290 ] If it is possible to use the unlicensed band as a 
result of the channel sensing result , the device may occupy 
the unlicensed band continuously during a predefined or 
preconfigured maximum channel occupancy time ( MCOT ) . 
Typically , the devices are operating in the unlicensed band 
as follows . If it wants to transmit a signal conveying data or 
a control signal , the device has to determine whether the 
unlicensed band or channel is occupied ( in use ) by other 
devices before starting signal transmission and may occupy 
or may not occupy the channel depending on the channel 
occupancy states of other devices thereon . Such an operation 
is referred to as listen - before - talk ( LBT ) . That is , at least the 
transmitting devices , among the devices that want to per 
form communication in the unlicensed band , have to check 
whether the corresponding channel is preoccupied according 
to a predetermined or preconfigured method . 
[ 0291 ] Here , the channel sensing time for determining 
whether the unlicensed band or channel is preoccupied may 
be predefined or configured by the transmitting device or a 
specific device or selected as an arbitrary value in a prede 
termined range . The channel sensing time may be set in 
proportion of the maximum channel occupancy time during 
which a device is capable of occupying the unlicensed band 
without another channel sensing operation . The channel 
sensing time may also configured for the channel sensing 
operation according to the maximum channel occupancy 
time . At this time , the channel sensing operation for check 
ing whether the channel can be occupied may be configured 
differently depending on the unlicensed band frequency , 
area , and / or country regulation . For example , in the USA , 
the 5 Ghz frequency band is allowed to be used without any 
channel sensing operation with the exception of the radar 
detection operation . 
[ 0292 ] A transmitting device that wants to use the unli 
censed band senses the corresponding channel through a 
channel sensing operation ( or LBT ) to determine whether 
the channel is occupied by other devices and , if the channel 
is not preoccupied by any device , it occupies the channel to 
use . At this time , the device using an unlicensed band may 
predefine or configure the maximum channel occupancy 
time after the channel sensing operation . The maximum 
occupancy time may be predefined according to the regu 
lation stipulated per frequency band and area and / or country 
regulation or configured by another device , e . g . eNB serving 
a terminal . For example , the maximum occupancy time for 
the 5 GHz band unlicensed spectrum is 4 ms in Japan . 
[ 0293 ] A description is made of the channel occupancy 
method in an LAA cell for use of an unlicensed band in an 
LAA system hereinafter . In the case of performing the 
channel sensing operation for the corresponding unlicensed 
band during a fixed period ( e . g . , 25 us ) in the LAA cell , if 
the signal strength of the signal received during the whole or 
part of the fixed channel sensing period is greater than a 
predefined threshold value , the LAA cell determines that the 
unlicensed band is occupied by at least one other device and 
thus does not attempt to use the unlicensed band . If the 
signal strength of the signal received during the whole or 

part of the fixed channel sensing period is less than a 
predefined threshold value , the LAA cell determines that the 
unlicensed band is idle and thus uses the unlicensed band 
during the maximum channel occupancy period predefined 
or configured . 
[ 0294 ] In the case of performing the channel sensing 
operation for the corresponding unlicensed band during a 
variable period in the LAA cell , if the signal strength of the 
signal received during the whole or part of the variable 
channel sensing period is greater than a predefined threshold 
value , the LAA cell determines that the unlicensed band is 
occupied by at least one other device and thus does not 
attempt to use the unlicensed band . If the signal strength of 
the signal received during the whole or part of the variable 
channel sensing period is less than a predefined threshold 
value , the LAA cell determines that the unlicensed band is 
idle and thus uses the unlicensed band during the maximum 
channel occupancy period predefined or configured . 
[ 0295 ] Here , the variable channel sensing period may be 
changed by selecting an arbitrary value in a contention 
window configured or managed by the LAA cell . For 
example , the transmitting device selects an arbitrary variable 
N from a channel contention period set selected based on at 
least one of the type of the signal to be transmitted in the 
LAA cell and the maximum channel occupancy period for 
occupying the unlicensed band in the LAA cell ( e . g . , arbi 
trary integer N from ( 0 , 15 ) if the maximum initial conten 
tion period value is 15 ) and occupies the unlicensed band for 
transmitting the signal . Here , the contention period may be 
changed and initialized based on the acknowledgement ( e . g . , 
ACK / NACK transmitted by a terminal ) corresponding to the 
data signal transmitted in the unlicensed band to reduce the 
probability of simultaneous use by other devices . For 
example , if 80 % or more of the feedbacks corresponding to 
the data signals transmitted by all terminals in the earliest 
subframe during the maximum channel period in the unli 
censed band are NACKS , the LAA cell initialize the con 
tention window . 
[ 0296 ] FIG . 31 is a diagram for explaining a LAA DL 
transmission operation . 
[ 02971 . A description is made of a normal DL transmission 
operation by way of example with reference to FIG . 31 
hereinafter . An LAA cell that wants to transmit a DL signal 
in the unlicensed band performs channel sensing in the 
unlicensed band during a time period 3100 corresponding to 
the variable period selected in a preconfigured contention 
window . If it is determined that the unlicensed band is idle 
as a result of the channel sensing , the LAA cell may occupy 
the unlicensed band during the maximum channel occu 
pancy period 3140 . At this time , if the channel sensing 
operation stops before a subframe boundary or a slot bound 
ary , the LAA cell may transmit a predetermined signal 3110 
until the subframe boundary or slot boundary arrives to 
occupy the unlicensed band and transmit a normal LTE 
signal ( e . g . , control signal 3120 on PDCCH , data signal 
3130 on PDSCH , and reference signal ) at the start time point 
of a slot . At this time , the last subframe in the maximum 
channel occupancy period may be a partial subframe 3150 . 
[ 0298 ] FIG . 32 is a diagram for explaining a normal LAA 
UL transmission operation . 
[ 0299 ] A description is made of a normal LAA UL trans 
mission operation by way of example with reference to FIG . 
32 hereinafter . An LAA terminal that wants to transmit a UL 
signal in the unlicensed band may receive UL transmission 
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configuration information through a DL control channel 
3220 at subframe n in the DL transmission period 3200 of 
the LAA cell and perform UL transmission 3260 at subframe 
n + 4 configured for UL transmission based on the UL trans 
mission configuration information . If the UL transmission of 
the LAA terminal is scheduled in the unlicensed band , it has 
to perform a channel sensing operation before starting the 
UL transmission 3260 . The channel sensing operation of the 
LAA terminal may be performed in the same way as that of 
the LAA cell with or without change of variables ( e . g . , 
contention window size ) . The channel sensing operation of 
the LAA terminal may be performed during a period of at 
least one SC - FDMA symbol 3270 in the subframe in which 
the UL transmission is scheduled or at least one SC - FDMA 
symbol 3250 right before the configured UL subframe . The 
LAA terminal may perform the scheduled UL transmission 
or not on the basis of the channel sensing operation result . 
[ 0300 ] In the LTE system , a UE may perform UL data 
transmission according to the configuration or instruction 
from an eNB . The signal transmission on the UL data 
channel ( physically uplink shared channel ( PUSCH ) ) of the 
UE is scheduled via the control information on the DL 
control channel ( physical downlink control channel ( PD 
CCH ) ) transmitted by the eNB , and the UE transmits the UL 
signal based on the timing relationship between the ul 
transmission configuration information reception timing 
( e . g . , PDCCH reception timing ) pre - agreed with the eNB 
and the configure UL signal transmission timing ( e . g . , 
PUSCH transmission timing ) . In the FDD system , if the 
eNB schedules the PUSCH transmission of the UE via the 
PDCCH at subframe n , the UE performs the PUSCH trans 
mission at subframe n + K using the resources configured by 
the eNB . In the TDD system , the UE may perform the 
PUSCH transmission based on the timing relationship 
between the PDCCH reception timing and PUSCH trans 
mission timing included in the UL transmission configura 
tion information , which is pre - defined between the eNB and 
the UE . In the case of a system using a third type of frame 
structure different from those of FDD and TDD systems , it 
may be possible to reuse the timing relationship between the 
UL transmission configuration information reception timing 
and the UL signal transmission timing in use by the FDD or 
TDD system or define a timing relationship between the UL 
transmission configuration information reception timing and 
the UL signal transmission timing . 
[ 0301 ] In the LTE system , the UE may transmit UL control 
information ( UCI ) including UCI type and eNB / UE con 
figuration to the eNB via at least one of a UL control channel 
( physical uplink control channel ( PUCCH ) ) and PUSCH 
determined according to at least one criteria . Here , the UCI 
may include at least one of HARQ ACK , periodic channel 
station information ( CSI ) , aperiodic CSI , and scheduling 
request ( SR ) . For example , the UE may channel state to the 
eNB through the PUCCH at an interval configured through 
high layer signaling . If the eNB instructs , through the 
PDCCH , the UE to report CSI aperiodically , the UE may 
report measured CSI to the eNB through the PUSCH con 
figured via the PDCCH . 
[ 0302 ] This embodiment is directed to the case where the 
eNB and the UE are configured to transmit / receive signals 
through one or more cells operating in a licensed or unli - 
censed band , which includes the case where the eNB and the 
UE are capable of transmitting / receiving signals through one 
or more cells operating in the licensed band and the case 

where the eNB is capable of transmitting a signal through at 
least one cell operating in the unlicensed band and the UE 
is capable of receiving the signal through the at least one cell 
operating in the unlicensed band . In this embodiment , the 
description is made under the assumption that the UE is 
configured to transmit / receive a signal to / from the eNB 
through at least one cell , unless otherwise stated . Also , the 
description is made under the assumption that at least one 
cell operating in at least one licensed band and at least one 
cell operating in at least one unlicensed band cell are 
configured . The present invention is applicable to the case 
where the eNB and the UE operate in the unlicensed band 
without any licensed band . 
[ 0303 ] In this embodiment , the description is made under 
the assumption that the cell or eNB and the UE operating in 
the licensed band are configured to operate in at least one of 
FDD ( or with frame structure type 1 ) and TDD ( or with 
frame structure type 2 ) . Also , the description is made under 
the assumption that the cell or eNB and the UE operating in 
the unlicensed band are configured to operate with a third 
type of frame structure ( frame structure type 3 ) . The frame 
structure type 3 is designed in supportive of a channel 
sensing operation and allowing to configure all subframes 
constituting the frame as DL or UL subframes such that the 
DL and UL durations are changeable under the control of the 
eNB without departing from the tolerable range of the 
technology or standard . 
0304 ] The proposed method of the present invention is 
not limited to the disclosed embodiments but may be imple 
mented in various different ways . 
[ 0305 ] A UE configured to transmit / receive signal to / from 
at least one cell may receive the cell - specific DL and UL 
scheduling information from the respective cells or a rep 
resentative cell . A detailed description thereof is made 
hereinafter with reference to FIG . 33 . 
[ 0306 ] FIG . 33 is a diagram for explaining cell - specific 
DL and UL scheduling information for a case where DL and 
UL scheduling cells are identical with each other . FIG . 33 is 
depicted under the assumption that the UE is configured by 
the eNB to transmit UL signals and received DL signals 
through cell 1 and cell 2 . The UE may receive UL and DL 
scheduling information of the configured cells ( cell 1 and 
cell 2 ) through cell 1 and cell 2 respectively or , if the NB 
configures a cell ( hereinafter , referred to as scheduling cell ) 
for transmitting the scheduling information associated with 
the cell 1 and cell 2 , through the scheduling cell . That is , the 
UE may receive the cell - specific UL and DL scheduling 
information through one cell . 
[ 0307 ] A detailed description thereof is made hereinafter . 
In this embodiment , the description is made under the 
assumption that cell 1 is the PCell and cell 2 is an SCell . The 
UE configured , by the eNB , to transmit and receive signals 
through cell 1 and an additional cell 2 may receive RRC 
configuration information specific to cell 2 from cell 1 . If the 
configuration information specific to the scheduling cell 
( schedulingCellid ) for use in transmitting scheduling infor 
mation specific to cell 2 ( e . g . , CrossCarrierSchedulingCon 
fig - r10 and CrossCarrierSchedulingConfig - r13 ) is not con 
figured in the RRC configuration information specific to cell 
2 or if cell 2 is the scheduling cell for transmitting the 
scheduling information specific to cell 2 , the UE assumes 
that the UL and DL scheduling information specific to cell 
2 is transmitted in the PDCCH region specific to cell 2 as 
denoted by 3220 and 3330 . At this time , if carrier indication 
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field ( CIF ) is configured , the CIF value may be included in 
the scheduling information being transmitted on the 
PDCCH , and the cell in use for the scheduled UL and DL 
transmissions is indicated via the scheduling information . If 
the scheduling cell in use for transmitting the scheduling 
information is identical with the cell in use for UL and DL 
transmissions scheduled via the scheduling information , this 
scheduling scheme is referred to as self - carrier scheduling 
( SCS ) or self - scheduling . In the present invention , the term 
SCS is used to refer to such a scheduling scheme . That is , the 
SCS is used for scheduling in cell 2 . 
[ 0308 ] If no CIF value indicative of a cell is set , the UE 
assumes that the SCS is used in the corresponding cell . That 
is , if CIF is set to a value indicative of a cell , the UE assumes 
that the scheduling information specific to the cell is trans 
mitted through the corresponding cell . In the case of the 
PCell , the UE assumes that the DL and UL scheduling 
information specific to the PCell is always transmitted in the 
PDCCH region of the PCell as denoted by reference number 
3300 and 3310 without any explicit configuration . 
[ 0309 ] At a UE configured , by the eNB , to transmit / 
receive signals through cell 1 and an additional cell 2 , if the 
RRC configuration information specific to cell 2 which is 
received through cell 1 includes configuration information 
specific to the scheduling cell ( schedulingCellID ) for trans 
mitting the scheduling information specific to cell 2 ( e . g . , 
CrossCarrierSchedulingConfig - r10 and CrossCarrierSched 
ulingConfig - r13 ) or the CIF set to a value indicative of cell 
2 for transmitting the scheduling information through a 
different cell , the UE assumes that the DL and UL sched 
uling information specific to cell 2 is transmitted in the 
PDCCH region of cell 2 as denoted by reference numbers 
3260 and 3270 . If the cell in use for transmitting the 
scheduling information is different from the cell in use for 
UL and DL transmissions scheduled via the scheduling 
information , this scheduling is referred to as cross - carrier 
scheduling ( CCS ) . In the present invention , the term CCS is 
used to refer to such a scheduling scheme . That is , the CCS 
is used for cell 2 , which is scheduled by cell 1 as the 
scheduling cell ( scheduling CellID ) . 
[ 0310 ] If the CIF is set to a value indicative of a cell , the 
UE assumes that the scheduling information specific to the 
corresponding cell is transmitted through a different cell and , 
in this case , the information on the scheduling cell may be 
configured by the eNB . In the case of the PCell , the UE 
assumes that the DL and UL scheduling information specific 
to the PCell is always transmitted in the PDCCH region of 
the PCell as denoted by reference numbers 3240 and 3250 
without any explicit configuration . 
[ 0311 ] According to the above - described scheduling 
scheme , the UE may always receive the UL and DL sched 
uling information specific to one cell from one cell . In the 
case where the number of DL subframes is less than the UL 
subframes among available subframes , part of the UL sub 
frames may not be scheduled in conformance of the above 
scheduling scheme ( e . g . , SCS ) . For example , the UL sub 
frames available for the scheduling scheme ( SCS ) scheme in 
the eNB or cell which wants to schedule multiple UL 
transmissions after two DL subframes n and n + 1 are just 
two , i . e . , n + K and n + K + 1 . Here , K is set to a value equal to 
or greater than 4 , which may be predefined between the eNB 
and the UE , or the eNB may configure and transmit K to the 
UE . 

[ 0312 ] If it wants to use subframe n + K + 2 as a UL sub 
frame , the eNB or cell may schedule the UL subframe in the 
CCS scheme rather than the SCS scheme . However , since 
the CCS scheme requires transmitting scheduling informa 
tion specific to one or more cells , if a large number of cells 
use the CCS scheme , the control channel resources available 
for a specific cell or scheduling cell ( PDCCH resources , 
cell - specific search space , UE - specific search space ) may 
become insufficient . 
0313 ] Accordingly , it is necessary to make it possible for 
the UE to receive the UL and DL scheduling information 
specific to one cell through more than one cell . For example , 
the UE may receive the DL scheduling information specific 
to cell 2 through cell 2 and the UL scheduling information 
specific to cell 2 through cell 1 . For this operation , the eNB 
or cell has to distinguish between the cell for the DL 
scheduling information transmission and the cell for UL 
scheduling information transmission , and the eNB may uses 
CrossCarrierSchedulingConfig in the RRC configuration 
information specific to cell 2 for such distinction . A detailed 
description thereof is made hereinafter with reference to 
FIG . 34 . 
[ 0314 ] FIG . 34 is a flowchart illustrating a method for 
scheduling DL and UL transmissions using different DL and 
UL scheduling cells . If , at a UE configured to transmit / 
receive signals through cell 1 and an additional cell 2 , the 
RRC configuration information specific to cell 2 which is 
received through cell 1 includes configuration information 
specific to the scheduling cell ( schedulingCellID ) for trans 
mitting the scheduling information specific to cell 2 ( e . g . , 
CrossCarrierSchedulingConfig - r10 and CrossCarrierSched 
ulingConfig - r13 ) or the CIF set to a value indicative of cell 
2 for transmitting the scheduling information through a 
different cell , the eNB may configure to the UE to transmit 
the DL scheduling information specific to cell 2 and the UL 
scheduling information specific to cell 2 through different 
cells . For example , the eNB may make a configuration for 
transmitting to the UE the DL scheduling information spe 
cific to cell 2 in the PDCCH region of cell 2 as denoted by 
reference number 3420 and the UL scheduling information 
specific to cell 2 in the PDCCH region of cell 1 as denoted 
by reference number 3430 . In this embodiment , the descrip 
tion is made of the assumption that the DL scheduling 
information is transmitted in the SCS scheme and the U1 
scheduling information is transmitted in the CCS scheme . 
That is , the description is made under the assumption that 
the cell for the DL scheduling information transmission is 
identical with the cell for the data channel transmission 
while the cell for the UL scheduling information transmis 
sion is different from the cell for the UL control channel or 
data channel transmission . However , the proposed method 
of the present invention is applicable to the case where the 
DL scheduling information is transmitted in the CCS scheme 
and the UL scheduling information is transmitted in the SCS 
scheme without departing from the scope of the present 
invention . 
[ 0315 ] A description is made of the method for an eNB to 
configure a DL scheduling information transmission cell and 
a UL scheduling information transmission cell separately . 
[ 0316 ] In the first method , if it is necessary to distinguish 
between the DL and UL scheduling information transmis 
sion cells , the eNB or cell notifies the UE of the DL and UL 
scheduling information transmission cells via CrossCarrier 
SchedulingConfig as shown in table 4 . For example , it may 
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be possible to add newly defined messages indicative of the 
DL and UL scheduling information transmission cells such 
as DLschedulingCellid and ULschedulingCellid such that 
the UE is capable of the distinguishing between the DL and 
UL scheduling information transmission cells based on these 
messages . 

information . If it obtains both the pdcch - Start information 
and PCFICH information , the UE may determine the 
PDCCH transmission symbol or PDCCH transmission start 
symbol based on the PCFICH information . 
10319 ] . In the second method , if it is necessary to distin 
guish between the DL and UL scheduling information trans 

TABLE 4 
CrossCarrierSchedulingConfig - r14 : : = 

schedulingCellInfo - r14 
own - r14 

scheduling 
cif - Presence - r14 

SEQUENCE { 
CHOICE { 

SEQUENCE { - - No cross carrier 

BOOLEAN 

- - Cross carrier scheduling other - r14 
DLschedulingCellId - r14 
ULschedulingCellid - r14 
pdsch - Start - r14 
cif - InDLSchedulingCell - r14 
cif - InULSchedulingCell - r14 

SEQUENCE { 
ServCellIndexFull - r13 , 
ServCellIndexFull - r13 , 
INTEGER ( 1 . 4 ) , 

INTEGER ( 1 . . 7 ) 
INTEGER ( 1 . . 7 ) 

[ 0317 ] That is , under the assumption that the UL sched 
uling information is transmitted through the cell indicated by 
the ULschedulingCellid included in the CrossCarrierSched 
ulingConfig , the UE receives the UL scheduling information 
on the PDCCH of the UL scheduling information transmis 
sion cell indicated by the ULschedulingCellid . Also , under 

mission cells , the eNB or cell notifies the UE of only the UL 
scheduling information transmission cell using the Cross 
CarrierSchedulingConfig as shown in table 5 under the 
assumption that the cell for transmitting the DL scheduling 
information is identical with the cell for transmitting the DL 
control channel and data channel ( i . e . , SCS scheme ) . 

TABLE 5 
CrossCarrierSchedulingConfig - r14 : : = 

schedulingCellInfo - r14 
own - r13 

scheduling 
cif - Presence - r14 

SEQUENCE { 
CHOICE { 

SEQUENCE { - - No cross carrier 
BOOLEAN 

- - Cross carrier scheduling other - r14 
ULschedulingCellid - r14 
pdsch - Start - r14 
cif - InSchedulingCell - r13 

SEQUENCE { 
ServCell IndexFull - r14 , 
INTEGER ( 1 . . 4 ) , 

INTEGER ( 1 . . 7 ) 

the assumption that the DL scheduling information is trans 
mitted through the cell indicated by the DLschedulingCellid 
included in the CrossCarrierSchedulingConfig , the UE 
receives the DL scheduling information on the PDCCH of 
the UL scheduling information transmission cell . 
[ 0318 ] In the case where the cell for transmitting the DL 
scheduling information and the cell for transmitting the DL 
control and data channels are identical with each other ( SCS 
scheduling scheme ) , the pdcch - Start information for the cell 
is not included in the CrossCarrierSchedulingConfig infor 
mation and the UE may make a PDCCH start timing 
determination based on the control information being 
received a physical control format indicator channel ( PC 
FICH ) for the cell ( PDFICH information ) . The UE may also 
determine the PDCCH transmission symbol or PDSCH 
transmission start symbol of the cell based on the configured 
pdcch - Start information without receipt of the PCFICH 

[ 0320 ] In this case , because the DL scheduling informa 
tion transmission cell is identical with the DL control and 
data channel transmission cell , the pdoch - Start information 
is not included in the CrossCarrierSchedulingConfig infor 
mation , and the UE may determine the PDCCH transmission 
symbol or PDSCH transmission start symbol based on the 
PCFICH information of the corresponding cell . the UE may 
also determine the PDCCH transmission symbol or PDSCH 
transmission start symbol based on the configured pdech 
Start information without receipt of the PCFICH informa 
tion of the cell . If it obtains both the pdcch - Start information 
and PCFICH information , the UE may determine the 
PDCCH transmission symbol or PDCCH transmission start 
symbol based on the PCFICH information . 
[ 0321 ] If the UL scheduling information transmission con 
figuration information is received , the UE receives the DL 
scheduling information on the PDCCH of the cell identical 
with the cell in which the DL signal is received and the UL 
scheduling information on the PDCCH of the UL scheduling 
information transmission cell configured via the CrossCar 
rierSchedulingConfig . 
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[ 0322 ] In the third method , if it is necessary to distinguish 
between the DL and UL scheduling information transmis - 
sion cells , the eNB may notify the UE of the DL and UL 
scheduling information transmission cells via CrossCarrier 
SchedulingConfig as shown in table 6 . For example , if a new 
message for distinction between the DL and UL scheduling 
information transmission cells such as DLULscheduling 
CellDiff field is added and set to ' true ' , the UE may receive , 
under the assumption that the ul scheduling information is 
transmitted through the cell indicated by schedulingCellID 
included in the CrossCarrierSchedulingConfig , the UL 
scheduling information on the PDCCH of the UL scheduling 
information transmission cell . The UE may receive the DL 
scheduling information on the PDCCH of the same cell 
through which the DL signal is received ( i . e . , in SCS 
scheme ) . 

[ 0326 ] For example , in the case where the DL scheduling 
information transmission cell is identical with the UL sched 
uling information transmission cell , if the scheduling infor 
mation transmission cells are different from the cell through 
which the UE transmits and receives signals ( i . e . , if both the 
UL and DL scheduling informations specific to cell 2 are 
transmitted through cell 1 in the CCS scheme as denoted by 
reference numbers 3260 and 3270 ) , the PDCCH region 
available for transmission of the scheduling information 
( search space ) specific to cell 2 may be configured as part of 
the PDSCH region of cell 1 . It is also possible that the search 
space available for transmission of the scheduling informa 
tion specific to cell 1 is configured as part of the PDCCH 
region of cell 1 but to be different from the search space for 
cell 2 . It may be possible that the search spaces for cell 1 and 
cell 2 are configured to be overlapped . 

TABLE 6 
CrossCarrierSchedulingConfig - r14 : : = 

schedulingCellInfo - r14 
own - r14 

scheduling 
cif - Presence - r14 

SEQUENCE { 
CHOICE { 

SEQUENCE { - - No cross carrier 

BOOLEAN 

- - Cross carrier scheduling other - r14 
schedulingCellId - r14 
pdsch - Start - r14 
DLULschedulingCellDiff 
cif - InSchedulingCell - r14 

SEQUENCE { 
ServCellIndexFull - r13 , 
INTEGER ( 1 . . 4 ) , 
ENUMERATED { true } 

INTEGER ( 1 . . 7 ) 

[ 0327 ] Accordingly , in the case where the eNB configures 
different cells for the DL and UL scheduling information 
transmissions , there is a need of defining the search spaces 
for the respective scheduling information transmission cells . 
If the eNB configures the dl scheduling information trans 
mission cell and the UL scheduling information transmis 
sion cell to the UE separately or if the CIF indicative of the 
scheduling cells is configured by the eNB , the UE may 
calculate the search spaces for the specific scheduling cells 
based on the CIF value . The search space per scheduling cell 
is determined by Formula 7 : 

NCCE , K 1 [ Formula 7 ] L { ( Yx + m ' ) mod ( floor ( CCA ti 

[ 0323 ] In the case where the DL scheduling information 
transmission cell is identical with the DL control and data 
channel transmission cell ( or if DLULschedulingCellDiff is 
set to ' true ' or scheduling is performed in the SCS scheme ) , 
no DL transmission is performed in the UL scheduling 
information transmission cell such that the CrossCarrier 
SchedulingConfig information may not include the pdcch 
Start information for the corresponding cell . The UE may 
receive the PCFICH information for the cell to determine the 
PDCCH transmission symbol or PDSCH start timing . It may 
also be possible for the UE to determine the PDCCH 
transmission symbol and PDSCH transmission start symbol 
of the cell based on the configured pdcch - Start information 
without receipt of the PCFICH information of the cell . If it 
obtains both the pdcch - Start information and PCFICH infor 
mation , the UE may determine the PDCCH transmission 
symbol or PDCCH transmission start symbol based on the 
PCFICH information . 
[ 0324 ] If the DL scheduling information transmission cell 
differs from the DL control and data channel transmission 
cell ( or DLULschedulingCellDiff is set to ' false ' or sched 
uling is performed in the CCS scheme ) , the pdcch - Start 
information for DL scheduling information transmission cell 
may be included in the CrossCarrierSchedulingConfig infor 
mation . 
[ 0325 ] If the eNB configure different cells for transmitting 
the DL and UL scheduling information transmissions to the 
UE using at least one of the above described methods , the 
UE may configure the PDCCH region and search space in 
which the DL scheduling information and the UL scheduling 
information are transmitted per cell . 

[ 0328 ] Here , L denotes an aggregation level of { 1 , 2 , 4 , 8 } 
for PDCCH . Y = ( AYR - 1 ) mod ( D ) where Y _ 1 = nRNTI 
A = 39827 , D = 65537 , and k = floor ( n , / 2 ) , and n , denotes a slot 
index of 0 to 19 . nrnt , denotes a unique identifier of the 
corresponding control channel . m ' = m + M nct , and nc 
denotes CIF value , and Me ) denotes the number of PDCCH 
candidates per aggregation level . For example , M ( 1 ) = 6 M ( 2 ) 
= 6 M ( 4 = 2 M ( 8 ) = 2 for a UE - specific search space . 
[ 0329 ] In the case where no CIF is configured , m ' is equal 
to m . 
[ 0330 ] Accordingly , if the CIF values for the DL and UL 
scheduling information transmission cells are received from 
the eNB according to the first method , the UE may calculate 
the search spaces for use in the respective scheduling cells 
based on the CIF values using the above formula and 
perform decoding PDCCHs in the corresponding search 
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