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METHOD AND APPARATUS FOR forming , massive multiple - input multiple - output ( MIMO ) , 
TRANSMITTING AND RECEIVING UE Full Dimensional MIMO ( FD - MIMO ) , array antenna , an 

CAPABILITY INFORMATION IN MOBILE analog beam forming and large scale antenna techniques are 
COMMUNICATION SYSTEM discussed in 5G communication systems . In addition , in 5G 

communication systems , development for system network 
PRIORITY improvement is under way based on advanced small cells , 

cloud Radio Access Networks ( RANs ) , ultra - dense net 
This application is a continuation application of prior works , device - to - device ( D2D ) communication , wireless 

application Ser . No . 14 / 707 , 205 , filed on May 8 , 2015 , backhaul , moving network , cooperative communication , 
which claimed priority under 35 U . S . C . 119 ( a ) to applica - 10 Coordinated Multi - Points ( COMP ) , reception - end interfer 
tions filed in the Korean Intellectual Property Office on May e nce cancellation and the like . In the 5G system , Hybrid 
9 , 2014 and May 19 , 2014 , and assigned Serial Nos . FSK and QAM Modulation ( FQAM ) and sliding window 
10 - 2014 - 0055917 and 10 - 2014 - 0059819 , respectively , the superposition coding ( SWSC ) as an advanced coding modu 
contents of which are incorporated herein by reference . lation ( ACM ) , and filter bank multi carrier ( FBMC ) , non 

15 orthogonal multiple access ( NOMA ) , and sparse code mul 
BACKGROUND OF THE INVENTION tiple access ( SCMA ) as an advanced access technology have 

been developed . 
1 . Field of the Invention The Internet , which is a human centered connectivity 
The present invention relates to a method and an appa - network where humans generate and consume information , 

ratus for reporting a capability of a user equipment in a 20 is now evolving to the Internet of Things ( IoT ) where 
mobile communication system , and more particularly to a distributed entities , such as things , exchange and process 
method and an apparatus for minimizing an amount of information without human intervention . The Internet of 
information reported when a capability of a user equipment Everything ( IOE ) , which is a combination of the technology 
is reported to a network . and the Big Data processing technology through connection 

2 . Description of the Prior Art 25 with a cloud server , has emerged . As technology elements , 
Mobile communication systems have been developed for such as " sensing technology " , " wired / wireless communica 

the purpose of providing communication while securing the tion and network infrastructure ” , “ service interface technol 
mobility of a user . The mobile communication systems have ogy ” , and “ security technology ” have been demanded for 
reached the stage where a high speed data communication IoT implementation , a sensor network , a Machine - to - Ma 
service can be provided as well as voice communication on 30 chine ( M2M ) communication , Machine Type Communica 
the strength of the rapid development of technologies . tion ( MTC ) , and so forth have been recently researched . 

Currently , a standardization operation of the 3rd Genera - Such an IoT environment may provide intelligent Internet 
tion Partnership Project ( 3GPP ) regarding Long Term Evo - technology services that create a new value to human life by 
lution ( LTE ) system is being progressed as one of the next collecting and analyzing data generated among connected 
generation mobile communication systems . The LTE system 35 things . IoT may be applied to a variety of fields including 
is a technology which implements high speed packet based smart home , smart building , smart city , smart car or con 
communication having a transmission rate of a maximum of nected cars , smart grid , health care , smart appliances and 
100 Mbps faster than a data transmission rate of the con - advanced medical services through convergence and com 
ventional 3GPP system . Various new technologies are bination between existing Information Technology ( IT ) and 
applied to the recent LTE communication systems while 40 various industrial applications . 
keeping pace with the completion of the LTE standardiza - In line with this , various attempts have been made to 
tion , and a discussion on LTE - Advanced ( LTE - A ) for sig - apply 5G communication systems to IoT networks . For 
nificantly improving a transmission rate is regularized . example , technologies such as a sensor network , Machine 
Hereinafter , an LTE system refers to an existing LTE system Type Communication ( MTC ) , and Machine - to - Machine 
and an LTE - A system . 45 ( M2M ) communication may be implemented by beam form 

A representative new technology employed to the LTE - A ing , MIMO and array antennas . Application of a cloud Radio 
system is Carrier Aggregation ( CA ) . Carrier aggregation is Access Network ( RAN ) as the above - described Big Data 
a technology in which user equipment transmits and receives processing technology may also be considered to be an 
data using multi - carriers . More particularly , the user equip example of convergence between the 5G technology and the 
ment transmits and receives data through plural aggregated 50 IoT technology . 
carriers ( generally carriers belonging to an identical base 
station ) . In the end , this is identical to a user equipment SUMMARY OF THE INVENTION 
transmitting and receiving data through plural numbers of 
cells . As described above , as the new technologies are intro 

Technologies such as a Multiple Input Multiple Output 55 duced into the LTE - A system , a method is required in which 
( MIMO ) and the like , as well as the carrier aggregation have capability information on the user equipment related to the 
been employed to the LTE - A system . technologies is efficiently reported to a base station , so that 

To meet the demand for wireless data traffic having the base station and the user equipment efficiently perform 
increased since deployment of 4G communication systems , mobile communication . 
efforts have been made to develop an improved 5G or 60 In accordance with an aspect of the present invention , 
pre - 5G communication system . Therefore , the 5G or pre - 5G there is provided a method of transmitting capability infor 
communication system is also called a ‘ Beyond 4G Net - mation of a User Equipment ( UE ) to an evolved Node B 
work or a ‘ Post LTE System ” . The 5G communication ( NB ) by the UE , the method including : receiving a first 
system is considered to be implemented in higher frequency message including information that requests at least one 
( mm Wave ) bands , e . g . , 60 GHz bands , so as to accomplish 65 frequency band supported by the UE and at least one radio 
higher data rates . To decrease propagation loss of the radio access capability of the UE from an evolved Node B , eNB ; 
waves and increase the transmission distance , the beam generating a second message including capability informa 
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tion of the UE ; and transmitting the second message to the In embodiments of the present invention , the capability 
eNB , wherein the capability information includes one or information further comprises at least one other CA band 
more carrier aggregation , CA , band combination supported combination including two downlink frequency bands and 
by the UE wherein the at least one CA band combination is one uplink frequency band supported by the UE , and the 
requested in the first message and includes two downlink 5 capability information further comprises at least one non 
frequency bands and one uplink frequency band . CA band supported by the UE . 

In accordance with another aspect of the present inven - In embodiments of the present invention , the second 
tion , there is provided a method of receiving capability message ( also referred to as capability information message 
information of a user equipment from a UE by an eNB , the or UE capability information message ) only comprises part 
method including : generating a first message including ng a first message including 10 of the entire capability of the UE , wherein a capability 
information that requests at least one frequency band sup including frequency bands at which the UE may communi 
ported by a user equipment , UE , and at least one radio access cate or frequency band combinations at which the frequency 

band combinations may communicate is defined as an entire capability of the UE ; transmitting the first message to the UE 
and receiving a second message including capability infor capability of the UE . In embodiments of the present inven 

15 tion , said part of the entire capability included in the second mation of the UE from the UE , wherein the capability message is selected such that the entire capability can be information comprises at least one carrier aggregation , CA , determined by the eNB based on said part transmitted by the band combination supported by the UE , and wherein the at second message . In embodiments of the present invention , 
least one CA band combination is requested in the first said part of the entire capability included in the second 
message and includes two downlink frequency bands and 20 message is determined based on restriction information ( also 
one uplink frequency band . referred to as Capability report restriction information ) 

In accordance with another aspect of the present inven included in the first message . 
tion , there is provided a UE for transmitting capability 
information of the UE to an eNB , the UE including : a BRIEF DESCRIPTION OF THE DRAWINGS 
transceiver that is configured to transmit and receive signals 25 
to and from the eNB ; and a controller that is configured to The above and other objects , features and advantages of 
generate to receive a first message including information the present invention will be more apparent from the fol 
that requests at least one frequency band supported by the lowing detailed description in conjunction with the accom 
UE and at least one radio access capability of the UE from panying drawings , in which : 
the eNB , to generate a second message including capability 30 FIG . 1 is a diagram illustrating a structure of an LTE 
information based on the first message , and to transmit the system to which the present invention is applied ; 
second message to the eNB , wherein the capability infor - FIG . 2 is a diagram illustrating a structure of a wireless 
mation comprises at least one carrier aggregation , CA , band protocol in an LTE system to which the present invention is 
combination supported by the UE , and wherein the at least applied ; 
one CA band combination is requested in the first message 35 FIG . 3 is a diagram illustrating carrier aggregation in an 
and includes two downlink frequency bands and one uplink LTE system to which the present invention is applied ; 
frequency band . FIG . 4 is a diagram illustrating an operation of an LTE 

In accordance with another aspect of the present inven - system according to a first embodiment of the present 
tion , there is provided an eNB for receiving capability invention ; 
information of a UE from the UE , the eNB including : a 40 FIGS . 5A to 5D are diagrams illustrating an example of 
transceiver that is configured to transmit and receive signals capability information of a UE according to the first embodi 
to and from the UE ; and a controller configured to generate ment of the present invention ; 
a first message that requests at least one frequency band FIG . 6 is a flowchart illustrating an operation of a UE 
supported by the UE and at least one radio access capability according to the first embodiment of the present invention ; 
of the UE , configured to transmit the first message to the UE , 45 FIG . 7 is a diagram illustrating an operation of an LTE 
and configured to receive , from the UE , a second message system according to a second embodiment of the present 
including capability information corresponding to the first invention ; 
message wherein the capability information comprises at FIG . 8 is a diagram illustrating an example of capability 
least one carrier aggregation , CA , band combination sup - report restriction information of a UE according to the 
ported by the UE , and wherein the at least one CA band 50 second embodiment of the present invention ; 
combination is requested in the first message and includes FIG . 9 is a flowchart illustrating an operation of a UE 
two downlink frequency bands and one uplink frequency according to the second embodiment of the present inven 
band . tion ; 

In embodiments of the present invention , the capability FIG . 10 is a block diagram illustrating a configuration of 
information further comprises at least one other CA band 55 a UE according to an embodiment of the present invention ; 
combination including two downlink frequency bands and and 
one uplink frequency band supported by the UE . FIG . 11 is a block diagram illustrating a configuration of 

In embodiments of the present invention , the capability a base station according to an embodiment of the present 
information further comprises at least one non - CA band invention . 
supported by the UE . 60 

In embodiments of the present invention , CA band com DETAILED DESCRIPTION OF THE 
binations in the capability information , at least in part , are EXEMPLARY EMBODIMENTS 
prioritized based on the information included in the first 
message . Hereinafter , exemplary embodiments of the present 

In embodiments of the present invention , the second 65 invention will be described in detail with reference to the 
message further comprises information indicating at least accompanying drawings . Further , in the following descrip 
one frequency band supported by the UE . tion of the present invention , a detailed description of known 
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functions and configurations incorporated herein will be A physical layer 220 or 225 channel - codes and modulates 
omitted when it where the detailed description is considered higher layer data , generates an OFDM symbol to transmit 
not increasing the intellegibility of the subject matter of the the OFDM through a radio channel , or is responsible for an 
present invention . The terms which will be described below operation of demodulating and channel - decoding the OFDM 
are terms defined in consideration of the functions in the 5 symbol received through the radio channel and to transmit 
present disclosure , and may be different according to users , the channel - decoded OFDM symbol to the higher layer , and 
intentions of the users , or customs . Therefore , the terms performs a Hybrid ARQ ( HARQ ) operation for transmitting 
should be determined based on the definitions provided in and receiving data . In order to support transmission of 
the description with due regard to the description as a whole . uplink data , the physical layer 220 or 225 manages a 

FIG . 1 is a view illustrating a structure of an LTE system 10 Physical Uplink Shared Channel ( PUSCH ) , a Physical 
to which the present invention is applied . Although an LTE HARQ Indicator Channel ( PHICH ) that transfers an 
system will be described as an example of a mobile com Acknowledgement ( ACK ) / Non - Acknowledgement 
munication system to which the present invention may be ( NACK ) corresponding to an HARQ feedback for transmis 
applied , the present invention is not limited to such a specific sion of a PUSCH , a Physical Downlink Control Channel 
system . 15 ( PDCCH ) that transfers a downlink control signal ( for 

Referring to FIG . 1 , a wireless access network of the example , scheduling information ) , and a Physical Uplink 
mobile communication system includes evolved Node Bs Control Channel ( PUCCH ) that transfers an uplink control 
( hereinafter , referred to as eNBs , Node Bs , or base stations ) signal . The physical layer 220 or 225 may manage the 
105 , 110 , 115 and 120 , a Mobility Management Entity Physical Downlink Shared Channel ( PDSCH ) in order to 
( MME ) 125 , and a Serving - Gateway ( S - GW ) 130 . A UE 20 support transmission of downlink data . 
( hereinafter , referred to as a UE or a terminal ) 135 accesses FIG . 3 is a diagram illustrating carrier aggregation in an 
an external network ( not illustrated ) through the eNBs 105 , LTE system to which the present invention is applied . 
110 , 115 , and 120 and the S - GW 130 . Referring to FIG . 3 , one eNB generally transmits and 

The eNBs 105 , 110 , 115 or 120 corresponds to an existing receives multiple carriers through various frequency band 
node B in a Universal Mobile Telecommunication System 25 widths . For example , when an eNB 305 transmits a carrier 
( UMTS ) . The eNBs are connected with the UE 135 through 315 , the central frequency of which is f1 , and a carrier 310 , 
a wireless channel , and each eNB performs a more compli - the central frequency of which is f3 , a UE that does not have 
cated function than that of the existing node B . In the LTE carrier aggregation capability can transmit and receive data 
system , because all user traffic including a real time service , using one of the two carriers 310 and 315 . However , a UE 
for instance through an Internet Protocol ( IP ) such as a Voice 30 330 having carrier aggregation capability can simultane 
over IP ( VOIP ) , are serviced through a shared channel , an ously transmit and receive data to / from different carriers 310 
apparatus for collecting and scheduling state information on and 315 . The eNB 305 may allocate more carriers to the UE 
buffering states of the UEs , a state of available transmission 330 having the carrier aggregation capability according to 
electric power , a channel state and the like is required , and , circumstances , and then can improve the transmission rate 
the eNBs 105 , 110 , 115 and 120 are responsible for these 35 of the UE 330 . 
functions . One eNB generally controls a plurality of cells . It may be understood that the carrier aggregation means 

In order to implement a high transmission rate , the LTE that a UE simultaneously transmits and receives data 
system employs Orthogonal Frequency Division Multiplex - through several cells when one downlink carrier and one 
ing ( hereinafter , referred to as OFDM ) in a 20 MHz band uplink carrier which are transmitted and received by one 
width as a wireless access technology . Furthermore , Adap - 40 NB constitute one cell . A maximum data transmission rate 
tive Modulation & Coding ( hereinafter , referred to as AMC ) increases in proportion to the number of aggregated carriers . 
through which a modulation scheme and a channel coding Hereinafter , in the following description of the embodi 
rate are determined according to a channel state of the UE ments of the present disclosure , the reception of the data 
is applied . through the downlink carrier or the transmission of the data 

The S - GW 130 is a device that provides a data bearer , and 45 through the uplink carrier in the UE has the same meaning 
generates or removes the data bearer under the control of the as the transmission and reception of the data by using a 
MME 125 . The MME 125 is a device that is responsible for control channel and a data channel which are provided by a 
various control functions as well as a mobility management cell corresponding to a center frequency and a frequency 
function for the UE , and is connected with a plurality of the band which specify the carrier . In the description , ' Carrier 
eNBs 105 , 110 , 115 and 120 . 50 Aggregation ( CA ) ' means that a plurality of serving cells is 

FIG . 2 is a view illustrating a structure of a wireless set in one UE . Hereinafter , an LTE system will be described 
protocol in the LTE system to which the present invention is as an example of the present disclosure for convenience of 
applied . the description , but the embodiments of the present disclo 

Referring to FIG . 2 , the UE and the eNB include a Packet sure may be applicable to all kinds of wireless communi 
Data Convergence Protocol ( PDCP ) 205 or 240 , a Radio 55 cation systems supporting the carrier aggregation . 
Link Control ( RLC ) 210 or 235 and a Medium Access In recent years , a TDD - FDD CA function for aggregating 
Control ( MAC ) 215 or 230 , respectively , as the wireless a TDD serving cell and an FDD serving cell have become 
protocol of the LTE system . The PDCPs 205 and 240 are necessary . The carrier aggregation between the two different 
responsible for operations such as compression and resto - duplex modes is a significantly useful function to service 
ration of IP headers , and the RLCs 210 and 235 perform an 60 providers equipped with both a TDD frequency band and an 
Automatic Retransmission Request ( ARQ ) operation and FDD frequency band , and the number of such providers 
the like by reconfiguring a Packet Data Unit or Protocol Data tends to increase gradually . 
Unit ( PDCP or PDU ) into a suitable size . The MAC 215 or primary cell ( PCell ) and a secondary cell ( SCell ) are set 
230 is connected with various RLC layer devices configured in a UE to which carrier aggregation is applied . While the 
in one UE , and performs an operation of multiplexing RLC 65 UE and the eNB transmit various uplink control signals ( an 
PDUs to MAC PDU and demultiplexing the RLC PDUS HARQ feedback , Channel State Information ( CSI ) , and an 
from the MAC PDU . Scheduling Request ( SR ) signal ) through the PUCCH and 
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maintain a state in which data can be always transmitted and TDD - FDD CA for the combination of bands if the UE 
received , the SCell transmits and receives data through the reports that it supports a combination of band 1 and band 50 . 
PDSCH and the PUSCH , but the PUCCH is not transmitted One UE may support the TDD - FDD CA in a plurality of 
but is transited between an enable state and a disable state band combinations . Then , although it is not impossible to 
according to an instruction of the eNB . 5 design the UE such that PCell mode capability ( a capability 

In the FDD mode , the HARO feedback for a PDSCH on which duplex mode is supported by the UE in the PCell ) 
received from a predetermined sub frame N is transmitted may vary for the band combinations , a loss due to an 
from a sub frame N + 4 through the PUCCH of the PCell . In increase in the complexity of the UE is more severe than a 
the TDD mode , the HARQ feedback for a PDSCH received gain due to flexibility . According to embodiments of the 
from a predetermined sub frame N is transmitted from a sub nach 10 present invention , the UE applies the same PCell mode 

capability for all band combinations supported by the TDD frame N + k through the PUCCH of the PCell . The k is a FDD CA , and information regarding the fact is signaled value determined according to TDD UL / DL setting , and is using one frequency band combination regardless of the defined in Standard 3GPP TS 36 . 213 . number of frequency band combinations that support the 
If the PCell of a UE in which the TDD - FDD CA is set is , 

operated in the FDD mode , there is no difficulty in trans . The following are capability information elements that 
mitting a HARQ feedback because the PUCCH is present in should be reported to a network by a UE supporting carrier should be reported to a network by a UE su 
all sub frames for transmitting an HARQ feedback for the aggregation : 
PDSCH received by the TDD SCell to the FDD PCell . Frequency band ( s ) supported by the UE 
Meanwhile , if the PCell is operated in the TDD mode , an 20 Combination ( s ) of frequency bands supported by the UE 
original HARQ feedback timing cannot be achieved because The number of cells that may be aggregated for frequency 
the PUCCH is present by only some sub frames due to the bands 
attribute of the TDD in transmitting an HARQ feedback for Maximum bandwidths for frequency bands 
a PDSCH received from the FDD SCell to the TDD PCell . The information elements may be mutually combined to 
In the case of the TDD PCell , it is necessary to correct an 25 express a meaningful capability . For example , the UE 
HARQ feedback timing , which means that a new function reports the following capability information to the network : 
should be added to a modem of the UE . aggregating two cells throughout a bandwidth of maxi 

In order for the UE to properly operate in a given mum 20 MHz as a downlink while aggregating two 
communication network , information ( hereinafter , capabil cells throughout a bandwidth of maximum 20 MHz as 
ity information related to the capability of the UE should be 30 an uplink in band 1 ; 
provided to the network ( or at least one specific network aggregating one cell throughout a bandwidth of maximum 
node ) . The capability information may include , for example , 10 MHz as an uplink while aggregating two cells 
information on which feature and frequency the UE sup throughout a bandwidth of maximum 20 MHz as a 
ports . As the capability of the UE is advanced and a new downlink in band 1 ; 
function such as carrier aggregation is introduced , complex - 35 aggregating two cells throughout a bandwidth of maxi 
ity and magnitude of the capability information of the UE mum 20 MHz as a downlink while aggregating one cell 
also increases . throughout a bandwidth of maximum 10 MHz as an 

In order to report whether TDD - FDD CA will be sup uplink in band 1 , and aggregating two cells throughout 
ported in a network by an arbitrary UE , the following three a bandwidth of maximum 20 MHz as a downlink while 
types of information elements are necessary : aggregating two cells throughout maximum 20 MHz as 

Which band combination supports TDD - FDD CA ? an uplink in band 2 ; and the like . 
Is a FDD PCell supported ? The simplest method of reporting the capability informa 
Is a TDD PCell supported ? tion to the network is to explicitly report the information 
In an embodiment , the present invention suggests a elements one by one . However , because the UE tends to 

method of signaling the first type of information elements 45 support a larger number of band combinations due to the 
for each band combination , and signaling the second and introduction of new features such as carrier aggregation , the 
third types of information elements ( hereinafter , a PCell size of the capability information abruptly increases in the 
mode capability ) for each UE . That is , in one capability above - mentioned report method as the number of band 
report control message , a plurality of first type of informa combinations increases . In order to efficiently and accurately 
tion elements are signaled and only one second type of 50 report the capability of the UE , the capability information of 
information element and one third type of information the UE is preferably abbreviated and reported . To achieve 
element are signaled . this , the following suggestion may be introduced . 

In embodiments of the present invention , the UE reports The added bandwidth and the maximum number of cells 
information on bands supported by the UE and a combina - may be expressed together using a parameter called Band 
tion of the bands and defines identifiers for the bands such 55 width Class ( BWC ) . As an example , the bandwidth classes 
that the identifiers do not overlap each other for the FDD may be defined as in Table 1 . 
band and the TDD band ( for example , when a band corre 
sponding to frequency bands f1 and 12 is used for the TDD TABLE 1 
in area A and is used for the FDD in area B , one band 
indicator for the frequency band is defined for the TDD and 60 Maximum number 

CA Bandwidth Aggregated Transmission of Component one band indicator for the frequency band is defined for the Class Bandwidth Configuration Carrier ( CC ) FDD ) , and thus indicates whether the UE supports the 
TDD - FDD CA for each combination of bands with reference A Added bandwidth = 20 MHz 

Added bandwidth = 20 MHz to the band indicators of the frequency bands reported by the 20 MHz < Added bandwidth s 
UE . For example , when it is assumed that frequency band 65 40 MHz 
indictors 0 to 31 relate to an FDD band and frequency band 
indicators 32 to 63 relate to a TDD band , the UE supports the 

40 

- ? 
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tively . 

For example , the fact that a bandwidth class for a certain ITY INFORMATION message to the eNB . The eNB trans 
frequency band is A means that a maximum of one carrier mits , in step 450 , a UE CAPABILITY INFO INDICATION 
( or one serving cell ) may be set for the frequency band and message to the MME to report capability information of the 
the total sum of the bandwidths of the serving cells set in the UE recorded in the UE CAPABILITY INFORMATION 
frequency band is a maximum of 20 MHz . 5 message . The eNB also may properly reset the UE with 
When two or more bandwidth classes are supported in any reference to a traffic situation and a channel situation of the 

one frequency band in a frequency band combination , they UE based on capability information reported by the UE . For 
may be included in the same Information Element ( herein example , the eNB may set , in step 455 , an additional SCell after , IE ) . Then , frequency band combination information in the UE through an RRC CONNECTION RECONFIGU should be configured such that all combinations of the 10 RA RATION message or set a measurement gap while instruct bandwidth classes recorded in one frequency band combi ing measurement for another frequency to the UE . nation are supported by a terminal . In step 460 , the eNB and the UE transmit and receive data 

First Embodiment by applying the setting . 
FIGS . 5A to 5D are diagrams illustrating capability infor 

FIG . 4 is a diagram illustrating an operation of an LTE mation according to a first embodiment of the present 
system according to a first embodiment of the present invention . 
invention . Referring to FIGS . 5A to 5D , the capability information of 

A UE is powered , in step 420 , on in a mobile communi - the UE includes an E - UTRA band information ( Supported 
cation system including the UE 405 , an eNB 410 , and an 20 BandListEUTRA ) 501 , information 508 on a band combi 
MME 415 . The UE searches for a cell that receives electric nation supported by the UE , a measurement capability 
waves and a PLMN through a cell search process , and parameter ( MeasParameter ) 535 of the UE , PCell mode 
determines , in step 425 , through which cell of a PLMN a related information ( PCellCapability ) 530 of the UE , and 
registration process will be performed based on the search release information ( accessStratumRelease ) 507 of the UE . 
result . 25 The release information 507 of the UE in FIG . 5A is 

After performing an Radio Resource Control ( RRC ) con - information regarding which release of the LTE standards is 
nection setting process through the selected cell , the UE h the selected cell , the UE realized in the UE . 
transmits , in step 430 , a control message ATTACH FIG . 5B includes information on an EUTRA band sup REQUEST that requests registration to the MME . The ported by the UE , for example , frequency band indicators message includes information such as an identifier of the 30 503 and 505 . It is assumed that the UE supports band X and UE . After the MME determines whether registration of the band Y , which are an FDD band and a TDD band , respec UE will be allowed if an ATTACH REQUEST message is 
received , and if it is determined that the registration will be 
allowed , the MME transmits , in step 435 , a control message In FIG . 5C , SupportedBandCombinationList includes one 
called an Initial Context Setup Request Message to a serving 35 5 or more band combination parameters ( BandCombination 
eNB of the UE . If the MME has capability information of the Parameters , BCPs hereafter ) 510 , 515 , 520 , and 525 . The 
UE , the message is transmitted while containing capability BCP is information on band combinations supported by the 
related information of the UE , but because the MME does UE . The BCP includes one or more band parameters ( Band 
not have such information in the initial registration process , Parameters , BPs hereafter ) . The BP includes a band indica 
the message does not contain UE capability related infor - 40 tor ( FreqBandIndicator ) , a forward band parameter ( band 
mation . If receiving an Initial Context Setup Request Mes - ParametersDL , BPDL hereinafter ) , and a reverse band 
sage that does not include capability information of the UE , parameter ( bandParameters UL , BPUL hereinafter ) . The 
the eNB transmits , in step 440 , a control message called UE BPDL includes a bandwidth class ( bandwidth Class ) that 
CAPABILITY ENQUIRY to the UE . The message instructs indicates the number of serving cells supported by the 
the UE to report capability , and requests capability infor - 45 corresponding band and antenna capability information . For 
mation for a specific Radio Access Technology ( RAT ) of the example , bandwidth class A may represent a capability by 
UE using a parameter called RAT Type . If the UE performs which one serving cell of a maximum entire bandwidth of 20 
the process in an LTE network , the RAT - Type is set to an MHz may be set . bandwidth class B may represent a 
Evolved Universal Terrestrial Radio Access ( EUTRA ) . The capability by which two serving cells may be set and a total 
eNB also may request Universal Mobile Telecommunica - 50 - 30 entire bandwidth is a maximum of 20 MHz , and bandwidth tions System ( UMTS ) related capability information of the class C may represent a capability by which two serving UE by adding the UTRA to the RAT - Type for provision cells may be set and a total entire bandwidth is a maximum against a handover if another wireless network , for example , of 40 MHz . a UMTS network is present around the eNB . If receiving a 
UE CAPABILITY ENQUIRY control message , the UE 55 In 525 of FIG . 5C , the UE supports CA in a combination 
generates UE CAPABILITY INFORMATION in which of band X and band Y . Then , band X is an FDD band and 
capability information of the UE for a wireless technology band Y is a TDD band , the UE is a UE that supports 

instructed by the RAT Type is recorded . The UE CAPABIL TDD - FDD CA . 
ITY INFORMATION may include one or more band com As described above , the UE that supports TDD - FDD CA 
bination information elements for the band combinations 60 in at least one band combination includes two or more 
supported by the UE . The band combination information entries 527 and 528 and PCellCapability 530 information 
elements are information elements that represent which CA into the capability report message . The PCellCapability 
combination is supported , and the eNB may set a suitable information is information regarding in which mode PCell is 
CA in the UE using the band combination information supported and may include one or two information elements , 
elements . The UE CAPABILITY INFORMATION also may 65 which will be described in the following . 
include information related to a TDD - FDD CA capability of In the following an example is described in which PCell 
the UE . The UE transmits , in step 445 , the UE CAPABIL - Capability includes one information element . 
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All UEs that support TDD - FDD CA in the at least one If the first information is not included or the first infor 
band combination support [ FDD PCell , TDD SCell ] , and mation indicates No , it means that the terminal does not 
PCellCapability represents only whether [ TDD PCell , FDD support [ TDD PCell , FDD SCell ] in any of the band SCell ] are supported . 5 combinations that have been reported to support TDD - FDD 

If the information indicates Yes , it means that the UE 
supports [ TDD PCell , FDD SCell ] and [ FDD PCell , TDD 
SCell ] in all band combinations that have been reported to If the second information indicates Yes , it means that the 
support TDD - FDD CA . UE supports [ FDD PCell , TDD SCell ] in all band combi 

If the information is not included or the information 10 nations that have been reported to support TDD - FDD CA . 
indicates No , it means that the terminal does not support If the second information is not included or the second [ FDD PCell , TDD SCell ] in any of the band combinations information indicates No , it means that the terminal does not that have been reported to support TDD - FDD CA . support [ FDD PCell , TDD SCell ] in any of the band 

[ TDD PCell , FDD SCell ] is set such that PCell is a TDD 15 3 combinations that have been reported to support TDD - FDD serving cell and at least one SCell is an FDD serving cell . CA . [ FDD PCell , TDD SCell ] is set such that PCell is a FDD 
serving cell and at least one SCell is an TDD serving cell . When PCellCapability includes one information element , 
Now an example is described in which PCellCapability the capability report information reported by the UE may be 

includes two information elements . analyzed as in Table 2 . Accordingly , the UE may configure 
The first information element represents whether the UE UE capability report information according to the contents 

supports [ TDD PCell , FDD SCell ] , and the second infor of Table 2 . 
TABLE 2 

SupportedBandCombination List PCellCapability UE capability 

Case 1 

Case 2 

All the band combinations Not present UE that does not 
corresponding to CA relate to FDD support TDD - FDD 
FDD CA ( all band indicators of the CA 
band combinations are FDD band 
indicators ) or relate to TDD - TDD 
CA ( all band indicators of the band 
combinations are TDD band 
indicators ) . 
At least one of the band Not present or No Supports TDD - FDD 
combinations corresponding to CA CA , and all band 
relates to TDD - FDD CA ( at least one combinations 
of the band indicators of the band supporting TDD - FDD 
combinations is an FDD band CA support [ FDD 
indicator and at least one of them is a PCell , TDD SCell ] . 
TDD band indicator ) . 
Identical with Case 2 Present or Yes Supports TDD - FDD 

CA , and all band 
combinations 
supporting TDD - FDD 
CA support [ FDD 
PCell , TDD SCell ] 
and [ TDD PCell , FDD 
SCell ] . 

Case 3 

mation element represents whether the UE supports [ FDD 
PCell , TDD SCell ] . 

If the first information indicates Yes , it means that the UE 
supports [ TDD PCell , FDD SCell ] in all band combinations 
that have been reported to support TDD - FDD CA . 

When PCellCapability includes two information ele 
50 ments , the capability report information reported by the UE 

is analyzed as in Table 3 . Accordingly , the UE may configure 
UE capability report information according to the contents 
of Table 3 . 

that Ports ( TDD premation indicat 
TABLE 3 

SupportedBand 
Combination List 

PCellCapability 
on [ FDD PCell , 
TDD SCell ] 

PCellCapability 
on [ TDD PCell , 
FDD SCell ] UE capability 

Case 4 Identical with Case 1 Not present N ot present 

Case 5 Identical with Case 2 Not present or No Present or Yes 

UE that does not support 
TDD - FDD CA 
Supports TDD - FDD CA , 
and all band combinations 
supporting TDD - FDD CA 
support [ TDD PCell , FDD 
SCell ] . 



US 10 , 278 , 183 B2 
13 14 

TABLE 3 - continued 

SupportedBand 
Combination List 

PCellCapability 
on [ FDD PCell , 
TDD SCell ] 

PCellCapability 
on [ TDD PCell , 
FDD SCell ] UE capability 

Case 6 Identical with Case 2 

Case 7 Identical with Case 2 

Present or Yes Not present or No Supports TDD - FDD CA , 
and all band combinations 
supporting TDD - FDD CA 
support [ FDD PCell , TDD 
SCell ] . 

Present or Yes Present or Yes Supports TDD - FDD CA , 
and all band combinations 
supporting TDD - FDD CA 
support [ FDD PCell , TDD 
SCell ] and [ TDD PCell , 
FDD SCell ] . 

Not present or No Not present or No UE capability in Case 8 is 
described below this table . 

Case 8 Identical with Case 2 

The following is a description of UE capability in Case 8 . 20 combination for applying TDD - FDD CA or only a network 
This is the case in which the UE supports TDD - FDD CA exists which supports either FDD PCell or TDD PCell , it is 

in at least one band combination and PCellCapability is not impossible to perfectly perform the IOT ) , and the IOT may 
included in capability information . be performed only for one of FDD and TDD in the band 

Because PCellCapability is a parameter introduced from combination even if the UE supports both the FDD PCell 
a specific release ( for example , Release 12 ) , the UE ( for 25 and TDD PCell . Accordingly , if the UE does not separately 
example , the Release 10 terminal ) which functions accord report an IOT situation for PCellCapability , a multiple 
ing to a lower release cannot use the parameter . However , connection operation may be limitedly applied because the 
considerable demand for TDD - FDD CA exists for the UE eNB cannot be sure for which PCell mode the IOT is before the specific release . Accordingly , according to an performed . Accordingly , the UE may include information embodiment of the present invention , when the UE func - 30 regarding for which PCellCapability the IOT is completed tioning in a lower than the specific release reports that at for TDD - FDD CA band combinations . In particular , the least one band combination supports TDD - FDD CA and 
does not report PCellCapability , the UE supports [ FDD information may be realized to report only the UE that 
PCell , TDD SCell ] . Accordingly , in one of the UEs before supports both FDD PCell and TDD PCell . The UE that 
the specific release that supports TDD - FDD CA in at least 35 supports only one of two functions ( for example , FDD 
one band combination , a band combination that supports the d combination that supports the PCell ) omits BandCombination Parameters corresponding to 
TDD - FDD CA is included in SupportedBandCombination the band combination from the capability information to 
List if the band combination supports FDD PCell , TDD indirectly display that the IOT is not performed if the 10T 
SCell ] , and the TDD - FDD CA is not included in Support for the function is not performed in BandCombinationPa 
edBandCombinationList otherwise . 40 rameters ( that includes two or more band entries , in which 

The UEs corresponding to the specific release and the at least one band entry is indicated by a band indicator 
releases after the specific release include PCellCapability if pertaining to a first area and at least one band entry is 
the at least one band combination supports TDD - FDD CA . indicated by a band indicator pertaining to a second area ) for 

Accordingly , if the UE that has reported that the at least an arbitrary TDD - FDD CA band combination . 
one band combination supports TDD - FDD CA does not 45 Whether the IOT is performed may be individually 
report PCellCapability , the eNB identifies the release infor reported for FDD PCell and TDD PCell or may be integrated 
mation of the UE , if the release corresponds to a release prior into one information element to be reported , and the UE 
to the specific release , it is determined that the UE supports supports TDD - FDD CA in a predetermined band combina 
TDD - FDD CA , and the release corresponds to the specific tion due to an RF capability of the UE and includes 
release or a release after the specific release , it is determined 50 BandCombinationParameters for the band combination in 
that the UE does not support TDD - FDD CA . the capability information only when the IOT for at least one 

An Inter - Operability Test ( IOT ) is an associated test of FDD PCell and TDD PCell is completed in the band 
between a UE and a network , and it is preferable that only combination . 
a function is to be used that has passed through the associ Table 4 illustrates an example of capability information 
ated test . Because the IOT requires both a commercially 55 individually reporting whether the IOT is performed for 
realized UE and a network , the IOT may not be performed FDD PCell and TDD PCell . In Table 4 , the UE reports 
even if the UE implements the function in the step in which BandCombinationParameters for six band combinations , 
an arbitrary function is not widely implemented . In particu and reports IOT related information only for two BandCom 
lar , when a network is not present that actually uses a band bination Parameters related to TDD - FDD CA . 

TABLE 4 

Bandcombination FDD PCell IOT 
Parameters related information 

TDD PCell IOT 
related information Others 

Band 1 Not present Band 
combination 1 

Not present Not TDD - FDD CA 
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TABLE 4 - continued 

Bandcombination FDD PCell IOT 
Parameters related information 

TDD PCell IOT 
related information Others 

Band 2 Not present Not present Not TDD - FDD CA 

Band 50 Not present Not present Not TDD - FDD CA 

Band 
combination 2 
Band 
combination 3 
Band 
combination 4 
Band 
combination 5 

Not present Not present Not TDD - FDD CA Band 1 + 
Band 2 
Band 2 + 
Band 50 

Yes No Perform IOT for 
FDD PCell 
Not perform IOT 
for TDD PCell 
Perform IOT for 
FDD PCell 
Perform IOT for 
TDD PCell 

Yes Yes Band 
combination 6 

Band 1 + 
Band 50 

In Table 4 , for example , the fact that the IOT is performed Second Embodiment 
for FDD PCell in band combination 5 means that TDD - FDD 20 
CA is possible for FDD PCell in the corresponding band The UE reports all bands and band combinations sup 
combination . ported by the UE to SupportedBandCombinationList . The 

Table 4 individually displays whether the IOTs for FDD amount of reported information is not large when the num 
PCell and TDD PCell are performed . Alternatively , whether ber of bands supported by the UE is small , but as the 
the IOT for FDD PCell is performed is associated with 25 numbers of bands and band combinations supported by the 
presence of the corresponding band combination , and only UE increase , the size of SupportedBandCombinationList 
whether the IOT for TDD PCell is performed may be may also exponentially increase . 
individually displayed . For example , the fact that the IOT According to the present invention , the problem is solved 
information for the TDD - FDD CA band combination is Yes by reporting only information on a capability required by the 
means that both the IOTs for FDD PCell and TDD PCell are 30 eNB . 
performed for the corresponding band combination , and if FIG . 7 is a diagram illustrating an operation of an LTE 
the IOT information for another TDD - FDD CA band com system according to a second embodiment of the present 
bination is No , it means that only the IOT for FDD PCell is invention . 
performed for the corresponding band combination . Like in steps 420 to 435 of FIG . 4 , after steps 720 to 735 

The display of the IOT being Yes or No may be indicated 35 are performed , the eNB transmits a control message called 
by 1 bit information . Alternatively , it may be indicated by UE CAPABILITY ENQUIRY to the UE in step 740 . The 
presence or absence of the corresponding information . For control message may further include capability report 
example , if the corresponding information is present , it may restriction information that indicates that only a predeter 
indicate Yes , and if the corresponding information is not mined capability will be reported in order to restrict the size 
present , it may indicate No . 40 of UE CAPABILITY INFORMATION . 

FIG . 6 is a flowchart illustrating an operation of a UE Provided is a first example of capability report restriction 
according to the first embodiment of the present invention . information ( hereinafter , Capability report restriction infor 

Referring to FIG . 6 , in step 605 , when receiving the UE mation 1 ) . 
CAPABILITY ENQUIRY control message , the UE per - In the eNB , or a mobile communication network that 
forms step 610 and identifies the RAT Type included in the 45 currently provides a service to the UE , capability report 
message . restriction information 1 is information that indicates that 

If the RAT Type is set to EUTRA , the UE performs step capability information related to an actually used frequency 
620 , while if the RAT Type is not set to the EUTRA but band and includes an E - UTRA frequency list . 
another value , the UE performs step 615 . In step 615 , the UE Further it is provided a second example of capability 
performs an operation of reporting a capability for the 50 report restriction information ( hereinafter , Capability report 
corresponding RAT according to the related art that is restriction information 2 ) . 
described in Standard 3GPP TS 36 . 331 . In step 620 , as In the eNB , or a mobile communication network that 
described above , the UE may generate performance infor - currently provides a service to the UE , capability report 
mation of the UE . The performance information may include restriction information 2 is information that indicates that 
SupportedBandList coded into ASN . 1 , SupportedBandCom - 55 capability information related to an actually used frequency 
binationList , or PCellCapability information , and the UE band combination and includes an E - UTRA frequency band 
may set the capability information in consideration of combination list . 
whether TDD - FDD CA is supported or the release or PCell Yet further it is provided a third example of capability 
mode capability of the UE . report restriction information ( hereinafter , Capability report 

In step 625 , the UE generates a UE CAPABILITY 60 restriction information 3 ) . 
INFORMATION message containing the capability infor - In the eNB , or a mobile communication network that 
mation and transmits the generated UE CAPABILITY currently provides a service to the UE , capability report 
INFORMATION message to the eNB . Then , if the user data restriction information 3 is information that indicates that 
( for example , an IP packet or a voice frame ) that were capability information related to an actually used frequency 
generated first are present , the UE CAPABILITY INFOR - 65 band combination and a bandwidth class and includes an 
MATION message may be transmitted ahead of the user data E - UTRA frequency band combination list and a highest 
that were generated first . bandwidth class supported by the current network . 
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Even yet further it is provided a fourth example 4 of bands ( or band entries ) includes only a band combination 
capability report restriction information ( hereinafter , Capa - indicted by capability report restriction information 2 . 
bility report restriction information 4 ) . MeasParamters : includes only the remaining measure 

In an eNB or a mobile communication network currently ment capability information other than measurement capa 
serviced by an UE , an E - UTRA frequency band combination 5 bility information related to a band combination excluded by 
list and a type of the frequency band combination ( or the capability report restriction information 2 of the entire 
number of configurations ) are configured as information that measurement capability information of the UE . 
indicates that only capability information related to a fre - < When Capability Report Restriction Information 3 is 
quency band combination of a specific type ( or configured Used > 
with a specific number of frequency band combinations ) of 10 SupportedBandListEUTRA : includes all E - UTRA bands 
a frequency band combination of the frequency band com - supported by the UE . 
binations that may be actually used . SupportedBandCombinationList : a band combination 

In the present invention , a capability including frequency including one band ( or a band entry ) of band combinations 
bands at which the UE may communicate or frequency band supported by the UE includes all E - UTRA bands supported 
combinations at which the frequency band combinations 15 by the UE , and a band combination including two or more 
may communicate is defined as an entire capability of the bands ( or band entries ) includes only the remaining band 
UE . In step 745 , a UE CAPABILITY INFORMATION combinations other than band combinations indicted by 
message that reports only some capabilities of the entire capability report restriction information 3 . 
capability of the UE according to the capability report MeasParamters : reports only the remaining measurement 
restriction information may be transmitted to the eNB . Then , 20 capability information other than measurement capability 
the UE may include information such that only some capa - information related to a band combination excluded by 
bilities are reported in UE CAPABILITY INFORMATION . capability report restriction information 3 of the entire 
Alternatively , the UE may report the entire capability of the measurement capability information of the UE . 
UE regardless of the capability report restriction informa - < When Capability Report Restriction Information 4 is 
tion . Then , the UE may include information such that the 25 Used > 
entire capability is reported in UE CAPABILITY INFOR - SupportedBandListEUTRA : includes all E - UTRA bands 
MATION . Alternatively , the eNB may be informed of a fact supported by the UE . 
that the UE reports an entire capability by excluding infor SupportedBandCombinationList : The band combinations 
mation regarding the fact that some capabilities are reported of the band combinations supported by the UE , which is 
from UE CAPABILITY INFORMATION . 30 indicated by capability report restriction information 4 , also 
When the UE reports some capabilities of the entire include only band combinations corresponding to the indi 

capability according to the capability report restriction infor cated specific type ( or corresponding to the indicated spe 
mation , the UE selects some capabilities that will be cific number ) . Then , band combinations including one band 
reported as follows . ( or band entry ) or carrier aggregated band combinations 
< When Capability Report Restriction Information 1 is 35 including two downlinks band and one uplink band may be 
Used > included regardless of the indicated information . That is , 

SupportedBandListEUTRA : includes all E - UTRA bands parts of the band combinations may be included in the 
supported by the UE . indicated information and the rest of the band combinations 

SupportedBandCombinationList : a band combination may be not included in the indicated information . 
including one band ( or a band entry ) of band combinations 40 In FIG . 5D , the MeasParameters ( 535 ) is information 
supported by the UE includes all E - UTRA bands supported related to the measurement capability of the UE . The mea 
by the UE , and a band combination including two or more surement capability parameters include band information 
bands ( or band entries ) includes only a band combination elements ( BandInfoEUTRAs ) ( hereinafter , BIs ) 540 , 542 , 
associated with the bands indicated by capability report 5 44 , and 546 corresponding the number of the BCPs 510 , 
restriction information 1 . 45 515 , 520 , and 525 , and the BIs correspond to the BCPs 

MeasParamters : includes only the remaining measure according to the sequence in which the BCPs and the 
ment capability information other than measurement capa corresponding information elements are recorded . That is , 
bility information related to a band combination excluded by the BI 540 corresponds to the BCP 510 , and the BI 542 
capability report restriction information 1 of the entire corresponds to the BCP 515 . The BI includes interFreqBan 
measurement capability information of the UE . 50 dList ( hereinafter , IFBL ) that is information regarding 

Capability report restriction information 1 is not applied whether a measurement gap is necessary when an inter 
for a band combination including one band in Supported frequency measurement is performed for frequency bands 
BandCombinationList because the band combination is and interRAT - BandList ( hereinafter , IRBL ) that is informa 
applied not to a CA operation but to a general operation tion regarding whether a measurement gap is necessary 
( non - CA band ) so that it may be necessary when a handover 55 when frequency bands of other Radio Access Technologies 
to another communication network is performed later , and ( RATS ) ( for example , UTRAS ) are measured . The IFBL 
the number of band combinations including one band is includes Measurement Gap Need for Gaps ( hereinafter , 
restrictive so that the number of the sizes of the messages is IFNGs ) corresponding to the number of EUTRA frequency 
mere even if the all the band combinations are included . bands supported by the UE . The IFNG displays whether a 
< When Capability Report Restriction Information 2 is 60 measurement gap is necessary in the sequence for EUTRA 
Used > frequency bands recorded in the supported EUTRA fre 

SupportedBandListEUTRA : includes all E - UTRA bands quency band list ( supportedBandListEUTRA ) . If the UE 
supported by the UE . records band X and band Y in supportedBandListEUTRA , 

SupportedBandCombinationList : a band combination the first IFNG 550 represents a measurement gap needed for 
including one band ( or a band entry ) of band combinations 65 band X and the second IFNG 555 represents a measurement 
supported by the UE includes all E - UTRA bands supported gap needed for band Y . That is , the IFNG 550 represents 
by the UE , and a band combination including two or more whether a measurement gap is necessary when the UE 
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performs an inter - frequency measurement for band X in the case , only information on carrier aggregation band combi 
case where the UE is set according to the BCP 510 , and the nations of all the band combinations supported by the UE , 
IFNG 555 represents whether a measurement gap is neces among band 1 , band 2 , band 3 , and band 4 , which include 
sary when an inter - frequency measurement is performed for downlinks and uplinks corresponding to the numbers indi 
band Y . 5 cated by the eNB is reported . For example , only the carrier 

The frequency band reported in supportedBandLis - aggregation band combination information including three 
TEUTRA should be reported as band combination informa - downlinks and one uplink may be reported . 
tion having one band entry even in SupportedBandCombi - The band combination including one band ( or band entry ) 
natonList to properly set a measurement capability may be expressed by one downlink and one uplink ( X = 1 , 
parameter . When the UE generates the capability report 10 Y = 1 ) . In another method , if the X and Y values are restricted 
message , the BCP of the BCPs for the band recorded in the by the eNB with X downlinks and Y uplinks , the UE may 
n - th order in supportedBandListEUTRA , which includes include information on band combinations including a car 
one entry , sets the sequence of the BCPs to be recorded in rier aggregation band combination corresponding to a subset 
the n - th order even in SupportedBandCombinationList . For of a carrier aggregation band combination and one band ( or 
example , because band X and band Y are sequentially 15 band entry ) as well as carrier aggregation band combinations 
recorded in supportedBandListEUTRA 501 , the Supported including X downlinks and Y uplinks in the message of step 
BandCombinationList 508 codes band X and band Y such 745 . For example , in step 740 , the eNB indicates only band 
that the BCP 510 including only band X and the BCP 515 1 , band 2 , band 3 , and band 4 as a capability report target list 
including only band Y are the first and second BCPs . If at and it is indicated that X is 3 and Y is 1 , and it is assumed 
least one BCP includes only band X , the BCP to which CA 20 that the UE supports a band combination including one band 
is not applied ( that is , a bandwidth class is A ) is disposed ( or band entry ) and all carrier aggregation band combina 
first , and the BCP to which CA is applied is disposed after tions including all N downlinks and Muplinks ( N and Mare 
all the single band BCPs to which CA is not applied are integers equal to or larger than 1 ) for band 1 , band 2 , band 
disposed . That is , among the BCPs 510 and 520 including 3 , and band 5 ( band 5 is not present in the capability report 
only band X , the BCP 510 is disposed in the first place and 25 target list indicated by the eNB ) . In addition to the carrier 
the BCP 520 is disposed in the next place of the BCP aggregation band combinations including three downlinks 
including only band Y . and one uplink supporting band 1 , band 2 , and band 3 , the 

In summary , when the UE performs a limited capability UE includes carrier aggregation band combinations [ 2 + 1 ] 
report , the entire SupportedBand ListEUTRA of the UE may including two downlinks and one uplink regarded as a subset 
be reported without being limited by the capability report 30 of [ 3 + 1 ] carrier aggregation band combinations for band 1 , 
restriction information . band 2 , and band 3 and band ( or band entry ) combinations 

If the eNB receives a UE CAPABILITY INFORMATION including one downlink and one uplink . 
message from the UE in step 745 , steps 750 to 760 are Regardless of which of 1 , 2 , 3 , and 4 is used as capability 
performed like steps 450 to 460 . report restriction information , the amount of information of 
When capability report restriction information 4 is used , 35 the band combinations supported by the UE may exceed a 

the control message of step 740 includes information on a maximum value that may be informed of by the message of 
band list that will restrict report of capability ( for example , step 745 . In order to handle such a case , the capability report 
only band 1 , band 2 , band 3 , and band 4 are included in the restriction information may be indicated in consideration of 
capability report target list ) , and information on a carrier a priority when the capability report restriction information 
aggregation band combination including a specific number 40 is indicated by the eNB through the message of step 740 . 
of band combinations using the band list ( for example The priority information may be indicated as explicit control 
information of a combination of band 3 and band 1 may be information or indicated implicitly . As an example of the 
included regarding a carrier aggregation band combination explicit control information , the capability report restriction 
including X downlinks ( three downlinks ) and Y uplinks ( for information may be classified into groups for the priorities 
example , one uplink ) ) . 45 and may be signaled . Meanwhile , as an example of implicit 

If the UE receives a message of step 740 including the control information , the priorities may be implicitly signaled 
information , for example , that only a band combination in the arrangement sequence by arranging the capability 
including one band ( or band entry ) to which carrier aggre - report restriction information in the sequence from the 
gation supported by the UE is not applied for band 1 , band highest priority to the lowest priority ( or may be arranged in 
2 , band 3 , and band 4 and carrier aggregation band combi - 50 the sequence from the lowest priority to the highest priority ) . 
nation information elements of all carrier aggregation band If the number of band combinations that will be included in 
combinations including N downlinks and M uplinks ( N and the message of step 745 exceeds a maximum value that can 
M are integers equal to or larger than 1 ) , which includes be accommodated in accordance with the capability report 
three downlinks and one uplink may be included in the restriction information indicated by the message of step 740 , 
message of step 745 to be transmitted , and accordingly , the 55 it is preferred that only those band combination information 
amount of transmitted information can be reduced . elements are included for the bands having a relatively 

In some embodiments of the present invention , a band higher priority until the mentioned maximum value is 
combination including one band ( or band entry ) and carrier reached . 
aggregation band combinations including two downlinks Meanwhile , information that indicates a state in which 
and one uplink may be always included regardless of carrier 60 band combinations are included in the message of step 745 
aggregation band combination information ( “ 3 ” and “ 1 ” in according to the capability report restriction information 
the example ) corresponding to the restricted specific num - indicated by the eNB but exceeds a maximum value so as 
ber . That is , the carrier aggregation band combinations may not to include all the band combinations may be included in 
be regarded as default band combinations included in the the message of step 745 . When the indication information is 
message of step 745 . The default band combinations corre - 65 included in the message received in step 745 and if there is 
spond to one method of the embodiment , and a method of a need for band combinations present other than the band 
excluding a default band combination is also possible . In this combinations included in the message received in step 745 , 



US 10 , 278 , 183 B2 
21 

the eNB may additionally request information on additional as capability report restriction information element 2 , the 
support band combinations from the UE using capability UE generates a capability report message including 820 and 
report restriction information elements 1 , 2 , 3 , and 4 . FIG . 830 and reports the generated message . 
8 is a diagram illustrating an example of capability report In order to prevent the eNB from requesting a capability 
restriction information according to a second embodiment of 5 report whenever the UE sets connection with the eNB , the 
the present invention . UE may include information that may distinguish a case of 

When the UE determines SupportedBandCombination reporting an entire capability from a case of reporting some 
List when reporting a restricted capability , for the BCPS capabilities in the capability report message . 
including only one band information element , the UE If capability information of the UE and information 
records all BCPs without being restricted by capability 10 regarding whether the capability information is information 
report restriction information and for the BCPs including at on the entire capability or information on some capabilities 
least ( preferably more than ) one band information element , may be recorded in the UE CAPABILITY INFO INDICA 
the UE records BCPs determined according to the capability T ION message and transmitted to the MME , the MME may 
report restriction information . store the transferred information . When the UE newly sets a 
When the UE performs a restricted capability report , a 15 connection later , the MME may include information regard 

newly generated MeasParameters is used based on Support - ing whether the information is information on the entire 
edBandCombinationList and restricted by the capability capability or information on some capabilities and capability 
report restriction information rather than MeasParameters information of the UE in the INITIAL CONTEXT SETUP 
generated based on the entire SupportedBandCombination - REQUEST message and may transmit the message to the 
List of the UE . 20 eNB . If the transferred capability information is information 

For example , the UE supports , 805 , band 1 , band 2 , band on the entire capability , the eNB does not transmit UE 
3 , and band 4 , and supports , 810 , a total of 12 band CAPABILITY ENQUIRY to the UE . If the transferred 
combinations . An IFNG that indicates , 815 , whether mea capability information is information on some capabilities 
surement gaps are necessary for bands of the 12 band and band combination information desired by the eNB is 
combinations is recorded in MeasParameters of the UE . 25 omitted , the eNB generates UE CAPABILITY ENQUIRY 

Band 1 , band 2 , band 3 , and band 5 are indicated to the and transmits UE CAPABILITY ENQUIRY to the UE . 
UE as the first capability report restriction information . The FIG . 9 is a flowchart illustrating an operation of a UE 
UE records information on all bands supported by the UE in according to the second embodiment of the present inven 
supportedBandListEUTRA , the BCPs including one band tion . 
are recorded in SupportedBandCombination List according 30 Referring to FIG . 9 , in step 905 , when receiving the UE 
to the sequence recorded in supportedBandListEUTRA , and CAPABILITY ENQUIRY message , the UE performs step 
the measurement capability information elements 820 for 910 and identifies the RAT Type included in the message . 
the BCPs are all recorded . If the RAT Type is set to EUTRA , the UE performs step 

The UE sequentially records with respect to BCPs includ - 920 , while if the RAT Type is not set to the EUTRA but 
ing at least one band the BCPs that satisfy the following 35 another value , the UE performs step 915 . In step 915 , the UE 
condition in SupportedBandCombinationList . is operated according to the related art like in step 615 . In 
< Condition > step 920 , the UE inspects whether capability report restric 

The BCP corresponding to the band combination includ - tion information is recorded in the UE CAPABILITY 
ing at least one band , for example , the UE that includes only ENQUIRY message , and if capability report restriction 
bands of all E - UTRA bands , which are indicated by the first 40 information is recorded , step 930 is performed , and if 
capability report restriction information sequentially capability report restriction information is not recorded , step 
includes the BCPs corresponding to band combinations 925 is performed . 
[ 1 + 2 ] , [ 1 + 3 ] , [ 1 + 2 + 3 ] in SupportedBandCombinationList In step 925 , the UE records the entire capability in the UE 
and includes , 825 , the BIs corresponding to the BCPs in CAPABILITY INFORMATION message and performs step 
MeasParameters . 45 950 . 

That is , the UE generates a UE capability report message In step 930 , the UE records an entire capability in 
including 820 and 825 and transmits the UE capability supportedBandListEUTRA . That is , the UE records all 
report message to the eNB . supported bands . 

Because the UE may not report a capability for all bands In step 935 , the UE records an entire capability for a band 
( in the example , band 1 , band 2 , band 3 , and band 5 ) 50 combination including a single band in SupportedBand 
indicated by the eNB ( in the example , the BCP for band 5 CombinationList . 
is not reported but the BCPs including band 1 , band 2 , and in step 940 , the UE selectively records only a band 
band 3 are reported ) , and the UE may include information combination selected by the capability report restriction 
regarding which bands the band combination information information for a band combination including multiple 
are recorded for or indicating in the capability report mes - 55 bands in SupportedBandCombinationList . 
sage . That is , if the eNB indicates band 1 , band 2 , band 3 , In step 945 , the UE records capabilities of the BCPs of 
and band 5 as capability report restriction information 1 , the SupportedBandCombinationList and the BIs corresponding 
UE may include , in the capability report message , informa - to the BCPs in which capability report restriction informa 
tion indicating that the bands considered by the UE in the tion is considered in meas Parameters . 
band combination information are band 1 , band 2 , and band 60 The information on the recorded capability may be coded 
3 . That is , the frequency band list including some of capa - by ASN . 1 . 
bility report restriction information 1 may be included in the In step 950 , the UE generates a UE CAPABILITY 
capability report message as information that is separate INFORMATION message that recorded the information 
from supportedBandListEUTRA . recorded in steps 930 to 945 to transmit the generated UE 

The same principle is also applied when capability report 65 CAPABILITY INFORMATION message to the eNB . Then , 
restriction information elements 2 and 3 are used . For if the user data ( for example , an IP packet or a voice frame ) 
example , if band combinations [ 1 + 3 ] and [ 1 + 5 ] are indicated that were generated first are present , the UE CAPABILITY 
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INFORMATION message may be transmitted ahead of the information on whether the UE supports TDD PCell or 
user data that were generated first . information on whether the UE supports FDD PCell . The 

FIG . 10 is a block diagram illustrating a configuration of controller 1010 may receive a UE CAPABILITY ENQUIRY 
a UE according to an embodiment of the present invention . message that instructs a reporting of capability information 

Referring to FIG . 10 , the UE includes a transceiver 1005 , 5 of the UE from the NB , identifying a Radio Access 
a controller 1010 , a multiplexer and demultiplexer 1015 , a Technology type contained in the UE CAPABILITY 
control message processor 1030 , and at least one higher ENQUIRY message , and determine terminal capability 
layer processor 1020 and 1025 . information that will be contained in the UE CAPABILITY 

The transceiver 1005 receives data and a predetermined INFORMATION message according to the identified RAT 
control signal through a downlink channel of a serving cell , 10 type . The controller 1010 may transmit the UE CAPABIL 
and transmits data and a predetermined control signalITY INFORMATION message ahead of user data generated 
through an uplink channel of the serving cell . In the case that before the UE CAPABILITY INFORMATION message is 
a plurality of serving cells is set , the signal transceiver 1005 generated . The measurement capability parameter of the UE 
transmits and receives data and a control signal through the includes BandCombinationParameters ( BCPs ) and band 
plurality of serving cells . 15 information ( BandInfoEUTRAS ) ( BIS ) , and the number of 

The multiplexing and demultiplexing unit 1015 multi - the BCPs and the number of BIs are the same and the BCP 
plexes data generated by the higher layer processors 1020 may have corresponding Bls . The capability information of 
and 1025 or the control message processor 1030 , or demul - the UE may further include information regarding whether 
tiplexes data received in the signal transceiver 1005 to Inter - Operability Tests ( IOT ) for the PCellCapabilitys are 
transmit the data to the suitable higher layer processors 1020 20 completed for TDD - FDD CA band combinations . 
and 1025 or the control message processor 1030 . FIG . 11 is a block diagram illustrating a configuration of 

The control message processor 1030 processes the control the eNB according to an embodiment of the present inven 
message received from the eNB , and performs a necessary tion , and includes a transceiver 1105 , a controller 1110 , a 
operation . Particularly , when receiving a control message multiplexer and demultiplexer 1120 , a control message 
such as the UE CAPABILITY ENQUIRY , the control mes - 25 processor 1135 , various higher layer processors 1125 and 
sage processor 1030 analyzes contents of the control mes - 1130 , and a scheduler 1115 . 
sage and performs a necessary operation , for example , Referring to FIG . 11 , the transceiver 1105 transmits data 
generates and transmits a UE CAPABILITY INFORMA - and a predetermined control signal to a downlink carrier and 
TION control message including the capability information receives data and a predetermined control signal to an uplink 
of the UE to the subordinate layers 1015 and 1005 . The 30 carrier . In the case that a plurality of carriers are set , the 
control message processor 1030 may perform an operation signal transceiver 1105 transmits and receives data and a 
corresponding to the terminal operation illustrated in FIGS . control signal through the plurality of carriers . 
4 to 9 and a necessary control operation . The multiplexing and demultiplexing unit 1120 multi 

The higher layer processors 1020 and 1025 may be plexes data generated by the higher layer processors 1125 
configured according to each service , which processes and 35 and 1130 or the control message processor 1135 , or demul 
transmits data generated by a user service such as File tiplexes data received in the signal transceiver 1105 to 
Transfer Protocol ( FTP ) or Voice over Internet Protocol transmit the data to the suitable higher layer processors 1125 
( VOIP ) to the multiplexing and demultiplexing unit 1015 or a nd 1130 , the control message processor 1135 , or the con 
processes and transmits data received from the multiplexing troller 1110 . The control message processor 1135 processes 
and demultiplexing unit 1015 to a higher layer service 40 a control message transmitted by the UE to transfer neces 
application . sary information to the controller 1110 , or generates a 

The controller 1010 identifies a scheduling instruction control message that will be transferred to the UE under the 
received through the signal transceiver 1005 , for example , control of the controller 1110 to transfer the control message 
backward grants , and controls the signal transceiver 1005 to the lower layer . 
and the multiplexing and demultiplexing unit 1015 so as to 45 The higher layer processors 1125 and 1130 may be 
perform a backward transmission through a suitable trans - constituted for each bearer , which constitutes the RLC PDU 
mission resource at an appropriate time point . of data received from the S - GW or another eNB to transmit 

Although FIG . 10 illustrates that the transceiver 1005 , the the RLC PDU to the multiplexing and demultiplexing unit 
controller 1010 , the multiplexer and demultiplexer 1015 , the 1120 , or constitutes the PDCP Service Data Unit ( SDU ) of 
control message processor 1030 , and the higher layer pro - 50 the RLC PDU received from the multiplexing and demul 
cessor 1020 and 1025 are configured in separate blocks and tiplexing unit 1120 to transmit the PDCP SDU to the S - GW 
the blocks perform different functions , it is only for conve or another eNB . 
nience of description and the functions are not classified . For The scheduler 1115 allocates a transmission resource to 
example , the controller 1010 may generate a UE CAPA - the UE at a suitable time point considering a buffer state , a 
BILITY INFORMATION message including capability 55 channel state , and the like of the UE , and enables the signal 
information of the UE , and transmit the generated UE transceiver 1105 to process a signal received from the UE , 
CAPABILITY INFORMATION message to the eNB . The or to transmit a signal to the UE . 
capability information of the UE may include information The controller 1110 instructs the control message proces 
regarding one or more band combinations supported by the sor 1135 to generate and transmit a suitable RRC control 
UE and whether Time Division Duplexing - Frequency Divi - 60 message to the UE , or performs necessary operations by 
sion Duplexing Carrier Aggregation ( TDD - FDD CA ) is using control information processed by the control message 
supported for the band combinations . Here , the capability processor 1135 . For example , an operation corresponding to 
information of the UE may further include at least one of a the terminal operation illustrated in FIGS . 4 to 9 and a 
measurement capability parameter ( Meas Parameter ) of the necessary control operation may be performed 
UE , PCell mode related information ( PCellCapability ) , and 65 Although FIG . 11 illustrates that the transceiver 1105 , the 
release information ( access StratumRelease ) of the UE . The controller 1110 , the multiplexer and demultiplexer 1120 , the 
PCell mode related information may include at least one of control message processor 1135 , and the higher layer pro 
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cessor 1125 and 1130 are configured in separate blocks and UE , wherein the UE CAPABILITY INFORMATION mes 
the blocks perform different functions , it is only for conve sage of the UE includes information regarding one or more 
nience of description and the functions are not classified . For band combinations supported by the UE and whether Time 
example , the controller 1110 may transmit a UE CAPABIL - Division Duplexing - Frequency Division Duplexing Carrier 
ITY ENQUIRY message that instructs a reporting of capa - 5 Aggregation ( TDD - FDD CA ) is supported for the band 
bility information of the UE to the UE , and receive a UE combinations . CAPABILITY INFORMATION message including the The method may include transmitting a UE CAPABIL capability information of the UE from the UE . The UE ITY ENQUIRY message that indicates report of capability CAPABILITY INFORMATION message may include information of the UE to the UE . information regarding one or more band combinations sup - 10 A corresponding eNB for receiving capability information ported by the UE and whether Time Division Duplexing of a UE from the UE can include a transceiver configured to Frequency Division Duplexing Carrier Aggregation ( TDD 
FDD CA ) is supported for the supported band combinations . transmit and receive signals to and from the UE ; and a 
If the UE CAPABILITY INFORMATION message is controller configured to transmit a UE CAPABILITY 
received the controller 1110 transmits a UE capability 15 ENQUIRY message that indicates report of capability infor 
information indication ( UE CAPABILITY INFO INDICA mation of the UE to the UE and to receive a UE CAPA 
TION ) message including the capability information to a BILITY INFORMATION message including the capability 
Mobility Management Entity ( MME ) . The capability infor information of the UE from the UE , wherein the UE 
mation of the UE CAPABILITY INFORMATION message CAPABILITY INFORMATION message includes informa 
may further include at least one of a measurement capability 20 tion regarding one or more band combinations supported by 
parameter ( MeasParameter ) of the UE , PCell mode related the UE and whether Time Division Duplexing - Frequency 
information ( PCellCapability ) , and release information ( ac Division Duplexing Carrier Aggregation ( TDD - FDD CA ) is 
cessStratumRelease ) of the UE . When the capability infor - supported for the band combinations . 
mation of the UE CAPABILITY INFORMATION message The eNB may further include a controller that is config 
does not include PCell mode related information , the con - 25 ured for generating a UE CAPABILITY ENQUIRY message 
troller 1110 may determine whether the UE supports TDD - that indicates the UE to report capability information of the 
FDD CA based on release information of the UE contained UE and the transceiver may be configured for transmitting to 
in the capability information of the UE CAPABILITY the UE the UE CAPABILITY ENQUIRY message . 
INFORMATION message . The UE CAPABILITY Although specific exemplary embodiments have been 
ENQUIRY message may include information that instructs 30 described in the detailed description of the present disclo 
the UE to report one of capability information related to a sure , various change and modifications may be made with 
frequency band actually used by the UE , capability infor - out departing from the scope of the present disclosure . 
mation related to a frequency band combination actually Therefore , the scope of the present invention is solely 
used by the UE , capability information related to a fre - defined by the appended claims . 
quency band combination and a bandwidth class actually 35 
used by the UE . What is claimed is : 

In accordance with further embodiments of the present 1 . A method for transmitting capability information by a 
invention , a method may include transmitting capability terminal in a communication system , the method compris 
information of a User Equipment ( UE ) to an evolved Node ing : 
B ( NB ) by the UE by means of generating a UE CAPA - 40 receiving , from a base station , a first message including 
BILITY INFORMATION message including capability first information that requests at least one frequency 
information of the UE ; and transmitting the UE CAPABIL band supported by the terminal ; 
ITY INFORMATION message to the eNB , wherein the determining at least one carrier aggregation ( CA ) band 
capability information of the UE includes information combination supported by the terminal based on the 
regarding one or more band combinations supported by the 45 first information ; and 
UE and whether Time Division Duplexing - Frequency Divi transmitting , to the base station , a second message in 
sion Duplexing Carrier Aggregation ( TDD - FDD CA ) is response to the first message , the second message 
supported for the band combinations . including the at least one CA band combination sup 

A corresponding UE for transmitting capability informa ported by the terminal , 
tion of the UE to an eNB can include a transceiver config - 50 wherein the first information includes a plurality of fre 
ured to transmit and receive signals to and from the eNB ; quency bands . 
and a controller configured to generate a UE CAPABILITY 2 . The method of claim 1 , wherein the at least one CA 
INFORMATION message including capability information band combination includes CA band combination including 
of the UE , and transmitting the generated UE CAPABILITY two downlink frequency bands and one uplink frequency 
INFORMATION message to the eNB , wherein the capabil - 55 band supported by the terminal , and the two downlink 
ity information of the UE includes information regarding frequency bands and the one uplink frequency band are 
one or more band combinations supported by the UE and included in the first information . 
whether Time Division Duplexing - Frequency Division 3 . The method of claim 2 , wherein the second message 
Duplexing Carrier Aggregation ( TDD - FDD CA ) is sup - further comprises at least one other CA band combination 
ported for the band combinations . 60 including two downlink frequency bands and one uplink 

In accordance with further embodiments of the present frequency band supported by the terminal . 
invention , a method may include receiving capability infor - 4 . The method of claim 1 , wherein the second message 
mation of a user equipment from a UE by an eNB by means further comprises at least one non - CA band supported by the 
of transmitting a UE CAPABILITY ENQUIRY message that terminal . 
indicates report of capability information of the UE to the 65 5 . The method of claim 1 , wherein CA band combinations 
UE ; and receiving a UE CAPABILITY INFORMATION in the second message , at least in part , are prioritized based 
message including capability information of the UE from the on the first information included in the first message . 
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6 . The method of claim 1 , wherein the second message 13 . The terminal of claim 12 , wherein the at least one CA 

further comprises information indicating at least one fre - band combination includes CA band combination including 
quency band supported by the terminal , and two downlink frequency bands and one uplink frequency 
wherein the first message further comprises second infor - band supported by the terminal , and the two downlink 

mation that requests at least one radio access capability 5 frequency bands and the one uplink frequency band are 
of the terminal . included in the first information . 7 . A method for receiving capability information by a base 14 . The terminal of claim 13 , wherein the second message station , the method comprising : further comprises at least one other CA band combination generating a first message including first information that including two downlink frequency bands and one uplink requests at least one frequency band supported by a 10 # " frequency band supported by the terminal . terminal ; 15 . The terminal of claim 12 , wherein the second message transmitting , to the terminal , the first message ; and 

receiving , from further comprises at least one non - CA band supported by the the terminal , a second message in terminal . response to the first message , the second message 
including at least one carrier aggregation ( CA ) band 15 16 . The terminal of claim 12 , wherein CA band combi 
combination supported by the terminal determined nations in the second message , at least in part , are prioritized 
based on the first information , based on the first information included in the first message . 

wherein the first information includes a plurality of fre 17 . The terminal of claim 12 , wherein the second message 
quency bands . further comprises information indicating at least one fre 

8 . The method of claim 7 . wherein the at least one CA 20 quency band supported by the terminal , and 
band combination includes CA band combination including wherein the first message further comprises second infor 
two downlink frequency bands and one uplink frequency mation that requests at least one radio access capability 
band supported by the terminal , and the two downlink of the terminal . 
frequency bands and the one uplink frequency band are 18 . A base station for receiving capability information , the 
included in the first information . base station comprising : 

9 . The method of claim 8 , wherein the second message a transceiver ; and 
further comprises at least one other CA band combination a controller coupled with the transceiver and configured 

to : including two downlink frequency bands and one uplink generate a first message including first information that frequency band supported by the terminal . 
10 . The method of claim 7 , wherein the second message 30 requests at least one frequency band supported by a 

further comprises at least one non - CA band supported by the terminal , 
terminal . transmit the first message to the terminal , and 

11 . The method of claim 7 , wherein CA band combina receive , from the terminal , a second message in 
tions in the second message , at least in part , are prioritized response to the first message , the second message 
based on the first information included in the first message , 35 including at least one carrier aggregation ( CA ) band 
and combination supported by the terminal determined 

wherein the first message further comprises second infor based on the first information , 
mation that requests at least one radio access capability wherein the first information includes a plurality of fre 
of the terminal . quency bands . 

12 . A terminal for transmitting capability information in a 40 19 . The base station of claim 18 , wherein the at least one 
CA band combination includes CA band combination communication system , the terminal comprising : including two downlink frequency bands and one uplink a transceiver ; and 

a controller coupled with the transceiver and configured frequency band supported by the terminal , and the two 
downlink frequency bands and the one uplink frequency to : 

receive a first message including first information that 45 at na band are included in the first information . 
requests at least one frequency band supported by the 20 . The base station of claim 19 , 

wherein the second message further comprises at least one terminal from a base station , 
determine at least one carrier aggregation ( CA ) band other CA band combination including two downlink 

combination supported by the terminal based on the frequency bands and one uplink frequency band sup 
first information , and ported by the terminal , 50 

transmit , to the base station , the second message in wherein the second message further comprises at least one 
response to the first message , the second message non - CA band supported by the terminal , and 
including the at least one CA band combination wherein the first message further comprises second infor 
supported by the terminal , mation that requests at least one radio access capability 

wherein the first information includes a plurality of fre - 55 of the terminal . 
quency bands . 


