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A multicarrier-based data transmission method and an appa-
ratus for use in a mobile communication system are provided.
A Radio Network Temporary Identity (RNTI) reception
method of a terminal in a wireless communication system
supporting inter-evolved Node B (eNB) carrier aggregation
includes receiving cell information on at least one activated
cell under control of an eNB, configuring first and second
RNTIs allocated by the eNB, monitoring the at least one
activated cell for the first RN'TI, and monitoring a primary cell
among the at least one activated cell for the second RNTI.
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FIG. 19
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MULTICARRIER-BASED DATA
TRANSMISSION METHOD AND APPARATUS
IN MOBILE COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of Korean patent applications filed on Jan. 29, 2014,
Apr. 1, 2014, Oct. 2, 2014, Oct. 22, 2014, and Nov. 17, 2014
in the Korean Intellectual Property Office and assigned Serial
numbers 10-2014-0011266, 10-2014-0038833, 10-2014-
0133366, 10-2014-0143643, and 10-2014-0160369, respec-
tively, the entire disclosure of each of which is hereby incor-
porated by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a mobile commu-
nication system. More particularly, the present disclosure
relates to a multicarrier-based data transmission method and
an apparatus for use in the mobile communication system.

BACKGROUND

[0003] Mobile communication systems were developed to
provide mobile users with communication services. With
rapid technological advancements, the mobile communica-
tion systems have evolved to the level capable of providing
high speed data communication service beyond the early
voice-oriented services.

[0004] Recently, standardization for a Long Term Evolu-
tion (LTE) system, as one of the next-generation mobile com-
munication systems, is underway in the 3’ Generation Part-
nership Project (3GPP). LTE is a technology for realizing
high-speed packet-based communications with the data rate
of up to 100 Mbps, which is higher than the currently avail-
able data rate, and its standardization is almost complete.
[0005] Recent studies are focused on the LTE-Advanced
(LTE-A) for improving data rate with the adoption of various
new techniques to legacy LTE system. One of such technolo-
gies is Carrier Aggregation. Carrier Aggregation is a technol-
ogy allowing a terminal to use multiple downlink carriers and
multiple uplink carriers unlike the technology of the related
art of using one downlink carrier and one uplink carrier for
data communication.

[0006] The currentrelease of LTE-A specifies only an intra-
evolved Node B (eNB) carrier aggregation. This diminishes
the applicability of carrier aggregation function and is likely
to cause carrier aggregation failure especially in a scenario
where a plurality of pico cells and one macro cell coexist.
[0007] Therefore, a need exists for a method and an appa-
ratus for facilitating inter-eNB carrier aggregation.

[0008] The above information is presented as background
information only to assist with an understanding of the
present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be
applicable as prior art with regard to the present disclosure.

SUMMARY

[0009] Aspects of the present disclosure are to address at
least the above-mentioned problems and/or disadvantages
and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide
amethod and an apparatus for facilitating inter-evolved Node
B (eNB) carrier aggregation.
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[0010] In accordance with an aspect of the present disclo-
sure, a Radio Network Temporary Identity (RNTI) reception
method of a terminal in a wireless communication system
supporting inter-evolved Node B (eNB) carrier aggregation is
provided. The method includes receiving cell information on
at least one activated cell under control of an eNB, configur-
ing first and second RNTIs allocated by the eNB, monitoring
the at least one activated cell for the first RNTI, and monitor-
ing a primary cell among the at least one activated cell for the
second RNTI.

[0011] In accordance with another aspect of the present
disclosure, a terminal for receiving Radio Network Tempo-
rary Identity (RNTI) in a wireless communication system
supporting inter-evolved Node B (eNB) carrier aggregation is
provided. The terminal includes a transceiver configured to
transmit and receive signals to and from an eNB and a con-
troller configured to receive cell information on at least one
activated cell under control of an eNB, to configure first and
second RNTIs allocated by the eNB, to monitor the at least
one activated cell for the first RNTI, and to monitor a primary
cell among the at least one activated cell for the second RNTI.
[0012] Other aspects, advantages, and salient features of
the disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other aspects, features, and advan-
tages of certain embodiments of the present disclosure will be
more apparent from the following description taken in con-
junction with the accompanying drawings, in which:

[0014] FIG. 1is a diagram illustrating a Long Term Evolu-
tion (LTE) system architecture according to various embodi-
ments of the present disclosure;

[0015] FIG. 2is adiagram illustrating a protocol stack of an
LTE system according to various embodiments of the present
disclosure;

[0016] FIG. 3 is a diagram illustrating an intra-evolved
Node B (eNB) carrier aggregation for a User Equipment (UE)
according to an embodiment of the present disclosure;
[0017] FIG. 4 is a diagram illustrating an inter-eNB carrier
aggregation according to an embodiment of the present dis-
closure;

[0018] FIG. 5 is a diagram illustrating a macro cell uplink
and a pico cell uplink according to an embodiment of the
present disclosure;

[0019] FIG. 6 is a diagram illustrating an uplink transmit
power adjustment scheme according to an embodiment of the
present disclosure;

[0020] FIG. 7 is a flowchart illustrating an uplink transmit
power control procedure of a UE according to an embodiment
of' the present disclosure;

[0021] FIG. 8 is a flowchart illustrating an uplink transmit
power control procedure of a UE according to an embodiment
of the present disclosure;

[0022] FIG.9isadiagram illustrating a situation where two
uplink subframes are not aligned according to an embodiment
of' the present disclosure;

[0023] FIG. 10 is a signal flow diagram illustrating a signal
processing procedure for transmitting signals using multiple
carriers at a UE in a mobile communication system according
to an embodiment of the present disclosure;
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[0024] FIG. 11 is a block diagram illustrating a configura-
tion of a UE according to an embodiment of the present
disclosure;

[0025] FIG. 12 is a block diagram illustrating a configura-
tion of an eNB according to an embodiment of the present
disclosure;

[0026] FIG.13isaflowchart illustrating an uplink transmit
power control procedure of a UE according to an embodiment
of the present disclosure;

[0027] FIG. 14 is a flowchart illustrating a procedure of
determining, at a UE, a serving cell to be monitored for
receiving Radio Network Temporary Identity (RNTT) accord-
ing to an embodiment of the present disclosure;

[0028] FIG. 15 is a diagram illustrating an operation
mechanism of a UE with two Medium Access Control (MAC)
entities according to an embodiment of the present disclo-
sure;

[0029] FIG.16 is a flowchart illustrating a MAC procedure
of a UE according to an embodiment of the present disclo-
sure;

[0030] FIG.17 is a flowchart illustrating a Secondary Serv-
ing cell (SCell) release procedure of a UE according to an
embodiment of the present disclosure;

[0031] FIG. 18 is a flowchart illustrating an SCell manage-
ment procedure of a UE in RLF situation according to an
embodiment of the present disclosure; and

[0032] FIG. 19 is a signal flow diagram illustrating an in-
device interference control procedure of a UE according to an
embodiment of the present disclosure.

[0033] Throughout the drawings, it should be noted that
like reference numbers are used to depict the same or similar
elements, features, and structures.

DETAILED DESCRIPTION

[0034] The following description with reference to the
accompanying drawings is provided to assist in a comprehen-
sive understanding of various embodiments of the present
disclosure as defined by the claims and their equivalents. It
includes various specific details to assist in that understanding
but these are to be regarded as merely exemplary. Accord-
ingly, those of ordinary skill in the art will recognize that
various changes and modifications of the various embodi-
ments described herein can be made without departing from
the scope and spirit of the present disclosure. In addition,
descriptions of well-known functions and constructions may
be omitted for clarity and conciseness.

[0035] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, but, are merely used by the inventor to enable a clear and
consistent understanding of the present disclosure. Accord-
ingly, it should be apparent to those skilled in the art that the
following description of various embodiments of the present
disclosure is provided for illustration purpose only and not for
the purpose of limiting the present disclosure as defined by
the appended claims and their equivalents.

[0036] It is to be understood that the singular forms “a,”
“an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
component surface” includes reference to one or more of such
surfaces.

[0037] FIG.1 is adiagram illustrating a Long Term Evolu-
tion (LTE) system architecture according to various embodi-
ments of the present disclosure.
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[0038] Referring to FIG. 1, the radio access network of the
mobile communication system includes evolved Node Bs
(eNBs) 105, 110, 115, and 120, a Mobility Management
Entity (MME) 125, and a Serving-Gateway (S-GW) 130. The
term ‘eNB’ is used interchangeably with terms ‘node B’ and
“base station.” The User Equipment (hereinafter, referred to as
UE) 135 connects to an external network via eNBs 105, 110,
115, and 120 and the S-GW 130.

[0039] Referring to FIG. 1, the eNBs 105, 110, 115, and
120 correspond to the legacy node Bs of the UMTS system.
The eNBs allow the UE 135 to establish a radio channel and
are responsible for complicated functions as compared to the
legacy node B. In the LTE system, all the user traffic including
real time services, such as Voice over Internet Protocol
(VoIP), is provided through a shared channel and thus there is
aneed ofadevice whichis located in the eNB to schedule data
based on the state information, such as buffer states, power
headroom states, channel states of the UEs, and the like.
[0040] Typically, one eNB controls a plurality of cells. In
order to secure the data rate of up to 100 Mbps, the LTE
system adopts Orthogonal Frequency Division Multiplexing
(OFDM) as a radio access technology. In addition, the LTE
system adopts Adaptive Modulation and Coding (AMC) to
determine the modulation scheme and channel coding rate in
adaptation to the channel condition of the UE.

[0041] TheS-GW 130 is an entity to provide data bearers so
as to establish and release data bearers under the control of the
MME 125. The MME 125 is responsible for UE mobility
management and other control functions and may be con-
nected to a plurality of eNBs.

[0042] FIG. 2is adiagram illustrating a protocol stack of an
LTE system according to various embodiments of the present
disclosure.

[0043] Referring to FIG. 2, the protocol stack of the LTE
system includes Packet Data Convergence Protocol (PDCP)
205 and 240, Radio Link Control (RLC) 210 and 235,
Medium Access Control (MAC) 215 and 230, and Physical
(PHY) 220 and 225.

[0044] The PDCP 205 and 240 is responsible for IP header
compression/decompression, and the RLC 210 and 235 is
responsible for segmenting the PDCP Protocol Data Unit
(PDU) into segments in appropriate size for Automatic
Repeat Request (ARQ) operation. The MAC 215 and 230 is
responsible for establishing connection to a plurality of RLC
entities so as to multiplex the RLC PDUs into MAC PDUs
and demultiplex the MAC PDUs into RLC PDUs. The PHY
220 and 225 performs channel coding on the MAC PDU and
modulates the MAC PDU into OFDM symbols to transmit
over radio channel or performs demodulating and channel-
decoding on the received OFDM symbols and delivers the
decoded data to the higher layer.

[0045] FIG. 3 is a diagram illustrating an intra-eNB carrier
aggregation for a UE according to an embodiment of the
present disclosure.

[0046] Referring to FIG. 3, an eNB transmits and receives
signals through multiple carriers across a plurality of fre-
quency bands. For example, an eNB 305 can be configured to
use the carrier 315 with center frequency f1 and the carrier
310 with center frequency f3. If carrier aggregation is not
supported, a UE 330 has to transmit/receive data using one of
the carriers 310 and 315. However, the UE 330 having the
carrier aggregation capability can transmit/receive data using
both the carriers 310 and 315. The eNB can increase the
amount of the resource to be allocated to the UE having the
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carrier aggregation capability in adaptation to the channel
condition of the UE so as to improve the data rate of the UE
330. This approach of aggregating the downlink carriers
transmitted by or uplink carriers received by an eNB is
referred to as inter-eNB carrier aggregation. However, there
may be a situation requiring an approach of aggregating the
downlink carriers transmitted by different eNBs or the uplink
carriers received by different eNBs unlike the situation of
FIG. 3.

[0047] FIG. 4 is a diagram illustrating an inter-eNB carrier
aggregation according to an embodiment of the present dis-
closure.

[0048] Referring to FIG. 4, assuming that an eNB 1 405
operates a carrier with the center frequency at f1 and an eNB
2 415 a carrier with the center frequency at 2, if a UE 430
aggregates the carrier with the downlink center frequency at
f1 and the carrier with the downlink center frequency at 2,
i.e.,one UE 430 aggregates the carriers of two different eNBs,
and this is referred to as inter-eNB Carrier Aggregation (CA)
in an embodiment of the present disclosure. In the following
description, the term ‘Dual Connectivity (DC)’ is used inter-
changeably with the term ‘inter-eNB CA’. For example, it DC
is configured, this indicates that the inter-eNB CA is config-
ured.

[0049] The following definitions are provided to facilitate
understanding of certain terms used frequently herein.
[0050] Assuming that a cell is configured with one down-
link carrier and one uplink carrier of an eNB in a concept of
the related art, the carrier aggregation can be understood as if
the UE communicates data via multiple cells. At this time, the
peak data rate and the number of aggregated carriers have
positive correlation.

[0051] In the following description, if a UE receives data
through a certain downlink carrier or transmits data through a
certain uplink carrier, this indicates that the UE transmits/
receives data through a control channel and a data channel
provided by the cell corresponding to the center frequency
and frequency band characterizing the carrier. In the follow-
ing description, the carrier aggregation can be expressed like
this ‘a plurality of serving cells are configured’ along with the
use of the terms ‘Primary Serving cell (PCell),” ‘Secondary
Serving cell (SCell),” ‘activated service cell,” and the like.
These terms are used in the same meaning as those used in the
LTE mobile communication system. In following descrip-
tion, the terms ‘carrier,” ‘component carrier,” and ‘serving
cell’ are used interchangeably in the same meaning.

[0052] In the following description, a set of the serving
cells controlled by one eNB is referred to as a Cell Group or
Carrier Group (CG). A cell group is classified into one of
Master Cell Group (MCG) and Secondary Cell Group (SCG).
The MCG denotes a set of the serving cell controlled by an
eNB controlling the PCell (hereinafter, referred to as Master
eNB (MeNB), and the SCG denotes a set of the serving cells
controlled by the eNB which does not control the PCell, i.e.,
the eNB which controls SCells (hereinafter, referred to as
Slave eNB (SeNB). The eNB notifies the UE whether a serv-
ing cell belongs to the MCG or SCG in the procedure of
configure the corresponding serving cell. A UE may be con-
figured with one MCG and one or more SCGs. Although the
description is directed to the case where one SCG is config-
ured for convenience purpose, the subject matter of the
present disclosure can be applied, without modification, to
the case where more than one SCG are configured. The PCell
and SCell are terms expressing the types of the serving cell
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configured to the UE. The PCell and SCell are different in that
the PCell remains in the activated state while the SCell tran-
sitions between the activated state and the deactivated state
repeatedly according to the command of the eNB. The UE
mobility is controls mainly in association with the PCell, and
the SCell may be understood as an extra serving cell for data
communication. In the following description, the terms Well'
and ‘SCell’ are used in the same meaning as those defined in
the LTE standards TS36.331 and TS 36.321.

[0053] The present disclosure is directed to the network in
which the macro and pico cells coexist. The macro cell is the
cell controlled by a macro eNB and has a relatively large
service coverage area. In contrast, the pico cell is the cell
controlled by the SeNB and has a small service coverage area
as compared to the macro cell. Although there is no strict
criterion for distinguishing between the macro and pico cells,
it is assumed that the macro cell has a radius about 500 m
while the pico cell has a radius about a few meters. In the
following description, the terms ‘pico cell”and ‘small cell” are
used interchangeably.

[0054] Referring to FIG. 4, if the eNB 1 405 is the MeNB
and the eNB 2 415 is the SeNB, a serving cell 410 having the
center frequency at f1 is the serving cell belonging to the
MCG, and a serving cell 420 having the center frequency at {2
is the serving cell belonging to the SCG.

[0055] In the following description, other terms may be
used interchangeably with MCG and SCG to help under-
standing. For example, the terms ‘primary set’and ‘secondary
set” and ‘primary carrier group’ and ‘secondary carrier group’
may be used interchangeably. However, it is noted that they
are different in spelling but the same in meaning. The main
purpose of these terms is to clarify which cell is under the
control of the eNB controlling the PCell of a specific UE, and
the UE and the corresponding cell may operate differently
depending on whether the corresponding cell is controlled by
the eNB controlling the PCell of the specific UE or not.
[0056] Although the UE may be configured with one or
more SCGs, the following description is directed to the case
where one SCG is configured for explanation convenience.
The SCG may include a plurality of SCells of which one has
a special attribute.

[0057] In the intra-eNB CA, the UE transmits the HARQ
feedback and CSI for the SCell(s) as well as the HARQ
feedback and CSI for the PCell through the PCell PUCCH.
This is to apply the CA to the UE having no simultaneous
uplink transmission capability.

[0058] Inthe inter-eNB CA, it may be impossible to trans-
mit the HARQ feedback and CSI of the SCG SCells on the
PCell PUCCH. This is because although the HARQ feedback
has to be delivered within the HARQ Round Trip Time (RTT)
(typically 8 ms) the transmission delay between the MeNB
and SeNB may be longer than the HARQ RTT.

[0059] Inorder to address this issue, PUCCH transmission
resource is configured to one of the SCG SCells to transmit
the HARQ feedback and CSI for the SCG SCells. This special
SCell is referred to as primary S Cell (pSCell).

[0060] Since the MeNB and SeNB perform scheduling
independently, the uplink transmission in the MCG and the
uplink transmission in the SCG may be overlapped in the time
domain. Since the uplink transmit power of the UE is limited,
if the required transmit power is greater than the maximum
allowed transmit power, the UE performs uplink transmission
at a lowered transmit power level, resulting in degradation of
uplink transmission quality.
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[0061] Ifaschedulerperforms uplink scheduling ofthe UE,
the scheduler has to monitor to avoid the transmit power
shortage as far as possible. In the inter-eNB CA, however, two
schedulers perform scheduling independently it is difficult to
rule out the occurrence of transmit power shortage situation.

[0062] The present disclosure proposes a method and an
apparatus for minimizing the uplink transmission quality
degradation when the transmit power shortage situation
occurs in the inter-eNB CA mode.

[0063] FIG. 5 is a diagram illustrating a macro cell uplink
and a pico cell uplink according to an embodiment of the
present disclosure.

[0064] There may be a difference between the uplink trans-
mit powers of the small and macro cells for the following
reasons.

[0065] The probability of no existence of obstacle between
the UE and the small cell receiver is noticeably higher than the
probability of no obstacle between the UE and the macro cell
receiver.

[0066] It is likely that the distance between the UE and the
small cell receiver is shorter than the distance between the UE
and the macro cell receiver.

[0067] If a transmission/reception device in the range of
line of sight, this indicates that the communication quality is
good as compared to the opposite situation and thus it is
possible to reduce the transmit power level. The shorter the
distance between the transmitter and the receiver is, the less
the pathloss is and the lower the transmit power is.

[0068] Referring to FIG. 5, assuming that the distance
between a UE 510 and an MeNB 505 is 250 m and the
distance between the UE 510 and an SeNB 515 is 20 m, a
pathloss 520 between the UE 510 and the MeNB 505 is 118.4
dB and a path loss 525 between the UE 510 and the SeNB 515
is 64.0 db. For example, the difference between the uplink
signal strengths between the MeNB 505 and the SeNB 515 is
54.4 (about 275400 fold). Since the transmit power required
to the UE increases as the pathloss to the eNB increases, the
required transmit power of the UE for the MeNB 505 is
greater noticeably than the required transmit power of the UE
for the SeNB 515.

[0069] If the total required transmit power for the MeNB
and SeNB is greater than the maximum allowed transmit
power of the UE, the UE may perform the equal power scaling
on the transmit powers for the two eNBs. If the required
transmit power difference is noticeable between the MeNB
and SeNB, the equal power scaling affects significantly worse
influence to the transmission quality of the downlink of the
low required transmit power.

[0070] For example, if a 336-bit VoIP packet is transmitted
in the macro cell and a 36696-bit packet is transmitted in the
small cell and if the distance between the UE and the MeNB
is 500 m and the distance between the UE and the SeNB is 50
and if a Transmission Power Control (TPC) for increasing the
transmit power as much as 3 dB is received, the required
transmit powers for the MeNB (macro cell) and the SeNB
(small cell) are determined as shown in Table 1.

TABLE 1

26.96 dBm/497.04 mW
-7.65 dBm/0.17 mW

Macro cell-required Tx power
Small cell-required Tx power
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[0071] Assuming that the maximum allowed transmit
power of the UE is 20 dBm, if the equal power scaling is
applied, the two transmit powers are determined as shown in
Table 2.

TABLE 2

20.0 dBnv/99.97 mW

macro cell Transmission quality degradation

Tx power of same strength (6.96 dB) occurs
in both the macro and small
cell transmissions.
small cell -14.6 dBm/0.03 mW
Tx power
[0072] Meanwhile, if only the highest required transmis-

sion power is reduced while the lowest required transmit
power is maintained (i.e., differential power scaling), the
transmit powers are determined as shown in Table 3.

TABLE 3

macro cell 19.99 dBm/ Transmission quality degradation of

Tx power 99.83 mW 6.97 db occurs in macro cell transmission.
No transmission quality degradation
occurs in small cell transmission.

small cell -7.65 dBm/

Tx power 0.17 mW

[0073] As shown in the tables, when the required transmit
power difference is significant, if the transmit power of the
uplink of which required transmit power is very low is
reduced, the total transmit power is aftected little. However, if
the transmit power of the uplink of which required transmit
power is low is reduced, the transmission quality of the cor-
responding uplink degrades significantly. Accordingly, it is
advantageous to decrease the transmit power of the uplink
with the high required transmit power while maintain the
transmit power of the uplink with the low required transmit
power in view of the total transmission quality.

[0074] In the case that the UE operates in the macro cell,
such an extreme transmit power inequality does not occurs. In
the case that the UE performs uplink transmission in the
macro and small cells simultaneously, such an extreme trans-
mit power inequality is likely to occur.

[0075] As described above, one SCG may be configured
with plural SCells and one MCG with plural serving cells. In
the PCell and pSCell, the PUCCH and PUSCH may be trans-
mitted simultaneously. For the case that various types of
uplink channels are transmitted through a plurality of serving
cells of multiple cell groups as above, the present disclosure
proposes a 2-operation priority determination method for
determining the priorities among the cells groups first and
then the priorities among uplinks in the cell group. The 2-op-
eration priority determination method of the present disclo-
sure applies the differential power scaling rather than the
equal power scaling for the same types of uplink transmis-
sions according to the cell group.

[0076] FIG. 6 is a diagram illustrating an uplink transmit
power adjustment scheme according to an embodiment of the
present disclosure.

[0077] Referring to FIG. 6, it is assumed that uplink trans-
mission is performed at a subframe in a serving cell of the
MCG.

[0078] PUCCH transmission is performed in a PCell at
operation 605,
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[0079] PUSCH transmission is performed in one MCG
serving cell at operation 610, and

[0080] PUSCH transmission is performed in another MCG
serving cell at operation 615.

[0081] Inthe embodiment of FIG. 6, it is also assumed that
uplink transmission is performed at a subframe which is
overlapped with the above subframe in whole or in part in an
SCG serving cell.

[0082] PUCCH transmission is performed in a pSCell at
operation 620,
[0083] PUSCH transmission is performed in one SCG

SCell at operation 625, and

[0084] PUSCH transmission is performed in another SCG
SCell at operation 630.

[0085] The UE determines the required transmit powers for
the uplink transmissions. Referring to FIG. 6, the heights of
the arrows representing the respective uplink transmission
indicate the required transmit power levels of the respective
uplink transmissions.

[0086] If the sum of the required transmit powers of the
uplink transmissions is greater than the maximum allowed
transmit power of the UE, the UE determines the priorities
among the respective uplink transmissions in different opera-
tions to select the uplink transmission power to be reduced
with priority.

[0087] The UE allocates priorities to the cell groups at the
first operation and then determines the priorities among the
uplink transmissions per cell group at the second operation.
The UE reduces the transmit power of the uplink transmission
with the low priority.

[0088] The UE may allocate priorities to the cell groups
using one of the following methods.

Cell Group Priority Determination Method 1

[0089] The UE allocates to a cell group (e.g., an MCG) a
priority higher than those of other cell groups.

[0090] In this case, since the important messages, such as
RRC control messages, are transmitted through the MCG, it
is preferred to allocate a high priority for MCG transmission.

Cell Group Priority Determination Method 2

[0091] The UE compares the sums of uplink required trans-
mit powers of the cell groups and allocates a low priority to
the cell group with the highest sum of the transmit powers and
a high priority to the cell group with the lowest sum of the
transmit powers.

[0092] For example, the sum of the required transmit pow-
ers in MCG corresponds to the sum of the required transmit
powers of the uplink transmissions 605, 610, and 615, and the
sum of the required transmit powers in SCG corresponds to
the sum of the required transmit powers of the uplink trans-
missions 620, 625, and 630. Referring to FIG. 6, since the
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sum of the required transmit powers in MCG is greater than
the sum of the required transmit powers in SCG, the UE
allocates to the MCG a low priority.

[0093] As described above, it is advantageous to decrease
the transmit power of the uplink with the high required trans-
mit power rather than to decrease the transmit power of the
uplink with the low required transmit power in view of the
total transmission quality. Accordingly, it is preferred for the
UE to allocate the low priority to the cell group with the high
required transmit powers sum to reduce the transmit power
with priority.

Cell Group Priority Determination Method 3

[0094] If the difference (or ratio) between the sums of
uplink required transmit powers of the respective cell groups
is equal to or greater than a certain threshold, the UE allocates
the high priority to the uplink transmission of the cell group
with the low uplink required transmission power and, other-
wise if it the difference (or ratio) is less than the threshold, the
UE allocates the high priority to the uplink transmission of a
cell group (e.g., an MCG).

[0095] The method 3 is conceived by taking notice that if
the transmit power difference is noticeable it is preferred to
reduce the transmit power of the uplink with the required high
transmit power and, otherwise if the transmit power differ-
ence is not noticeable, it is preferred to reduce the transmit
power of more important signal.

[0096] The UE determines the priorities among the uplink
transmissions in each cell group as follows.

[0097] Intra-Cell Group Priority Determination Method
[0098] If PUCCH and PUSCH transmissions are over-
lapped, the UE allocates a high priority for the PUCCH trans-
mission.

[0099] Ifthe PUSCH transmissions are overlapped, the UE
allocates a high priority to the PUCCH transmitted with the
Uplink Control Information (UCI). If there is no PUSCH
transmitted with UCI, the UE allocates the same priority for
the PUSCH transmissions.

[0100] The UE decreases the transmit powers of the uplink
transmission to which the same priority is allocated in the
same degree. For example, the equal power scaling is applied
to the transmit powers of the uplink transmission allocated the
same priority. In the case that different priorities are allocated
to the uplink transmissions, the transmit power of the uplink
transmission with the low priority is reduced with priority.
For example, the differential power scaling is applied to the
transmit powers of the uplink transmissions allocated differ-
ent priorities.

[0101] Table 4 shows a case of transmit power control
according to the 2-operation priority determination in the
case of applying the cell group priority determination method
3. Table 4 is directed to the case where the uplink required
transmit power difference between MCG and SCG is equal to
or greater than a certain threshold.

TABLE 4

Maximum allowed transmit power of UE at a certain time point = 80.8 mW

MCG SCG
PUCCH1 PUSCH1 PUSCH2 PUCCH2 PUSCH3 PUSCH4
Required Tx power 50 mW 100mW  200mW 0.0l mW 0.02mW 0.05mW
Tx power after adjustment 50 mW 10 mW 20mW 0.0l mW  0.02mW 0.05mW

No Tx power reduction

Equal power scaling No Tx power reduction
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[0102] Referring to FIG. 4, the maximum allowed transmit
power of the UE is 80.8 mW, and the sum of the required
transmit powers is 350.8 mW. The UE allocates priorities for
determining the uplink transmission for which the transmit
power is to be reduced.

[0103] The UE determines whether difference (ratio)
between the total MCG required transmit power (350 mW)
and the total SCG required transmit power (0.08 mW) is equal
to or greater than a certain threshold (e.g., 20 dB). Since the
difference between the total MCG required transmit power
and the total SCG required transmit power is greater than the
threshold, the UE allocates the high priority to the SCG
uplink transmission of which total transmit power is low
(determination operation 1).

[0104] The UE determines the priorities among the uplink
transmissions in the MCG and the priorities among the uplink
transmissions in the SCG. Among PUCCH 1 transmission,
PUSCH 1 transmission (PUSCH transmission in a MCG
serving cell), PUSCH 2 transmission (PUSCH transmission
in another MCG serving cell) through MCG, the UE allocates
the high priority for the PUCCH transmission and the low
priority for the PUSCH 1 and PUSCH 2 transmissions.
Among the PUCCH 2 transmission (PUCCH transmission in
the pSCell), PUSCH 3 transmission (PUSCH transmission in
an SCG serving cell), and PUSCH 4 transmission (PUSCH
transmission in another SCG serving cell), the UE allocates
the high priority for the PUCCH 2 transmission and the low
priority to the PUSCH 3 and PUSCH 4 transmissions (second
determination operation).

[0105] Sincethe cell group priority has priority over the cell
priority, the final priorities are determined as follows:
[0106] The highest priority: PUCCH 2 transmission.
[0107] The second highest priority: PUCCH 3 and PUCCH
4 transmissions.

[0108] The third highest priority: PUCCH 1 transmission.
[0109] The lowest priority: PUSCH 1 and PUSCH 2 trans-
missions.

[0110] The UE reduces the transmit power of the uplink

transmission with the lowest priority first. In the example of
Table 4, the UE has to reduce the transmit power as much as
270 mW corresponding to the power amount which is
obtained by subtracting the maximum allowed transmission
power (80.08 mW) from the total required transmit power
(350.08) by reducing the transmit powers of the PUSCHs 1
and 2 to Yo, it is possible to reduce the transmit power as
much as 270 mW such that the UE reduces the transmit power
as much as 270 mW by applying the equal power scaling to
the PUSCHs 1 and 2 while maintaining the transmit powers
for other uplink transmissions.

[0111] If the total required transmit power is greater than
the maximum allowed transmit power of the UE after reduc-
ing the transmit power of the uplink transmission with the
lowest priority to OmW, the UE controls the transmit power
of the uplink transmission with the next lowest priority, i.e.,
the third highest priority.

[0112] The UE repeats the above process until the con-
trolled total required transmit power is not greater than the
maximum allowed transmit power of the UE.

[0113] FIG. 7 is a flowchart illustrating an uplink transmit
power control procedure of a UE according to an embodiment
of the present disclosure.

[0114] Referring to FIG. 7, if the UE receives an uplink
grant, if there is uplink grant configured to the UE, if the UE
has to perform retransmission, or if the UE has to transmit
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PUCCH, the UE operates as shown in FIG. 7. The configured
uplink grant relates to the uplink transmission resource occur-
ring periodically and complies with the 3"¢ Generation Part-
nership Project (3GPP) standard TS36.321.

[0115] The UE determines a first operation real transmit
power for uplink transmission to be performed at a subframe
at operation 705. If several uplink transmissions are sched-
uled, the UE determines the first operation real transmission
power per transmission. The first operation real transmission
power is the transmission power calculated per serving cell
and is the smallest one between the required transmit power
and the maximum allowed transmit power of the UE in the
serving cell.

[0116] The required transmit power of PUSCH is calcu-
lated by Equation (1) based on the pathloss, PUSCH trans-
mission bandwidth (or number of PRBs), PUSCH transmis-
sion format (Modulation and Coding Scheme (MCS), and
Transmission Power Command (TPC). The calculation com-
plies with the 3GPP standard TS 36.213.

10 10g10(MPUSCH,c(i))+P OJ’USCH,c(j)+ac(j)'P L ANz,
(D40
[0117] Assuming the maximum allowed transmit power of
the UE at subframe I in a serving cell ¢ is Py 5. (1), the first
operation real transmission power of PUSCH is calculated by
Equation (2). The calculation complies with the 3GPP stan-
dard TS 36.213.

Equation (1)

Pemax (D), Equation (2)

Ppysch,c(i) = ming 10log,o(Mpusci.c(D)) + Po_pusci.c(/) +
@ (f) - PLe + Arro(i) + fo(i)

[0118] Assuming the maximum allowed transmit power of
the UE at subframe I in a serving cell ¢ is P45 (1), the first
operation real transmission power of PUCCH is calculated by
Equation (3). The calculation complies with the standard TX
26.213.

Pemax (i), Equation (3)
Ppucen () = ming Po_pucca + PLe + hncor, nuarg, nsr) +
Ar_puccn(F) + App(F') + g (i)

[0119] Briefly, the first operation real transmit power of
PUCCH is determined based on the amount and format of the
information transmitted on PUCCH. The first operation real
transmission power is the real transmit power per serving cell
and may be adjusted finally in accordance with the total
maximum allowed transit power of the UE.

[0120] The UE compares the sum of the first operation real
transmit powers and the maximum allowed transmit power
P c.4x(1) of the UE at operation 710. The maximum allowed
transmit power of the UE at a subframe i is determined based
on the physical maximum output power and per-cell allowed
value as specified in the standard TX 36.101.

[0121] Ifthe sum of the first operation real transmit powers
is not greater than the maximum allowed transmit power of
the UE, there is no need of adjusting the transmit power and
thus the UE sets the respective real uplink transmit powers to
the first operation real transmit powers at operation 715 and
ends the procedure.
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[0122] Ifthe sum of the first operation real transmit powers
is greater than the maximum allowed transmit power of the
UE, the procedure goes operation 720 to adjust the transmit
powers. At operation 720, the UE determines whether any
SCG is configured (or DC is configured or a plurality of CGs
are configured) and, if any SCG is configured (or DC is
configured or a plurality of CGs are configured), the proce-
dure goes to operation 730 and, otherwise, operation 725.
[0123] At operation 730, the UE determines whether to
perform uplink transmission through multiple cell groups (or
through both the MCG and SCG) and, if so, the procedure
goes to operation 735 and, otherwise, operation 725.

[0124] Ifthe procedure goes to operation 725, this indicates
that the uplink transmission is performed through one cell
group and thus the UE does not need to determine the cell
group priorities but the priorities among the uplink transmis-
sions of the cell group. Otherwise if the procedure goes to
operation 735, this means that the uplink transmission is
performed through multiple cell groups and thus the UE has
to determine the cell group priorities and then the per-cell
group uplink transmissions priorities.

[0125] At operation 725, the UE determines the priorities
among the uplink transmissions using the cell group priority
determination method according to an embodiment of the
present disclosure. The cell group priority determination
method is performed as described above. For example, the
UE may allocate to the PUCCH transmission a priority higher
than that of the PUSCH transmission.

[0126] Atoperation 735, the UE determines the priorities of
the cell groups using the cell group priority determination
method according to an embodiment of the present disclo-
sure. The cell group priority determination method is per-
formed as described above. For example, if the difference (or
ratio) between the sum of the first operation real transmit
powers of MCG uplink transmissions and the sum of the first
real transmit powers of the SCG uplink transmissions is less
than a certain threshold, the UE allocates the high priority to
the MCG uplink transmissions and, otherwise if the differ-
ence (or ratio) is equal to or greater than the threshold, allo-
cates the high priority to the cell group of which the sum of the
first operation real transmission powers is low (or the cell
having the low first operation real transmission power, if the
uplink transmission is performed through one cell).

[0127] The UE determines the priorities of the uplink trans-
missions in the cell group using the intra-cell group priority
determination method according to an embodiment of the
present disclosure at operation 740. If only one uplink trans-
mission is scheduled in the cell group, operation 740 may be
omitted.

[0128] The UE determines priorities among the uplink
transmissions finally at operation 743. For example, the UE
allocates the highest priority to the PUCCH transmissions or
the PUCCH transmission including UCI in the cell group
with the high priority, the next highest priority to the PUSCH
transmissions in the cell group with the highest priority, the
next highest priority to the PUCCH transmission or the
PUSCH transmission including UCI in the cell group with the
low priority, and the lowest priority to the PUSCH transmis-
sion in the cell group with the low priority.

[0129] At operation 745, the UE adjusts (controls) the
transmit powers based on the priorities determined as above.
The UE reduces the transmit power of the uplink transmission
with the lowest priority first to maintain the sum of the trans-
mit powers below the maximum allowed transmit power. If
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the sum of the transmit powers of the uplink transmission
even after reducing the transmit power of the uplink trans-
mission with the lowest priority to 0 mW, the UE adjust the
transmit power of the uplink transmission with the next low-
est priority. The UE repeats this process until the sum of the
transmit powers is not greater than the maximum allowed
transmit power.

[0130] The UE sets the final transmit powers of the corre-
sponding uplink transmissions to the value obtained by
reducing the first operation real transmit powers of the respec-
tive uplink transmissions at operation 750 and ends the pro-
cedure.

[0131] Inan embodiment of the present disclosure, the UE
may allocate priority to the PUCCH transmission indepen-
dently of the cell group and apply the equal power scaling or
the differential power scaling to the PUSCH transmissions.
For example, if the sum of the first operation real transmit
powers is greater than the maximum allowed transmit power
of the UE, the UE may allocate the highest priority to the
PUCCH and the PUSCH including UCI (i.e., it is possible to
reduce the transmit power when the total required transmit
power is greater than the maximum allowed transmit power
even when the transmit power of the uplink transmission with
the low priority is reduced to 0 mW). The UE may allocate the
same priorities to the PUSCH transmissions (i.e., apply the
equal power scaling) or, if the difference (or ratio) between
the first operation real transmission powers is greater than a
certain threshold, allocate the priority to the PUSCH trans-
mission with low first real time transmit power (i.e., reduce
the transmit power of the PUSCH with the high first operation
real transmission power with priority. A description is made
thereof in the following situation.

[0132] First operation real transmit power of uplink trans-
mission to occur at certain time duration (e.g., one subframe),
[0133] First operation real transmit power of the PCell
PUCCH=PrcenrvccemW,

[0134] First operation real transmit power of PUCCH of
MCG SCell 1=P(,;;; mW,

[0135] First operation real transmit power of PUSCH of
SCG SCell 2=Pgr ;o p7c; MW,

[0136] First operation real transmit power of PUSCH of
SCG SCell 3=P ;s mW,

[0137] The PUSCH transmission of SCG SCell 2 includes
UCI,

[0 %13 81 PrceurvccmtPscem +PscemvcrtPsceus™PCMAX,
an

[0139] Pgcoin/Pscos>THI (e.g., centuple).

[0140] In the above case, since the highest priority is allo-

cated to the PUCCH and PUSCH including UCI, the power
headroom available for the MCG SCell 1 and SCG SCell 3
Wi‘t;; the low priority is [Pearyx—(PrecurvccatPscennvcs]
mW.

[0141] Sincethe ratio between the PUSCH transmit powers
of the MCG SCell 1 and the SCG SCell 3, the UE allocates a
higher priority to the uplink transmission with the low trans-
mit power. Accordingly, the power headroom available for the
MCG SCell 1 with the lowest priority is [Popyv—Ppcen-
PuccHAP scon yertPscens)] mW.

[0142] If the power headroom is equal to or greater than 0,
the UE adjusts the transmit power of the PCell 1 to configure
the real transmit power of the SCell 1 and the transmit powers
of'the rest uplink transmissions at set to the first real transmit
powers as they are. If the power headroom is less than 0, the
required transmit power exceeds the maximum allowed trans-



US 2015/0215944 A1

mit power of the terminal even though the real trans power of
the SCell 1 is set to 0 and thus the UE sets the real transmit
power of the SCell 1 to 0 and adjusts the transmit power of the
uplink transmission, i.e., PUSCH of the SCell 3, with the
priority higher than that of the PUSCH of the SCell 1. For
example, if the calculation result is equal to or greater than 0,
the UE adjusts the transmit power of the SCell 3 to [Py~
PrceurvccatPscemve)] mW.

[0143] The UE repeats the above process until the sum of
the controlled transmit powers becomes not greater than the
maximum allowed transmit power.

[0144] FIG. 8 is a flowchart illustrating an uplink transmit
power control procedure of a UE according to an embodiment
of the present disclosure.

[0145] Referring to FIG. 8, the UE selects one of the equal
power scaling and the differential power scaling depending
on the difference between the transmit powers.

[0146] Operations 805, 810, and 815 are identical with
operations 705, 710, and 715 in FIG. 7.

[0147] Ifthe sum of the first operation real transmit powers
is greater than the maximum allowed transmit power at opera-
tion 810, the procedure goes to operation 817. At operation
817, the UE determines whether the first operation transmit
power difference between PUSCH transmissions, among the
uplink transmissions, is greater than a certain threshold
(TH1). At this time, the UE may consider the PUSCH trans-
missions including no UCI among the PUSCH transmissions.
Inthe above described embodiment of the present disclosure,
the UE compares Pg.,;; and Pg..;; with each other and
determined whether the ratio therebetween is greater than
THA1. If the ratio or difference is greater than TH1, the UE
applies the differential power scaling at operation 820 and,
otherwise equal to or less than TH1, the equal power scaling
at operation 825.

[0148] 1If there are more than two PUSCH transmissions,
the UE takes ratios of all available combinations into consid-
eration and applies the differential power scaling to the com-
binations that fulfils the above condition at operation 820 and
the equal power scaling to the combinations that do not fulfil
the above condition at operation 825. For example, if there are
Pgcen « (first operation real transmit power of SCell_x),
Pscen_y»and Pgey ,, the UE determines whether there is any
combination of which difference is greater than TH1 among
the all available combinations [Psc.s;_ . Pscen s [Pscen v
Pscen .l and [Pscey g Pscen |- The UE applies the equal
power scaling to the combination, e.g., [Psce; v Pscen ls of
which difference is greater than TH1 and the differential
power scaling to the combination, e.g., [Psc.; o Pscerz 1> of
which difference is equal to or less than TH1.

[0149] According to another embodiment of the present
disclosure, one of all available combinations shows the dif-
ference greater than TH1, the procedure goes to operation 820
at which the UE applies the differential power scaling to all
the PUSCH transmit powers and, when there is no combina-
tion showing the difference greater than TH1, the procedure
goes to operation 825 at which the UE applies the equal power
scaling.

[0150] According to another embodiment of the present
disclosure, the UE determines whether apply the equal power
scaling or differential power scaling based on the absolute
values of the first operation real transmit powers. For
example, the procedure goes to operation 820 for the uplink
transmission of which transmit power is equal to or less than
a certain threshold to apply the differential power scaling and
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operation 825 for the uplink transmission of which transmit
power is greater than the threshold to apply the equal power
scaling. For example, if the sum of the first operation real
transmit powers at a certain time point is greater than P,/ 1,
the UE applies the differential power scaling to the uplink
transmission of which first operation real transmit power is
equal to or less than a certain threshold and the equal power
scaling to the uplink transmission of which first operation real
transmit power is greater than the threshold. For example, if
the first operation real transmit powers of PUSCH 1, PUSCH
2, PUSCH 3, and PUSCH 4 are 100 mW, 400 mW, 0.5 mW,
and 0.9 mW respectively, and the certain threshold is 0 dBm
(1 mW). The UE applies the differential power scaling to
PUSCHs 3 and 4 of which first operation real transmit powers
are less than 1 mW (i.e., allocates the high priority and dos not
reduce the transmit powers before the transmit power of the
uplink transmission with low priority decreases to 0 mW) and
the equal power scaling to the PUSCHs 1 and 2 (i.e., allocates
the low priority and reduces the transmit powers at the same
rate).

[0151] If the differential power scaling is applied to an
uplink transmission, this indicates that applying the high
priority to the corresponding uplink transmission and to
reduce the transmit power with the low priority first. If the
equal power scaling is applied to an uplink transmission, this
indicates that the low priority is applied to the corresponding
uplink transmission to reduce the transmit powers of the
uplink transmissions with the low priority at the same rate.
[0152] At operation 820, the UE applies the differential
power scaling to the PUSCH transmit powers. For example,
the UE reduces the transmit power of the PUSCH transmis-
sion with the highest transmit power and, if the transmit
power shortage state is not resolved even after reducing the
highest transmit power to OmW, reduces the next highest
transmit power. This process is performed repeatedly until the
transmit power shortage is resolved.

[0153] At operation 825, the UE applies the equal power
scaling to the PUSCH transmit powers. For example, the UE
reduces the PUSCH transmit powers at the same rate until the
transmit power shortage state is resolved.

[0154] The UE determines whether the transmit power
shortage state is resolved at operation 830 and, if resolved, the
procedure goes to operation 835 and, otherwise, operation
840. At operation 835, the UE sets the uplink transmit power
of'the uplink transmission without power reduction to the first
operation real transmit power and the uplink transmit power
of'the uplink transmission with power reduction to the value
obtained by subtracting the reduced transmit power from the
first operation real transmit power.

[0155] Ifthe procedure goes to operation 840, this indicates
that the transmit power shortage state is not resolved even
though the PUSCH transmit power (except for PUSCH
including UCI) is reduced to 0 mW and this the UE deter-
mined whether the difference between the first operation real
transmit power of the PUCCH and the first operation real
transmit power of the PUSCH including UCl is greater than a
certain threshold TH2 to adjust the PUCCH transmit power.
In the above-described embodiment of the present disclosure,
the UE determines whether the difference between Pgc,;20/¢7
and Ppipcc 18 greater than TH2. If the PUCCH is trans-
mitted through both the MCG and SCG or if the PUSCH
including UCI is transmitted through both the MCG and
SCG, the UE determines whether the difference between their
real transmit powers is greater than TH2.
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[0156] If the first operation real transmit power difference
between the two uplink transmissions is greater than TH 2, the
UE applies the differential power scaling at operation 845
and, otherwise, the equal power scaling at operation 847.
[0157] The UE reduces the transmit power of the PUCCH
transmission or PUSCH transmission including UCI which is
allocated the high priority first at operation 845. The UE
reduces the transmit powers of the PUCCH transmissions at
the same rate at operation 847. In addition, the UE may reduce
the transmit powers of the PUCCH transmission and the
PUSCH transmission including UCI at the same rate.

[0158] Inanotherapproach, the UE determines the absolute
values of the first operation real transmit powers of PUCCH
and PUSCH including UCI instead of considering the differ-
ence between the first operation real transmission power of
the PUCCH and the first operation real transmit powers of the
PUSCH including UCI. In this case, it is possible to apply the
low priority to the uplink transmission of which transmit
power absolute value is greater than another threshold (e.g., 2
mW) to reduce its transmit power first and to apply the high
priority to the uplink transmission of which transmit power
absolute value is equal to or less than the threshold subse-
quently to reduce it transmit power. If the first operation real
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TABLE 5-continued

CSI This is a signal indicating DL signal quality. Part of the
(Channel PUCCH resource may be allocated to the UE as CSI

State transmission resource. The UE can transmit CSI in a PCell
Information) ora pSCell.

SRS This is a reference signal transmitted by UE in uplink for use
(Sounding in uplink channel estimation at the eNB. SRS can be
Reference configured to all serving cells and transmitted at the last
Signal) symbol of PUSCH transmission resource.

PUSCH This is the UL channel carrying user data (MAC PDU).
[0162] If DC is configured, various uplink signals may

collide one another. The UE determines the collided signals
and determines the priorities among the uplink signals.
[0163] Thebasic principle is to allocate, to the uplink signal
which is likely to be concerned with RRC control message
transmission, a priority higher than those of other uplink
signals because the very important data, e.g., an RRC control
message, may be transmitted through the MCG. Examples of
the uplink signal which is likely to be concerned with the
RRC control message transmission include the preamble
transmitted in the PCell, the scheduling request transmitted in
the PCell, and PUSCH transmitted in an MCG service cell.
[0164] FIG. 6 shows the priorities among the uplink signals
according to an embodiment of the present disclosure.

TABLE 6

Priorities between SCG

MCG UL and SCG UL

Preamble SR AN CSI SRS PUSCH

MCG Preamble Allocate priority to MCG Preamble transmission

SR Allocate priority to MCG SR transmission

AN MCG MCG MCG  SCG MCG MCG
A/N A/N AN CSI AN AN

CSI SCG SCG  SCG SCG MCG MCG
Preamble SR AN CSI  CSI CSI

SRS SCG SCG SCG SCG  A-SRS SCG
Preamble SR AN CSI PUSCH

PUSCH Allocate priority to MCG PUSCH transmission

[0165] The MCG ACK/NACK (A/N) (HARQ feedback) is

transmit powers of the two uplink transmissions are greater
than the threshold, the UE applies the equal power scaling to
the two uplink transmissions.

[0159] FIG. 13 isa flowchart illustrating an uplink transmit
power control procedure of a UE according to an embodiment
of the present disclosure.

[0160] Referring to FIG. 13, the UE determines the priori-
ties among the uplink transmissions based on their impor-
tance.

[0161] The uplink transmissions of the UE can be classified
as shown in Table 5. The details of the signals enumerated
herein comply with the 3GPP standard TS36.211, 36.212,
36.213, and 36.321.

TABLE 5

Preamble This is a UL signal for random access. Part of the UL
transmission resource is reserved for preamble transmission.
The UE can transmit preamble in a PCell, a pSCell, or an
SCell having random access information.

Scheduling  This is a UL signal for transmission resource request. Part of

Request the PUCCH resource can be allocated to UE as SR
transmission resource. The UE can transmit SR in a PCell or
apSCell.

HARQ This is the HARQ feedback signal corresponding PDSCH

feedback and transmitted on the PUSCH resource of a PCell or a

pSCell.

likely to be a feedback corresponding to an RRC message.
Accordingly, it is preferred to allocate to the MCG A/N a
priority higher than those of other SCG uplink signals. How-
ever, since the SCG CSI is important information guarantee-
ing the efficiency of large volume PDSCH transmission in the
SCG, the priority is given to the SCG CSI when the MCG A/N
and SCG CSI collide.

[0166] Since the MCG is likely to be used to transmit small
data, such as RRC messages, the MCG CSI is not so impor-
tant. Accordingly, when the MCG CSI and SCG CSI collide
or the MCG CSI and the SCG preamble collide, a low priority
is allocated to the MCG CSI.

[0167] The SRS may be classified into one of Periodic SRS
and aperiodic SRS (A-SRS) and, when the MCG SRS and the
SCG SRS collide and one of them is A-SRS, the priority is
given to the A-SRS. This is because the A-SRS transmission
is commanded by the eNB and thus is more important than the
periodic SRS which is transmitted by the UE autonomously.
When both the SRSs are A-SRSs or when none of the SRSs
are A-SRSs, the priority is given to the MCG SRS. This is
because the MCG uplink channel state is likely to be more
important than the SCG uplink channel state.

[0168] Ifthere is no doubt that the MCG preamble, SR, and
PUSCH are not related to the RRC control message, e.g., if
the MCG SR or the buffer status report triggered random
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access is not triggered by occurrence of an RRC control
message but the RRC control message is contained in the
MAC PDU related to the PUSCH transmission, the priorities
are determines by applying Table 7.

[0169] The basic principle that the priority is allocated in
the order of preamble transmission, HARQ A/N transmis-
sion, SR transmission, CSI transmission, PUSCH transmis-
sion, and SRS transmission, when the uplink transmissions
collide one another and, if the same types of transmissions
collide, determine priorities thereof based on the transmis-
sion type. The priority is given to MCG A/N in collision
between MCG A/N and SCG A/N, MCG SR in collision
between MCG SR and SCG SR, SCG CSI in collision
between MCG CSI and SCG CSI, and MCG PUCCH in
collision MCG PUSCH and SCG PUSCH, and, in collision
between SRSs, according to the rule in Table 7.

10
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[0177] When determining the priorities of the uplink trans-
mit powers at a subframe, the UE determines the uplink
transmit power based on the subframe selected among a plu-
rality subframes overlapped with the subframe according to a
certain rule.

[0178] For example, if the MCG subframe [n+1] 920 car-
ries PUSCH, the SCG subframe [m+1] 925 carries PUCCH,
and SCG subframe [m+2] 945 carries nothing, the UE deter-
mines the transmit power of the MCG subframe [n+1] 920
based on the transmit power of the subframe which is more
overlapped with the subframe [n+1] 920 in the time domain.
Since the duration 930 overlapped between the subframe
[n+1] 920 and the subframe [m+1] 925 is longer than the
duration 940 overlapped between the subframe [n+1] 920 and
the subframe [n+2] 945, the UE determines the transmit
power of the subframe [n+1] 920 based on the transmit power

TABLE 7
Priorities between SCG
MCG UL and SCGUL Preamble A/N SR CSI SRS PUSCH

MCG Preamble MCG Preamble Preamble Preamble Preamble Preamble
AN Preamble A/N A/N AN A/N AN
SR Preamble A/N MCG SR SR SR
CSI Preamble A/N SR SCG CSI CSI
SRS Preamble A/N SR CSI A-SRS PUSCH
PUSCH Preamble A/N SR CSI PUSCH MCG

[0170] FIG.13isaflowchart illustrating an uplink transmit and transmission type (uplink data type, such as PUCCH,

power control procedure of a UE according to an embodiment
of'the present disclosure. FIG. 13 is directed to the UE opera-
tion for uplink transmission at a subframe.

[0171] Since operations 705, 710, 715, 720, 730, 745, and
750 are identical with those of FIG. 7, descriptions thereof are
omitted herein.

[0172] At operation 1325, the UE determines the priorities
of the uplink transmissions according to the priority determi-
nation method 3 (embodiment of FIG. 13). The priority deter-
mination method 3 allocates priority in the order of preamble
transmission, HARQ A/N transmission, SR transmission,
CSI transmission, PUSCH transmission, and SRS transmis-
sion.

[0173] Atoperation 1335, if condition 1 is fulfilled, the UE
determines the priorities according to Table 6 and, otherwise,
Table 7. If one of the MCG preamble transmission, SR trans-
mission, and PUSCH transmission relates to the RRC control
message transmission, condition 1 is fulfilled and, otherwise,
condition 1 is fulfilled. After determining the priorities
accordingto Table 6 or 7, the procedure goes to operation 745.

[0174] Operations 740 and 705 are identical with those of
FIG. 7.
[0175] FIG.9isadiagram illustrating a situation where two

uplink subframes are not aligned according to an embodiment
of'the present disclosure. The uplink subframe boundaries of
the different cell groups may mismatch.

[0176] Referring to FIG. 9, the boundary of the subframe
905 of the MCG service cells and the boundary of the sub-
frame 910 of the SCG serving cells are dislocated as much as
x as denoted by reference number 915, one MCG subframe is
overlapped with tow SCG subframes on the time axis. For
example, the MCG subframe [n+1] 920 is overlapped with the
SCG subframe [m+1] 925 and the SCG subframe [m+2] 945.

PUSCH, PUSCH including UCI, and the like) of the sub-
frame [m+1] 925.

[0179] Similarly, since the duration 930 overlapped
between the subframe [m+1] 925 and the subframe [n+1] 920
is longer than the duration 935 overlapped between the [m+1]
925 and the subframe [n] 905, the UE determines the transmit
power of the subframe [m+1] 925 based on the transmit power
and transmission type of the subframe [n+1] 920.

[0180] In the case of considering the subframe which is
more overlapped in the time domain, it may occur that the
sum of the transmit powers is greater than the maximum
allowed transmit power in the duration less overlapped sub-
frame (e.g., duration 940). If the transmit power shortage
occurs in the less overlapped duration, the UE may apply the
equal power scaling to adjust the transmit power in the cor-
responding duration.

[0181] FIG. 10 is a signal flow diagram illustrating a signal
processing procedure for transmitting signals using multiple
carriers at a UE in a mobile communication system according
to an embodiment of the present disclosure.

[0182] Referring to FIG. 10, if a certain condition is ful-
filled in the L'TE network, a UE 1005 reports its capability to
an MeNB 1010 at operation 1025. The condition is fulfilled
representatively when the eNB request the UE 1005 for UE
capability.

[0183] The UE capability report message includes the
information as follows.

[0184] List of frequency bands supported by UE 1005,
[0185] List of frequency band combinations supported by
UE 1005, and

[0186] MIMO capability per frequency band combination.
[0187] Inan embodiment of the present disclosure, the UE

1005 reports the information indicating whether DC is sup
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ported per frequency band combination supported by the UE
1005 along with the above information. The DC supportabil-
ity is reported for the frequency band combination fulfilling a
certain condition. For example, if the DC supportability for
the frequency band combination in the same band (or com-
bination having one band entry, hereinafter referred to as
intra-band combination) is not reported explicitly, this indi-
cates that the DC is not supported for the corresponding
frequency band combination. The DC may be supported for
the frequency band combination across different bands (or
combination having two or more band entries, hereinafter
referred to as inter-band combination). The UE 1005 may
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1035. The data transmission/reception through the pico cell is
more efficient to the data transmission/reception through the
macro cell in various respects. Accordingly, if the UE 1005 is
located within the pico cell area, it is preferred for the eNB to
configure the pico cell in which the UE 1005 is located as a
new serving cell.

[0193] The MeNB 1010 determines an SeNB 1015 control-
ling the pico cell by referencing the identifier of the pico cell
and transmits to the SeNB 1015 a control message requesting
to add a serving cell at operation 1040.

[0194] The control message transmitted for serving cell add
request includes the information in Table 8.

TABLE 8

Name

Description

SCell ID
Information

TAG ID
Information

UL scheduling

information

Data rate
information

Information on

DRB to be
served by
SeNB

Measurement
quality

information of

serving cell

requested to be

configured
additionally

This is the information related to the identifiers of the S Cells to be
configured by SeNB. This includes one or more SCelllndex-r10.
This is determined by the MeNB and sent to the SeNB to prevent the
identifier in use by the MeNB from being reused.

This is the information related to the identifier of TAG to be
configured by SeNB. This is determined by the MeNB and sent to
the SeNB to prevent the identifier in use by the MeNB from being reused.
This includes the priority information of the logical channels
configured at the UE and logical channel group information. The
SeNB interprets the buffer status report information of the UE and
performs uplink scheduling based on this information.

This is the DL/UL predicted data rate information. The SeNB
determines whether to accept or reject the SCell add request based
on this information.

The DRB (Data Radio Bearer) is the radio bearer established for
processing user plane data. If the UE enters a pico cell area, all user
plane data or most user plane data are processed preferably through
the pico cell. The MeNB transmits to the SeNB the information on
the DRBs to be processed through the pico cell, e.g., PDCP
configuration information (PDCP header structure, header compress
protocol information, and the like), RLC information (RL.C
operation mode, timers, and the like), logical channel information
(logical channel identifier, priority, and the like). The SeNB
determines the final DRB configuration information based on the
above information.

The UE report the channel quality information transmitted in the
measurement report message to the SeNB. The SeNB determines
whether to accept or reject the serving cell add request based on this
information and the data rate information.

reduce the size of the message by marking whether it support
DC per band combination for the inter-band combination.
[0188] If a certain event, e.g., if channel quality of a pico
cell fulfils a certain condition, in the middle of data commu-
nication with the MeNB 1010 in the macro cell are, the UE
1005 generates and transmits a measurement report to the
MeNB 1010 at operation 1030.

[0189] At this time, the measurement report message
includes the information as follows.

[0190] Identifier of the cell of which channel quality fulfils
a certain condition (e.g., physical layer cell identifier or
Physical Cell ID (PCI), and

[0191] Channel quality or reference signal strength of the
corresponding cell.

[0192] Ifthe measurement report message is received from
the UE 1005, the MeNB 1010 becomes aware that the UE
1005 is in the pico cell area. The MeNB 1010 determines to
configure a pico cell (serving cell) to the UE 1005 at operation

[0195] The SeNB 1015 determines whether to accept or
reject the serving cell add request based on the serving chan-
nel information and UE data rate information.

[0196] Ifit is determined to accept, the SeNB 1015 estab-
lishes one or more DRBs at operation 1045. Afterward, the
SeNB 1015 processes the data transmitted by and to be trans-
mitted to the UE 1005 through the DRB.

[0197] Ifthe SeNB 1015 establishes a DRB, this indicates
to establish PDCP and RLC entities for processing data
requiring a certain QoS. The DRB configuration may be
identical with or different from the original configuration
notified by the source eNB (HeNB) 1010.

[0198] The SeNB 1015 transmits to the MeNB 1010 a
control message for accepting the SCell add request at opera-
tion 1050. This control message includes the information in
Table 9.
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TABLE 9
Name Description
SCellToAddMod  This is the information on the SCells configured in the SeNB and
includes the information as follows. SCellIndex-r10,
cellldentification-r10, radioResourceConfigCommonSCell-r10,
radioResourceConfigDedicatedSCell-r10, and TAG information.
PUCCH Physical Uplink Control Channel (PUSCH) is configured in at least
information for one of the SCells belonging to SCG. The UL control information,
7pSCell such as HARQ feedback, Channel Status Information (CSI),

Information for

Sounding Reference Signal (SRS), and Scheduling Request (SR) are
transmitted on PUCCH. The SCell in which PUCCH is transmitted
is referred to as PUCCH SCell hereinafter. This information
includes sub-information, such as PUCCH SCell identifier and
PUCCH configuration information.

This is the information on the logical channel for use in data

data forwarding  exchange between MeNB and SeNB and includes GPRS Tunnel
Protocol (GTP) tunnel identifiers for the respective DL and UL data
exchanges.

UE identifier This is C-RNTI to be used by the UE in the SCG SCell.

DRB If identical with the DRB configuration used in the MeNB, this may

configuration be omitted.

information

List of DRBsto ~ DRB relocation is described below. If the locations of all the DRBs

be relocated are reconfigured, this information may be omitted.

Scheduling This is the information related to scheduling, such as Buffer Status

information Report (BSR) and Power Headroom Report (PHR), e.g., triggering

processing- condition and periodic report cycle information. If identical with the

related information of MeNB, this information may be omitted.

information

[0199] The MeNB 1010 receives the SCell add response [0201]

message from the SeNB 1015 and stops downlink operation
of the DRB to be relocated at operation 1055. For example,
the downlink data transmission stops on the DRB. However,
the uplink data processing on the DRB is continued.

[0200] TheMeNB 1010 generates an RRC control message
for serving cell add request and transmits this message to the
UE 1005 at operation 1060. This control message includes the
information in Table 10.

TABLE 10
Name Description
SCellAddMod  The information transmitted by the SeNB is contained
without modification. For example, SCellAddMod is
identical with that of Table 3. SCellAddMod is contained
per SCell and sub-information of an SCellAddModList.
PUCCH The information transmitted by the SeNB is contained
information for without modification. For example, PUCCH
pSCell information for pSCell is identical with that

of Table 3.

This is the information on the SCells belonging to the
SCG among the configured SCells. This may

include SCell identifiers and identifiers of the

TAGs belonging to the SCG.

This is C-RNTI to be used by the UE in the SCG SCell.

SCGSCell List

UE identifier

DRB Information transmitted by the SeNB at operation 1050
configuration

information

List of DRBs  Information transmitted by the SeNB at operation 1050
to be relocated

Scheduling Information transmitted by the SeNB at operation 1050
information

processing-

related

information

Transmit Thresholds for transmit power control, such as TH1 and
power TH2. This is the information notifying the uplink
adjustment transmission to which the priority is given among
information the MCG and SCG uplink transmissions.

The above information is coded in the ASN. 1 cod-
ing scheme and then transmitted to the UE 1005.

[0202] Upon receipt of the control message, the UE 1005
acquires downlink synchronization with the newly config-
ured SCell at operation 1065. Next, if a random access pro-
cedure for SCell is prepared, the UE 1005 transmits to the
MeNB 1010 a serving cell add response control message at
operation 1075.

[0203] More specifically, if the serving cell add response
message is generated, the UE 1005 transmits D-SR in the
PCell or initiates random access procedure in the PCell to
request for resource allocation to transmit the serving cell add
response control message. If the uplink resource is allocated
by of cell of the MCG, the UE transmits to the MeNB 1010 the
serving cell add response control message using the alloca-
tion resource.

[0204] If an HARQ ACK or an RLC ACK is received in
correspondence to the serving cell add response control mes-
sage, the UE starts the random access procedure in a serving
cell of the SCG at operation 1080. The SCG serving cell to
perform the random access procedure is determined accord-
ing to the following method.

Method of Determining SCG Cell for Random Access
Procedure

[0205] If there is one serving cell to which the random
access information is configured among the SCG serv-
ing cells, the UE performs the random access in the
corresponding serving cell.

[0206] Ifthere is more than one serving cell to which the
random access information is configured among the
SCG serving cells and the random access information-
configured cells includes the pSCell, the UE performs
the random access in the pSCell.

[0207] Inthe random access procedure, the UE 1005 trans-
mits a preamble at a subframe on a frequency resource of the
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serving cell, receives a response message in response to the
preamble, and performs uplink transmission based on the
control information included in the response message.
[0208] If the random access procedure is completed as
described above, the SeNB 1015 determines that the UE is
capable of data communication in the SCG SCell and sched-
ules the UE 1050.

[0209] If it is necessary to perform multiple uplink trans-
missions simultaneously, the UE determines whether the
uplink transmissions are intra-cell group transmissions and, if
intra-cell group transmissions, determines the priorities of the
uplink transmissions according to a certain rule and, other-
wise if inter-cell group transmissions, determines priorities of
the uplink transmissions according to another rule at opera-
tion 1085. Here, the rules are the above-described rules
according to the various embodiments of the present disclo-
sure.

[0210] After transmitting the serving cell add control mes-
sage to the UE 1005, the MeNB 1010 performs a DRB relo-
cation procedure with the SeNB 1015 and an S-GW 1020 at
operation 1070. In the DRB relocation procedure, the MeNB
1010 transmits to the SeNB 1015 the DRB data to be pro-
cessed by the SeNB 1015, releases the EPS bearers corre-
sponding to the relocated DRBs among the EPS bearers
established between the S-GW 1020 and the MeNB 1010, and
reestablishes the EPS bearers between the S-GW 1020 and
the SeNB 1015.

[0211] The UE 1005 may initiate the random access proce-
dure in the SeNB 1015 before transmitting the serving cell
add response message so as to start data transmission/recep-
tion as soon as possible. For example, if the random access is
prepared in the SCell after the receipt of the serving cell add
control message, the UE 1005 starts the random access pro-
cedure immediately. The serving cell add response message
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may be transmitted after the random access procedure is
completed or in the middle of the random access procedure.
At this time, the UE 1005 transmits the serving cell add
response message when the uplink transmission resource of
the MCG serving cell is available for transmitting the serving
cell add response message to the MeNB 1010.

[0212] Another embodiment of the present disclosure pro-
poses a UE procedure of determining the RNTT to be received
through monitoring based on the cell groups.

[0213] The RNTI is the information indicating the UE to
which the Downlink Control Information (DCI) transmitted
on PDCCH is addressed and sub-classified as follows in Table
11. The details of the RNTIs comply with the 3GPP standard
TS36.211,36.212,36.213,36.321, and 36.331.

TABLE 11
RNTI Usage
P-RNTI Paging and System Information change notification
SI-RNTI Broadcast of System Information
M-RNTI MCCH Information change notification
RA-RNTI Random Access Response

Temporary C-RNTI  Contention Resolution (when no valid C-RNTI is
available)

Dynamically scheduled unicast transmission
Semi-Persistently scheduled unicast transmission
(activation, reactivation and retransmission)
Physical layer Uplink power control

Physical layer Uplink power control

C-RNTI
Semi-Persistent
Scheduling C-RNTI
TPC-PUCCH-RNTI
TPC-PUSCH-RNTI

[0214] In the case that the Dual Connectivity (inter-eNB
carrier aggregation) is configured, the SeNB and MeNB may
transmit to the UE the DCI and PDSCH using different
RNTIs. The RNTI-related operations are summarized in

Table 12.

TABLE 12

RNTI allocation range
and allocator

RNTI-monitoring UE
operation

RNTT acquisition
method

C-RNTI

SPS C-RNTI

Allocated per cell
group, up to 2 C-RNTIs
per UE. MCG C-RNTI
(C-RNTIyzc) and SCG
C-RNTI (C-RNTIgc6)
are determined by
MeNB and SeNB
respectively and may
differ from each other.

Allocated for PCell and
pSCell, up to 2 SPS C-
RNTIs per UE. The SPS
C-RNTI for PCell (SPS
C-RNTIpc,;) and SPS
C-RNTI for pSCell
(SPS C-RNTlIpsc.y) are
determined by MeNB
and SeNB respectively
and may differ from
each other. In the case
that SPS is used in the
PCell, the UE may be
allocated one SPS C-
RNTL

UE monitors MCG
serving cell PDCCH for
C-RNTI, 0 and SCG
serving cell PDCCH for
C-RNTIgcq

If SPS is configured in
MCG, the UE monitors
the PCell PDCCH for
SPS C-RNTIpe,y. If
SPS is configured in
SCG, the UE monitors
the pSCell PDCCH for
SPS C-RNTIpgey If
SPS is used in a PCell,
and if SPS is
configured, the UE
monitors the PCell
PDCCH for SPS C-
RNTL

C-RNTI ¢ is allocated
through RRC
Connection
Reconfiguration
message in the RRC
connection
establishment
procedure or handover
procedure, and C-
RNTIg g is allocated
through a control
message configured by
pSCell.

SPS C-RNTT is
allocated through the
RRC connection
reconfiguration
message containing
SPS configuration
information (SPS-
config).



US 2015/0215944 A1

Jul. 30,2015

14
TABLE 12-continued
RNTTI allocation range RNTI-monitoring UE RNTI acquisition
and allocator operation method
TPC- Allocated for PCell and ~ If the TPC-PUCCH- TPC-PUCCH-
PUCCH- pSCell, up to 2 TPC- RNTIpc,y is allocated, RNTIpc,; is allocated
RNTI PUCCH-RNTIs per UE.  the UE monitors the through RRC
The TCP-PUCCH- PCell PDCCH for Connection Setup
RNTI for PCell (TPC- receiving TPC of a message or RRC
PUCCH-RNTI, ) and  PCell PUCCH. If TPC-  Connection
TCP-PUCCH-RNTI for ~ PUCCH-RNTIpg e is Reconfiguration
pSCell (TPC-PUCCH- allocated, the UE message, and TPC-
RNTIpscern) are monitors the pSCell PUCCH-RNTIpgees; is
determined by the PDCCH for receiving allocated through RRC
MeNB and SeNB TPC of a pSCell Connection
respectively and may PUCCH. Reconfiguration
differ from each other. message including
pSCell configuration
information.
TPC- Allocated for PCell and  If TPC-PUSCH- TPC-PUSCH-
PUSCH- pSCell, up to 2 TPC- RNTIpc; is allocated, RNTIpc,; is allocated
RNTI PUSCH-RNTIs. The the UE monitors PCell through RRC
TPC-PUSCH-RNTI for ~ PDCCH for receiving Connection Setup
PCell (TPC-PUSCH- TCP of a PCell message or RRC
RNTIpc.;) and the TPC-  PUSCH. If TPC- Connection
PUSCH-RNTI for PUCCH-RNTI g, i Reconfiguration
pSCell (TPC-PUSCH- received, the UE message, and TPC-
RNTIpsc.r) are monitors pSCell PUSCH-RNTIpgcrc
determined by the PDSCH for receiving pSCell is allocated
MeNB and SeNB TPC of a pSCell through the RRC
respectively and may PUCCH. Connection
differ from each other. Reconfiguration
message including
pSCell configuration
information.
P-RNTI One common RNTT is UE monitors PCell for A certain RNTT is used.
used across two cell P-RNTL
groups.
SI-RNTI One common RNTT is UE monitors PCell for A certain RNTT is used.
used across two cell SI-RNTL
groups.
RA-RNTI A plurality of RNTIs are  UE transmits a random A certain RNTT is used.
reserved per serving access preamble in a
cell. serving cell and
monitors the serving
cell for RA-RNTL If
the preamble has been
transmitted in an MCG
serving cell, the serving
cell is the PCell and,
otherwise if the
preamble has been
transmitted in an SCG
serving cell, the serving
cell is pSCell.
M-RNTI One common RNTT is The UE monitors the A certain RNTI is used.
used across two cell serving cell through
groups. which MBMS service is
received or to be
received for M-RNTI
[0215] According to various embodiments of the present included in the second type RNTI. The serving cell is PCell or

disclosure, RNTTs are classified into various types as follows,
and the UE performs distinct monitoring operations accord-
ing to the type of RNTL

[0216] First type RNTI: A UE may be allocated the first
type RNTI per cell group and up 2 first type RNTIs. The UE
monitors all the serving cells in the activated state for the first
type RNTI. C-RNTT is included in the first type RNTI.

[0217] Second type RNTI: A UE may be allocated the
second type RNTI per cell group, and up to 2 second type
RNTIs. The UE monitors a serving cell for the second type
RNTI. TPC-PUCCH-RNTI and TPC-PUSCH-RNTI are

pSCell.

[0218] The third type RNTIL: A UE is allocated up to 1 third
type RNTI for a specific cell group. The UE monitors a
serving cell of the corresponding cell group for the third type
RNTI. SPS-RNTI is included in the third type RNTI. The
specific cell group is the MCG, and the serving cell is PCell.

[0219] Fourth type RNTI: A UE is allocated up to 1 fourth
RNTT for a specific cell group. The UE monitors a serving cell
of'the corresponding cell group for the fourth type RNTI. The
SI-RNTT and P-RNTT are included in the fourth type RNTI.
The specific cell group is MCG, and the serving cell is PCell.
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The third type RNTT and the fourth type RNTI are different in
that the third type RNTI has a UE-specific unique value
allocated through an RRC control message but the third type
RNTTI has a value common to all UEs.

[0220] Fifth type RNTI: The fifth type RNTI is allocated
per serving cell independently of cell group, and a UE moni-
tors the corresponding serving cell for the fifth type RNTI
when a certain event (e.g., a random access preamble trans-
mission) occurs. If the serving cell in which the event occurs
is an MCG serving cell monitors the PCell and, otherwise if
the serving cell in which the event occurs is a SCG serving
cell, the pSCell for the fifth RNTI. RA-RNTI is included the
fifth type RNTT.

[0221] FIG. 14 is a flowchart illustrating a procedure of
determining, at a UE, a serving cell to be monitored for
receiving RNTT according to an embodiment of the present
disclosure.

[0222] Referring to FIG. 14, the UE determines the allo-
cated RN'TTat operation 1405. The UE is allocated at least one
first type RNTT and one fourth type RNTI and allocated the
second type RNTT and the third type RNTI optionally.
[0223] The UE determines the type of RNTI for which it
monitors PDCCH in a subframe to determine the serving cell
to monitor its PDCCH at operation 1410. If the target RNTT is
the first type RNTI, the procedure goes to operation 1415, if
the target RNTI is the second type RNTI, the procedure goes
to operation 1420, if the target RNTT is the third or fourth type
RNTI, the procedure goes to operation 1425, and if the target
RNTT is the fifth type RNTI, the procedure goes to operation
1430.

[0224] Atoperation 1415, the UE monitors PDCCHs of the
serving cells in the activated state. More particularly, the UE
monitors the MCG serving cells PDCCHs for the first type
RNTTIrelated to the MCG and the SCG serving cells PDCCHs
for the first type RNTI related to the SCG.

[0225] At operation 1420, the UE monitors the PCell
PDCCH for the second type RNTI related to MCG and pSCell
PDCCH for the second type RNTI related to SCG.

[0226] At operation 1425, the UE monitors the PCell
PDCCH for the third or fourth type RNTI.

[0227] At operation 1430, the UE monitors the PCell or
pSCell PDCCH for the fifth type RNTI of the cell in which the
event has occurred. If the cell in which the event has occurred
is an MCG serving cell, the UE monitors the PCell PDCCH
and, otherwise if the cell in which the event has occurred is an
SCG serving cell, the pSCell PDCCH.

[0228] FIG. 15 is a diagram illustrating an operation
mechanism of a UE with two MAC entities 1505 according to
an embodiment of the present disclosure.

[0229] Referring to FIG. 15, the UE is provided with two
MAC entities 1505. In this case, one MAC entity is respon-
sible for MCG serving cell-related operation and the other for
SCG serving cell-related operation.

[0230] Inthe following description, MAC entities 1505 are
classified into various types as follows for explanation con-
venience.

[0231] Normal MAC entity: MAC entity established when
CA is not configured or, although CA is configured, when all
the CA-available serving cells are controlled by one eNB (or
when no SCG is configured).

[0232] Primary MAC (P-MAC) entity 1510: MAC entity
connected to the serving cells controlled by the MeNB when
atleast one MAC entity is established in the UE (i.e., when at
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least one serving cell is configured to the UE and the at least
one serving cell is controlled by one eNB).

[0233] Secondary MAC (S-MAC) entity 1515: MAC entity
connected to the serving cells controlled by an SeNB when at
least one MAC entity is established in the UE (i.e., when at
least one serving cell is configured to the UE and the at least
one serving cell is controlled by at least one eNB).

[0234] The normal MAC entity connects all the logical
channels configured in the UE to the serving cells in the
activated state among all serving cells configured to the UE.
[0235] TheS-MAC entity connects certain logical channels
among the logical channels configured in the UE to serving
cells among all serving cells configured to the UE. The serv-
ing cells are the serving cells under the control of the SeNB
and are indicated by an RRC control message explicitly. The
logical channels are the logical channels indicated by the
RRC control message explicitly.

[0236] The P-MAC entity 1510 connects other logical
channels among the logical channels configured in the UE to
other serving cells of all serving cells configured to the UE.
The other serving cells are the serving cells under the control
of the MeNB and not included the serving cells indicated
explicitly by the RRC control message. A serving cell (e.g.,
PCell) is connected to the P-MAC entity 1510. The other
logical channels are the logical channels except for the logical
channels indicated explicitly by the RRC control message. A
logical channel, e.g., DCCH, is connected to the P-MAC
entity 1510.

[0237] If certain logical channels are connected to certain
serving cells (or transport channels 1530 mapped to the serv-
ing cells), the data received through the serving cells are
transferred to the logical channels and the data occurred on
the logical channels are transmitted through the serving cells.
[0238] A serving cell may consist of downlink which is
referred to as Downlink Shared Channel (DL-SCH) and
uplink which is referred to as Uplink Shared Channel (UL-
SCH). Accordingly, the uplink 1520 of the serving cell #0
may be referred to as UL-SCH of the serving cell #0, and the
downlink 1520 of the serving cell #5 as DL-SCH of the
serving cell #5.

[0239] According to various embodiments of the present
disclosure, the MAC entity is responsible for connecting the
logical channels and the transport channels 1530.

[0240] The MAC entity is also responsible for random
access function, UL transmission timing maintenance func-
tion, Semi-Persistent Scheduling (SPS) function, Scheduling
Request procedure (see TS36.321), Buffer Status Reporting
procedure (see TS 36.321), Power Headroom Reporting pro-
cedure (see TS36.321), and HARQ buffer management func-
tion.

[0241] Inanembodimentofthe present disclosure, when an
event related to the MAC reset occurs, the UE resets the
P-MAC 1510 and S-MAC 1515 entities selectively according
to the type of the event.

[0242] FIG. 16 is a flowchart illustrating a MAC procedure
of'a UE according to an embodiment of the present disclo-
sure.

[0243] Referring to FIG. 16, a certain MAC event occurs in
the UE at operation 1605. The MAC event is an event trig-
gering MAC entity initialization, add, and release, e.g., han-
dover and SCG add.

[0244] The UE determines whether the MAC event is a
handover, or Radio Link Failure (RLF), or SCG-related event
at operation 1610. If the MAC event is the handover event
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(i.e., if a handover command is received from the eNB), the
procedure goes to operation 1615, if the MAC event is the
RLF event, operation 1620, and if the MAC event is the
SCG-related event, operation 1630.

[0245] At operation 1615, the UE resets or releases the
P-MAC or S-MAC. If the handover command control mes-
sage indicates SCG change, the UE resets the S-MAC and,
otherwise if the handover command control message indi-
cates SCG release, releases the S-MAC.

[0246] At operation 1620, the UE determines whether the
RLF has occurred in MCG or SCG.

[0247] If the RLF occurs in the MCG, this indicates that a
state in which the channel quality of a certain cell (e.g., a
PCell) among the serving cells belonging to the MCG is
below a certain threshold lasts over a certain duration.
[0248] If the RLF occurs in the SCG, this indicates that a
state in which the channel quality of a certain cell (e.g., a
pSCell) among the serving cells belonging to the SCG is
below a certain threshold lasts over a certain duration.
[0249] Here, the channel quality may be the channel quality
of PDCCH.

[0250] Ifthe RLF occurs inthe MCG, this indicates that the
UE cannot maintain the current RRC connection any longer
in the MCG and thus the UE performs the RRC Connection
Reestablishment procedure. At this time, the UE resets the
P-MAC entity and releases the S-MAC entity.

[0251] Ifthe RLF occurs in the SCG, this indicates that the
UE cannot maintain the current RRC connection any longer
inthe SCG. In this case, however, it is possible to maintain the
normal communication through MCG. Accordingly, the UE
maintains the current operation of the P-MAC entity and
resets the S-MAC entity.

[0252] The reason for releasing the S-MAC while resetting
the S-MAC at operation 1625 is because it is likely to resume
the multi-connection operation soon and it is necessary to
stop uplink transmission through MAC reset without release
of the S-MAC entity for maintaining uplink transmission
through SCG in the case that the procedure goes to operation
1627 while there is no need the S-MAC entity due to the
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multi-connection operation impossibility before finding a
new PCell in the case that the procedure goes to operation
1625.

[0253] At operation 1630, the UE determines whether the
SCG-related event is an SCG change event, an SCG release
event, or an SCG add event.

[0254] If the event is the SCG change event, i.e., if the
control message received from the eNB instructs to release
the current SCG or add a new SCG, the UE maintains or resets
the P-MAC entity and resets the S-MAC entity at operation
1630. If the control message instructs handover too, the UE
resets the P-MAC entity and, otherwise, maintains the
P-MAC entity. If the SCG is changed, this indicates that it is
necessary to stop the MAC operation in the current SCG and
starts the MAC operation newly in a new SCG and thus the
UE resets the S-MAC at operation 1635.

[0255] If the event is the SCG release event, i.e., if the
control message received from the eNB instructs to release
the current SCG without any new SCG add command, the UE
maintains or resets the P-MAC entity and release the S-MAC
entity at operation 1640. If the control message instructs
handover too, the UE resets the P-MAC entity and, otherwise,
maintains the P-MAC entity. If the SCG is released, this
indicates that it is necessary to stop the S-MAC entity and
flush the HARQ buffer and then deactivates the software and
hardware related to the S-MAC entity.

[0256] Ifthe event is the SCG add event, i.e., if the control
message received from the eNB instructs to add a new SCG,
the UE maintains or resets the P-MAC entity and adds a new
S-MAC entity at operation 1645. If the control message
instructs handover too, the UE resets the P-MAC entity and,
otherwise, maintains the P-MAC entity. Addition of the
S-MAC entity means indicates it is necessary to activate the
software and hardware related to the S-MAC entity.

[0257] According to various embodiments of the present
disclosure, it is also possible establishing a new S-MAC
entity after releasing the S-MAC entity instead of resetting
the S-MAC entity.

[0258] The S-MAC and P-MAC entities reset operations
are summarized in Table 13.

TABLE 13

P-MAC entity reset

S-MAC entity reset

Stop/end TAG timeAlignmentTimers
configured to MCG

Set NDIs (variable related HARQ initial
transmission/retransmission) of HARQ
processes of MCG serving cells to all 0.
End ongoing random access procedures
in a PCell and MCG serving cells
Discard ra-PreambleIndex and ra-
PRACH-maskIndex allocated in MCG
Stop ongoing scheduling request
procedure in a PCell

Stop ongoing buffer status reporting
procedure at P-MAC entity

Stop ongoing power headroom reporting
procedure at P-MAC entity

Flush soft buffers of HARQ processes of
MCG serving cells

Discard temporary identifier (C-RNTI)
allocated in random access procedure

Stop/end TAG timeAlignmentTimers
configured to SCG

Set NDIs of HARQ processes of SCG
serving cells (variable related HARQ
initial transmission/retransmission) to all 0.

End ongoing random access procedures
in a pSCell and SCG serving cells
Discard ra-PreambleIndex and ra-
PRACH-maskIndex allocated in SCG
Stop ongoing scheduling request
procedure in a pSCell

Stop ongoing buffer status reporting
procedure at S-MAC entity

Stop ongoing power headroom reporting
procedure at S-MAC entity

Flush soft buffers of HARQ processes of
SCG serving cells

Discard temporary identifier (C-RNTI)
allocated in random access procedure
Discard identifier (C-RNTT) allocated for
use in SCG
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[0259] In Table 13, TimeAlignmentTimers, NDI, ra-Pre-
amblelndex, and ra-PRACH-MaskIndex comply with those
specified in TS36.321.

[0260] The reason why the C-RNTT is maintained in reset-
ting the P-MAC but discarded in resetting the S-MAC is
because the current C-RNTTis used for resuming the P-MAC
entity in the new cell when resetting the P-MAC entity while
such operation is not required when resetting the S-MAC
entity.

[0261] FIG. 17 is a flowchart illustrating an SCell release
procedure of a UE according to an embodiment of the present
disclosure.

[0262] Referring to FIG. 17, the SCell may be released
according to the instruction of the eNB or the autonomous
determination of the UE. Ifit is determined to release an SCell
of a UE, the eNB transmits to the UE the RRC Connection
Reestablishment message including SCelllndex information
as the identifier of the cell to be released.

[0263] Ifthe RRC connection procedure is triggered for the
reason of RLF, the UE releases the configured SCells at the
corresponding timing.

[0264] At operation 1705, an event requiring release of at
least one SCell occurs to the UE. As described above, this
event is of receiving an RRC control message fulfilling a
certain condition or initiating the RRC connection reestab-
lishment procedure. The RRC connection reestablishment
procedure complies with that specified at section 5.3.7 of
3GPP TS36.331.

[0265] At operation 1710, the UE determines whether the
event is of receiving the RRC Connection Reestablishment
message including first information or initiating the RRC
Connection Reestablishment procedure and, if the event is of
receiving the RRC Connection Reestablishment message
including the first information, the procedure goes to opera-
tion 1715 and, otherwise if the event is of initiating the RRC
Connection Reestablishment procedure, the procedure goes
to operation 1725.

[0266] The first information is SCellToReleaseList includ-
ing the indices of the SCells to be released.

[0267] Atoperation 1715, the UE identifies the SCells hav-
ing the same SCell indices as the CellToReleaseList among
the SCells configured to the UE currently and releases the
corresponding cells. If an SCell is released, this indicates that
the transceiver is reset to stop receiving the PDSCH and
transmitting PUSCH through the corresponding SCell.
[0268] The UE determines whether any SCG is configured
(or DC is configured or two cell groups are configured) opera-
tion 1720 and, if no SCG is configured, releases all SCells
configured at that time point at operation 1725 and ends the
procedure.

[0269] Ifany SCG isconfigured, the UE releases the pSCell
as well as all SCells configured at the time point at operation
1730. If the RRC Connection Reestablishment procedure is
initiated, this indicates that an issue has occurred in the cur-
rent RRC connection and thus it is preferred to stop uplink
transmission immediately. Accordingly, it is preferred to
release the pSCell too.

[0270] FIG. 18 is a flowchart illustrating an SCell manage-
ment procedure of a UE in an RLF situation according to an
embodiment of the present disclosure.

[0271] Referring to FIG. 18, the UE detects RLF at opera-
tion 1805. For example, if T310 or T310s time expires, it is
determined that RLF occurs.
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[0272] The UE determines whether the RLF is SCG-RLF
or MCG-RLF at operation 1810. The SCG-RLF occurs due to
the issue in a SCG serving cell, particularly when a state in
which the channel condition of the pSCell is below a certain
threshold lasts over a certain duration. The MCG-RLF occurs
due to the issue in a MCG serving cell, particularly when a
state in which the channel condition of the PCell is below a
certain threshold lasts over a certain duration.

[0273] If the RLF is the SCG-RLF, the procedure goes to
operation 1815 and otherwise if the RLF is the MCG-RLF,
operation 1825.

[0274] Atoperation 1815, the UE stops uplink transmission
in the SCG serving cells, i.e., SCells and pSCell included in
the SCG. At this time, the UE maintains the SCG serving cells
and pSCell rather than releasing them. This is because the
current configuration may be referenced in SCG serving
reconfiguration afterward.

[0275] The UE generates a control message called ‘UE
failure indication” and transmits to the eNB the UE failure
indication message through the MCG serving cells at opera-
tion 1820 and ends the procedure. This control message may
include SCG-RLF reporting information and measurement
information about the neighboring cells of the SCG serving
cell frequency.

[0276] Atoperation 1825, the UE releases the SCG serving
cells, i.e., SCells and pSCell included in the SCG. This is
because if the MCG-RLF the UE is likely to reestablish the
RRC connection with a new eNB and thus it is unlikely to
reuse the current SCell and pSCell configuration.

[0277] The UE initiates the cell reselection procedure (see
TS 36.304) to find the cell suitable for RRC connection rees-
tablishment. If a new cell is selected, the UE transmits to the
newly selected serving cell an RRC Connection Reestablish-
ment Request message at operation 1830.

[0278] An embodiment of the present disclosure proposes
an in-device interference resolution procedure of the UE.
[0279] In the case that multiple communication technolo-
gies (e.g., a cellular network technology (LTE/UMTS), a
Wireless Local Area Network (WLAN), Bluetooth, and a
GNSS/GPS) coexist in an UE, one communication technol-
ogy-based transmission may interfere to another communi-
cation technology-based reception and, this is called in-de-
vice interference.

[0280] Inorder to mitigate the in-device interference, when
the in-device interference occurs, the UE reports the in-device
interference to the eNB, and the eNB takes a measure for
canceling the in-device interference based on the report from
the UE, e.g., handover of the UE to another frequency.
[0281] Anembodiment ofthe present disclosure proposes a
method for addressing the issue of reception failure of the
location signal, such as a Global Navigation Satellite System
(GNSS) signal, due to the in-device interference.

[0282] If in-device interference occurs, the UE determines
whether the in-device interference is that the LTE signal
transmission interferes the GNSS signal reception or that the
LTE signal reception is interfered by other communication
technology signal transmission and transmits to the eNB an
in-device interference report control message which includes
an indicator of the LTE uplink frequency interfering the
GNSS signal reception for the former case or an indicator of
the LTE downlink frequency interfered by other communica-
tion technology signal transmission for the latter case. At this
time, the downlink frequency is indicated explicitly while the
uplink frequency is analogized based on the relationship with
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the downlink frequency. The downlink frequency also may be
indicated explicitly using a measurement target identifier
while the uplink frequency is indicated using EARFCN.

[0283] FIG. 19 is a signal flow diagram illustrating an in-
device interference control procedure of a UE according to an
embodiment of the present disclosure.

[0284] Referring to FIG. 19, the UE receives a control
message (e.g., an RRC Connection Reconfiguration mes-
sage) for configuring of transmitting (or not) the In-Device
Coexistence Indication control message from the eNB at
operation 1905. The In-Device Coexistence Indication con-
trol message is the control message for reporting occurrence
of in-device interference, and the eNB configures the In-
Device Coexistence Indication message transmission to part
of UEs in the RRC Connection Reconfiguration procedure to
prevent the control message from occurring too much or too
frequently. The eNB may notify the UE of the In-Device
Coexistence Indication message transmission availability
using 1-bit information included in the RRC Connection
Reconfiguration message.

[0285] The UE receives a control message for configuring
measurement object from the eNB at operation 1910. The
control message may be the RRC Connection Reconfigura-
tion message. The measurement object is LTE/E-UTRA fre-
quency to be measured by the UE, and the eNB configures an
appropriate measurement object based on the UE capability,
cell load status, UE mobility status, and the like. It is also
possible to configure multiple measurement objects to the
UE. The eNB informs the UE of a measurement object fre-
quency identifier (16-bit E-UTRA Absolute Radio Frequency
Channel Number (EARFCN) (see TS 36.101) and a 5-bit
Measurement Object Identifier (ID).

[0286] Operations 1905 and 1910 may be performed with
the same control message or different control messages.
Operations 1905 and 1910 may be changed in order.

[0287] The UE determines whether any in-device coexist-
ence issue occurs at operation 1913 and, if so, the procedure
goes to operation 1915. At this time, the UE determines the
downlink and uplink frequencies fulfilling certain conditions
to determine whether the in-device coexistence issue.

[0288] At operation 1915, the UE determines whether the
in-device coexistence report message transmission is
allowed. If the in-device coexistence report message trans-
mission is allowed, the procedure goes to operation 1920 and,
otherwise, waits until the in-device coexistence report mes-
sage transmission is allowed by going back to operation 1913.
If the current state corresponds one of the following situa-
tions, the UE determines that the in-device coexistence report
message transmission is allowed.

[0289] In-device coexistence issue occurs on at least one
LTE frequency or is ongoing, and no in-device coexist-
ence report control message is transmitted yet since the
in-device coexistence report control message transmis-
sion has been configured.

[0290] In-device coexistence (hereinafter, referred to as
IDC) problem occurs on at least one LTE frequency or is
ongoing, and the frequency on which the IDC issue has
occurred is changed although the IDC report control
message has been transmitted.

[0291] The UE determines whether the IDC issue has
occurred on a downlink frequency or uplink frequency at
operation 1920 and, if the IDC issue has occurred on the
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downlink frequency, the procedure goes to operation 1925
and, otherwise if the IDC issue has occurred on the uplink
frequency, operation 1930.

[0292] At operation 1925, the UE transmits to the eNB an
IDC report control message including the first information
indicating the downlink on which the IDC issue has occurred.
[0293] At operation 1930, the UE the eNB the IDC report
control message including the second information indicating
the uplink on which the IDC issue has occurred.

[0294] Ifthe IDC issue occurs on the downlink frequency,
this indicates that at least one of the LTE downlink frequen-
cies configured as the measurement objects is affected by the
in-device interference. Such an IDC issue may be exemplified
by a situation in which the received signal quality on the
downlink frequency is degraded to the extent below a certain
threshold by the in-device interference and this state lasts
over a certain duration.

[0295] Ifthe IDC issue occurs on the uplink frequency, this
indicates that the uplink transmission performed on one or
more LTE uplink frequencies gives a bad effect to the receipt
of an essential signal for location measurement, such as a
GNSS, a GPS signal, and the like. Such an IDC issue may be
exemplified by a situation in which the UE fails receiving the
essential signal for location measurement over a certain time
period.

[0296] In the current standard, a plurality of LTE frequen-
cies is defined. If the UE has to determine all of the LTE
frequencies to determine whether the IDC issue occurs, this is
very burdensome to the UE.

[0297] In an embodiment of the present disclosure, the UE
monitors the following LTE frequencies for determining IDC
issue occurrence.

[0298] DL frequencies configured as measurement objects,
and

[0299] UL frequencies of current serving cell of UE.
[0300] The serving cells of the UE include a PCell which is
configured with uplink and SCell(s) which is configured with
uplink or not. Accordingly, the UE monitors the uplink of the
PCell and uplinks of the S Cells that are configured with
uplink for detecting IDC issue.

[0301] The first information indicating the downlink fre-
quency on which the IDC issue has occurred is the identifier
of the downlink frequency as the measurement object. For
example, the UE transmits to the eNB a control message
including the measurement object identifier indicating the
downlink frequency on which IDC issue has occurred at
operation 1925. At this time, the UE may transmit the infor-
mation notifying that the IDC issue relates to LTE reception
too. This information may notify whether the in-device inter-
ference affects the E-UTRA, other communication technol-
ogy operation, or both of them. At operation 1925, the UE
may transmit the information notifying the in-device interfer-
ence affects the E-UTRA, i.e., the E-UTRA is the victim of
the in-device interference.

[0302] The second information indicating the uplink fre-
quency on which the IDC issue has occurred is the EARFCN
indicating the uplink frequency or measurement object iden-
tifier configured to the downlink frequency related to the
uplink frequency. If an uplink frequency is associated with a
downlink frequency, this indicates that the downlink signal
received through the downlink frequency has a relationship of
controlling or influencing the uplink signal transmitted
through the uplink frequency. For example, the uplink trans-
mission resource for uplink transmission associated with the
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downlink may be allocated. In uplink transmission, the path-
loss of the associated downlink may be considered in config-
uring the transmit power. In the case of the PCell, the rela-
tionship is notified through system information (System
Information Block 2) and, in the case of the SCell, through an
RRC control message (RRC Connection Reconfiguration
message).

[0303] The UE transmits to the eNB the IDC report mes-
sage including EARFCN indicating the uplink frequency on
which the IDCissue has occurred explicitly or a measurement
object identifier indicating the uplink frequency on which the
IDC issue has occurred implicitly. The control message also
may include the information notifying of the influence of the
in-device interference to other communication technology
operation, e.g., a GPS operation, other than E-UTRA.
[0304] FIG. 11 is a block diagram illustrating a configura-
tion of a UE according to an embodiment of the present
disclosure.

[0305] Referring to FIG. 11, the UE according to an
embodiment of the present disclosure includes a transceiver
1105, a controller 1110, a multiplexer/demultiplexer 1115, a
control message processor 1130, and upper layer processors
1120 and 1125.

[0306] The transceiver 1105 is responsible for receiving
data and a control signal through a downlink channel of the
serving cell and transmitting data and control signals through
an uplink channel. In the case that a plurality of serving cells
is configured, the transceiver 1105 transmits and receives data
and control signals through the plural serving cells. The trans-
ceiver 1105 may include an RF Circuit/Front End of which
operation frequency is configured under the control of the
controller 1110.

[0307] The multiplexer/demultiplexer 1115 is responsible
for multiplexing data generated by the upper layer processors
1120 and 1125 and the control message processor 1130 or
demultiplexing data received by the transceiver 1105 to
deliver the demultiplexed data to the upper layer processors
1120 and 1125 and the control message processor 1435.
[0308] The control message processor 1130 is an RRC
layer entity for processing the control message received from
the eNB to take action. For example, the control message
processor 1130 receives RRC control message and transfers
the SCell configuration information and transmit power con-
trol information to the controller 1110.

[0309] The upper layer processor 1120 and 1125 is estab-
lished per service. The upper layer processors 1120 and 1125
process the data generated in the user service, such as File
Transfer Protocol (FPT), Voice over Internet Protocol (VoIP),
and the like, and transfers the processed data to the multi-
plexer/demultiplexer 1115 or processes the data from the
multiplexer/demultiplexer 1115 and delivers the processed
data to the upper layer service applications.

[0310] The control unit 1110 determines the scheduling
command, e.g., uplink grants, received through the trans-
ceiver 1105 and controls the transceiver 1105 and the multi-
plexer/demultiplexer 1115 to perform uplink transmission
with appropriate transmission resource at an appropriate tim-
ing. The controller 1110 also controls the SCell configuration
procedure and the transmit power control procedure. For
example, the control unit 1110 controls the UE operations
described with reference to FIGS. 3 to 10. Although the
controller 1110 and the transceiver 1105 are depicted as sepa-
rated components in FIG. 11, part of the controller 1110 may
be implemented in the transceiver 1105. More particularly,
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the transmit power adjustment may be controlled by a sepa-
rate control mode included in the transceiver 1105.

[0311] FIG. 12 is a block diagram illustrating a configura-
tion of an eNB according to an embodiment of the present
disclosure.

[0312] Referringto FIG. 12, the eNB includes a transceiver
1205, a controller 1210, a multiplexer/demultiplexer 1220, a
control message processor 1235, upper layer processors 1225
and 1230, and a scheduler 1215.

[0313] The transceiver 1205 is responsible for transmitting
data and a control signal through a downlink channel and
receiving data and control signals through an uplink channel.
In the case that a plurality of carriers is configured, the trans-
ceiver 1205 transmits and receives data and control signals
through the plural carriers.

[0314] The multiplexer/demultiplexer 1220 is responsible
for multiplexing data generated by the upper layer processors
1225 and 1230 and the control message processor 1235 or
demultiplexing data received by the transceiver 1205 to
deliver the demultiplexed data to the upper layer processors
1225 and 1230, the control message processor 1235, and the
controller 1210. The control message processor 1235 pro-
cesses the control message transmitted by the UE to take
action or generates a control message addressed to the UE to
the lower layer.

[0315] The upper layer processor 1225 (or 1230) is estab-
lished per service, processes the data to be transmitted to the
S-GW or another eNB into RL.C PDU and transfers the RLC
PDU to the multiplexer/demultiplexer 1220, and processes
the RLC PDU from the multiplexer/demultiplexer 1220 into
PDCP SDU to be transmitted to the S-GW or another eNB.
[0316] The scheduler 1215 allocates transmission resource
to the UE at an appropriate timing based on the buffer state
and channel condition of the UE and processes the signal
transmitted form the UE or to be transmitted to the UE
through the transceiver 1205.

[0317] The controller 1210 controls the SCell configura-
tion procedure and the transit power adjustment procedure.
The controller 1210 controls the eNB operations described
with reference to FIGS. 3 to 10.

[0318] The following terms that are used in embodiments
of'the present disclosure comply with the definitions specified
in3GPP TS 36.211, 36.212, and 36.213.

[0319] PUCCH, CSI, CQI, PDSCH, PDSCH, HARQ
feedback, Uplink grant, Downlink Assignment, and
Uplink Control information (UCI).

[0320] As described above, the multicarrier-based data
transmission method and apparatus of the present disclosure
is advantageous in terms of increasing the data rate of the
terminal through inter-eNB carrier aggregation.

[0321] While the present disclosure has been shown and
described with reference to various embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the appended claims and their equivalents.

What is claimed is:

1. A Radio Network Temporary Identity (RNTI) reception
method of a terminal in a wireless communication system
supporting inter-evolved Node B (eNB) carrier aggregation,
the method comprising:

receiving cell information on at least one activated cell
under control of an eNB;

configuring first and second RNTIs allocated by the eNB;






