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(57) ABSTRACT

A method of configuring downlink timings and transmitting
a random access response message is provided for a random
access procedure in a Long Term Evolution (LTE) system
supporting carrier aggregation. The method for adjusting
timing of a terminal in a wireless communication system
supporting carrier aggregation of at least one carrier includes
transmitting a Random Access Preamble to a base station,
and receiving a Random Access Response with a Timing
Advance Command (TAC) for commanding uplink timing
adjustment from the base station, wherein the Random
Access Response comprises information indicating a Timing
Advance Group (TAG) to which the TAC is applied.
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METHOD AND APPARATUS OF
CONFIGURING DOWNLINK TIMING AND
TRANSMITTING RANDOM ACCESS
RESPONSE IN MOBILE COMMUNICATION
SYSTEM USING CARRIER AGGREGATION

PRIORITY

[0001] This application is a continuation application of
prior application Ser. No. 15/439,512, filed on Feb. 22, 2017,
which is a continuation application of prior application Ser.
No. 14/602,630, filed on Jan. 22, 2015, which has issued as
U.S. Pat. No. 9,585,188 on Feb. 28, 2017, which is a
continuation of prior application Ser. No. 13/440,195, filed
on Apr. 5, 2012, which has issued as U.S. Pat. No. 8,964,793
on Feb. 24, 2015, which claims the benefit under 35 U.S.C.
§ 119(e) of a U.S. Provisional application filed on Apr. 5,
2011 in the U.S. Patent and Trademark Office and assigned
Ser. No. 61/471,872, and which claimed the benefit under 35
U.S.C § 119(a) of a Korean patent application filed on Apr.
5, 2012 in the Korean Intellectual Property Office and
assigned Serial number 10-2012-0035216, the entire disclo-
sure of each of which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a radio communi-
cation system. More particularly, the present invention
relates to a method of configuring downlink timings and
transmitting a random access response message in random
access procedure in a Long Term Evolution (LTE) system
supporting carrier aggregation.

2. Description of the Related Art

[0003] With the rapid advance of radio communication
technology, communication systems have significantly
evolved. LTE is one of the promising 4” generation mobile
communication technologies. In an LTE system, various
techniques are adopted to meet the explosively increasing
traffic demands, and carrier aggregation is one of such
techniques. Carrier aggregation is used to flexibly expand
available bandwidth by aggregating multiple secondary car-
riers with a primary carrier, unlike the legacy LTE system
using a single carrier, between a User Equipment (UE) and
an evolved Node B (eNB). In LTE, the primary carrier is
referred to as primary cell (PCell) and the secondary carrier
as secondary cell (SCell).

[0004] In a case where the locations of the eNB appara-
tuses using the primary and secondary carriers are different
from each other due to the deployment of repeaters and
Remote Radio Head, the uplink transmission timing may
need to be changed. For example, when the eNB apparatus
operating with the primary carrier and another eNB appa-
ratus operating with the secondary carrier are located at
different places, it may cause a problem in transmission
timing according to the location of the UE since the uplink
signal to the eNB apparatus located at a greater distance
should be transmitted earlier than the signal to the other eNB
apparatus.

[0005] In this case, i.e., when multiple uplink timings
exist, reference signals for the respective uplink timings may
need to be transmitted. There is therefore a need of defining
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a rule for determining the cell of which downlink signal is
configured to carry Downlink Timing Reference Signal.
[0006] Furthermore, the current standard specification has
no definition on the information for indicating the carrier on
which the preamble has been transmitted by the UE in the
random access response message, the random access
response message carrying the uplink timing information in
the random access procedure for acquiring actual uplink
timing.

[0007] Therefore, a need exists to define the information
for indicating the carrier on which the preamble has been
transmitted by the UE in the random access response mes-
sage.

SUMMARY OF THE INVENTION

[0008] Aspects of the present invention 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 invention is to provide
a method for transmitting a message including the informa-
tion on the downlink signal to be referenced as the downlink
timing reference signal and the information on the cell with
which the timing indicated in the timing advance informa-
tion transmitted by the evolved Node B (eNB) for adjusting
the uplink timing in the random access procedure, in the
wireless communication system adopting the carrier aggre-
gation technique.

[0009] Another aspect of the present invention is to pro-
vide a method for configuring a downlink reference cell for
a carrier group in the wireless communication system oper-
ating adopting carrier aggregation technique operating with
multiple uplink transmission timings for respective carrier
groups. In addition, an exemplary embodiment of the pres-
ent invention defines a Random Access Response message
transmitted by the eNB in a random access procedure to
acquire synchronization of uplink transmission timing in a
specific carrier group.

[0010] In accordance with an aspect of the present inven-
tion, a method for adjusting timing of a terminal in a wireless
communication system supporting carrier aggregation of at
least one carrier is provided. The method includes transmit-
ting a Random Access Preamble to a base station, and
receiving a Random Access Response with a Timing
Advance Command (TAC) for commanding uplink timing
adjustment from the base station, wherein the Random
Access Response comprises information indicating a Timing
Advance Group (TAG) to which the TAC is applied.
[0011] In accordance with another aspect of the present
invention, a method for adjusting timing of a base station in
a wireless communication system supporting carrier aggre-
gation of at least one carrier is provided. The method
includes receiving a Random Access Preamble from a
terminal, and transmitting a Random Access Response with
a TAC for commanding uplink timing adjustment to the
terminal, wherein the Random Access Response comprises
information indicating a TAG to which the TAC is applied.
[0012] In accordance with another aspect of the present
invention, a terminal for adjusting transmission/reception
timing of a signal in a wireless communication system
supporting carrier aggregation of at least one carrier is
provided. The terminal includes a transceiver for commu-
nicating signals with a base station, and a controller for
transmitting a Random Access Preamble to a base station
and for receiving a Random Access Response with a TAC
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for commanding uplink timing adjustment from the base
station, wherein the Random Access Response comprises
information indicating a TAG to which the TAC is applied.
[0013] In accordance with another aspect of the present
invention, a base station for adjusting transmission/reception
timing of a signal in a wireless communication system
supporting carrier aggregation of at least one carrier is
provided. The base station includes a transceiver for com-
municating signals with a terminal, and a controller for
receiving a Random Access Preamble from a terminal and
for transmitting a Random Access Response with a TAC for
commanding uplink timing adjustment to the terminal,
wherein the Random Access Response comprises informa-
tion indicating a TAG to which the TAC is applied.

[0014] Other aspects, advantages, and salient features of
the invention will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses exemplary
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other aspects, features, and advan-
tages of certain exemplary embodiments of the present
invention will be more apparent from the following descrip-
tion taken in conjunction with the accompanying drawings,
in which:

[0016] FIG. 1is a diagram illustrating an architecture of a
Long Term Evolution (LTE) system according to an exem-
plary embodiment of the present invention;

[0017] FIG. 2 is a diagram illustrating a protocol stack of
an LTE system according to an exemplary embodiment of
the present invention;

[0018] FIG. 3 is a diagram illustrating carrier aggregation
in an LTE system according to an exemplary embodiment of
the present invention;

[0019] FIG. 4 is a diagram illustrating a principle of uplink
timing synchronization in an Orthogonal Frequency Divi-
sion Multiplexing (OFDM)-based 3"¢ Generation Partner-
ship Project (3GPP) LTE system according to an exemplary
embodiment of the present invention;

[0020] FIG. 5 is a diagram illustrating an exemplary
network environment having network entities operating on
primary and secondary carriers at different locations in a
system supporting carrier aggregation according to an exem-
plary embodiment of the present invention;

[0021] FIG. 6 is a diagram illustrating signal flows
between an evolved Node B (eNB) and a User Equipment
(UE) according to an exemplary embodiment of the present
invention;

[0022] FIG. 7 is a flowchart illustrating a UE procedure of
a transmission timing configuration method according to an
exemplary embodiment of the present invention;

[0023] FIG. 8 is a flowchart illustrating an eNB procedure
of a transmission timing configuration method according to
an exemplary embodiment of the present invention;

[0024] FIGS. 9A-9E illustrate formats of a Random
Access Response (RAR) and Timing Advance Command
(TAC) Medium Access Control (MAC) Control Element
(CE) messages according to exemplary embodiments of the
present invention;

[0025] FIG. 10 is a block diagram illustrating a configu-
ration of a UE according to an exemplary embodiment of the
present invention; and
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[0026] FIG. 11 is a block diagram illustrating a configu-
ration of an eNB according to an exemplary embodiment of
the present invention.

[0027] 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 OF EXEMPLARY
EMBODIMENTS

[0028] The following description with reference to the
accompanying drawings is provided to assist in a compre-
hensive understanding of exemplary embodiments of the
invention as defined by the claims and their equivalents. It
includes various specific details to assist in that understand-
ing but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the embodiments
described herein can be made without departing from the
scope and spirit of the invention. In addition, descriptions of
well-known functions and constructions may be omitted for
clarity and conciseness.

[0029] 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 invention. Accordingly,
it should be apparent to those skilled in the art that the
following description of exemplary embodiments of the
present invention is provided for illustration purpose only
and not for the purpose of limiting the invention as defined
by the appended claims and their equivalents.

[0030] 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.

[0031] By the term “substantially” it is meant that the
recited characteristic, parameter, or value need not be
achieved exactly, but that deviations or variations, including
for example, tolerances, measurement error, measurement
accuracy limitations and other factors known to those of
skill in the art, may occur in amounts that do not preclude
the effect the characteristic was intended to provide.
[0032] Exemplary embodiments of the present invention
relate to a method and an apparatus for a User Equipment
(UE) supporting carrier aggregation to activate secondary
carriers.

[0033] FIGS. 1 through 11, discussed below, and the
various exemplary embodiments used to describe the prin-
ciples of the present disclosure in this patent document are
by way of illustration only and should not be construed in
any way that would limit the scope of the disclosure. Those
skilled in the art will understand that the principles of the
present disclosure may be implemented in any suitably
arranged communications system. The terms used to
describe various embodiments are exemplary. It should be
understood that these are provided to merely aid the under-
standing of the description, and that their use and definitions
in no way limit the scope of the invention. Terms first,
second, and the like are used to differentiate between objects
having the same terminology and are in no way intended to
represent a chronological order, unless where explicitly
stated otherwise. A set is defined as a non-empty set includ-
ing at least one element.
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[0034] FIG. 1is a diagram illustrating an architecture of a
Long Term Evolution (LTE) system according to an exem-
plary embodiment of the present invention.

[0035] Referring to FIG. 1, a radio access network of a
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 UE 135 connects to an external network via eNBs 105,
110, 115, and 120 and the S-GW 130.

[0036] In FIG. 1, the eNBs 105, 110, 115, and 120
correspond to legacy node Bs of Universal Mobile Com-
munications System (UMTS). The eNBs 105, 110, 115, and
120 allow the UE to establish a radio link and are respon-
sible 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),
are provided through a shared channel and thus there is a
need for a device which is located in the eNB to schedule
data based on the state information, such as UE buffer
conditions, power headroom state, channel state, and the
like.

[0037] 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.

[0038] The S-GW 130 is an entity to provide data bearers
so as to establish and release data bearers under the control
of the MME 125. MME 125 is responsible for various
control functions and connected to a plurality of eNBs 105,
110, 115, and 120.

[0039] FIG. 2 is a diagram illustrating a protocol stack of
an LTE system according to an exemplary embodiment of
the present invention.

[0040] 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.

[0041] The PDCP 205 and 240 is responsible for IP header
compression/decompression, and the RL.C 210 and 235 is
responsible for segmenting the PDCP Protocol Data Unit
(PDU) into segments in appropriate size for Automatic
Repeat Request (ARQ) operation. ARQ is the technique for
determining whether the transmitted packet is successfully
received and retransmitting the packets received errone-
ously.

[0042] The MAC 215 and 230 is responsible for estab-
lishing 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.

[0043] 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 demodu-
lating and channel-decoding on the received OFDM sym-
bols and delivers the decoded data to the higher layer. In
addition, the PHY layer uses Hybrid ARQ (HARQ) for
additional error correction by transmitting 1 bit information
indicating for positive or negative acknowledgement from
the receiver to the transmitter. This is referred to as HARQ
(ACKnowledgement/Non-ACKnowledgement) ACK/
NACK information.
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[0044] FIG. 3 is a diagram illustrating carrier aggregation
in an LTE system according to an exemplary embodiment of
the present invention.

[0045] Referring to FIG. 3, typically, an eNB may use
multiple carriers transmitted and received in different fre-
quency bands. For example, an eNB 305 can be configured
to use carrier 315 with center frequency fl and carrier 310
with center frequency f3. If carrier aggregation is not
supported, the UE 330 has to transmit/receive data unit from
one of the carriers 310 and 315. However, the UE 330
having the carrier aggregation capability can transmit/re-
ceive 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 carrier aggregation capability in adaptation to the
channel condition of the UE so as to improve the data rate
of the UE.

[0046] In a case where a cell is configured with one
downlink carrier and one uplink carrier as a concept of the
related art, the carrier aggregation can be understood as if
the UE communicates data via multiple cells. With the use
of carrier aggregation, the maximum data rate increases in
proportion to the number of aggregated carriers.

[0047] In the following description, the phrase “the UE
receives data through a certain downlink carrier or transmits
data through a certain uplink carrier” means to transmit or
receive data through control and data channels provided in
a cell corresponding to center frequencies and frequency
bands of the downlink and uplink carriers. Although the
description is directed to an LTE mobile communication
system for explanation convenience, exemplary embodi-
ments of the present invention can be applied to other types
of wireless communication systems supporting carrier
aggregation.

[0048] FIG. 4 is a diagram illustrating a principle of uplink
timing synchronization in an OFDM-based 3¢ Generation
Partnership Project (3GPP) LTE system according to an
exemplary embodiment of the present invention.

[0049] Referring to FIG. 4, an exemplary case where the
UE #1 is located near the eNB while the UE #2 is located far
from the eNB is illustrated. In FIG. 4, T_pro1 indicates the
first propagation delay time to the UE #1, and T_pro2
indicates the second propagation delay to the UE #2.
[0050] As shown in FIG. 4, the UE #1 is located near the
eNB as compared to the UE #2 and thus has a relatively short
propagation delay (i.e., T_prol is 0.334 pus, whereas T_pro2
is 3.33 ps).

[0051] When the UE #1 and UE #2 power on or in idle
mode within a cell of the eNB, the uplink timing of the UE
#1, uplink timing of the UE #2, and uplink timings of other
UEs detected by the eNB in the cell may fail in synchroni-
zation.

[0052] Reference number 401 denotes uplink OFDM sym-
bol transmission timing of the UE #1, and reference number
403 denotes uplink OFDM symbol transmission timing of
the UE #2. By taking notice of the uplink transmission
propagation delays of the UE #1 and UE #2, the eNB may
receive the uplink OFDM symbols at the timings as denoted
by reference numbers 407 and 409.

[0053] The UE #1’s uplink symbol transmitted at the
timing 401 is received by the eNB at the timing 407 with
propagation delay while the UE #2’s uplink symbol trans-
mitted at the timing 403 is received by the eNB at the timing
409 with propagation delay. In FIG. 4, since the timings 407
and 409 are before the synchronization is acquired between
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the uplink transmission timings of the UE #1 and UE #2, the
uplink OFDM symbol reception and decoding start timing
405 of the eNB, the UE #1’s uplink OFDM symbol recep-
tion timing 407, and the UE #2’s uplink OFDM symbol
reception timing 409 are different among each other.

[0054] In this case, the uplink symbols transmitted by the
UE #1 and UE #2 have no orthogonality so as to interfere
with each other and, as a consequence, the eNB is likely to
fail decoding the uplink symbols transmitted, at the timing
401 and 403, by the UE #1 and UE #2 due to the interference
and the mismatch between the uplink symbol reception
timings 407 and 409.

[0055] Uplink timing synchronization is a procedure for
acquiring the eNB’s uplink symbol reception timings with
the UE #1 and UE #2 and, if the uplink timing synchroni-
zation procedure completes, it is possible to acquire the
synchronization among the eNB’s uplink OFDM symbol
reception and decoding start timing, UE #1’s uplink OFDM
symbol reception timing, and UE #2’s uplink OFDM sym-
bol reception timing as denoted by reference numbers 411,
413, and 415.

[0056] Inthe uplink timing synchronization procedure, the
eNB transmits Timing Advance (hereinafter, referred to as
TA) information to the UEs to notify of the timing adjust-
ment amount.

[0057] The eNB can transmit the TA information in the
Timing Advance Commence MAC Control Element (TAC
MAC CE) or in the Random Access Response (RAR)
message in response to the random access preamble trans-
mitted by the UE for initial access.

[0058] The UE can adjust the uplink transmission timing
based on the TA information. The UE starts a time alignment
timer (timeAlignmentTimer or TAT) upon receipt of TA
information, restarts the TAT in response to additional TA
reception, and invalidates the TA upon expiry of the TA to
stop uplink communication with the corresponding eNB.

[0059] By acquiring the synchronization among the trans-
mission timings as described above, it is possible to maintain
the orthogonality between the uplink symbols of the UE #1
and UE #2 such that the eNB can successfully decode the
uplink symbols from the UE #1 and UE #2 at the timings 401
and 403.

[0060] FIG. 5 is a diagram illustrating an exemplary
network environment having network entities operating on
primary and secondary carriers at different locations in a
system supporting carrier aggregation according to an exem-
plary embodiment of the present invention.

[0061] Referring to FIG. 5, Remote Radio Heads (RRHs)
503 operating on frequency band F2 507 are around macro
eNB 501 using frequency band F1 505. If the UE is
connected to both the macro eNB and RRH and located near
the RRH and if the UE transmits a signal via the RRH, the
signal can reach the RRH at an appropriate timing even
when there is a little delay due to the short distance.
However, the signal transmitted to the macro eNB fails to
reach the macro eNB at appropriate timing due to the long
distance. In order to address this problem, the UE operating
with aggregated carriers may need to synchronize multiple
uplink transmission timings.

[0062] For this purpose, an exemplary embodiment of the
present invention proposes a method in that the eNB cat-
egorizes the carriers having similar uplink timings into a
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group to manage the carriers efficiently. This technique is
referred to as Timing Advance Group (hereinafter, referred
to as TAG).

[0063] Inan exemplary case where one PCell (or first cell)
and three SCells A, B and C (or second cells) exist, if the
PCell and the SCell A have similar uplink timings, they can
be categorized into group 1 while the SCell B and SCell C
are categorized into group 2.

[0064] In this case, the eNB transmits the TA information
to the group 1 in the TAC MAC CE or RAR to command
uplink timing adjustment such that the UE adjusts uplink
timings of both the PCell and SCell A based on the infor-
mation carried in the TAC MAC CE. The TAG including the
PCell is referred to as PTAG, and the TAG including no
PCell is referred to as STAG.

[0065] When multiple uplink timings are used, a reference
downlink cell for the uplink timing information, i.e., TA
information, may need to be determined. In FIG. 5, if the UE
is connected to both the macro eNB and the RRH at a
location close to the RRH, the downlink signal from the
RRH arrives earlier than the downlink signal from the macro
eNB. In this situation, if the eNB transmits TA information
for adjusting uplink timing of the UE, it may be necessary
to define how to determine the signal to be referred for
adjusting the timing. That is, in uplink transmission through
a SCell belonging to STAG, if the TA information is
received from the eNB, there is a problem on how to
select/configure the downlink timing reference cell as the
reference of the TA information for adjusting uplink timing.
[0066] Furthermore, when the TA information is received,
there is another problem to determine the TAG to which the
TA information is applied for uplink transmission. In a case
where multiple TA configurations may be needed for mul-
tiple TAGs as aforementioned, if the TA configuration is
generated per TAG, the uplink transmission delay increases
in proportion to the number of TAG.

[0067] A description is made of the method for overcom-
ing the aforementioned problems of the prior arts with
reference to FIG. 6.

[0068] FIG. 6 is a diagram illustrating signal flows
between an eNB and a UE according to an exemplary
embodiment of the present invention.

[0069] Referring to FIG. 6, the eNB has three cells 603,
605, and 607, and the UE 601 is connected to the eNB
through the cell 607. Here, the cell 607 is the PCell of the
UE. As above described, the PCell denotes the primary
carrier of the UE. The eNB is aware of the UE’s carrier
aggregation capability and sends the UE 601 a Radio
Resource Control (RRC) layer message including informa-
tion on the SCells aggregated for the UE (SCell 1 and SCell
2 in FIG. 6), STAG information (SCell 1 and SCell 2 belong
to STAG 1), and TAT information on the TAG at step 611.
[0070] The RRC layer message can be the RRCConnec-
tionReconfiguration message. FIG. 6 is directed to an exem-
plary case where the RRC layer message includes the
Random Access Channel (RACH) configuration information
of the SCell 1 603 but not the RACH configuration infor-
mation of the SCell 2 605. If the eNB requests the UE 601
to transmit Random Access Preamble through the RACH of
the SCell 1 afterward, the UE 601 transmits the Random
Access Preamble using the RACH configuration informa-
tion retained in the SCell 1 603. Since the Random Access
Preamble has been transmitted through the RACH of the
SCell 1 603, the STAG1’s TA information received since
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then is applied to the downlink timing of the SCell 1 through
which the Random Access Preamble has been transmitted to
adjust the uplink transmission timing of the SCell 2 605 as
well as the uplink transmission timing of the SCell 1 603.
That is, the reference downlink timing for adjusting the
uplink timings of the SCells (i.e., SCell 1 and SCell 2)
belonging to an STAG is configured as the downlink timing
of the SCell 1 603 through which the Random Access is
performed with the RACH configuration information. If the
RRC layer message is received, the UE transmits an RRC
layer acknowledgement message at step 613. The RRC layer
acknowledgement message can be the RRCConnectionRe-
configurationComplete message.

[0071] Thereafter, the eNB transmits an Activation/deac-
tivation MAC Control CE (Activation/deactivation MAC
CE) to the UE 601 to activate the added SCell 1 603 and
SCell 2 605 at step 615. Thereafter, the eNB transmits a
Physical Downlink Control Channel (PDCCH) order to
request the UE to transmit the Random Access Preamble
through a specific cell (SCell 1 in FIG. 6) at step 617.

[0072] Upon receipt of the PDCCH order, the UE 601
transmits the Random Access Preamble through the cell
indicated by the PDCCH order (SCell 1 in FIG. 6) at step
619. If the Random Access Preamble is received, the eNB
transmits the proposed Random Access Response (RAR)
including the TA information by referencing the downlink
signal of the cell (SCell 1 in FIG. 6) having the RACH
through which the Random Access Preamble is received at
step 621. The RAR message includes a TAG identifier (TAG
ID) to indicate the uplink timings of the TAG to be adjusted
or the TA information of a plurality of TAGS. A description
is made of the format of the RAR message later with
reference to FIG. 9. If the RAR message is received, the UE
determines the TAG ID and TA information, or TA infor-
mation per TAG ID, to adjust the uplink transmission
timings of the cells belonging to the TAG identified by the
TAG ID at step 623.

[0073] Thereafter, if the eNB can request the UE to
retransmit the preamble and thus the UE retransmits the
preamble in response to the request, the eNB can adjust the
uplink transmission timings of the cells belonging to a
specific TAG or the uplink timings of the cells belonging to
multiple TAGs using the new RAR message or the new TAC
MAC CE message at step 625. That is, in this exemplary
embodiment operating with PTAG and STAG 1, the TAG ID
(i.e., PTAG or STAG 1) is included in the new RAR message
or the TAC MAC CE message to adjust the uplink trans-
mission timings of the cells belonging to the TAG at step
627. A description is made of the format of the new TAC
MAC CE message with reference to FIG. 9.

[0074] FIG. 7 is a flowchart illustrating a UE procedure of
a transmission timing configuration method according to an
exemplary embodiment of the present invention.

[0075] Referring to FIG. 7, the UE receives a carrier
aggregation-related message transmitted by the eNB at step
703, the message including the information on the carriers
available for the UE and the information on the group of
carriers that can be configured with the same timing
advance. Thereafter, the UE receives a message instructing
activation of a specific cell at step 704. This message can be
the Activation/deactivation MAC CE message. The UE then
receives a PDCCH order transmitted by the eNB at step 705,
the PDCCH order instructing the UE to transmit a preamble
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through a specific cell (PCell or SCell). The UE transmits a
Random Access Preamble through the cell indicated by the
PDCCH order at step 707.

[0076] Thereafter, the UE receives a Random Access
Response (RAR) message transmitted by the eNB at step
709. In an exemplary embodiment of the present invention,
when the same Random Access Preamble is transmitted
through different cells at the same timing, an RAR message
including TAG 1D is proposed to discriminate among the
cells such that the eNB can command the adjustment of the
uplink timing of the cell belonging to the TAG and indicated
by the TAG ID. For example, in the case of FIG. 6, a
preamble N is transmitted through both the SCell 1 and
PCell at the same timing and if the RAR message is
transmitted through PCell, it becomes ambiguous to deter-
mine whether the RAR message is the replay in response to
the preamble N transmitted through the SCell 1 or the PCell.
In order to address this ambiguity, an exemplary embodi-
ment of the present invention proposes the RAR message
including TAG ID (of PTAG or STAG 1 in this embodi-
ment). If the RAR message includes the timing advance
information and the TAG ID indicating the STAG1, the UE
adjusts the uplink timing by referencing the downlink of the
SCell 1 based on the timing advance information carried in
the RAR message.

[0077] Although not described in this exemplary embodi-
ment, the RAR message can be configured to include a
plurality of TA information without extra TAG ID. In this
case, the uplink timings of the cells corresponding to the
respective TAG can be adjusted according to the individual
TA information included in the RAR message at step 711.
That is, it is proposed to transmit the RAR message includ-
ing the timing advance information of the respective TAGs
without additional TAG identifier such that the UE adjusts
the uplink timings of the cell belonging to the respective
TAGs, under the assumption that the eNB knows the uplink
timings of the respective TAGs.

[0078] Assuming that there are group 1 and group 2 and
the eNB knows the difference A of the timing advances of
the group 1 and group 2, if the preamble is received through
a cell of the group 2, the timing advance information of the
group 1 (e.g., TA2-A) and the timing advance information of
the group 2 (e.g., TA2) are transmitted.

[0079] An exemplary embodiment of the present inven-
tion proposes a method in which the UE received the RAR
configures the transmission timings by referencing the
downlink of the cell through the Random Access Preamble
is transmitted at step 707 and configures the uplink trans-
mission timings of the cells belonging to the TAG indicated
by the RAR at step 709.

[0080] In a case of STAG 1 of FIG. 6, if the eNB selects
one of the downlink cells configured with the Random
Access Channel (RACH) configuration for random access
among the SCell 1 and SCell 2 (SCell 1 in FIG. 6) and
commands the UE to transmit the Random Access Preamble.

[0081] Thereafter, the UE transmits the Random Access
Preamble as indicated by the RACH configuration informa-
tion retained in the SCell 1 and, since the Random Access
Preamble has been transmitted through the RACH config-
ured with the SCell 1, the STAG1’s TA information received
afterward, is applied to for the downlink timing of the SCell
1 through which the Random Access Preamble has been
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transmitted so as to adjust the uplink transmission timing of
the SCell 2 as well as the uplink transmission timing of the
SCell 1.

[0082] That is, an exemplary embodiment of the present
invention proposes a method in that the reference downlink
timing for adjusting uplink timings for the SCells belonging
to an STAG (i.e, SCell 1 and SCell 2 in FIG. 6) are
configured to match the downlink timing of the SCell 1
through which the random access procedure has been per-
formed with the RACH configuration information and con-
figure the uplink timing.

[0083] Thereafter, the UE starts a TAT of the correspond-
ing TAG at step 713 and performs uplink data transmission
through the cell belonging to the TAG for which the uplink
synchronization has been acquired at step 715.

[0084] At step 717, the UE determines whether the RAR
or TAC MAC CE for the corresponding TAG is received. If
the RAR or TAC MAC CE for the corresponding TAG is
received, the UE configures the downlink of the cell in
which the preamble has been transmitted successfully as the
reference cell among the SCells configured with RACH in
the corresponding TAB as at step 711 and adjusts the uplink
timing information on the cells belonging to the TAG by
referencing the downlink reference cell at step 719. After
adjusting the uplink timings, the UE restarts the TAT of the
corresponding TAG at step 713 and performs uplink data
transmission through the corresponding cells at step 715.
[0085] In contrast, if the RAR or TAC MAC CE is not
received through the cell belonging to the TAG, the UE
determines whether the TAT of the corresponding TAG has
expired at step 721. If the TAT of the corresponding TAG has
expired, the UE terminates the procedure at step 723 and,
otherwise, continues uplink data transmission through the
corresponding cells at step 715.

[0086] FIG. 8 is a flowchart illustrating an eNB procedure
of the transmission timing configuration method according
to an exemplary embodiment of the present invention.
[0087] Referring to FIG. 8, the eNB configures SCells for
a UE supporting carrier aggregation with the STAG infor-
mation including RACH configuration information at step
803. In order to activate the configured SCells, the eNB
commands the user to activate the SCells belonging to a
specific SCell by transmitting an Activation/deactivation
MAC CE at step 805 and requests the UE to send the
preamble for uplink timing adjustment of the activated
SCells by transmitting a PDCCH order at step 807. If the UE
transmits the preamble, the eNB receives the preamble and
transmits an RAR message including the TA information
generated based on the signal of the downlink cell selected
as described with reference to FIGS. 6 and 7 at step 809.
Here, the RAR message can include the ID of the STAG to
which the activated SCell belongs or all the TA information
of other STAG and PTAG along with the STAG. Thereafter,
the eNB allocates uplink resource to the UE in the corre-
sponding TAG and transmits data using the allocated
resource at step 811.

[0088] The UE determines whether it is necessary to
further adjust the timing of the activated SCell at step 813.
If it is necessary to further adjust the timing of the activated
SCell, the eNB transmits the RAR message or the TAC
MAC CE message to adjust the TA of the corresponding
TAG at step 815 and terminates the procedure at step 817.
The TAC MAC CE can include the TAG ID and TA
information like the RAR message proposed in an exem-
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plary embodiment of the present invention so as to adjust the
uplink timing of a specific TAG.

[0089] FIGS. 9A-9E illustrate formats of the RAR and
TAC MAC CE messages according to exemplary embodi-
ments of the present invention.

[0090] Referring to FIG. 9A, a RAR message format
according to the related art is illustrated. The RAR message
of' the related art includes a Timing Advance Command field
(11 bits) for adjusting uplink timing, a UL grant field (20
bits) for indicating the location of the resource in the
message following the RAR message, a Temporary C-RNTI
field (16 bits) for allocating temporary identifier to the UE
attempting initial attach to the corresponding cell.

[0091] Referring to FIG. 9B, a format of the RAR message
proposed in the first exemplary embodiment of the present
invention is illustrated. In this exemplary embodiment, the
Reserved (R) bit of the RAR message format of the related
art is used as a TAG ID field which is set to O for indicating
PTAG and 1 for indicating STAG 1.

[0092] Referring to FIG. 9C, a format of the RAR message
proposed in the second exemplary embodiment of the pres-
ent invention is illustrated. In this exemplary embodiment,
the Reserved (R) field of the RAR message format of the
related art is used as a flag field which is set to 0 for
indicating the use of RAR format of the related art (FIG. 9A)
and 1 for indicating the TA of up to 4 TAGs.

[0093] Referring to FIG. 9D, a TAC MAC CE message
format according to the related is illustrated. The TAC MAC
CE message of the related art includes a 6-bit Timing
Advance Command field for adjusting uplink timing.
[0094] Referring to FIG. 9E, a format of the TAC MAC
CE message according to the first exemplary embodiment of
the present invention is illustrated. In this exemplary
embodiment, the two reserved (R) bits of the TAC MAC CE
message format of the related art are used as a TAG 1D filed
which is set to 00 for indicating PTAG, 01 for indicating
STAG 1, 10 for indicating STAG 2, and 11 for indicating
STAG 3 to adjust the uplink timing of the TAG indicated by
the TAG ID.

[0095] FIG. 10 is a block diagram illustrating a configu-
ration of a UE according to an exemplary embodiment of the
present invention.

[0096] Referring to FIG. 10, the UE transmits/receives
data generated by a higher layer device 1005 and controls
messages generated by a control message processor 1007.
When transmitting a control signal and/or data to the eNB,
the UE multiplexes the control signal and/or data by means
of the multiplexer/demultiplexer 1003 under the control of
the controller 1009. When receiving control signal and/or
data from the eNB, the UE receives the physical signal by
means of the transceiver 1001, demultiplexes the received
signal by means of the multiplexer/demultiplexer 1003, and
delivers the demultiplexed signal to the corresponding
higher layer device 1005 or control message processor 1007.
[0097] In this exemplary embodiment of the present
invention, if the RRC layer message, i.e., carrier aggregation
configuration message, is received, a carrier aggregation
processor 1011 determines a downlink timing reference cell
according to one of the methods described with reference to
FIG. 6. Thereafter, if a preamble transmission command is
received from the eNB, the controller 1009 transmits the
preamble, receives an RAR message formatted according to
the method proposed in FIG. 6 (see FIG. 9) from the eNB,
and adjusts, if the RAR message includes the TAG ID and
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TA, the uplink timing of the TAG identified by the corre-
sponding TAG and, adjusts, if the RAR message includes a
plurality of TA information, the uplink timings of the cor-
responding TAGs at a time. Similarly, if the TAC MAC CE
message is received from the eNB, the controller 1009
controls uplink timing of the corresponding TAG according
to the information contained in the TAC MAC CE.

[0098] FIG. 11 is a block diagram illustrating a configu-
ration of an eNB according to an exemplary embodiment of
the present invention.

[0099] Referring to FIG. 11, the eNB transmits/receives
data generated by a higher layer device 1105 and controls
messages generated by a control message generator 1107. In
a transmission mode, the data is multiplexed by a multi-
plexer/demultiplexer 1103 and transmitted through a trans-
ceiver 1101 under the control of a controller 1109. In a
reception mode, the physical signal is received by the
transceiver 1101, demultiplexed by the multiplexer/demul-
tiplexer 1103, and delivered to the higher layer device 1105
or the control message processor 1107 according to the
message information under the control of the controller
1109.

[0100] In this exemplary embodiment of the present
invention, in order for a carrier aggregation processor 1111
to configure a specific SCell and STAG for the UE, the
control message processor 1107 transmits carrier aggrega-
tion configuration message as an RRC layer message. There-
after, the controls message processor 1107 generates an
Activation/deactivation MAC CE and transmits this mes-
sage to the UE for activating a specific SCell and transmits
a PDCCH order to request the UE to transmit the preamble
for acquiring uplink synchronization in the SCell. If the
preamble is received, the control message generator 1107
determines the downlink reference signal according to one
of the methods proposed in FIG. 6 and generates/transmits
the RAR message including the TA information (see FIG. 9).
If it is determined that the additional uplink timing adjust-
ment is required for the UE, the eNB generates a TAC MAC
CE proposed in this exemplary embodiment of the present
invention and transmits the TAC MAC CE to the UE such
that the UE adjusts the uplink timing of the corresponding
TAG.

[0101] As described above, the downlink timing configu-
ration method and apparatus of exemplary embodiments of
the present invention is capable of preventing the UE from
malfunctioning by clearly defining the downlink timing
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reference cell in the system supporting the carrier aggrega-
tion technique and operating with a plurality of uplink
timings and capable of guaranteeing reliable operation of the
system by indicating the TAG of which uplink timing is to
be adjusted using the uplink timing adjustment command.
[0102] As described above, the downlink timing configu-
ration method and apparatus of exemplary embodiments of
the present invention defines a rule for determining the
downlink signal to be referenced in the system using a
plurality of uplink timings such that it is possible to adjust
the uplink timings accurately with error even when receiving
the uplink timing adjustment information.
[0103] While the invention has been shown and described
with reference to certain exemplary 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 invention as
defined by the appended claims and their equivalents.
What is claimed is:
1. A method by a terminal, the method comprising:
receiving, from a base station, a radio resource control
(RRC) message, the RRC message including informa-
tion on respective time alignment timer (TAT)s of at
least two timing advance group (TAG)s and configu-
ration information on a random access channel
(RACH) for a secondary cell (SCell);
transmitting, to the base station, a random access pre-
amble based on the configuration information on the
RACH for the SCell;
receiving, from the base station, a random access response
including timing advance information based on a trans-
mission of the random access preamble;
receiving, from the base station, a medium access control
(MAC) control element including an identity of a TAG
including the SCell, and a timing advance command
(TAC) for the TAG including the SCell;
applying the TAC to the TAG including the SCell if the
MAC control element is received; and
starting a TAT associated with the TAG including the
SCell based on the information on the respective TATs
of at least two TAGs if the MAC control element is
received,
wherein the TAT associated with the TAG is used to
control how long the terminal considers at least one cell
included in the TAG to be uplink aligned.
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